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particle dispersions are combined with the continuous phase material in a process called

flushing. The particles are incorporated into the continuous phase and the water is either
poured off or removed by heating under vacuum.

The formation of small particle dispersions is complicated by the tendency for the
particles to agglomerate into large macroscopic aggregates. Large aggregates are
undesirable since they lead to nonuniform coloration in the case of pigments, or
nonuniform physical properties in the case of other additives. In aqueous dispersions of
small particles, surfactants are used to “stabilize” the particles against reagglomeration
and thereby prevent the problems mentioned above.

In nonaqueous media, the role of surfactants is Iegs well understood. Small
particles dispersed in nonaqueous media suffer the same agglomeration problems as
those in aqueous media; however, in nonaqueous media the behavior of surfactant-like
molecules is likely very different from that in aqueous media. if the agglomeration of small
particles can be overcome in the nonaqueous media, then the nonaqueous dispersion
affords significant advantages in the formation of other solid-liquid, solid-solid, and solid-
semi-solid'dispersions.

While the formation of nonaqueous, or oil-based, particle dispersions is well
known, their use as intermediates in the formation of other types of particle dispersions is
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preparing a dispersion of small particles in a polyneric precursor, which
met hod i nvol ves providing a m xture of a particulate material and a
surfactant in a nonaqueous solSHmmary efithe lventionsper si on of the particul ate
material in the nonaqueous sol vent, conbining the resulting dispersion of

particulate material in the nonaqueous solvent with a precursor material,
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t he par tformihg aedispersion af thesparticulate rraateiial imtfiee hodqued@ solvent, combining the
resulting dispersion of particulate material in the nonaqueous solvent with a precursor
material, and heating the combination of the dispersion of particulate material and the
precursor material, with mixing, to a temperature sufficient to volatilize the nonaqueous
solvent. The surfactant is soluble in the nonaqueous solvent and is adapted to stabilize the
particulate material against agglomeration. The nonaqueous solvent swells the polymeric
precursor near the boiling point of the nonaqueous solvent. Finally, the boiling point of the
nonaqueous solvent is greater than a temperature at which the polymeric precursor may be

mixed and below a temperature at which the polymeric precursor polymerizes or
decomposes.

In certain embodiments, the particulate material is an inorganic material. For
example, the inorganic material may be a metal oxide.
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spontaneous polarization, the magnitude and orientation of which can be altered as a
function of temperature and externally applied electric fields. The term also is meant to
include a single ferroelectric material and mixtures of two or more ferroelectric materials of
the same class or of different classes. The term further includes a “doped" ferroelectric
material, ie., a ferroelectric material which contains minor amounts of elemental
substituents, as well as solid solutions of such substituents in the host ferroelectric material.
The structure of crystalline materials typically is described in terms of 32 distinct
symmetry groups. Of these, 21 are noncentrosymmetric. That is, they do not possess a
center of symmetry. Of the noncentrosymmetric groups, 20 are piezoelectric, and of these
20, only 10 are referred to as being pyroelectric. Pyroelectric materials are unique in that
they possess a spontaneous electrical polarization which is directly attributable to
permanent dipoles which exist on the unit cell level within individual crystals. The alignment
of dipoles along a crystallographic axis of the material yields a net spontaneous polarization
in the material. Pyroelectric materials also are referred to as polar solids. As the name
implies, "pyroelectric” refers to changes in the magnitude and direction of the spontaneous
polarization with changes in temperature. Ferroelectric materials are a subgroup of the
spontaneously polarized pyroelectric materials. The magnitude and direction of the
spontaneous polarization in ferroelectric materials respond to both temperature and the

hresence of externally applied electric fields.
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coordinated A sites. The ferroelectricty associated with these materials arises from lattice
distortions, occurring below the Curie temperature, which result in the development of very
large dipoles within the crystals.

Perovskites are unique in their ability to form a wide variety of solid solutions, from
simple binary and ternary solutions to very complex multicomponent solutions. Some
examples include, but are not fimited to, BaSrTiO;, KBaTiO,, Pb(Co0,25Mng2sW,5)0,, and
numerous forms of barium titanate and lead titanate doped with niobium oxide, antimony
oxide, and lanthanum oxide, to name a few by way of illustration only. The ability to form
extensive solid solutions of perovskite-type compounds allows one skilled in the art to
systematically alter the electrical properties of the méterial by formation of a solid solution or
addition of a dopant phase. For example, the Curie temperature of Barium titanate (BaTiO,)
can be systematically increased from 130°C to 490°C by substituting lead ions for barium
ions, the upper limit of T, being reached at 100 percent lead ion substitution. Likewise, it
generally is known that the T, of barium titanate can be gradually decreased by substituting
strontium ions for barium ions.
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Mat er i
Pyrochlores

Pyrochlores again are comer sharing oxygen octahedra similar to the perovskites.
However, this family of compounds is more limited in the cation substitutions which can be
made. Typical pyrochlores are cadmium niobate and tantalate and lead niobate and
tantalate. These materials have Curie temperatures below 200°K (-73°C), which may limit
their use in some applications.

The term “ferromagnetic material” is used herein to mean a crystalline material
which possesses a remnant magnetization induced by the application of a magnetic field.
The term includes any phase or combination of phases exhibiting a remnant .
magnetization, the magnitude of which can be altered as a function of temperature and
applied magnetic field. The term includes single, binary, ternary or greater mixtures of
ferromagnetic materials of the same class or different classes. The term further includes a
“doped” ferromagnetic material. |

The term "destructured” and variations thereof means a reduction in size of the
particles of the material to be dispersed. The terms "particles” and "agglomerated particles"
are intended to mean particles of a material which have not been processed to reduce
particle sizes. The term "destructured particles” refers to "particles” or "agglomerated
particles" which have been processed, or "destructured,” to reduce particle sizes.

In general, any size particles of the material to be dispersed may be employed in the
present invention, provided the particles are of a size which will permit the preparation of a
dispersion useful in the desired application. For example, the particles may have a longest
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The nonaqueous solvent is selected to have a boiling point which is greater than
the softening temperature of a polymeric precursor, which is a solid at ambient
temperature, or greater than the temperature needed to reduce the viscosity of a liquid
polymeric precursor to a point where it can be mixed. In addition, the boiling point of the
solvent must also be below the decomposition temperature of the polymeric precursor
and/or below temperatures capabile of initiating polymerization.

in general, any liquid may be employed which is a solvent for the surfactant. The
surfactant, in turn, is adapted to stabilize the destructured particles against agglomeration.
Suitable liquids include, by way of example only, aliphatic hydro-carbons, such as hexane,
heptane, octane, and decane; aromatic hydrocarbons, such as xylene, toluene, and
cumene; aliphatic alcohols, such as 2-propanol, 1-butanol, 1-hexanol, and benzy! alcohol;
aliphatic ketones, such as methyl ethyl ketone; halogenated hydrocarbons, such as
dichloromethane, chloroform, carbon tetrachioride, and chiorobenzene; and polar solvents,
such as water, tetrahydrofuran, and N,N-dimethylpyrolidinone.

Desirably, the liquid will be an aliphatic alcohol having from about 3 to about 10
carbon atoms. For example, the aliphatic alcohol may be a normal alcohol having from
about 4 to about ]0 carbon atomns, such as 1-butanol, 1-pentanol, 1-hexanol, 1-heptanol, 1-
octanol, and 1-nonanol. As another example, the aliphatic alcohol may include a branched
alkyl group. Examples of such alcohols include, without limitation, 2-propanol, 2-butanol, 2-
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t enper af¥ir €S &9 E"’isat ‘i"ﬁg ?%F fonates: o Alkylpryisylionates: | patileymqui d

may be @uﬂfblnﬁté%d suﬁdn‘éhasl ﬁ:ttﬁe@t@l’ \ethdr, Banﬁdéehr&Hgésﬁ‘%hﬁtﬁﬁc add@shid bAglsamn,, in

turn, is ada ted to stabilize the destructure Partlc es agal nst

aggl omep alcafipls; svifated iethaxyiatad-aicohpls; syljated gtheryialrd elyiphenols;, Sl-ﬁaiephat i C
hydr ocaphaals sufdted Avidiex a0fated e@ét@r‘g&&g%%anﬁatuﬁdq dfafgle € ojigt' fﬁ%&%

hydr ocar bons, such as xyl ene, tol uene cunene; at1c¢ a S, such
as 2- pr alsyiRavsphaten astars] phosaheranasid and) MYWBPM"GOHOH esfersp Handi csakﬁt ones,

such asy, SHaat asy
SUCh, Mo ) 888 bABRRE s PSSR SRS onte
pol ar salkoxyiated phendis; and\salte: pf eact glagsyaf pbosphated aniahic surfactant. Examples of

N, N-di ng, éﬁ]@fﬁl@%ﬁ éagﬁtgg%%degsﬁér% oﬁ@&st}aitigxl\’ ioﬂly%%hxﬁﬁe&%lc%hglgpg{hhﬁy-

al cohol "havin rom
lated alkylphenols ethoxylated carboxylic acid esters; glycerol esters; polyethylene glycol

esters; sorbitol esters; ethoxylated natural fats and oils; ethylene and diethylene glycol
esters; propanediol esters; and ethoxylated carboxylic acid amides.

The surfactant generally is employed in an amount sufficient to stabilize the
destructured ferroelectric material against aggliomeration. For example, the surfactant may
be present in a range of from about 0.01 to about 10 percent by weight, based on the total
amount of ferroelectric material being destructured and stabilized against agglomeration.
Desirably, the surfactant will be present in a range of from about 0.01 to about 1 percent by
weight.

The nonaqueous soivent and polymeric precursor mixture may be composed of
one or two phases when the temperature of the mixture is at or above the boiling point of
the nonaqueous solvent. In the case of a two phase system, the phase composition is
determined by the relative miscibilities of the components. Near its boiling point, the
nonaqueous solvent may function as either a solvent or a nonsolvent for the polymeric
precursor. In either case, the nonaqueous solvent swells the polymeric precursor at or
near the boiling point of the nonaqueous solvent.
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carbon atons. For exanple, the aliphatic al cohol nmay be a normal al cohol
havi ng from about 4 to about 10 carbon atons, such as 1-butanol,

1- pent anwiQ 98l24B33xanol , 1- heptanol, 1- octanol, and 1-nonanedrudsraset her
exanpl e, *the aliphatic al cohol may include a branched al kyl group. Exanples
of such al cohols include, wthout |limtation, 2-propanol, 2-butanol, 2- 6
met hyl - 2- propanol , 2-pentanol, 3-pentanol, 2-nethyl butanol,

3- net hyl but and ,One gEaasinenta_the,Hanagueous, solwentiparicien dispeasion Joheguivenb| |,

5 honanoflsPRRIEAIN tdncRNbE the odyAtene by unfl 16 Weid 08 H@ABle e

3, 4, 7- t r Pel¥emyky. vaponzptionn davingibe papisies afispersedaio ttbe pelymieric Ipremaysdrelf eigl oy ed
S : . el 51 PeI ) D ont .
and i+ P28t dicpdraiGn BOGRERE bl Hithal 88 dieic Shka B Pa it W o'
m xt ure aolvgnto then veperization aftthet wlatite sbivent wilelcaine the Smalic partieds in an

of 1 11 us el arelose et ABRRE yiten it FerfpvaL Bl e Sobisntis, im0
tertiar ypm;ibqulymédmmbw’seﬁdiabéwib?wmﬁé formlﬁﬂmf tl}fé%él_@é‘ﬁt _dﬁﬁbﬁ&;ﬂ-b@%ﬁgﬁc

am nes, N U r.y a ni saltls. a S Ol anionic surractants

i ncl ude, 8%?5&%8%&%% CB‘FAE%F |°E?Y? B{‘?ﬁ?ﬁ’ |R?“°i%ﬁ‘ﬁ@>9\7ﬂlﬂen detwaenthg phases

sul f oni cacthesvomtile Sdlvent if aérbvertC byl SvapsEdlioRs ABhRI CoApldle rkhVasHt iat es;
al kyl benzenesul f onat es; kyl ary| sul fonat es; petrol eum sul f onat es;

al . $ : | ON
sul f onat BEAUERUS sTQLYeNt oo Fesull in, k0o Jormatieng 6€ - a sparicle-pelyrerie precunssr and
salts; sdispéspm. al cohol s; sul fated et hoxyl ated al cohols; sulfated
et hoxyl at ed al kyl phenol s; sulfated acids; sulfated am des; sulfated esters;

sul fat ed nat ufaf Rregent dnvention s furthen described byl thel etapwmirsawbichsoliows.; Such
Hosored. ! | . ) _ _ :
o ehor wies RSB0 O AL beflindof ol 7 B, S e BESRIR S e,

al cohol s; phosphat ed phenols; phosphate

al koxy!| at@pesh rgserdfiyestion: s of each class of phosphated anionic
surfactant. Exanples of nonionic surfactants include, also by way of

il lustration only, ethoxylated al cohols; ethoxyl ated al kyl phenol s;

et hoxyl at ed carboxylic acid esters; Egamplerbl esters; polyethylene glycol
esters; sorbitol esters; ethoxylated natural fats and oils; ethyl ene and
di et hyl ene gl ycol esters; propanediol esters; and ethoxyl ated carboxylic

acid am ent Dispersion Preparation

Barium titanate (BaTiO,) was TICON 5016, obtained from Tam Ceramics, Inc.
(Niagra Falls, New York). The solvent dispersion was prepared using a large scale
stainless steel mixing tank (ca. 130 gal or 492 liters) equipped with a pneumatically driven
stirrer. The dispersion was processed through a high speed stainless steel pin/attriter mill
powered by a 50 hp electric motor operating at 1750 rpm. The mixing tank and pin/attriter

- mill were custom built by Standridge Color Corporation (Social Circle, Georgia). The
bottom half of the mixing tank was funnel shaped. The mixing tank was connected to a
pneumatic pump and in turn the pbmp was connected to the pin/attriter mill using a 2.5-
inch (about 10-cm) diameter flexible hose. The effluent from the mill was recycled into the
top of the mixing tank. The pneumatic pump had a displacement of 0.25 gal (about 0.95
liter) per stroke and was operated at rate which provided a flow of 8-10 gal/min (about 0.5-
0.6 liter/sec).

The mixing tank was filled with 190 Ib. (86.4 kg) of technical grade 1-butanol.
Then, 7.2 Ib (3.27 kg) of Rhodameen® PN430 (Rhone-Poulenc) was added with vigorous
stirring. The barium titanate was added in 55-Ib (about 25-kg) portions until a total of 770
Ib (about 350 kg) had been added to the mixing tank. The slurry was pumped to the high
speed pin/attriter mill and recycled to the mixing tank for approximately 30 min. The
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The surfactant generally is enployed, i Hari3e ﬂgedsufflm ent to stabilize

the destructured ferroelectric ma ggl oneration. For exanple,
the surfgotogmis3sray be present in a about 0. RCHEBSHR3I 10
percent By weight, based on the tot erroelectric materi al

bei ng. destructured and stabilized aga| nst aggl oner at | on. Desirabl y, t he
surfactant will be present in a range of from about ercent
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renoved by vaporl zat1on. Again, conplete renoval of the nonaqueous sol vent
wll rest4fCGn the formation of a particl e-pol ynmeric precursor dispersion.

g]ghpf esent | YRR &hdIS, d6d/30N8! (44658 Kgh 81 BYtdndib i AiRaRSte/ R da-Thedd®W.
PN-430 dispersion was combined with 190.8 Ib. (86.73 kg) of A-C 16 PE wax. The molten
wax and 1-butanol dispersion were blended continuously until no alcohol vapor was
detected over the mixture. At this point, the BaTiOy/Rhodameen® PN-430/A-C 16 PE wax
dispersion was poured into a tray to cool to room temperature. The solidified wax
composite was further cooled to dry ice temperature and ground to a coarse powder for
dry blending with polypropylene.

Polypropylene Compounding
The BaTiO,/Rhodameen® PN-430/A-C 16 PE wax composite, 832 Ib (about 378

kg) was dry blended with 2,496 Ib (about 1339 kg) of Montel Profax® PF-015
polypropylene (PP). The dry mixture was melt blended using a single screw compounding
extruder to give a mixture containing 20 weight-percent of barium titanate. Examination of
a thin film prepared from the blend under an optical microscope revealed well dispersed
small particles in a continuous polypropylene matrix.




exanpl es, however, are not to be construed as limti ng'i n any way either
the spirit or the scope of the present invention. Exanple 1 Solvent

Di sperswgﬁ‘,ggar ation Bariumtitanate (BaTi G3) was TI CONGRUSOTR2B¢721 ned
from Tam Ceramcs, Inc. (N agra Falls, New York). The sol vent dispersion

was prepared using a |l arge scale stai nl ess steel mxing tank (ca. 130 gal
or 492 liters) equipped with a pneumatically driven stirrer. The dispersion
was processed through a hi gh speedExampled2ss steel pin/attriter mll
powered by a 50 hp electric notor operating at 1750 rpm The m xing tank
and pin/attriter mll were custombuilt by Standridge Col or Corporation
(Social G rCV\esoa;apr(g'rIakg) Teetidroof die 1201 veitht-béxeent xom@ntratek pmrémmmel
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top of the mXxing tank. The pneunatic ad di spl acenent of 0.25 gal
(about extosleriq )é'P'F apw@WthF'BR@eH?RPr\?&ﬁbt'té'ﬂ?/ﬁf"é‘ﬂm&y'eﬁ%?@mm"@h provi ded a

f1 ow of ng%gvé}aﬂ:égncrpdrﬁg%g 0.5- 0.6 liter/sec). The mxing tank was filled
with 19 echnical grade 1-butanol. Then, 7.2 | b (3.27 kg)
of Rhodameen [\bﬂWPV@!\%(JCS( Wetn Bapyiackires) omas! 09daeh(ahipth2.6ingeten umelthiown i ng.

The bar [ Rl [ t ot al
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Monte!l Profax® PF-015 polypropylene to yield a meltblown fabric contammg about 1

weight-percent barium titanate. In addition, the 5 weight-percent barium
titanate/polypropylene composite was processed without further dilution. Finally, virgin
Monte!l Profax® PF-015 polypropylene was meltspun to produce a control. All meltblown
nonwoven webs were electret treated on-line under identical conditions. The electret
treatment was carried out in accordance with the teachings of U. S. Patent 5,401,446 to
Tsai et al., described earlier. |

RESULTS
Air Filtration Measurements

The air filtration efficiencies of the meltblown nonwoven webs were evaluated using
a TSI, Inc. (St. Paul, Minnesota) Model 8110 Automated Filter Tester (AFT). The Model
8110 AFT measures pressure drop and particle filtration characteristics for air filtration
media. The AFT utilizes a compressed air nebulizer to generate a submicron aerosol of
sodium chloride particles which serves as the challenge aerosol for measuring filter
performance. The characteristic size of the particles used in these measurements was 0.1
micrometer. Typical air flow rates were between 31 liter per minute and 33 liters per
minute. The AFT test was performed on a sample area of ca. 140 cm? The performance
or efficiency of a filter medium is expressed as the percentage of sodium chloride particles
which penetrate the filter. Penetration is defined as transmission of a particle through the
filter medium. The transmitted particles were detected downstream from the filter. The
percent penetration (% P) reflects the ratio of the downstream particle count to the
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exanple, the stabilized colloidal particles of bariumtitanate were
partioned froma 1- butanol rich phase into a -PE wax rich phase and the

1- but an@lo ssgs£oved by vaporization. This process diffepeTfusomeasar er / wax
flushing in that the 1-butanol boils above the nelting point of the A-C 16
PE wax. The wax was nelted in a 150-gal (about 568-liter) steam heated vat
equi pped with rotating bl ades which slowy blend the m-xture. Steam was
suppl i edpsmeamepavtwte edurb.OLighti spattening wap ased fior the detectiom andtogunting ofatheut
297[ err 47 c). In this exanple, 969.20 |b. (440.55 kg) of

1- but an%f’?g qﬂ%ﬁ"fe %ﬁci{%/ Rhoda- meen[err] PN-430 di spersion was conbi ned
wi th 190. 8 | Bamples. of Indlipjowar mAt@atlﬁreEtakau frofh tennorbsse deoldex pasitioris (et 2nol

di spersi on ed continuousl tect ed
over thesteiar st U ndiRyeR Wats gt ptie; SameRa el Bl 5 TasiPRgE A
lﬁ PE }A@g ?iixﬁﬁaéd M&Ihch%stﬁlmnée/@l m?trmrg dfrzmysample@weré evaloated tfenprasadrer €. .
The solidified wax ¢ site was further erature an
ground @R ( éBdPsE‘“bm r""'“F’of"""’(‘f'ﬁ?t BP@H& Hﬁné}ﬁ%ﬂ"p 1’35& o-ﬁ?fe@nzn& th

pol vor Ogmhﬁﬁ&.z@qrfe%s@uwrw ansg?éh@[e%édeluah@si AERSE Be donkidh AVSHté)- rofk PE
wax conposite, 832 | b (about was dry blended with 2,496 |b (about
1339 kgPF@13Vanddhe barmt@aaﬁe]comalmn@f%@pgﬁfw%w ene (PP). The dry nixture
was nelt bl ended using a single screw conpoundi ng extruder to give a

m xture containing 20 wei ght-percent of bariumtitanate. Exam nation of a
thin filmprepared fromthe blend under an optical mcroscope reveal ed well
di spersed snmall particles in a continuous pol ypropylene matrix. 9 WO
98/ 24833 PCT/ US97/ 22367
Example 2 A 600-1b. (273-kg) portion of the 20 wei ght-percent concentrate
prepared in Exanple 1 was then bl ended with 1800 I b (about 818 kg) of
Mont el Profax[err] PF-015 pol ypropyl ene. This dry blend was nelt bl ended
usi ng a single screw conmpoundi ng
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extruder to yield a 5 wei ght-percent bariumtitanate/pol ypropyl ene
conposite. Nonwoven Fabric Formati on Nonwoven fabrics were nmanufactured on
a 100-iywehghadgut 2.5-neter) neltblown line essentially atmgsserzised in U
S. Patent No. 3,849,241 to Buntin et al., which patent is incorporated
herein by reference. The 100-inch wde web was slit into five 20-inch
(about 51-cm) sections. Meltblowi ng conditions were held constant for all
materials. Al fabrics had a nom nal basis weight of 0.6 osy (about 20
gsm . The 20 wei ght-percent barium tlaqat e/ pol ypr opyl ene conposite was dry
bl ended at a rate of 1 part to 19 p of virgin Montel Profax[err] PF-015
pol ypropyl ene to yield a nel thﬁu‘raﬁabResunsfmai ni ng about 1 wei ght- percent
barium titanate. In addjt t he percent barium .

titanate/ pol ypropyl ene corrp%giyf’ééwgnﬁ)?%gm@gnﬁn thout further dilution.
Finally, virgin Montel Prof ax[err] PF- 015 poI ypropyl ene was neltspun to
produce a contral. ALl _oelthblown n R ere.electret treated
on-line under ijdenti cal jc@ndition 2atfrent:"yjas carried out
in accordance Vit hithe tjeaciimys fof S, - 'atent 5 ;_6"'-:_to Tsai et al.,
descri bed earlijer. cﬂESUL [ I\/Baélf‘erm_;-g( 'I'H wgir filtration
ef i Ci enci es offtresrettipteimr=rron ' ke "'SI ng a TSI,
Inc. (St. Paul ., Mafi8ksot r (AFT). The
Model 8110 AFt |mreasurespressurerop—andjpar-ttcteifr+tratta
characteristicy {85 @Br [fil1£8tion nB&7a. [Th0MR til1.8s ¢

nebul i zer to g rat e a jsupbmi cron aerosol [or sodram cntoriag particles

whi ch serves ad t &2 @&%all endd2aerjosoP-08or nea"s’iﬂ'a nd fi¥48r derfornance. The

characteristic t rticles ed e nts was 0.1
m croneter. Ty |c§$(%)r flogr%f"ate V\B‘:d e1n 31 |It£‘H§ ”1 m nute and 33
liters per mn &5 (2!_%) AFT Lest S .%éformed' san@hg arjea of ca. 140

cn2. The perfor or lefficiencl of a leTF\r I’Y‘F\(‘ll umis exgressed as the

percent age of ori gdesparfti chea vvhr chygnet ilter.
. I

Penetration is the filter

medi um The trgnsgs @68 jpar isdl es| weppgdet ectﬁ;ﬂsiovf/nstiegm fromthe filter.
The percent peret+at+or—P—refHects—therrat+o—oH—the—dowdst ream particle
count to the 1Q 75 (190) 2.47 0.10 13.77 1.03

85 (216) 224 0.05 17.29 1.19

95 (241) 2.32 0.06 14.09 1.06

2Cross-deckle position, inches (cm).

®In mm water.

°Standard deviation of pressuré drop measurements.

YPercent penetration

¢Standard deviation of percent penetration measurements.
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WD 98/ 24833

PCT/ US97/ 22367 upstream particle count. Light scattering was used for the
det ect i @i sgpdsazount i ng of the sodium chloride particles. BaySe#22367
mel t bl own material were taken fromten cross deckle positions (i.e. 2 per
20-inch slit) of the nonwoven webs described above. Sanples were cut as
fl at "sheets approxi mately 8-inches-square. A mininmmof 20 sanples were
eval uated for pressure drop ([err]pTRRlesdn H err] O and percent particle
penetration (% P). Ta ssure drop and
particle penetration ?A@ltﬁﬁé}{ﬁg&&ﬁ?o iiﬁlbﬂoéﬁlehegyo ix PF 015) and the
barium titanate contai ni r@prtaining 4Wejgbt-PercenbBaZiQy1333

PCT/ US97/ 22367 Table 1 Air Filtration Results for Pol ypropyl ene Control

Webs Pressure [er rj 5 (13) 2. 07 0. 07 17 35 0.64 15
(38) 1.90 LS00 5 20083 11381 25 Zg e 242 0. 08
13. 42 1.12 35 (.89) .Prggsm | S O 0§ - - 77 .- 4.08 45 (114)
2.72 0.08f --CD? 11} 27Drop®. P aﬁ(&it)‘ ( 40)%!" 2 75’(% p)' 0. 09
12. 59 1. 23[L65 (365 L 2 64 A H#1.09 75 (190)
2. 47 0.10 13177 1l 0 (216) 2.24 0. 05
T Y ol _5(13) 2.26 %@55 7.85 0.58
15 (38) 1.92 0.06 10.98 0.87
25 (64) 2.25 0.07 8.46 - 1.06
35 (89) 2.57 0.09 5.99 0.41
45 (114) 273 0.09 5.68 0.63
55 (140) 2.79 0.11 4.86 0.42
65 (165) 2.49 0.08 6.88 0.62
75 (190) 247 0.08 7.08 0.58
85 (216) 2.21 0.07 9.88 1.12
95 (241) 2.18 0.06 9.59 1.01
aCross-deckle position, inches (cm).
®Jn mm water
°Standard deviation of pressure drop measurements.
YPercent penetration
eStandard deviation of percent penetration measurements.
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95 (241) 2.32 0. 06 14. 09 1.06 [err] Cross-deckl e
position, inches (cn). bin mMmwater. [err]Standard devi ati on of pressure
drop nmeagwoRRgss. dPercent penetration [err] Standard devigdi/ggo7hséer cent
penetrati on nmeasurenments. 12 WD 98/ 24833

PCT/ US97/ 22367 Table 2 Air Filtration Results for Pol ypropyl ene Wbs

Containing 1 Weight-Percent BaTiQetr] [err] [err] 5 (13) 2.26
0. 08 7.85 0.58 15 (38) Table®? 0. 06 10. 98 0. 87
25 (64) 2.25 . Q7 8. 46 1. 06 .35 2. 57 0. 09
5. 99 0.41 45 (114 "OFZ"?“P? Res“?tsdf’b§°'ypf°l’y'3'.'%§?° S 0.63 55 (140)
2.79 0.11 4. 86 Containiry gw&ghtgmgnt Bafio}9 0. 08 6. 88
0.62 75 (190) 2. 47 0. 09 .08 0.58 85 (216) 2.21
0.07 - 9. 88 1.12 95 (241) 2.18 0.0 9. 59 1.01
aCross-deckl e pgsFEFoIT—TfCITES (oI el et ar 1 o 1 otamcay d devi ation
of -pressure dropf-nmeasur enePressutlel cent .penetration -~ - - ;
-:' - CD“ g .-Dr‘@p.‘". t &f.(Ap)_‘_‘ %P‘ R c(%p)‘
5(13) 1.81 0.06 7.05 0.41
15 (38) 1.67 0.05 8.85 0.63
25 (64) 23 0.07 5.83 - 044
35 (89) 2.53 0.07 497 0.63
45 (114) 272 0.13 4.08 0.33
55 (140) 2.59 0.11 3.86 0.39
65 (165) 2.34 0.08 4.72 0.52
75 (190) 235 0.08 472 0.34
85 (216) 212 0.1 6.16 0.55
95 (241) 2.06 0.05 6.14 0.86
2Cross-deckle position, inches (cm).
®In mm water
®Standard deviation of pressure drop measurements.
YPercent penetration
*Standard deviation of percent penetration measurements.
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[err] Standard devi ati on of percent penetration neasurenents. 13 WO

98/ 24833 PCT/ US97/ 22367
Tabl e VOW824883 trati on Results for Pol ypropyl ene Webs CoRCI/UN97@2367
Wi ght - Percent BaTiJerr] Pressure [err] 5 (13) 1.81 0. 06
7.05 0. 41 15 (38) 1.67 0.05 8 85 o 63 25 (64)

(2) 23 45 ( 18 e pre§su7§ drop (Ap) @ngspercen§ paﬁﬁé? penetratuam &% %)Sd?ti 47(57sented2 "‘59

0.11 Tabled. 36through :pc%%rlﬁ%érﬂ&ﬁrate tke Xhperior ﬁltl%tl@!g performént?@ of the 0.52
75 (190) 35 72 0.34 85 (216) 0.1

6.16 meltblqur5gegg p(ep,g&gd from 4he ganum titanatefBP compogite materials. /tjl @;\g webs
Ler 1] Oeamirdacarb anatadiehizy b RidiS31dckiBprois In HEphEsFe dréplahdpandtn

devi ation of pressure drop neasurenents. dPercent penetration [err]Standard

devi at ideta. dhesbape af thednefte isindapendert of thromateriall Ihe pressure drop measured

across the web appears to be identical for each of the three materials depicted. This
suggests that fiber and web formation are independent of the material being spun (i.e,
polypropylene versus barium titanate/PP composite). By contrast, the percent particle
penetration is significantly lower for both the 1 weight-percent and 5 weighi-percent
BaTiO, formulations compared to the control polypropylene. Thus, for a given pressure
drop through the web, the barium ftitanate/PP composite evinces superior filter
performance (i.e., lower particle penetration) compared to the control polypropylene.

Example 3

The procedure of Example 1 was. repeated, except that the barium titanate was
replaced with lead titanate and destructuring of the particles was accomplished by ball
milling as described below.

In a typical batch, approximately 1 kg of lead titanate was vigorously stirred with 2.6
L of 1-butanol and 4-5 mL of the surfactant. The resulting slurry was poured into a 6.2-L
Roalox ceramic mill jar (U. S. Stoneware, East Palestine, Ohio) which had been charged
with 21 |bs (about 5.4 kg) of zirconia grinding media (U. S. Stoneware). The jar was rolled at
70 rpm for a period of 48 hours on a U. S. Stoneware Unitized Jar Mill, Model 764AVM. At
the end of tﬁe milling period, the resulting dispersion of was combined with polyethylene wax
as described in Example 1.

Example 4

The procedure of Example 3 was again repeated, excépt that the lead titanate was
replaced with magnetite, a ferromagnetic material. The dispersion was formed in 1-
butanol using oleic acid as the surfactant. Destructuring of the particles was accomplished
by ball milling in a 2 L stainless steel mill jar (U. S. Stoneware) utilizing 440 stainless steel
grinding media. The jar was filled to half its volume with the grinding media; The mill jar
then was rolled at 70 rpm for a period of seven days on a U. S. Stoneware Unitized Jar
Mill Model 764AVM.
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WD 98/ 24833

PCT/ US97/ 22367 The pressure drop ([err]p) and percent particle penetration
(% P) datveogziasssnted in Tables 1 through 3 clearly denonstpéetgisbhesgrperi or
filtration performance of the neltbl own webs prepared fromthe barium
titanate/ PP conposite materials. Al the webs exam ned are characterized by
a cross-deckle profile in the pressare drop and penetration data. The shape
of the profile is independent of the material. The pressure drop neasured
across the web appears to be |dent|EQ$ &E&bseach of the three materials
depicted. This suggests that fiber ST formati on are independent of the
mat eri al being spun (i.e. poI ypr opyl ene versus bariumtitanate/ PP

conposite) 0 ercent particle penet on i s si n| ficantly
| oner for boﬁﬁ t@aﬁgﬁd@? g‘ﬂ RIR '@%dgh?xcﬁg{ g@dt hBa'ﬂa@ tite was

f or nul at replated withamether ertdntaghetié frateridl beRtimAinenNe. Thus, for a given
pressure drop through the web, the bariumtitanate/ PP conposite evinces
superior filter performance (i.e., lower particle penetration) conpared to
the control pol ypropyl ene. Exanpl e Exé”ﬂ?le%‘ ocedure of Exanple 1 was
repeated, except that the bariumtitanate was replaced with |ead titanate
and destructuring of the particles was acconplished by ball mlling as

described bel pg pkdbeaufegmfoa&angaé§h  arPE e foqaatesieg Bx ngt %at' ﬁadsdr%atc?al?@t e

was vigorously stirred with 1- but an

sur f act aﬂ'f‘pbm vas AN | ethoxylated yalisdehasahated ester.o Rinodafac® H&E}Bm& (Rhalm-c
mll jarp f§ St onewar e, East Pal estine, Chio) which had been charged
with 21 Ibs about 5.4 k% of zirconia grinding nedia (U S. Stoneware).
The jar was rWhiledhetspegificgtiant bas egar destribéd 46 dedait svltbnrespébt 5 sSéﬁﬁewar e

uni t , I \Y th
L0t &1 2ol i A Mo b S P I T oS 8 55 1
Exanpl e undefstamgihg: Oﬂthﬁferqgomemayeeadﬂy&mpive 03 ateratiogato) vasgionsast, askcept

t hat the age netit a ferromagnetic

mat eri al d@ﬁaﬁjerg% is%@?%?%%&%é"%tsr %ﬁ rp‘wg[} {F'% QH%Pth?lﬂﬁﬁs‘?ﬂt m"eﬁtm #hoyld ¢ he
sur f act dlve assBesed axthat ofthe appéredmsins @hd anyequicsieasherstded by ball nilling
ina?2L stainless steel nill jar (U S. Stoneware) utilizing 440 stainless

steel grinding nedia. The jar was filled to half its volume with the
grinding nedia. The mll jar
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then was rolled at 70 rpmfor a period of seven days on a U S. Stoneware
Unitized Jar M1l Model 764AVM—15—WO987/24833
PCT/ USO¥w@assbig3txanpl e 5 The procedure_ of Exlar’qi)l e 4 was r emassy23svcept

t hat the ‘magnetite was repl acedis alc’reerromalgnet ic material, barium
ferrite. Exanple 6 The procedur F L4 and 5 was repeated, except
that the surfactant enpl oyed wa vl d al kyl phosphate ester,

Rhodaf adVdAF IS REABMED (hone- Poul enc). Wil e the specification has been
described in detail with respect to specific enbodiments thereof, it wll

be appreciated by those skilled in the art, upon attaining an understanding
of the foregding, Aragethedidif| prepaningeiav dispérsiaht eff atrialngarticles var a apolgmeriof

and equi hodj nents. Accordingly, the scope of the present
BHOLRR i oS Er RS

i nventi € asses 5 that of the appended cl ai ns and any _
equi val ents phaiding a tixture oA TpartiBulbteA\mdiddial ndla surfadantinch@dnéiagpésuwar i ng
a di sper I. .of particles in an organic wax, an oligomer, or a nononer, the
met hod é§k§'{’ltsi ng: providing a mxture of a particulate material and a

sur f act ant ilformirlrgmdtspe@m oismevﬁﬁﬁculgiteﬂmm&iahntﬂkend?ﬁahé&ws%gﬁpf{at eribglt 10
conprises particles having. |ongest dinensions in a range o rom abou
nag net er spt 8°'5'§l5'!ﬁ9 B res mrﬂé%@l’%‘?" siparicyiate materabingthe mopaquesus saivent ul at e

mat er i alwith@ grécurssrimsteiaidngs ol vent ;

heating the combination of the dispersion of particulate material and the precursor
material, with mixing, to a temperature sufficient to volatilize the nonaqueous solvent;
wherein:

the surfactant is soluble in the nonaqueous solvent and is adapted to stabilize the
particulate material against agglomeration;;

the nonaqueous solvent swells the polymeric precursor near the boiling point of the
nonaqueous solvent; and

the boiling point of the nonaqueous solvent is greater than a temperature at which
the polymeric precursor may be mixed and below a temperature at which the polymeric
precursor polymerizes or decomposes.

2. The method of Claim 1, in which the particulate material is an inorganic
material.

3. The method of Claim 2, in which the particulate material is a metal oxide.

4. The method of Claim 1, in which the _metal oxide is a ferroelectric material.

5. The method of Claim 4, in which the ferroelectric material is barium titanate.

6. The method of Claim 4, in which the ferroelectric material is lead titanate.

7. The method of Claim 3, in which the metal oxide is a ferromagnetic material.

8. The method of Claim 7, in which the ferromagnetic material is magnetite.
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conbining the resulting dispersion of particulate material in the
nonaqueous solvent with the orga m “mm“m nononer; and heating
t he conyypasreyizof the di spersi OIE““ m\ll u terial mtﬂUSMMganl C
wax, oligonmer, or nononer, with m«irkg, tto*a fenperature which is the
boillng poi nt of the nonaqueous solvent; wherein: the surfactant is soluble
in the nonaqueous sol vent - and stab|1|zes the particulate material against
aggl oner at i or8. t heThednethedelClaiso¥ vie mhichitae fesromegnetigmatesialia pariun fedeer , or
nononer at or near the boiling point of the nonaqueous solvent; and the

boi li ng point of the nonaqueous solvent is greater than a tenperature whi ch
is the softeriOng tEhegoethodiotClaim 1 o whichdhe surfactant sl arpethoxylated alegaming: whi ch
is a solid at anbient tenperature, or greater than the tenperature needed
to reduce the viscosity of a liquid organic wax, oligoner, or nononer to a
poi nt wher e i11. canTHeanethad df Claiml 1Lin hichethée sunfemtarit isr s fatly acldl ch t he organi c
wax, oligomer, or nononer polynerizes or deconposes. 2. The net hod of
Claim1, in which the particulate material is an inorganic material. 3.

The met hod of12C ai Thedmethod vhClalm t han phichitiveifatty acidus eleicadcid.s a net al oxi de.
4. The nmethod of Caiml1, in which the netal oxide is a ferroelectric
material. 5. The nethod of Cdaim4, in which the ferroelectric materi al

i's barium titggat eTheb .method Nef mﬁ.ﬂnod ah whizhMte suffadBihChs tAF dtRexyRdECtric
material is lead titanate. 17 ) The nmethod of Caim3, in which the

metal  oalkylPhosphate estebrmgnet i ¢ materl al. 8. The method of aim7, in
which the ferromagnetic nmaterial is magnetite. 9. The nmethod of Claim7,
in which the ferromagnetic material is bariumferrite. 10. The net hod of
Claim1, in vifich theemethodaf Glaimils invhiahitheynenagueeys: spiuent i amaliphatiohe

met hod CH!oo@oﬁ'xamr?g froni afélit 3o BBSutSIe aftidnAidms s @ fatty acid.

15. The method of Claim 14, in which the aliphatic alcohol is a normal alcohol
having from about 4 to about 10 carbon atoms.

16. - The method of Claim 15, in which the aliphatic alcohotl is 1-butanol.

17. The method of Claim 14, in which the aliphatic alcohol includes a branched
alkyl group.

18.  The method of Claim 14, in which the aliphatic alcoho! is 2-propanol.
19.  The method of Claim 14, in which the aliphatic alcohol is 2-butanol.
20.  The method of Claim 1, in which the nonaqueous solvent is a hydrocarbon.

21. The method of Claim 20, in which the hydrocarbon is an aliphatic
hydrocarbon havmg from about 6 to about 10 carbon atoms.

22. The method of Claim 20, in which the hydrocarbon is an aromatic
hydrocarbon.
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12. The nethod of Claim1l, in which the fatty acid is oleic acid. 13.
The method of Caim 1, in which the surfactant is an ethoxyl ated

al kyl phowmowsiasssst er. 14. The met hod of Caim1, in whickCcrhusomwe2ssfyueous
sol vent s an aliphatic al cohol having fromabout 3 to about 10 carbon
atons. 15. The nethod of Caim14, in which the aliphatic alcohol is a
nor mal al cohol having fromabout 4 to about 10 carbon atons. 16. The

met hod of O al® 15The mefirdoaf Glaien 28, irpwhich heedromatic hydsodarbon srselected’rom The

Kyl or DS %gnéisff"’n@ riche Modhe, B s SRR, (e ol phat 1 ¢ 5l conol

is 2-propanol. The nethod of Cla|n114 in which the allphath al cohol

s a ES&?B?L&%O oS WA R R b Bt B AS B b

an aliphatic hydrocarbon having fromabout 6 to about 10 carbon atons. 18
22. The method of Caim 20, in which the hydrocarbon is an aromatic
hydr ocar bon. 23. The nethod of Claim22, in which the aromatic
hydrocarbon is selected fromthe group consisting of benzene, toluene,
cunene, and xyl ene. 24. The nethod of Caim1, in which the solvent is
1,1 -dinmethyl-2-pyrrolidinone. 19
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