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maki n up the powder. Sintering process conditions
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of such porous materials. To achieve snall pores and
hereihibyheftantaoethaireatiretshe si ntering of small di aneter

particles is preferred. [0003] In materials with |arge

pore sizes, the size of the pores may be further

reduced using a variety of techniques. For sone

materials it may be po?%kgggﬂgﬁg¥ﬁpor deposi t,

el ectropl ate, or el ect e additional materi al
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containing fibrous, dentritic, or spherical shaped precursor particles. The precursor particles
are commonly metals, like platinum, or nickel, or their alloys, ceramic materials like alumina,
or polymeric materials like polytetrafluoroethylene. In such porous materials, the strength of
the material, the size of the pores in the material, and the surface area of the material are
related to the packing density, the size, the shape, and the composition of the particles making
up the powder. Sintering process conditions also affect the strength, pore size, and surface
area of such porous materials. To achieve small pores and high surface area, the sintering of
small diameter particles is preferred.

[0003] In materials with large pore sizes, the size of the pores may be further
reduced using a variety of techniques. For some materials it may be possible to vapor

deposit, electroplate, or electroless plate additional material into the pores of the base porous



material. These nethods result in uniform coverage and
reduced pore size, but they also results in reduced
wanoitass2ar ea of the material. Alternatively, PCHUSI003039427
of particles is fomled and applied by spraying or
. brushing the slurry onto the surface of the material
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conducting particles. These supported netal particles
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conducting particles. These supported metal particles are formed into high surface area
electrodes that are porous in order to optimize contact between the reactant gas, the
electrolyte, and the metal catalyst. Pellistors are gas sensors having a porous metal electrode
on a ceramic, (i.e. a ThO, and Al,O3 ceramic pellet coated with a porous catalytic metal like
Pd or Pt), that reacts with flammable gases to generate heat which is detected by an RTD

embedded in the ceramic pellet. The detection limit for these sensors is related to the amount



WD 2004/ 054625 PCT/ US2003/ 039427 of heat generated by
t he deconposition reaction; this depends on the active
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tension, supercritical fluids will have a pressure drops across the same filter more like a gas

than a liquid. It is possible that smaller pores, nanometer sized pores or smaller, may be
designed into the filter to capture nanometer and sub-nanometer size particles by sieving but
without greatly increasing the pressﬁre drop of the filter.

[0006] It would be desirable to have a mechanically strong, high surface area,
material with small pores. Further, it would be desirable to be able to make objects with

these properties with different materials and in a variety of shapes and sizes.



3 WD 2004/ 054625 PCT/ US2003/ 039427 SUMVARY [ 00071 One
enbodi nent of the present invention is a porous
wa@oeoposick® material, conprised of a porous baBET/US2003/039427
mat eri al and a powdered nanoparticle material. The
porous base material has the powdered nanoparticle
materi al penetrating a p§V¥Q%: t he porous base
mat erjal, The wder ed nanoparticles, penetrating the
pof@ﬁlél b8 cRboGmes| ofrthg DYSREN Iyention s RseFRPIROSp Baterial,
another by interfasion or sintered to forma porous
compisad ef @goneus bprgmatetia andapewidated watdpartidlqmapepiab sTlof porous base
t he porous base material. Preferably this sintered
matefiolloi the pownfeosi dadopRtieleingdterid) @kikdRsing a portdresf tAdtPorous base
sub- nanoneter sized pores throughout the thiclness of
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flowof a fluid t%erle?hr ough, getagg pref esrea ?ﬁy rém?{/@ﬁré ©
: i r leui: y..SLeving. Th ores, of, the .
iterAEA ) 8% LB bO Rkl RSy Do BO g AelBparticn
t.han. t.he base erial, permt. | ow of fluid through
matcfipif Sosoren THiLF YOS RS AP PHAE Y 411 Sieresagrons
have their |argest dinmension |ess than about 5 000
composHiemateaipbinclydas eangpiojer lagd sub-haemetoGized morasttaos ghows the
preferably |l ess than 200 nanoneters, and even nore
thickpessfoé siakdrgd hamepartinkrobpositnnatetiel; pernlitimgftrvoasa fluid therethrough,
sintered conposite material nmay be bonded to a
and prefefibBOreh@finQRRedéd Bemttee Auill |b2| sebvid QW Hel oéH dfithd P&tous sintered

bond between the housing and the porous sintered
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article retention across the sint or ous

poro P RERAS SR R BliET Rl BT i B90 s g o
be allowed to  penetrate a portion of the porous base
>000zrRomelers; BeEsinll dise ta 1ORE naromgets, worernetesabhy loshan 200

porous base to forma layer of the nanopaiticle
nanoppgtess, aad cvenfmene pséfntabiyi lags, than §0 narenederpolbeiporous sintered
conposite material that includes a porous sintered
compraitoparciatimey babetded! to wihbhding fdioficton & a fllfiefldascuit, the

and a porous |layer of sintered nanoparticle materi al
bond BRtvARA RS hdTRMG 2 thAE&SuLdinteRA composite material providing a
substantially uniform particle retention across the sintered porous composite material joined
to the housing.

[0008] Alternatively, the powdered nanoparticle material may be allowed to
penetrate a portion of the porous base and then accumulate on one or more surfaces of the
porous base to form a layer of the nanoparticle material. After sintering, a sintered porous
composite material that includes a porous sintered nanoparticle material within the pores of
the base and a porous layer of smtered nanoparticle material on one or more surfaces of the

porous base is formed. The porous layer of sintered nanoparticle material forms a continuous

structure with the porous sintered nanoparticle material within the pores of the base. The



porous base is forned. The porous |ayer of sintered
nanoparticle material forns a continuous structure
WOWRaoh/054825 por ous si ntered nanoparticl e nateri aPCUIS10051039427
the pores of the base. The 4. WD 2004/ 054625
PCT/ US2003/ 039427 5 WD 2004/ 054625 PCT/ US2003/ 039427
t hi ckness of the porous conposite material includes
t he porous base material and one or nore sintered
porous nanoparticle material |ayers. The powdered
material in the pores of the base may sinter to the
base material or only sinter to itself. The powdered
nanoparticles in the fine |ayer on the one or nore
surfaces of the porous base may sinter to the base
material, sintered to both, or sintered only to the
nanoparticle material. Preferably the sintered porous
conposite material conprises nanoneter and
sub- nanonet er sized pores throughout the sintered
porous nanoparticle material. Preferably this sintered
porous conposite material conprises nanoneter and
sub- nanonet er sized pores throughout the sintered
nanoparticle conposite material, permts a flow of a
fluid therethrough, and preferably renoves particles
or contamnants fromthe fluid by sieving. The
sintered porous conposite material may also include a
supercritical fluid within the pores of the material.
The pores of the porous sintered nanoparticle
material are smaller t.hhan the base material, permt a
flow of fluid through the porous sintered
nanoparticle material, and may have their | argest
di mensi on | ess than about 5000 nanoneters; preferably
| ess than 1000 nanoneters, nore preferably |ess than
200 nanoneters, and even nore preferably | ess than 50
nanonet ers. The porous conposite material my
conprise layers of different nanoparticle materials
including but not limted to varying size, shape, and
conmposition. The porous sintered conposite materia
may be bonded to a housing. Preferably the bond
bet ween the housing and the porous sintered conposite
material retains the integrity of the porous sintered
conposite material and



provi des a substantially uniformparticle retention
across the sintered porous conposite material joined
WO eootlosteRdUSi ng. [ 00091 The powder ed nanopart i BCBUS2003/039427
mat eri al s maki ng up the conposite may have dianeters
__less than about 1000 nanoneters. Like the porous base
thickngss ef the|perousisespositeanatsarlinelpdesihe perrys basgaateral and one or more
netals, nmetal alloys, ceramcs, thernoplastics, or
sinteneil ybroue samdparttdiemetenal layéral $he piwedaedmpienigl in the pores of the base
nanoparticles should be able to penetrate into the

may $9cPt6SthBER maﬁeﬁ@o?@ﬁ? G635t BIETT LSRN 8B BArbhartitlddbh the fine
2004/ 054625 PCT/ US2003/ 039427 nmaterial, and may have

layeréﬂqgeeoc‘né. AGhadisRGa R be ﬁf%:ﬁokédpbtagéjm%Q SRR 8% base aterial, sintered
endrites,

I bers, or xtures of” these particles.

referre ered nan rticl.e tertals include
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[00101 A sintered porous cgnposite mat eri al naﬁpe gade
compopiematerial csnrisgRnanomsteRnd seb-aaomeEsized @pEsRtihrogghopt the
filter element. The el enent may be bonded to a housing
sintersd porstul @pnapaitickbmetesiel. \Ryeferably thas sintafedtr@ious composite material
integrity of the sintered porous conposite material,
comppisevhahem et ahd BitcAdnosaIGided pard thetighout theniteld aanafarticle
the elenment into a fluid system [00111 In one
compPIROALIEAL peimitshendr 88 & fluid RRIrb &I, SnPhRESHNAY rRRERIEDarticles
conposite "material or other filter elenment isS welde
41 . A . .
or coffen AR MR BRI i ME ThelsletRotodS bokholillHueral pay alo

incluﬁ%ggl?gselﬁgéﬁiﬁa ﬁgéﬁﬁgﬁyem%ges&g dqelg}@tteg?.}d tﬁ%é)r(])g%fl ge chjr(o:lrlls sintered
sintered conposite material retains the integrity of

nanopdytcle araberial sierfneallerthes iroise magatab piernit 8 glewpelolyid dyongh the
substantially uniformparticle retention across the

porows siriteree dagparacicde matgpiak iahé nrmtheve tileirjlages dimémsidrnless than about
housi ng. The powder may be distributed over the filter
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until a packing density and the mass of powder are
nanoﬁﬂéfe%, GhéEBentRore preferably less than 50 nanometers. The porous composite
material may comprise layers of different nanoparticle materials including but not limited to
varying size, shape, and composition. The porous sintered composite material may be
bonded to a housing. Preferably the bond between the housing and the porous sintered
composite material retains the integrity of the porous sintered composite material and
provides a substantially uniform particle retention across the sintered porous composite
materialjoined to the housing.

[0009] The powdered nanoparticle materials making up the composite may have

diameters less than about 1000 nanometers. Like the porous base materials, these

nanoparticle materials may be metals, metal alloys, ceramics, thermoplastics, or mixtures of

these materials. The starting nanoparticles should be able to penetrate into the porous base



remove particles or other contam nants fromthe fluid
wth which it will be used. Various configurations of
wo b@4loed?25 i ncl uding but not limted to graded Per/UsmO®039427
size beds, baffles, as well as different particle
materials conprising the bed are possible. [0012]
Anot her enbodi nent of the present invention is a
nmet hod of making a porous conposite material. The
conposite material is made by flow ng a source of
nanoparticle material suspended in a fluid nmediuminto
or through a porous base substrate and capturing a
portion of the nanoparticle material particles within
t he porous base object. The captured nanoparticle
mat eri al and porous base object may be sintered or
i nterbonded by interfusion to forma sintered porous
conposite material. Dependi ng upon its intended use,
it may be desirable to allow the nanoparticle
material to penetrate and accunul ate as a porous 8 WO
2004/ 054625 PCT/ US2003/ 039427 9 WD 2004/ 054625
PCT/ US2003/ 039427 | ayer on one or nore surfaces of
t he porous base object. Wen the accunul ated | ayer of
nanoparticle material has reached its desired wei ght
or thickness, the flow of nanoparticle nateria
particles is stopped. The porous base with the
accurmul ated | ayer of nalloparticle naterial are then
sintered to forma sintered porous conposite materia
including a layer, and preferably a fine |ayer, of
nanoparticle nmaterial atop the porous substrate which
penetrates a portion of the base material and forns a
conti nuous structure with a porous sintered
nanoparticle material wthin the pores of the base.
Preferably this sintered porous conposite nmateria
conpri ses hanoneter and sub-nanometer sized pores
t hroughout the sintered nanoparticle conposite
material and pennits a flow of a fluid therethrough,
and preferably retains particles and renoves them
fromthe fluid by sieving. The sintered porous
conposite material may al so include a supercritica
fluid within the pores of the material.



[ 0013] Anot her enbodi nent of the present invention is
a nethod of making a porous conposite material and a
wo pdou@s46R®d. The porous conposite material nayPORURBO®039427
by flowi ng a source of nanoparticle nmateria
suspended i n flujd mediuminto, or through a_ _ porous
mateyia 511% sy ek shapaynedimg huh golipited toshhees.idgadrites, fibers, or
~nanoparticle material particles within the porous
mixtyees of Bispeparticles ePrségptedrpon dered oypnonaradle makirials iablude dendrites of
por ous base object maybe sintered or interbonded by
nickélnir@tldyssiontmitiag hivkel. t he sintered porous conposite
mat erial. Depending upon its intended use, it may be
deqjo1ap! & difeb/pBYbs REmPBARARKESA sy T Iﬁaa@épté fh elegtrode
penetrate and accurmul ate on one or rore surfaces of
' | at ed er .of .
clemtb s B RNEIBARE, 8P) el THE R EEH ML P} Bidi @Gy Stsing o
or .thi ckness, the . flow of nanoparticle materi al i _
Othefp%‘ﬂfﬁgfasggctﬂgﬁ SRTPHBRmETHC tHRETEY Bh¥RSHEG. BRroys RRmBpesite material,
The sintered porous conposite material el ement may be
provisish geghanicahsirpoet. prd peraiteoussatign of e clerhent inthe fluid system.
porosity and integrity of the porous sintered
coffi9ad$] t B ormtemnbicalimerst of diegpraeedt invédtomanghteredqiorous composite
i anonmeter sized material may then be placed around

matekiBEBorf dthdreiltee ERARAL istvRel A& o ol wiOseP B9 RSusing that is then
PCT/ US2003/ 039427 a pack bed. Various configurations
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thijs .invention is characterized in that it has an_ LRV
mategipl iefainsdle integsyy of the porepssinisred spmposatementerit) sud prayides2

~tm di aneter PSL bead particle challenge by sieving in
substaatidty, urliformepartirde tdtentimotacrosy thd sirigredpetiong campositssuaterial joined

coefficient in nitrogen gas of |ess than about 250

to th¢ ReusikgVPYHePoMMer mag de dstehacdbley theellter leitaiend hathin thdhousing
(psi cnm2)/slpm and even nore preferably | ess than

usin@@ﬁfﬁble%@chn(c{%%é ) ﬁa%kﬂll'g‘deﬁﬁﬁf dFRUEE ks d1SHoRRIeE alte%ufﬁcéent to

withstand a differentiall pressure across the sintere
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gr eater

Even nor Ly, . the ?jntered por ous, conpaQsite

conﬁlgafaélpp%pte tgg %g&gﬂ%ﬁ@gg Gt not limited to graded particle size beds, baffles, as

well as different particle materials comprising the bed are possible.

[0012] Another embodiment of the present invention is a method of making a
porous composite material. The composite material is made by flowing a source of
nanoparticle material suspended in a fluid medium into or through a porous base substrate
and capturing a portion of the nanoparticle material particles within the porous base object.
The captured nanoparticle material and porous base object may be sintered or interbonded by
interfusion to form a sintered porous composite material. Depending upon its intended use, it

may be desirable to allow the nanoparticle material to penetrate and accumulate as a porous



invention is characterized in that it has an LRV of at
| east about 2, and preferably 4, for about a 0.05 ~Lm
waelc@amseses PSL bead particle chall enge by sievi PQI/Us2003/039427
water. The material may have a pressure coefficient
in nitrogen gas of |ess than about 250 (psi cnR)/sl pm
nore preferably 1ess than about 125 (psi cn-i2)/sl pm
and even nore preferably | ess than about 30 (psi cm
2)/SIpm The material is able to withstand a
differential pressure across the porous conposite
mat eri al nmenbrane, the porous base providing support
for the porous sintered nanoparticle material, of
greater than 60 psi, and nore preferably greater than
about 800 psi. [00151 The depth of penetration of the
powder ed nanoparticle material into the porous base
object to formthe a porous conposite nmaterial may be
controlled by the velocity of the fluid nmedium
flowi ng through the porous base object as well as the
particle capture efficiency of the porous base. The
anmount of powdered nanoparticle material accunul at ed
within the porous base or on the surface of the porous
base may be controlled by the concentration of the
particles in the slurry, the total volunetric flow
t hrough the porous base, the state of the fluid
itself (i.e.; gas, liquid, or supercritical fluid) and
the size of the particles. WO 2004/ 054625
PCT/ US2003/ 039427 The nanoparticles may penetrate the
porous base in a range from bel ow the top surface
through the entire depth of the porous base object.
[00161 In one nethod the porous conposite material is
made by flowi ng a source of un-aggl onerated powdered
nanoparticle material into or through the porous base
material. At least a portion of these particles are
captured within the pores, or within the pores and on
top of one or nore surfaces of the base material. The
captured powdered nanoparticle material and base
material are sintered to formthe sintered porous
conposite material. The powdered nanoparticle
mat eri al suspended in the fluid may be delivered into
or flowed through the porous base material by
atom zing or making a slurry of the particles in a
fluid. Alternatively, a source of the powdered
nanoparticle material may be isostatically pressed



into the porous base material. [00171 The forned
sintered porous conposite material nmaybe used for
wo pdo@sdorsy a fluid to renove suspended parti CPEFUSZ003/039427

contam nants fromthe fluid. The sintered porous
conposite material may al so include a supercritica

layerfom gng ofimase pirfases efghe gogps bess abisckr Waken the acgemplgtpdslayer of
filtering the fluid includes providing a sintered

nanoprstiolasnatengd bss teecledetselesired weigbidhrriickngssrtbaifowad @amsyhrticle
a sintered porous nanoparticle material penetrating

matetiflepaBE3€s is BRbEL. AT Jodbu¥ibage #itAUOMSuMaNES] 18 er @T@afdparticle
nore surfaces of the base, and rovm ng a flud wth

mateG A8 MR 3R Sed td #68mRAIELH ggrou HQ{*F t@?eﬁ% SBIding Q layer, and

renove one or nore particl from
ref era articles ar.e ved

prefefdify 5P ket 1R p BB e SR AGT R SRt sl Dfisp pppgrates o
: |d sieving filtration for small particles and

portidgpa e Eése TRRIGEMRE TS & GonfipRorsRbEctyre ¥ith ¢ pagavis Aimgred
supercritical fluids. The porous base of the el enent

nanopastiple gndtetisd withaththeipords of tsdwse. Brserabily dis sinteeedoprousscomposite
| ayer of sintered nanoparticle material on one or

materialreenguisé e meter bhd subasaohtansizes pard tlirbeghougthe sintered
pressures in the supercritical fluid system The

nanofdrilt8lc8pBSfaHSeRARRR éﬁm@é £1OR0eLIRId mefelmrsug}h @nd Bf&&ably
of the base and atop surfaces of the base

retaiy %%‘%c@% SRl %&B %5&%@%&%@&%&%&% %%aﬁ%‘mpowe
rface tension of a.s reriti.c n1ze
mateFondlFse B denetiSLAuE! viifidre sareeft iini o
surface area of the sintered porous conposite materi al
el 0pHloeether egrbodnent o€ the nrescahimyerrionrisl 2 expthns afymaking a
reduced pressure drop, and enable snall footprint
porowsavpveiit materiol el avlter bed Thapbrods evmpesite coatgron erty iesnade by
mechani cal | y advant ageous for any pressurized fluid

flowiny Slseifice bRhandpartiRGAMSEalasspdnbed@ie] filill nYRES Wit6 of thrbileh a
system i ncreases, the wall thickness of conponent

porotbike &lbiRateRGl @Qﬁtgﬁqﬁé% iR GRER UG RS FRKS p%u{twlgié within the

|ncreases mat eri and al so e size

porousqnase 0 Ject. "The captured nanoparticle material and porous base object may be
sintered or interbonded by interfusion to form the sintered porous composite material.
Depending upon its intended use, it may be desirable to allow the nanoparticle material to
penetrate and accumulate on one or more surfaces of the porous base object. When the
accumulated layer of nanoparticle material has reached its desired weight or thickness, the
flow of nanoparticle material particles is stopped and the element may be sintered. The
sintered porous composite material element may be bonded or welded into a housing such
that the porosity and integrity of the porous sintered composite material is retained.

Micrometer or nanometer sized material may then be placed around the filter element to form

10,



[00181 The sintered porous conposite material el enent
could be used to renbve naterials |like particles or
woRlogosdeas cont am nants from gases by retenti oPCT/US2003/039427

chem cally bonding, or catalytic action of the
sintered porous nanoparticle material with the fluid.

a pack bedr Yatipwncaptigaralions oftthe ber, perleding beimeb dimited tegwdedparticle
el enent may be by chem sorption or physisorption of

size liede, bafisaas welh esdifferenhparfitlgindhtenidlcdniesmadd. gh sur f ace
area materials. A nethod for renmoving material froma

f1100t]i Nl angesr Ehbydimenittel sititeked p¥iods cbMpodiRiedtbrdd] oPkhis
nol ecul ar contam nants in the fluid through a sintered

inver?Bh Y Sh RO 1P tTPE Rhd A LRVSFRDIe Iast\'%ﬂgﬁt% And Eleeferably 4 for about

SI nt ered porous conposite rrat eria

al materi.al can_be r .
a0. ZWS Feéﬁ’éircgfai? B?r&cféa%@m Py SIogie Piiyet S BEY Bnoh Chaaactenzed
conbi nati on of these. The S|ntered por ous conposite
by ha’fmge& Prapsurrgocaficientiimpitiogen gas ofilpasiean boob 5K (pai an *)/slpm, more
wWithin the pores of the porous sintered conposite
preferablyelekatham aboura 25 esi usésipri partdesver enot@pilefstibladss tHanaiout 30
the fluid. [0019] Another enbodi ment of the present

(psi dniPY/SRpkil. OThd rﬁat%rﬁlli@ 516 fid Withdhnd & Hifﬁré’ﬂtiahpﬂe%%?e aér@ﬁﬁh@gntered

particles per mlliliter, and preferably |ess than
R G e ﬂ%&w e

aboutgja(ﬁ)tr R%gfggén;qlg{ftpéet%{ahgfﬁ E of o artélg pQrohl:g gplglﬁo.'f.l]l? rgiiltglaal of the present
remai ni ng on a_substrate cleaned w th a about
inventiop &y chaggcteyizsd it thpt it bag arcbR ¥ o atileastiabeuts?, an@plquw@wéd for about

with a sintered porous conposite material or a device
a 0.0 pal didinaigr BSE ibeddepaticlpchdienge bypiesinkdn wateer Taé neteinkitay have
of the 13, WD 2004/ 054625 PCT/ US2003/ 039427 present

a preésﬁi/eedﬁefﬁﬁ"erﬁ'i‘ﬁjnﬁro%@& Ez?sq)f*?&g t0f SBLESS t()adlp il c?nzz o, 0 Rreferably

about 300 counts on"a 200 mm di ane sub ate
les t%%*%%e@é?ﬁﬁi@%w Sﬁ o %%%ﬁéoe s%ib?;f Ry Bt hapy
o) Rlghie. T walafel 147 SR b i EBRLP RS R BRSNS bpus

t he present i nvention, they may prOV|de
composite material membrane, the porous base providing support for the porous sintered
nanoparticle material, of greater than 60 psi, and more preferably greater than about 800 psi.

[0015] The depth of penetration of the powdered nanoparticle material into the

porous base object to form the a porous composite material may be controlled by the velocity
of the fluid medium flowing through the porous base object as well as the particle capture
efficiency of the porous base. The amount of powdered nanoparticle material accumulated
within the porous base or on the surface of the porous base may be controlled by the

concentration of the particles in the slurry, the total volumetric flow through the porous base,

the state of the fluid itself (i.e.; gas, liquid, or supercritical fluid) and the size of the particles.

11



sieving filtration for supercritical fluids with | ow
pressure drop and high particle | oading capacity.
Ww®Rr00a/054605 Si nteri ng these porous conposite natBPCT/ERR03/039427

have a surface area in the range 2 of 2-5 M/gram or
nore; following sintering the surface area is about 1

The RapeR#HRics maypeastraterthe DB basciarmyanga omdelon tiedonvyface
al so provide for inproved detection linmts for gas

through lsoendire flepth of theplowousdhsd aljerts, that can use the
sintered conposite porous material as an el ectrode.

Thi@0hé]g hinssniefmaeiBodihe ?oﬂfus ch@psdirtritedal ROMABSHy flowing a source of
nanoparticle material provides nunmerous sites for

un—aé‘g%ﬁé%%éd?gr)o Q&%%&Hﬁﬁbﬂdr@ﬂ% Hfatérﬁenft@ (ko osthé"%ﬁ B base matenal

Creates re heat for t rna et ect

At Iequgié)]ohuﬁld(y Hctas% 1(%1rcze|5u| caﬂ%ﬁg &fét b tggfi)glteg,leoﬁg%lﬂn{l glefpoolr?ﬁ and on
he S|ntered conposite materi al o.that hig
top 0%8?? 9’3/mﬁ’i?r?blFfég th%boﬁs (f Thcabrebponia ﬁ%&opﬁﬁvle
be fornmed with out t he need for burning off the
matepialsing pase mgferiphag sinsretiiorform (he sitaietdiporous sopppsitesmaterial. The
sintered nanoparticle material within the pores of the
powdeasienamap &tickelmdtet ahisag eadsian thefiaid Snst beudslivered Wt lor Blowed
porous sintered nanoparticles |ayer on one or nore

througH thAERsuLbast AR By afochikiay bf‘ﬁlakﬁl%%rs@lﬁﬁf@ﬁh@ Eartlcles in a fluid.

nanonet er and sub-nanoneter  sized pores,

e 0 o O v

CT/ US2003/ 039427 BRI EF DESCRI PTI ON OF THE FI GURES
lnthﬁﬁ??fS ACHEF 80t her aspects, features, benefits and
advant ages of the enbodinents of the present
i nhP8RTli gﬁhwome%an@ﬁ@a%@ﬂs sRnResieRateial way heused for filtering a
foll owi ng description, appended clains and
fluid dc ompasyspegdett particl gsonvdoatamingr@9 8t tht Guidl The samered porous
illustration of a cross section of powdered

comp@@iﬁ@ﬁﬁfdrﬂal?in@y BRb @tidldle a AppRSititAdRNWithE tBE peiRs bothAdterial. A
a porous base nmaterial;

method for filtering the fluid includes providing a sintered porous composite element

including a porous base and a sintered porous nanoparticle material penetrating the base
pores and forming a porous layer on one or more surfaces of the base, and flowing a fluid
with contaminants, like particles, through the element to remove one or more particles from
the fluid. Preferably the particles are removed by sieving filtration. The sintered porous
composite element may provide sieving filtration for small particles and would be
advantageous in the case of filtration of supercritical fluids. The porous base of the element
to provides mechanical support and allows the porous layer of sintered nanoparticle material
on one or more surfaces of the base to withstand the high pressures in the supercritical fluid
system. The sintered porous nanoparticle material within the pores of the base and atop the

surfaces of the base may provide sieving filtration to various fluids; the low viscosity and

12



[00241 FIG 2 is an illustration of a cross section of
a powdered nanoparticle nmaterial follow ng isostatic
w@r@ads4sgs of the powdered nanoparticl e nateri aPCT/USHOR039427
porous base mnmaterial to forma porous conposite
mat er.i al ; LOOZS .F{ﬁi_S is a.illustration of the cross
Smfag%iﬁPFIBH obp suparerifical Heidgphonmiminepsessis drompapssaclyp filter
the present invention;, [0026] FIG 4 is a plot
elemeydndde ihigh fur@cErisoofidietstmtered noroth eorbpdstite engperial mayqrowde high
sintered conposite porous material made by
parti¢ls ostemttdncall Icypqeitgsisdng d drevsadeeirop) an® pedbld ehall f lcomponents
into a green formof Exanple 2 and sintering; [0027]

to bemhdde. A bifialddiahRier cbBsidntild ehbRaRPhdyafia8eduR 6y P essurized
of PSL beads in water by the sintered porous

: Si : ' ] hcal |y pressing, a
i T B e B G e SRR B e Bt PR o
. Exampl e 2 and sintering; [00281 FIG 6 is a schematic
thickipss @EP?IB??%GHQHPS%H%‘E&@&S%SEV@@WQ gupresrates; Gisdngreases
i.nvention conprisi ntg[ a coarse inlet filter elenent, a
material qesly apd alsp fhawizeelithe eompensatvi de depth filtration
and or purification, and an outlet sintered porous
ca@pby]i tEhef sittbeed pelasenmpofitetthaterigrebswait could &b tus@to remove
[00291 FIG 7 is data illustrating the reduction in

matefidlk like particld 8 SoRuR Bt irdin@sts Yo Sasch BE rdditRIS chemically
sintered conposite filter elenent and pack bed

bond BIEOM AR Saon P reRiRSRH ordugﬁgwd?ﬁ&l%ﬁaffﬁmﬁh the ueid.

contamnants from a supercritic e partic

e R0 bl et bRl bein X e B SB R bign o
WD 2004/ 054625 PCT/ US2003/.039427 16 WD 2004/ 054625
physiBET U208 o3GRS 415 G208 bascdig e Sreggalerials. A

cleaning is perforned using about 5 liters of
methed, e rempYing matand froper fluidrncludes flowing a fluid having the material or

molecular contaminants in the fluid through a sintered porous composite material element
wherein the sintered porous composite material element removes the material from the fluid.
The material can be removed by particle capture, chemisorption, physisorption, or a
combination of these. The sintered porous composite material may also include a
supercritical fluid within the pores of the porous sintered composite material and may be used
to remove contaminants from the fluid.

[0019] Another embodiment of the present invention is a supercritical fluid with less
than 50 particles per milliliter, and preferably less than 5 particles per milliliter, the particles
having a size of 0.2 micrometers or less and preferably 0.05 micrometers or less. Preferably
the number of particles greater than about 0.2 micron in size remaining on a substrate cleaned
with a about 5 liters of supercritical carbon dioxide fluid filtered with a sintered porous

composite material or a device including a sintered porous composite material element of the

113‘



[00301 FIG 8 is a graph illustrating the pore
symmetry test in water of a porous sintered conposite
wordoensaks filter el ement of the present inventPONUS2003/039427
wel ded into a housing where the edge of the weld area
seal ed;, 100 F graph |j Ilustratlng t he
pres%'im veriin ?Dé‘tael?ﬁcféfi]{b“dllf&ﬁ%@e%@dﬂ?s&i thap,abquyt 309 sprys gn a 200 mm
sintered porous conposite material filter el enent of
diametee syhsirgiengnd mQ@rWégmbhelle@Ee@outhﬁ) coantseusi 20 miediemtise
edge of the weld area was seal ed; 10032] FIG 10 is a
substpdtet of the pressure drop versus flow rate using water
as a fluid for a sintered porous conposite nmateri al

fijobge] eBedmsd ofahe &H8N1 E&l‘é%%tanﬂ g@l%kﬁ&: Weh deghe! 'pBIafhs%omposﬁe

housi ng where the edge of the weld area was seale

matelgl Q374 sfaledd ﬁ'c;lroﬁssco?n sfil 1%161‘]}3.&&&215 & %é’lerlfmgzrer?tgc&g ?he?yl'}ﬁay provide

ow rate ng supercri IC&

ered co 0si.j.e f||t r e of th

sievitly : BlehE S otRER bR oy lafeSSHJEﬁérPHan ghaapiicde loading
edge_ of the wel d area was sealed; [0034] FIG 12 is a

CaPa‘@Wa gHior te siatering rdh?@e Pﬁ@ub@@@p@sytmmtmal& leaye ashirfacpureainsthe range
sintered conposite material filter elenent of Exanple

of 2-Hm’[POB B nfor G follGving stutgingthe birfass breatis atgut b en’peraini @hgore.
retention of PSL beads in water using a sintered

The RO6WGUDNGRENOSiatefal bR bisdlprdvidd RF iBhRWENEct&dtioBIARR R Bas
[00361 FIG 14 is a graph illustrating the pressure

sensdi‘i G8r KAPUSpeTBSSrs] t}ggﬁ’\ﬂaﬁ%tsg ﬂf%fsmtétlé@ €5 Pb%lfe%%koug}%at&%g @san

t he por ous S|nter conp03|te materi a I"t'er

cloct @8 TERRAN R, A6 ‘é%%% i sp Bo P EBH B gLl e SR e

met hods _are gﬁlscrl bed, Is to be wunderstood that
IUMErSStes (g gpfa °|d§°%ﬁ08|lti% afdbe tapeet Bes Yhich cregiogmore heat for the

nol ecul es, conpositions, 17 WO 2004/ 054625
thernratygnes2o6R1e089427  net hodol ogi es or protocols

descri bed, as these may vary. It is also to be

urf@aezygt Q@divaht@bodslye embodiments of the present invention do not require the use

of a binder to form the sintered porous composite materials so that high purity membranes,
catalysts, and sensor elements may be formed with out the need for burning off the residues
of these binders. In addition, a porous sintered nanoparticle material within the pores of the
base material forming a continuous structure with a porous sintered nanoparticles layer on
one or more surfaces of the base and having interconnected nanometer and sub-nanometer
sized pores, may be formed as a single layer in a single deposition step with the porous base

material.
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term nol ogy used in the description is for the purpose
of describing the particular versions or enbodinents
wonln/ 0528l is not intended to |imt the scope BET/URB03/039427

present invention which will be |[imted only by the

appended clains. [0038] It nust also be noted that as

used herei n JHIIEILDES ANOFCTHEMIGYRES si ngul ar
"a", "an", and "the" include plural reference

u ni08§%1 t epagio athex aspestadeatyres; henafissnd edyratages of thelsudbodiments
for exanple, reference to a "particle" is a reference

of the presere iipvention evilpbe bpelent wathd-egadity dlegollewingeleseiptisnoppended
to those skilled in the art, and so forth. Unless

dmnd&&u@gdnngiﬁﬁﬁtheuggumekechn|cal and scientific ternms
used herei n have the sane neanlngs as connDnIy

@9& § OR5 Y g{fﬁlug{rat%n ddfrhacrr S & at:ldn dfqno re% nanoparticle material

gh any s an Si‘m
ent t t hose descrlbed herei n can be used in
depo?ﬂ% Odlra%&gﬁ?g o PESPIIAYS base Wﬁi’l nments of the present
i nvention, the preferred nethods, devices, and
rol082#1a | Bl 2 ah sHystratisey QftseqossAeptiqn 4 4 reatdesssnanoparticle
menti oned herein are incorporated by reference.
mateNplt follogingherstdtic piressing otf ¢heomrvateredathnaparticle ahiérsd iiin a porous base
that the invention is not entitled to antedate such

matefl IS0 [fos b oRys Cbmboiite@hateridlOr i nvention. [00391
Enbodi ments of the present invention are sintered

po 0925) CF’]!TP@% ta?llus%ﬁ bBthS cfdi@bectiBl b @m%r&fsﬁa H&s %@ﬁﬁ‘osite

erla and a layer of porous sintered nanopartic
nore surfaces of the porous base
ortion of the porous base

| al e porous sintered nanoparticle nmateri al
NaOBG ckICE e P glor ChmmEEcog GHeB6 OF I © et P able PB G o 2
mat eri al . The porous sintered nanoparticle materi al
smteteéycempeﬁtet rspoes matssalynads byfisestatically pressingie nicksk manopartiele
with the porous sintered nanoparticle material within
powdehentpargesn fofm bhExdasle 2 drdefnesratpt y t he sintered porous
conposite material includes nanoneter and sub-

NajpoAL eFICﬁ 5284 pRA 'ilﬁfstrﬁtli'ﬁ ?Qﬂfclet Ila?enﬁbﬁ‘ bepsd bQ&fS%‘ Svater by the
nanopartlc e materi al lowa fluid to

smteltela Iﬁg.{g Hl?oﬂger rﬁ&'t% gl:lﬂnée rkgqué:ﬁ?ﬂﬁgﬁf( ﬁlt% e%&%lé;?gl r?ampartlcle
o RS 54 Lyt g8 5.7 e comost

[0028] FIG. 6 is a schematic illustration of a packed bed device of the present

on.one

mateHQlf]oefrth %rtese tmvenlgorb

invention comprising a coarse inlet filter element, a packed bed of materials to provide depth
filtration and or purification, and an outlet sintered porous composite filter element of the
present invention;

[0029] FIG. 7 is data illustrating the reduction in particle counts on substrates using
the porous sintered composite filter element and pack bed embodiments of the present
invention to remove contaminants from a supercritical fluid. The particle counts are for

particles >0.2 micron on a substrate determined using a KLLA-Tencor surfscan. The results
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, A WD 2004/ 054625 PCT/ US2003/ 039427 supercritica
fluid within its pores. The porous sintered conposite
woraioe/05#ks may be bonded to a housing for conneCt/USI008/G39427
a fluid flowcircuit, the bond between the housing and
the porous sintered conposite material providing a
substantially uniformparticle retention across the
sintered porous conposite material joined to the
housi ng. [ 00401 The porous base material used for
preparing the porous conposite materials may be a
metal, a ceramc, a polyneric material or a conposite
of these. The porous base nay be sintered or a green
formof suitably pressed powders. The pores of the
base material are interconnected to pen-nit fluid
flow and the structure of the porous base may be
symetric, asymmetric, or other geonetries known to
those skilled in the art. Exanples of such porous
base materials include but are not limted to netal
filter substrates which have an LRV of 9 or nore in
gases for 0.003 ~tmparticles available from Mykrolis
Corporation, Billerica, MA, and N -based netal porous
body commercially available as "CELMET" 0 prepared by
Sumtono Electric Ind., Ltd;. polyners such as
sintered Tefl on@and pol yet hyl ene from Por ex,
Fai rburn, GA; flat sheet polyneric nenbranes are
avai l able from W Core, Elkton, MDD, porous ceramc
el ements are available fromFilterite, Tinonium NM
The pore size or dianmeter for the porous base may be
but is not limted to the range of about 0.05 to 100
m crons, preferably fromO0.05 to 50 mcrons, and nore
preferably 0.5 to 10 mcrons. The porous base may
have a thickness such that it can nechanically support
porous sintered conposite material at the pressures
and tenperatures expected during use. Preferably the
menbr anes have a thickness of fromabout 0. 03 inches
to about 0. 1 inches. These nmenbranes nay al so be
characterized by the size particle used to nmake the
porous base as well as their porosity. Particles used
to make such porous base materials nmay range from
0.05 to 100 mcrons, preferably 0.5 to 10 m crons. The
porosity of these base materials
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may range from about 45 to about 70% It is desirable
that the pore size of the porous base nmaterial be
W@ o@h/0s48at t he nanoparticl es penetrate a port i pOT/US2005@39427
porous base material. The 19 WD 2004/ 054625
PCT/ US2003/ 039427 density of the, porous
are foy LOmph@hsEaes B FeagBess PHomedisingabars Saf %%’4%%%9%1 CO;
up the base. [0041] The nanoparticles used to form
perrubhe conposite material may be, but are not Ilimted to
spherical, dentritic (as described in U S. Pat. No.
5[0084] 271G hserpastaillasirding thep@t enameiry tést &1 watet 6£4 yorous
fibrous, or conbinations of these shapes. O her

smteré ;ﬁfsﬂ@ fnatérira[ EEHJ Arthdht DPARGHRA! b &ltRa V\‘?@(Ye@lln%)a BSusing
tomaet porOUS Con'pOSIte mat eri al s and

Wherest eeoqftff s%'afeﬁ materials. The conposition
nanop art ales may be netals or netal aIons
I f
éqaﬁnﬁ] ﬁ.i?{(g@ {legle%u' gt?elttﬁlggﬂ%pﬁ*ltlglg %81’:1’[510%1'(? eads 1n water

nol ybdenum stainless steels, chromum chr om um
using alsinésred pevietss compasilk nwjeyial Glenstpmeriof i ppscakingention welded into

powders useful for making the porous conposite
a houding eheel the edpel afdies Weltd assaewmatealedyri ted to al umi na,

silica, zeolites, titaniumdioxide, and cerium

dijgusfie FIGHIFs Wﬁ&rdf heSprestale @dp VelshoNdw 3atd Usibg wiltérhhs a fluid
for exanple a 16 nlcron nom nal dianmeter, may al so

for a s@ﬁef'éﬁﬁgr&g. 831?evrﬂbtleﬁ Btk %I%Fﬂeglr‘&etﬂ& gfc@eﬁt hﬁvefnﬁBHW%ided into a
agueous astics

rS|ons hernnp uch as

hi ecul ar. we L ene,
hou“%%?%&%?%‘fe cgrﬂ&’e‘f’% E%si’n uro(al I cyl vi nyl et her)
(pol &PTFE-CO PFVAE) )
pdw@ﬂ el G 1 uisaddetnf It@@ﬁ%f%@ﬁaf"?@ﬁ Bov spg ueing supgreritical CO;
bl ends of these materials, available from Dupont, nay
for a adrews dieterededmpOsiteamiterialiltareteaidnt of the pogsenttinggngon welded into a
powders are avail able from Nanostructured & Anorphous
housiMaiv@bieah® eddevT the w6ld afdaon@ssealdld Nanoparticl es mayal so
be made by other nethods including | aser ablation of

A@Gﬂi PheEEE: A% Oﬁ%ﬁ?ﬂlﬁlg‘?&d oMhdbore sPainetriest oPa pSRus Gidtred

corporate ein by reference in'its entirety.

COmPhﬁf)eéP%Tgﬁfgé 816f1 91(Iznréﬂége powder ed nanoparticle

[0035]) FIG. 13 is a graph illustrating the particle retention of PSL beads in water

using a sintered porous composite material filter element of Example 9;
[0036] FIG. 14 is a graph illustrating the pressure drop versus mass flow rate of
supercritical CO; for the porous sintered composite material filter element and the packed

bed of material of Example 6;

DETAILED DESCRIPTION

[0037] Before the present compositions and methods are described, it is to be

understood that this invention is not limited to the particular molecules, compositions,



sintered conposite porous material are chosen with
consideration for the pore size of the substrate and
wo b@4@es2s ed pore size for the final sintered POT/UER03/039427
conposite material. GCenerally, the smaller the
ired pore sg e and t he hi gher the surface area, the

d

methQfiglpgigs of Ba ocRls SAIES-cIodhera TR Y- 1o da Alsshiouieadrstaoddhat the
to make the si ntered porous conposite material. 20 WO

termipglygy @serbPShPGRCTSIO0S f03bd pTrpoTthef dearitiing thegiarticular versions or
di stribution may be | ess than 25%rras of the

embquiamerits bely, am i het mesmpédto lirit tiEoswBp&HDRd brosektSnydni8n which will
particle distribution nmay be | ess than 5 percent.

be lirtRéd b1 B tHPYHpBAKR Raind] anet er | ess t han'about 1000
nm preferably |ess than 500 =, nore preferably |ess

O S B B LA Y o0
smgug%}‘ﬁgbe 4 a,ken ,,as t Jé?? @p(ier pelpv%? Eﬁ% I gg(ﬁég}lésg El@escar e?tg]eglgy dictates

be used, for exarrpl e nmossy zinc or spongy nickel.

otherpigrgs 3 huh for g5 18pIS: r@&ﬁmﬂ@ @ “paitielel’ & 2 1vkyerivg 16 oneretimioye particle
suspendi ng the powdered nanoparticle material into a

and efjhiyalgntsghdresfimawsl tathoge siSiled abthe aft] aridds fonkl Ueteshdéfined
are not limted to air, nitrogen gas, water, ethanol

otherwWideg4ll feckiital@ad s@!@ﬁ’cﬁﬁd&@ﬁﬁ@ﬁdeﬁ ineRdn hdvaithS sank ﬁ%ﬁ{lﬁg %
the slurry is conprised of non-agglonerated

comni&H] hﬁ&e@&oo&r be oﬁé"?c‘ﬂﬁ'@ﬁa A1 i B8 aﬁg%hﬁgﬁp%@%ﬁfdrpethods and

parti cl es rmy by coatl s W

matelfi'?}g’ giH F e%l gce *h\?g? é,esc li)qad?l?qrﬂg C%Bg lgjqrergfllﬁ %l?egﬁt){actwe or testing
[ Hela er partlclesto settle may give
of enPafiGRéa fﬁx GIRICHO 1G5 BRTed Surbendrddviien,and matcrials arc

non- aggl onerated particles. The slurry, and
now (sseiikada A puthisatens-mepgionedhertiadirs irspgpositahby wmiference. Nothing
nanoparticle materials is made to flowinto or

herein 13rto bg kotidneed as ausdsidgipn fHat tHe ibASEoAH @t ieatit MR Btedhte such
| east a portion of the particles is retained in the

dlscldggfqusmﬁa@&m%ﬁonAl ternatively, the slurry is
made to flow into or through the menbrane vvhere a

b
agg?}rﬁ In il dglisxgllétg ?gthp, %rég%&ttlg\%n?u Isl areassl' etllsreﬁglpéoug lfloim&)ggte
FI ow pended

materh%%@ﬁ’g\ﬂ?f@? g%ﬂ’gﬁégﬁ% s 6&3 RhB9YOus Enipsdnagpparticl

material retai ned by the porous
material on one or more surfaces of the porous base and penetrating a portion of the porous

base material. The porous sintered nanoparticle material has pores smaller than the pores in
the porous base material. The porous sintered nanoparticle material layer on top of the base
forms a continuous structure with the porous sintered nanoparticle material within the pores
of the base. Preferably the sintered porous composite material includes nanometer and sub-
nanometer sized pores throughout the sintered porous nanoparticle material that allow a fluid
to flow through the porous sintered composite material and particles to be retained by the

sintered porous composite material. The porous sintered composite material may include a
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base and accunul ated on its one or nore surfaces is
sufficient to provide a sintered porous conposite
wowaor/opreeperti es suitable for its intended usePCTE®03/039427

may include but are not limted to a high surface
ar.ea esired pore size, particle retention, catalytic

supe SR bR iebes, iesporotssiserad Eowtpassoamitenal may be bonded to
conbi nation of these. The penetration depth of the

2 hoysigdprearnettian toratfbrid Aew qionisutbe baskbetayerbiae hbasige andihe porous
controlling the fluid velocity and size of particles

sintewtd|compositt matetikierpddings shbsentailig vnlers badieleattchién across the
fluid itself. The liquid suspendi ng the nanoparticles

sintetie@ potdis éengBQH RAdRAT0iRE (R BORiH39427 preferably

renoved from the porous base and nanoparticles prior

t hat-ard It . . I that the solvent from .
t OB ope st MaEL el 6% nrb Rinels i p R Etongelfperias
mav 5 g&;lent crackia_ of, the accunul ated nanoparticle
Y b3 Bt Geraimso? BR¥MSHS matqrishaus corpeosis wiieesl The porous base
nanoparticle materials may al so be nmade to flow into
may B sintersd s greresncfopn pb eittabliseresspd ppadepoThe pores hBthe base material
_particles in a gas phase. Nanoparticles may be fornmed
are Inpyroqransclof &s permitciled flownandfthe stacthire ef gRg@Sousisd afse
reactors, or by spray pyrolysis. Nanoparticles forned
symnieyrid, asghmatrlcabit Gtherdfeometitskao®n IR tHREL il& inltBS St Examples of
abl ated mcro-particles nay also be transported by-a
suc ' ' . r i.viel Q..
h $&0hd Bise ddFeriald i‘ﬁcl‘hﬁ? b OHS l_}?@%etgpl’lllétgl nfglgeté st thstnéteg Swhich have an

i qui d suspension of nanopar?
(Soni ¢s,. Newton

agr0sol usin l.t.rasoni ¢ atom _zer _ 1,
LRV B0 8 Fior® B s D i st et o MyirolisAgorpaaidon,
.. liquid is evaporated from the particles after aeroso
Billerfqsy Wehiaad Nidbagedametakpirgembodyreommpecinlly heslable a5 CEAMBE" ®
made to flow by a carrier gas through the porous
prepatraldey. SuFhidorpe Bictrxt Tndn Lete pidiyraérstsheh HanapRi tIcEbe® dnat 0
the porous base and accunul ati on of nanoparticles on

polyettyfen® WronaPE%x Rrbch, ©RTER ShddY pSIGRLHe hﬂe’nﬂﬂanets R available from

velocity of the carrier gas through the porous base.
i al: i.ted r cumul at ed .
W GHHE SRR o RS S8, SSARSL L Ut RPN ) hium, v
e o R g D B OB i & e ot

nal | oparticl es )
0.05 to 100 microns, preferably from 0.05 to 50 microns, and more preferably 0.5 to 10

microns. The porous base may have a thickness such that it can mechanically support porous
sintered composite material at the pressures and temperatures expected during use.
Preferably the membranes have a thickness of from about 0.03 inches to about 0.1 inches.
These membranes may also be characterized by the size particle used to make the porous
base as well as their porosity. Particles used to make such porous base materials may range
from 0.05 to 100 microns, preferably 0.5 to 10 microns. The porosity of these base materials
may range from about 45 to about 70%. It is desirable that the pore size of the porous base

material be such that the nanoparticles penetrate a portion of the porous base material. The
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accunmul ated on themto forma layer, and preferably a
fine layer, of the nanoparticle penetrating a portion
wobooansicat op of the surfaces of the porous sSubBCT/@EE®03/039427

M xtures of nanoparticles with various shapes, sizes,
or ous

nd.conposi tion may pe nade to fl ow through the
densiiGE (8 POy DB Ek St leps Bah fip Hledasity ph s raateiad bl makes up the
form a porous base nenbrane, or a sintered frit. The
base-Iayer of nanoparticle material atop the porous
substrate base may be sintered to forma sintered
pol064t] nEmormopartibles nedes iferin thayefpositem A SFbe, but are not
porous nanoparticle material |ayer penetrates a

limit@DiotdpREri, dehRitRIeLdABEhdIGh TBS £G4 | Wg&%@@@ﬁﬁrmed by

structure with the sintered nanoparti

ferdMck B r f e material,, 22 ~ 11

R e N e e R e

. noparticles. with differi shapes, sizes and

ime | TP B B Tsle Y A herised fp Bkdibg nemu fgmppiate materials and

. dgposition steps, or by repeating deposition steps

sintergg parous cAmppsitegnatprds. Bheemepasitionaddhemanopirticles wowrbeimetals or
the pores of the base, or the thickness of the fine

metalrpdloypaFximples dhyseful oretdlhendsaltolya declafe Hub erehas BmitdaYo &pper, |
varied by the nanoparticle deposition to control the

nickep mickelflEoyd) 10PlydAehune sMIbRRtceRat 36 inalh Stk Rivaf ﬁJl}@ nd
final sintered porous conposite material. Pre?e abﬁy

HastA188®S Icd&hRbr 9&@[8‘6%13&%%&%{3%{5&158&? fclr"ilﬁfzﬁ(rin%o 1{1}5 ES%EO&QSSM

por ous substrate ha ness | ess
an r apl ss._than .500 m.crons, .and. npre ,
materBE e ot e S0P B RS 2Bl fLini e, and cerfum
. .pr ably.l.ess than about 10 microns. Miltiple layers
dl‘”ﬂ%‘f T’Eﬁiﬁ&ﬁ%ﬁéﬁ@é P‘@}%ﬁﬁﬁ‘éﬂ%@ IRE A et B grample el). thmioser susinal
. base, and each layer may have a different materi al
diameiesnpragiatsodrs veed pavailabledran Dripoifihie thdhrfochrfaguafust he
porous conposite material includes the porous base

dispersamer Tabraupdhstibesush at eluadigomelsuRaweRat pbicheyras eri al
| ayer. The thiclnmess of the porous conposite mteri al

Pl BT M e PSSR0 T ELEPLNS)
poIy(t\%@rﬁ‘ﬂl%rggthﬂgﬁé)-H@-h%&aorptr&p%e%e) gla‘tt)lgrrl&sac;f tﬂe%g %{a'terials, available from
Dupont, may also be used. Ceramic and metallic nanoparticle powders are available from
Nanostructured & Amorphous Materials, Inc., Los Alomos, NM. Nanoparticles may also be
made by other methods including laser ablation of microspheres as described in U.S. Pat. No.
5,585, 020 and incorporated herein by reference in its entirety.

[0042] Particle sizes for the powdered nanoparticle material used to form the
sintered composite porous material are chosen with consideration for the pore size of the
substrate and the desired pore size for the final sintered porous composite material.

Generally, the smaller the desired pore size and the higher the surface area, the smaller the

nanoparticle material that should be used to make the sintered porous composite material.
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100461 It is preferably that the pores of the sintered
porous conposite material be snmaller than the porous
whame/osmweri al . Preferably this sintered por OUBCT/US2003/039427
conposite material conprises nanoneter or
sub-nano r sized res, throughout the sintered
The R0 808 TRt Ph e Prdrsiinan JFagier obibe Pereiein b seatple. Tn
nanoparticle material within the pores of the base
Some q&dirﬁPl?tS»Th%P%iﬂé slisklution negydredessghiny S gericentt Patticldseyay have a
. provide particle retention by sieving and have an LRV
diameferlgssethan Alaout 200@nmoprefergblyricss trand00 hat, aeire gﬁ:lférhl@lbf%ss than 100
preferably an LRV or greater than 4 for 0.2 mcron or

nm, andegat mped priefdrably 189§ thal 50 he. alhyreddnl 1
than 2 for 0.05 mcron or Iargé? pg#??%ﬁ%gg&ggﬁgﬁgggemthe

s RSB o A0 Bl M IRD gl e oo

,
: ' erial,. which permit a flowof fluid
partc RN i Soslrlof = g S5 BB bhisoudy i ¢ hei 1
s@@st aspect is less than 23 WO 2004/ 054625
P 200'8/RO58E £PmPSH i matendonsabrofesmed by sppefdingBleypowdered
| ess than about 200 nanoneters, and nore preferably
nanopagticde mafaig! B fluBoofempasiueys Suftaifld TidElirclddsisittaye @t limited
_the sintered porous nanoparticle material layer, for
to air.exaogrnegaaswatet, lethaholav el ik tirbg af@b@fcrétichl AMIS4Pret@ably the
350 in FIG 3, on top of the one or nore surfaces of

slurrytif €ompsAWT nbﬁ-%gg]éfrf%]‘ra%@;pirﬂclgﬁr . Wﬁ@ﬁ%%&sﬁ)ﬂfgf inglﬁ-gigélomerated

contact surface area for cata YSI S, as sensl

; ' [ | - comhi nati on of these and )
particles Wt e bl b lher Bl o GRTTT S SRgiter or adding o
Qr ou Tposi.te material. This sintered porous

surfackith ) e (i oA lrepativa, stiisiedhe Hiey oy sleving b oreer patistes t
a thickness |ess than 1000 microns, preferably |ess

settle max rgl@o@re}ﬁtléfﬁkyﬁgl’lfogn@umn%on pf bsiantidlly nesaggldmerattdQarticles.
m crons and even nore preferably |ess than about 10

The slpyryr andsprefeiebly themohtaggiometdied sispéicg o PRIRYSHERITRASHAIS is
mat erial nay be characterized in that has an LRV of

made i fldveastd oa Bebigh’the F@fou@ bigpportdr Base mikidka AL 81 1e5Pk portion of
bead particle challenge i'n water by sieving,

the paPicBdsQs Aki¥e P th Ohfertad 2y FROYL 20,2

psls ot o ¥l e 9B B SRR e
.Si eyi f ly an LRV of at Jegst 2 for a

flow nat'.og% klﬁg%ﬂﬁléﬁnefnibe b v%fgerg a portion 1is retained Ly ‘ﬁfé porous base, and is also

accumulated as a layer on top of one or more surface of the porous base. Flow of the
suspended nanoparticle materials is stopped when the mass of material retained by the porous
base and accumulated on its one or more surfaces is sufficient to provide a sintered porous
composite with properties suitable for its intended use. This may include but are not limited
to a high surface area, desired pore size, particle retention, catalytic or chemisoption activity,
pressure drop or a combination of these. The penetration depth of the nanoparticles into tfle
porous base may be changed by controlling the fluid velocity and size of particles delivered

to the porous base and the state of the fluid itself, The liquid suspending the nanoparticles is
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PSL bead particle challenge in water by sieving and
even nore preferably an LRV of at least 4 for a 0.05
w@Rrov4@bmpet er PSL bead particle chall enge i n WwatBUSIY3/039427
Zieang. The porous sintered conposite material may
e characterized by having, a pressure .coefficient in
preferahly Fpeved fpam ﬂ@rpqrésssbaﬁ%%n% %gﬂ%mé@ﬁ)m(l%‘io SHHeTDEs | T preferred
nore preferably | ess than about 125 (psi enR)/sl pm
that thasdlventdhnomthedaposifadmabonartide satdrh batasuaved glowds fo prevent
cn?)/slpm The sintered porous conposite material is
crackihg bf theecciahabRad hahdpaeitlé yéial the boiosis bldee t o wi t hst and
a differential pressure across the nenbrane, the

PRIAYP BASBoRESGU qar{bgaﬁfe&qﬁa&ﬂm&n ORRY R (81 TBkEMESlor
nanoparticle materiaf, of greater than 60 psi, and

e_pref |y _Qreatf. . [ .
o TSP B PR P88 sh ARARNL 00| Nopdictesmay e
fine layer, on the surface of ;th por ous base can be. .
formefl Y gAe Ph R ECISHIGH P asTiv Etsety Ryiesns RpgPrs, AL B aYolysis.
sintered conposite nmaterial with an LRV of at |east 2.
Nanofagiicles rmed b tesprablationes ashdactanalprigl osfaseheblafpd pugragparticles
nanoporous nmaterial layer is 3to 4.5 g/cm3, and is
may apodleeraabportekirbym @bdertga8indo the pbréisdlasen AlterBdtively, Wiquid
2004/ 054625 PCT/ US2003/ 039427 for the porous sintered

suspetSIPOS anBp aTBEIRE Isthadd ihid AAretdsy! @ingdn h1gasiniPatbized (S¥mics,
mcron particles the density of the sintered

Newtcgrggﬁg?)gg@s Qéra(g/léiﬁi/ag ) Saﬁta4A51§a, t%%G e 4 4£8%1:i is \@A{y}‘ﬂ)oh&ed from

rom about to 5.5 g/cm3 [0 t hout

L shi to b ound t heor he si.nt ered.por

the pafil i aSong mioR el st B p Rl E WU e o flow
characterized by the pressure | oss across the . .

by a cawie gandreyshdhe Perpublasee il he Benchption femsh 8? thedanpnapticles into the
constant K (the pressure coefficient) to the area of

porout haseraptacamaylatidreofi hingparbelss of its srafasesviparhe changed By gentrolling
shape, and distribution of pores in the nenbrane, and

the veldtgtyfof oive @irridd gak ehrbtigtothg potdne bagerrimenmoubbofgateial deposited on,
relationship Ap = KA (1) (2)

or accumulated on, the porous base substrate may be determined by mass change of the

porous base.

ne or more surfaces of the porous substrate may have nanoparticles
accumulated on them to form a layer, and preferably a fine layer, of the nanoparticle
penetrating a portion of and atop of the surfaces of the porous substrate. Mixtures of
nanoparticles with various shapes, sizes, and composition may be made to flow through the
porous base or may be isostatically pressed into a green form, a porous base membrane, or a
sintered frit. The layer of nanoparticle material atop the porous substrate base may be
sintered to form a sintered porous nanoparticle material layer. The sintered porous
nanoparticle material layer penetrates a portion of the base and forms a continuous porous

structure with the sintered nanoparticle material within the pores of the base material.
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where K is the pressure coefficient, Qis a nitrogen
gas flow (slpn), and Ais the area of the nenbrane
W@ aM2)34628Nnd Ap is the pressure drop (psi); theCpUSDN039427

conposite material of Exanple 2 has a K val ue of
about, 13.5 (PSi.CM)/ Sl pm and t he porous conposite )

Alterpafing Jaxers of naqoparislcs vothdiferingshaaps izet andrsuipogitiog may be built
(psi-cnm2)/slpm One skilled in the art woul d know

up by $rguendieg therdepesittangessi orbynmpeatingldepesitioresiepsafiepsinteiriag. The
such as but not limted to the area of the nmenbrane,

amounit ef hitiopknRESp 3 del REhEPORE @M the BabE of tiathickh@R f thdMthe
di stribution of pores in the nenbrane, and the

nano%f%rﬁilf@?&;‘e\f oﬁ}?c]héC qtfabe LIYHOUAN 3 bm&gﬁr}fthgﬂé.&%%rﬁaé Bgsiition to

ect the proportionafity const

.ekness of the.sintere r.ous .
cont G ATDAEule Frob uf EPRERn byl B it of iR SRlEsrays composite
l.i near el ated t ressure drop) may be increased or
matefige %rs%’ﬁl%@ﬁx the 6¥ntft‘rﬁipgf8%w°§m€l@rléber RarieRak e ppepus substrate has
.material layer decreased to provide a nenbrane with

a thickpegtless thas] W0aniseons oorefeeablly tpos bn H0Qmdcronn dnd sacge preferably
result, a higher pressure coefficient. Although the

less thar bAsmiaommosidteyematoss prafesatdy ldskh haprabe@nio mitveikt Multiple layers
are not limted by any value of the pressure

of nafi6yRfrfid16 in@idrial BRK Y Fom@RARAIRH #1R paRIR A&, Sn@badhnydPhe3aRle a
invention may preferably havée pressure coefficients

it SB35 He AR LR (AU compos
mroByShSIEBL bS53 2B i BB B BRI e

Zh/SIpM [ 00491 The sintered porous conposite materi al
layer; Jhp thiglness plihe peroya sempesite maieriad mepyzbe vasipd to dter peaseiirg drop or
sintered nanoparticle material on top of on or nore
retengon by clesn gofg the éhigoesusf thbpaeusibdse mhdbr thedinpené pomtis ngnoparticle
a portion of the base material to forma continuous
mateSdllugiure wth a sintered porous nanoparticle
within the pores of the base. The | ayer of

;‘ iﬂr@fe%lﬁ?@ﬂﬁg bbie§ o IR RE R Igaﬂﬁ% cgﬁpgﬁte%ﬁgrial be

or thore surfaces of t por ous base a penetrates

' f e _parous S terial to forma porous . .
smat 0l O, Bl R AR o G Bl Pt R R eteria
of the base material, It nmay be used for flowng a
Ccomprisgy REVCRICE Gh syhspanometer sized pores throughout the sintered porous

nanoparticle material layer and the sintered nanoparticle material within the pores of the base
material. The pores may be characterized in that they provide particle retention by sieving
and have an LRV greater than 2 for of 0.2 micron or larger particles, preferably an LRV or
greater than 4 for 0.2 micron or larger particle; more preferably an LRV of greater than 2 for
0.05 micron or larger particles, and most preferably an LRV of greater than 4 for 0.05 micron
or larger particles. The pores of the sintered porous nanoparticle material, which permit a

flow of fluid through the pores, may also be characterized their smallest aspect is less than
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catal ysis, as part of a sensor, renoving particles or
contam nants fromthe fluid or a com bi nati on of
WO b@g@s46Ihe porous sintered nanoparticle naterPel/URBY3/039427

be characterized in that its pores are snaller than
the pores in the porous base material. The sintered

about, EQQQEF@O@SW% preferabhytlessithan abgyt 0 sagemgters, and more preferably less
characteriztd in that is has an LRV of at least 2 for

than abayit 30 namoret®SL bead particle challenge in water by
sieving, a pressure coefficient in nitrogen gas of
| ef9947]haDhadaity 8Bhe sHRsdredPEHLShIIpaitielcam MeRAIERRAR] fr example as
| ess than about 125 (Tsi cm )/slpm and even nore

illustPi&d BF AklnYatl 28 Frdnl 84D RPBWtin ’i}ﬁ}.(”ao,_%hl 16568 ths loﬂg]gF %Eyge surfaces of the

sintered porous conposite material can sup

i1f.f [ sure . across the terial. of greater .
porof U bRy PR L R SR B o econsine
fl'd%ﬂi an LRV‘of.at_Ie%§ 2 for . a 0.2 ~tm particle ]

i dHo8ngfe PbIRaq 0 ttﬁ?séfaé gppynizes thepregsre dxgpgierogs the sintered
least 2 for a 0.05 [tin particle challenge in water by
Porous; copnegite materiel chhipsintergsy pefreysaisingparticledsyeann kdpvofahe porous
least 4 for a 0.05 [tin particle challenge in water
substimfe basethingnedsdesAlanPH00 usicoaspesict ] yREethaabe0 aficrbR€ and more
present invention nay al so be nadeby isostatically

prefePdb@S R4 haR 200 RAErbhE hRBevieR idr@ pRASTIMNS 183 38anf dbblit BT middb®. The
an unsintered green formof' ~a porous base materia

f

; i . i ) t.h

censffot LB B8 LI ]l AEFSR LN ISR BRUPLY o
en formis then placed

wel | own in t art, The e [ o
ot eaf b Hogtstion S et sbonreis 09 POHB I shebio i ardier by seving,

container with dried nanoparticles which are the
prefeiabbysarat R¥aifl ay lqastedboeiddt fontabouthd). 2 papdiamter RS bead particle

mandr el supporting the green form my be porous and

)9 b W mUATGOAEUIF LSSy 40 s

green form ing I
| N LFl or aus. conposite terials may be for
PSL fghairetfcle B M rETR T vt Pk PrRmBR I dpef o leas
13 0 into mcroporous and | arger pore size 100 base
4 for pf 05y i déiameter Bdy besg particdpehatlongedo ovat G yasirying. bbie mmrous
surface 170. Preferably upon isostatically pressing
sinter®Gompositespdteridlaady ishapedtepovdiey Bavid®a ptdigurd QWEREESNt in nitrogen
penetrate to a depth 160 and pack, into the pores
gas of less than about 250 (psi cm?)/ slpm, more preferably less than about 125 (psi
cmz)/slpm, and even more preferably less than about 30 (psi cmz)/slpm. The sintered porous
composite material is further characterized in that it is able to withstand a differential
pressure across the membrane, the porous base providing support for the porous sintered
nanoparticle material, of greater than 60 psi, and more preferably greater than about 400 psi.
The density of the sintered nanoporous material layer, or fine layer, on the surface of the
porous base can be in the range of from 3 to 6 g/cm?; for the porous sintered composite

material with an LRV of at least 2 for 0.2 micron particles the density of the sintered

nanoporous material layer is 3 to 4.5 g/em® and is preferably from about 3.8 to 4.2 g/em’;
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100 of the base material and interlock with each
ot her. The powdered nanoparticles nmay then be
W@ Rowesssds or i nt erbonded by interfusion to forPCHUS2003/039427
sintered porous nanoparticle material wthin the
ores of the base. \Wen used as a base material, a )
for theporoys sifptened GPwBosegBatprd geith @ LRV ¢ at lpagt sfon P &b amicron particles
porous conposite material filter el ement than
the dansily o dheotistetsdsenoparens mbtsrialdayer i4Ste 6fg/ern’ snd mpyeferably from
pore size. [00511 While the porous conposite materials
abouti®&cs.5lpdn’her ei n may be used for particle renoval and
filtration, preferably they are sintered to bond the
neome ti . i . . .
T S Gu PSR Be POmATIRANT, b gimicrar 30k Elthposit
LSl : ous hase. e..porous base
el o Bedch i elda 8 P e iand B R Pl R s e
orous. .base, materjal containing entrain )
memfh 8 Ty ERCRe TGk BLAPer LB TGMHS oG gres goeficent) t
surfaces of the porous base material nmay be sintered
the ajeq of thegperbiage.fthe tidknasserfdler pombrase, thomsosihepe, and distribution of
mat eri al s. For purposes of this description, the
porespoviemeshbreae opeir the beofifmidkthralgh thegebtdrinet &rshante gelittonship
one another by interflision or equivalently sintered
(1): to one another, to forma porous sintered
nanoparticle material as a | ayer atop the porous base
or wthin the pores of the pase. The green formwth
nanoparticles isostati ApHN&eressed intoit may al sogl)
be sintered in an oven. Thedsintering may be carrie
out in a reduced pressure environment, vacuum a

where 8t thengregate @rfidian @ a (id¥ebRedstlcar GOsh), aBd AOKkHIRS area of the
sui tabl e gas environnent for the sintering process.

meniJif RS0 LS op DL 0 AIR OB IG RS

Brani? Bre 0 R AR A S0k o SR URY o heepusrepapsite mateial of
product pore size, strength,, and surface area of the

Exangple frbes & Kritalieedf aevicilsd @shgadistnan. Pae eliiled inathe wouyaildisnow
obvious to those skilled in the art. The final

that th¢ perenschnpprste mataiah oeintbeanepaopeeriies sunimys b riot Batited tothe area of
or nore tinmes with nanoparticles after sintering to

the niegi;bgasilieﬂhgg}hiplhféss beie heentranBtiRsiAR! shapk, MaakeMbution of pores in the
meml?rane, and the \;iscosity of fluid through the membrane may be changed to affect the
proportionality constant K. For example, the thickness of the sintered porous nanoparticle
material layer (which is approximately linearly related to pressure drop) may be increased or
the porosity of the porous sintered nanoparticle material layer decreased to provide a
membrane with greater resistance to the flow of fluid, and as a result, a higher pressure
coefficient. Although the porous composite materials of the present invention are not limited

by any value of the pressure coefficient, porous composite materials of the present invention

may preferably have pressure coefficients in nitrogen gas of less than about 250 (psi



[ 00521 As shown in FIG 3, a sintered porous

conposition including a porous sintered nanoparticle
wodoensaks 312 within pores of the base 320 andrar/psroos/a3o427

sintered nanoparticle layer from 340 to 350 atop the

e surface 350. The porous sintefed conposite
cm )Pﬁﬁ’t‘% SROTF DFaieiab Felass (Ban hoH51 2% @ G islhen,3n0 cen mes preferably less
porous base_material 320 to a height 340 above a
thml@ﬁﬁﬁé@ém$§@lMﬂPMMe porous base material 320. The
porous sintered nanoparticle |ayer of materi al
bef004%n Bsdsiaertd PHLORICOMpbEIR AAEAMSnENGS a;ﬁsﬁ 18id BHse Adrial and a
i ncl udes the nanoparticle material 330. The porous

layerf BbRUS inAEPRAbhG R rﬂﬁgﬁﬁl'oﬁlt%ﬁ’ &ﬁ gﬂgl%%astu?%c@s of the porous

portion of the pores 300 of t oro

al within the base.pores
base é*f%*lﬁfnﬁ% RERRH B S RBL PE b Braliubirle e piedplige sucure
i g%340 to the base surface 350 forns

wi § MNSEEE V@BWWW%@%@W@’@% G}eé’orCFlﬁf theobasas The layer of porous
sintered nanoparticle material |ayer includes

Smtelieﬁtllémp@ﬁwé%m@gzrl@bmeg bgon one prmorer srfiapesfdfihetporous base and
conunmmi cation with and interconnected to the pores of

penetrdtes pportios cHhaseoBAt baddhwaterialau Sosi Hperors ahdpRBakllGlnoporous
material in the pores of the base 312 nay sintered to

matelidl&vithahie pbFek SF it badSatdrile 10 ?I%@ hkdEloe %oWg 284 through for
sinter to each other whereby the sintered

catal RANOPGT b€ &n g@b%ﬁ@m 9{18@4 GAlohY, 1n§r”ts tl‘{)?’lﬁ@? ﬂu@%@z

I nf erconnect e ores orous

. on_ of ered nanopartic
combifatipy 895%86 aﬁh%"rf 8“%%’?%?@@&%&3 B‘iﬂaﬂ@aﬁ &€ ghﬁﬁgﬁeﬂzed in that
sinter to the base material at |ts top surface 350,
its PO&S@%%%# & SaThe poies Exsthe gproys hessrmateritlo e sipteareéperoly
the porous conposite material conprises nanoneter and
compgsite hatntateneyr befurédr goraserBed b tharis hghaui RVhef at least 2 for a 0.2
sintered nanoparticle material. The porous conposite

pm PRBWbesd gdrtidley:hslinHee hﬁﬁaﬂe@b{? El%VlﬁE a ﬁjﬂegsfu% &fficient in m’er gen gas of
nanopartlcle naterla s such assl ze, sh ape, CO”pOSI

less “%%%)38%8;?%}3981@9%] %gcggﬁreﬁ{%biv%ss 04/%546é'%t (851 cm®)/slpm, and

er| p i.nvention forn1asynnetr|c
even %F%F%F’%’%Y efz*f 2’5’0#@% SiFO) YSPRar YhSrsTeered PeFays somposite
ction of a_porous conposite material with an
matel%?iy%%ﬂ’@% agti Hereptinl oressiraaerops the seaserial iof gieater than 60 psi. The
conpressi ng powdered nanoparticles 230. This
sintered porous composite material has an LRV of at least 2 for a 0.2 um particle challenge in

water, preferably it has an LRV of at least 2’ for a 0.05 pm particle éhailenge .'in water by
sieving; and even more preferably it has an LRV of at least 4 for a 0.05 ulﬁ particle challenge
in water by sieving.

[0050] Porous composite matérials of the present invention may also be made by
isostatically pressing nanoparticle_:s into a pofous base frit or intc an unsintered green form of
a poirous base matén'al as iliustrated m FIG. 1. The green form of the porous base material is

made in a first step using methods well known in the art. The greén form 1s then ﬁlaced into



material includes a porous base 220, nanoparticles 230
Wi thin and penetrating at |l east a portion of the
WO ntognswehect ed base pores 200 fromthe top supCBHUS2085039427

of the base to a depth 260, and a fine |ayer of
nanopar.ticl es wﬁéh i nterconnected pores 2 10 fromthe

a secpp Cairingicwith fneq HeropaRisies sehiarara theriFeskatissy pressagnto the green
surface of nanopowder material |ayer 240 above the

formp e mandrel gepnortigsthe igieck fews me§ be erque rod snabierp Asivtos
material extends froma side 270 to the top surface

nanopfrtitleeimapaniawdae greeh €smal A e BABe ndheinpahe s1uddi & in FIG.
t he powdered nanoparticles are in fluid comuni cation

1, poYdus Qoh@lﬁsiféafﬁﬁtgﬁﬁ’lrs ey HeGorn]dd 1 i@@s_rtﬁﬁ:l%}lg Qf@ﬁﬁ% itl g% pgwdered

material nmay be nmade by isostatica pres

o OB 5 BSR4 e A TR R e o
ot B s S0, S BB o on

nanoparticle 230 in a fluid into a frit or a green

spheticsl phaped Roydets J3017he povdare penstraterto @ajspiir i 60gpndipeck into the pores
powder ed nanoparticles wthin the base pores 200 and

100 agithd hase satdraad en®@blerlotk evithoraok sthen nPlaspdvederd @4nophrticles may then
FIG 2 may be sintered to formthe sintered porous

be sitoRpP 08 ifteboBdeityaihtesNewA td forkl a@int%red[ﬂ%@éﬁ%aﬁ%&&ﬁél_e aterial
el ements fromthe porous sintered conposite terlg}

withil®Ye ﬂﬁeg S B Hase! Werﬁls\ég bl g BXse;f]gatgllﬂﬁ PE ﬁ'ittcgpﬁi%ﬂ{ers (i)elzsts Rressure

surface area, pressure drop, a nechani ca streng

i nclude but ar.e t limted to disks or )

arop R PRFR-HORP PR treBER R et Bipnatictaupi drasgmterial

t he sintered porous conposite materials of the present
‘hWt?ﬂWéﬁf?%ﬁgm1ﬁﬁ%§Z&structures may be wel ded,

conpression fit, epoxied, fusion bonded to a

t HeY3d pl Wil the porousaohmpositsmateiials desedibed heemuneylbé aded for

a housing. The housing may be in the formof a tube, a
partidtarensivel gndoffiltratitg prefoaply they dralinterb@fo bdnd thoh@Pedicle materials

use. The housing may conprise a void volune and a

to impRWE eedr MEchaical stRASMAME b%veﬂ%&%girﬁ&leg k‘rU}ndbefhll%?H\fsloEgéd | from

ports may be positioned “about th ousi ng as Tequ

; - | ud t . nNot
o pi s, 4580008 RG] TRl GG adl o8, s porons
seal.s, mressian fittings, barbs, or. wel ded
base iR conBiRAE SRirqihed TARPHHES Bad Rakipgaisles on the one or more

surfaces of the porous base material may be sintered in an oven to form sintered porous

composite materials. For purposes of this description, the powdered nanoparticles material
may be interbonded to one another by interfusion or equivalently sintered to one another, to
form a porous sintered nanoparticle material as a layer atop the porous base or within the
pores of the base. The green form with nanoparticles isostatically pressed into it may also be
sintered in an oven. The sintering may be carried out in a reduced pressure environment,
vacuum, a reducing gas environment (5% H, in argon), or other suitable gas environment for

the sintering process. The sintering temperature, heating and cooling rates, and times for the



pass through the housing conprising the sintered
porous conposite material elenment for filtration,
w@uofsaat i on, catal ysis, sensing, or conbi nat PONESTN3/039427

these. [0055] In one enbodi nent of the present

. l.nvention, one or nore sintered porous conposite

sinterag Brocess vallelependsunon the meteripls siniered pand may bk shanrged tovaffect the
be wel ded or press fit into a housing which farther

final pendiyet s siae etengtht @i salfacesarsd ofithe Saiesdairite@t pyrdus composite
FIG 6; preferably the porous sintered nanoparticle

materfaltagrwailld bayeviodd totthese kil e ghe RAT ABS fﬁﬂﬂﬁﬁﬁﬂréd_e[pc;rédstc%?nposite
el enent has pores which are nanoneter sized. The

mateAAURAE: ROHd B &S @ig}e?'g%i’%h?ﬁggﬁ%ﬁglﬁg aﬁértgﬂggﬁngbl%douﬂﬁ multiple

material that further tircle an
1.: [ val fromfluids which flow through
layer%:gf;ﬁﬁq%fe%grﬁf&%rga} & .pofoﬁl(%%] The sintered porous conposite
wgbﬁ 'ay% f the present invention may be bonded or
i 408 r & TORESTeH PORRISISEMDORIEPR Inchiding dlporans
. integral seal wth the housing nenbers while
sintesied paRQiiairle matesiel 21 5 withivtpores odtitt isg 820 find hpoustiatess
porous nanoparticle material within the base and the
nanojarticle daydr fromod) 350 paptthebaelsayade 350. tihe posdiissai@sd 8dmposite
the base in the sintered porous conposite material.

aterldl@hiSkitse b ROFAHS sideITPQRTHH ! ' |
" rand t he one %r m)reshousi ng H@@s@faﬁiyaéﬁa}%@ﬂ@qﬁ&@ 340

Ikl I ] ARPAN a netal seal :
soovBLESRLISB 0o ERRIEEEh A0l e TR Mt St v
r. SS. ti f a_sintered porous, conposite )
ML U AL RN AR T —
exanBI e a glass to netal seal or a weld, with one or
matepg) 30 dhe pargus Fialase Rangnsrticle araienial 3h2 percitatesadb dreart dfithe pores
of the sintered porous conposite material el enent and

300 of thei twse 320. Hied parogs sifitetod mapoytartiile attenial sithiretheBase pores 312 and
nanoparticles within the porous conposite nmaterial .

the porbes sifitefsd mhopatEcls it @128 GoROTAUS {KPHARE BilfReBOTHinR a
bet ween the porous conposite material and one or nore

substi1idf} BEntRIGRE %t?uc\Nil:lrE:P ngi)%ué %ig{de’lc'edlt r%g?ﬁgﬁg][%glgge%ﬁély& fncludes

necessary be farthe Sea

e DR 8 SHET LA S RENEL A S0l SUB ROLES 1.
pores C@!ﬁ 2 g{ﬂ%o%&agg 585: ’Fl?er peosfogsrs(i)ﬁ/tiegg%ar?opsalflt?cﬁé ?nggceiri%ll %nythe pores of the
base 312 may sintered to the base material 380, the nanoparticles may only sinter to each
other whereby the sintered nanoparticle material mechanically interlocks with the
interconnected pores in the porous base structure 382, or a combination of these. The
powdered nanoparticles on the one or more surfaces of the porous base may sinter to the base
material at its top surface 350, sintered nanoparticles, or sinter to both. Preferably the porous
composite material comprises nanometer and sub-nanometer sized pores 310 throughout the

sintered nanoparticle material. The porous composite material may comprise layers of

different nanoparticle materials such assize, shape, composition and combinations of these.



WO 2004/ 054625 PCT/ US2003/ 039427 particle retention
across the sintered porous Conposite material joined
WO eoo4losteRdUSi ng as determ ned by a nmean pore PCDWS1003/039427
and shown by a sharp transition between diffusive flow
ang)?ﬁik flowin a bubble point test. The pores near
053k eTReperons compastia msieriglsafdhe prgpen inventigmforiveasymmetric
i mpregnated, closed, or filled by a variety of
structugeshrfi lepu @sisas ilstitatiom ef & crovsnsetigort bitesporoskedrhgdite matdrial with an
art including but not limted to nmechanically sealing
asynintericreiniutas dointed ByeisastRalln eahprebeipd hdr 80 Ridarticles 230. This
conposite material is heated, use of a gasket or

ma‘ceﬁaﬁh@lﬂd@aI a ﬁ&@u@ﬁ:%@ 206, "’Hano;%!?ﬁ Qshﬁ Rﬂihodﬂﬁ %Réﬂ%‘ﬁig ta?leaﬁ a

material i's heated; use o capacity ga

poriF oL o b6 hel I Dot ﬁ?@hﬁﬁc’@ B o b W a depin
260, 8?5 { e iagﬁ%\?f 0B Ol B ArR ISP BRI HELD IR Sisiop sirface of

osite material in the heat treated area. [00571
the by Ite ¢ tirkrass praispsufack afarnepaatdsr matdrialiybud4(eabeve tte base
limted to powders, fibers, fiber nesh, aerogels,
surfab®alile; thiabmess afalie paress conpbits heriiah®ntidiesn a delpt210 to the top
filtration media, and conbi nations of these. Suitable

surfabedf the hehdpahwal et ﬁfé’ceﬂ@?la?éﬂ%@r The 9bre|s '2‘TD to? thelRwdered nano articles
chem cally conpatible nmetals, netal alloys, chem call 9

are if ﬁﬁ‘iﬁtc'oiﬁ?n icatidf %}thtjh% })éa% éJSC)Pé%th@n %{}ﬁsépeoq ﬁoc%rlgéoogltee ﬁlafetrlgl may be

oxXi es or ceram ¢
0 >%luct ors

c risin
made%afnls?%aéwaﬂﬁgre&fm? égy detsdaShanelite S rEe s A ngtimited t
R@ ng l'ike |NCO type 255, 316 L stainless stee
kafErd &1t 9 287598 fosnaes porgus base materiali ddernsiinely, the nesious
fi bers, and pol ytetrafl uoroethyl ene powder. The
comp9site metesiabinag boath by lewims smired ofgtosudeckd mnbpatitle 280 in a fluid
provide a void free packing and sufficient particle or
into HivoaRIgRRAfomme 5Dy Bdroufibiseenatdril @h S43tG@S8e the poi@eR@Ghanoparticles
Particle sizes for the bed material may range from 3

withiflihd l‘)a@E b6fes 200 afld én 1t5'k1fr?a‘39 5 0. Fgfle PSSk fé s‘ft@rrtéﬁa‘?ﬂ‘?d\l/ in FIG 2

such as supercritical tlul ed part|

may ?é %ﬁtefé?l to tfgx%wr {h%%%gc\elrgcfl groﬁ% g«élﬁgosrltﬁ nilageénaﬁ g?ﬁca%n nelt:]g}r é

~ ~tni a ths of fromO0.2 mcrons to_ 3
LIPF%‘He&éﬁgr cleRentaie tﬁsg?@aﬁ SIHIGSEGIRSHe Blagiabmay be formed
shape wi |l depend upon the characteristics of the bed,

into & wiriehr fcrbapasde sorirgl sriecesaea, prissire dpop, and mechanical strength

Shapes may include but are not limited to disks or tubes, pleated structures, or electrodes
comprising the sintered porous composite materials of the present invention. These
structures may be welded, compression fit, epoxied, fusion bonded to a thermoplastic, or
otherwise fixtured or secured into a housing. The housing may be in the form of a tube, a
canister, or other shape suitable for its intended use. The housing may comprise a void
volume and a variety of inlet and outlet ports for fluid flow. The ports may be positioned

about the housing as required for its use and the ports may include but are not limited to



31 WD 2004/ 054625 PCT/ US2003/ 039427 materi al
Conposition, and or shape may be use. For other beds a
w@aootiosdees di st ri buti on may be for exanpl e butP@DUS2003/039427
limted to 5% rns of the particle dianmeter. [0058] Bed
terials ma n for thelr ability to renove
metaggeﬁf amrﬂ%rﬁf%gﬁg Wgsﬂ%zrg’sf Pruveldedittings- e@h%ﬁulﬁiﬂn@cﬁhlﬁlabe made to
cont a nants can include water, netals, and organics.
pass frgpughdia hppsing eqipriising the siaferedpdyows etimpdsite npéeriabelenrwat for
contam nated with hydrocarbons from punps and the
filtragip prusifioation| patblysisseensingod gombinatiwhusttthasei t 1S hi ghly
desirable to renmove any hydrocarbon from fl uids used

t 005HaNnnele@dollintdnk Bf R fHedsent 1%&11@16&1 a&% dﬁﬁ‘éﬂé lsink@Ed porous
renoving these contam nants may be adsorpti

compBkShhakigl élbl%@nté ePbinke oro@ ﬁl@ér Tor ar 1’?1(3),{/] bandgq%atolr \ﬁress Bt into a

car bon beds renmova ons’

T A R R

her ei.n % reference in thel r entiret The renoval of

the peIgHy siferRanopaElempaterial layar akihc pateted porohineatpdsite Ifiltarelement
using_ techniques known to those skilled in the art.
has ppygp b eanpasetetnizada tihg hapdiyg ad the zlengenamaf lbamBvered with a

ioni zation or electron capture detector may be used

bed of araterizhthat funthehyfisoarearieln addelr coRiaRntTORBY¥419Rm fluids which
concentration in fluids below 1 part per mllion,

flow thedith the€BéPMeRrib) the fluid may be measured to
nanogram |evels utilizing a quartz m crobal ance or

S;wm:zfrm I Nt A —

conne rcially avail abl e el ectrolytic
bond?i’{)‘?ré? P74 QFABPIE hopsing membgrs Wackytayide andateatal peak witd the
-NB on concentrated sanples with nitric acid. The
hOUS%%rﬁB@@rsmlermtwnaﬂg rsgiusted aithsizSEMhe Chitag7d PGOAs
may al so be used in the analysis of carbon dioxi de gas

nanorarittle eefediabwithinohe baseend drosgittted pbus dhnsRRIAST B8 diSthe
or purified fluids. [00591 Preferably the anount of

surfadsy df Hedakom the sﬁte?éd'ﬂdiloﬁsrc%ﬁﬁ%glté"fnﬁfénﬁp PRAG LS ofus

t he present |nvent|on for exanple supercritica
°°mp§§feti?%"%ﬁ%%if’9? orleB) e DES RS oo RE pB AT R b gt o
press hpcﬁl% 9 Hr%ss%gnoﬁgﬁrg,t 22l sebcﬂ wel&ng, or by use of a graded seal using a
polymer or glass. Heating of a sintered porous composite material filter element to form such
a seal, for example a glass to metal seal or a weld, with one or more housing elements may
result in localized heating of the sintered porous composite material element and fusion or
melting of the entrained or sintered nanoparticles within the porous composite material. The
area of the sintered porous composite material between the pofous composite material and
one or more housing members with which it is to be bonded, may if necessary be further be
sealed, impregnated, or filled to reduce particle penetration through pores in these areas.

Preferably the filling, impregnation, or closure of these pores provides a substantially uniform



(rmol e/ nol e) based on the anal ysis of a gaseous sanple
of the fluid. Enbodi nents of the present invention
wony4osiesed to renove particles from supercriPCT/EB2003/039427
fluids such as but not 32~ WO 2004/ 054625
.PCT/ US2003/ 039427 |limted to carbon di oxide. As shown
parti¢l retpriion-acrqsp theswntgiigd POrwp sempesiivanaenialljoiapdito the housing as
porous conposite material with a packed bed of
deterpranas iy meareporg losietesirant ebiowm biEs ahpp esmgitian Hetvemyiffiive flow
used to reduce the nunber of particles on a substrate

and toilllefiore dn wibtibbls wpiit esst. t T oréar e hterfadd of 40614 B1ASS seal area
of particles greater than about 0.2 mcron in sizeée

may b&EHRB i i
e Boged, BY BREL B & SR OEfbi e aH] b gyt those
1 [ onposi t.e terial, or devi c

St e e e R RS Sl sl g e avea
ﬁhe nt of the present jnvention and a packed bed of

near WS THE pOtpus pargios{in Jiicsbinneaiss use oA Eatshoro-pog ahiesros near
wafer, and nore preferably | ess about 100 counts on a

whero g nerepsspompasitematgsiakis hsaled diso of highy heatsepadityrganguch as helium
nmeasurenents of the treated substrate. [0060] The void

to coglgheheatat sitetmad poeehnfysion of itel eattaiticll hakxefatemilenisabf &a@sives or
packed to a density sufficient to capture particles

polyradisl tcst sl 8sul $hef Heatdarehied ia%a&,%r%p%gﬁ%&ﬁo%ﬂoéag’[&cles into the

al so prevent voids, bypass, and prevent restric

porods| déin%o§i'té31¥‘[at%ﬁaﬂh§ﬁe§ﬁga?trga{t9<farelh € bed maybe packed for
exanpl e by pressing, vibrating, or tanping the bed

pal. i n the housin aving .a.fjrst filter el enent
OB Bt g A e Bty ikbids it ot g Goporcers,
G.aded or m xed _beds conprising different bed
ﬁbef%rﬁg%rrm%ﬂ%s aerggqls.dpans, ayee maiicemnas Kged gyembaiarfes edaptit filtration
.Size, and conbinations of these may be used. Al or a
medigp @nd combinftionseofitlisd. Boitabiebetayatosalk indledt wit tie ndt higniteddo
material and a second filter elenent bonded or press

chemfcally corhpatitiieneilks infegal bllo e EhbnticilRereadtBf FFRh&hically fildBonalized
device including a sintered porous conposite nateri al

particids! f8fal @J{iﬁé@&th})ﬁ;&&@deﬁ, car@MRE, p%gyrﬁﬁg,%ﬁﬁs,%mtogrcgglpggng rr]nuaterials,

nanoparticle material having nanoneter 'size

i G g T ] S SRS Dh STRUEL R NG e,
I 25309 158 5o e 5 e poces
fibers, and polytetrafluoroethylene powder. The particle size of the bed material should
suitable to provide a void free packing and sufficient particle or contaminant removal in the
interstices in the bed. Particle sizes for the bed material may range from 3 millimeters to 0.2
microns. For some applications, such as supercritical fluids, bed particles may have a size in
the range of 0.2 pum to 30 pm diameter, fibers may also have diameters in the range of 0.2 pm

to 30 um and lengths of from 0.2 microns to 3 millimeters. The distribution of particle size

or shape will depend upon the characteristics of the bed; for graded beds a large particle size,
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particles, and nost preferably an LRV of at |east 4
for 0.05 ~trn particles in water and a pressure drop

wo poasases of | ess than 500 psi/sl pm preferabl pCT/@S®03/039427
t han about 50 psi/slpm and nost preferably | ess than

] ut 5 psi/slpm _for a éS cm- sintered porous . .

ma e&%ﬁ%&% 10 ﬁ‘%‘ﬁ‘?r sheednanbe tsen d'os Riber beflsiapartiale distribution may be
coul d determ ne the bed material and packing density

for exaapplp beinot diznited to GOUMEAHBREpRATIEISROAEY. 039427 t O
effect a required pressure drop at a given fluid flow
r afi0858isi Bel awwialvehayrise chioserploe Sl abilitg 36! edsoveRdhtalih®its from
renmoval from fluids used to clean substrates could be

the &L ETHREl dTMOIBGREr colthliRGRs SHANARAS -
illustrated in FIG Cg, orlle enbodi rrentwglg‘eggﬁéet&%’?%geoﬁ%amcs' For

andpT S er Qi @ ' 6 econd.filte

e S i A Ride O BB B VR ipofiopag from
filter or frit 60. The second filter .el enent 620 ma

pumpgeanhgl&eeagpslfau& E}H'g]i‘eeseﬁnii@ﬁdﬁﬁt%l BEUE I highly depirabls to remove any
element with the pore size of the elenent |ess than

hydropgren foom fids dised Wclean qaaenst wish dvafers.UMsteriabausefligor removing
5,487,771 the teachings of which are incorporated by

thesercofilamamrnds ey be adsorptiveanateréais liketoplitdsy slheim@bbitbbiend activated
second filter el ement 620 is a porous conposite

carboetteds fotlremow] ®f hpdretabaml. YO1ReUnateridls $idM R BEkeRR{RISd in U.S.
conposite material having a sintered porous

Pat. NGHRA496Gh& corltBit§bF Rhich ?&%ﬁ%ﬁ%é@%@%ﬁ%&’%}? F}? LB their

sub- nanonet er sized pore er el enen

: 0 680 .bet Nt tal parts . .
entirehf PRI L Attt o 1 fpid il e gganingl o Fdingsipe
materials such as but not Iimted to 316L or
technighiey ERqVy o e SHIISCHE thicArh a3 5w P leeies chiemtasamyusidiing a
for a housing 600 and has an end for wel ding or
flamejonigpting ereledieonseaptoreddtéctarenay e wne fivr 6@&Burihg hpdrbbebon and
second part may be a fluid connection 670. The fluid
carbop ommesideaonéedratiomin fuidsbelow dfpadiger nd11100] tokdl Redi@Rs iPthe fluid
various pipe fittings, a tube stub for welding, a

may WeORPdsefdite Rahd drirh MrelQltilBfH zificfobfan& ?;l' sdubtdbdacoustic
fitting 670 such as al/4" ' "male type itting.

vare RSOOSR

engt h I amet er and shape of the housing 600 define
comrﬁteﬁ%gﬁ%fw&%glafeﬁetcﬁggfnc moistire analyzers, metals mgy be determined utilizing

ICP-MS on concentrated samples with nitric acid. The methods and materials disclosed in
SEMI C3.57-0600 may also be used in the analysis of carbon dioxide gas and residues from
the concentration of contaminants or purified fluids.

[0059] Preferably the amount of hydrocarbon in a fluid treated with an apparatus of
the present invention, for example supercritical carbon dioxide, is less than about 100 parts
per billion (mole/mole) and the amount of moisture is less than about 100 parts per billion
(mole/mole) based on the analysis of a gaseous sample of the fluid. Embodiments of the

present invention may be used to remove particles from supercritical fluids such as but not
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bed as shown in FIG 6. The housing 600 for the bed
640 may be any acceptabl e shape or volune. The second
wo pdou@s46es enment 620 fits between the two net al PORUSH03/039427

and the three are welded or bonded 680 into one solid

. ..Subassenb| The subassenbl y then be filled with

hmltﬁéj fo ‘ﬁ‘éb%‘dhé?@ﬁe ofts pay i . él the Boroup gempasifsrasterialisng the porous
ni ckel powder with particles ranging in size from

compise maerial wigh 3@ankesh wdof inmtetish methers desatibed ipEaamplee? and 6 may
powder is tapped and or vibrated and packed into the

be used neieducdba aaebbt of paRtidlés desubepate eRkatel §ith s@flcrftfcal CO,.
packi ng 34 WD 2004/ 054625 PCT/ US2003/ 039427 'density

Prefd{bl} iR REtheP Qf"?%% cl%grebt%r AEHLENRD.2 xgﬁﬁoﬁi ﬁ?élﬁ@gn{aﬁlﬁl%f% 8l

a packed bed 0 nay be term ned

.0 I cotamr1 r :
subst%tg 3123%?6? \9 th P ag%uq 5(:15<3r,.§l ((’)ﬁ FI%_R%C(P %,caglg(o&_éi Hggu}cﬂ@&red with a
ckln denS|t of the bed, shorter bed | ength, and

Smteap grpgéqu &P%]ﬁ@%lta-ﬁrmﬁt@’a% .or g dsHise inchiiingp piatared @Qr@m ¢Qgpposite

bei ng achi eved with higher packing densities and
matefiglricmens of §1e nhersat inMentivadindfa pookaddred f meteral & lessathan about 300

been formed in the sub- assenbly, then, a first open
counfsamaLZ0Omehadi vedfen aiidlmera)prefe?raﬂilﬁresﬁﬁﬂ)u‘t\ﬁl O courdtion ARO@mm Si

pore size, of for exanple of about 20 m crons or

wafeBiLRbRtred by 11e s&8drinYBlcH@ L RintPONUE 544 shdtQtel he

subassenbly to hold or retain the bed material 640 in

P, S Bl 0RO T s o

second .end nnecti.on to a fluid fitting a
denﬂﬁ%@léﬁ?ls%t& ?@we&?g‘i%}es RelgueesHong Qe %{awg@sﬂm@to also
as illustrated in FIG 6. In one enbodi nent, the

prevesg ¥eide bypRtserndapreveh resgteddid Blevwhetduessyrerdrept The bed maybe
wel ding into the housing 600 a base filter el enent

packeghiot hxaneple bg psashingauibratihy, drtaapieg theybedimyeggriatiedmusing having
entraintnent, or penetration with a powdered material,

a firspfikéredla@idnt 1rapll@@é/\UMcﬁﬂlg densifed @hy FARP ol Neb IRAORARI or mixed
size particles, to formthe second filter elenent as a

S S L R
o NGRS BT U5 TR ERE SRR s v
the be& I%gt%?ltal nav aI s%gonda fqger}%tle%en% ngr?d%d%? Eosesés fit into the housing to secure the
bed material. The device including a sintered porous composite material filter element with a
layer of porous sintered nanoparticle material having nanometer sized pores and a bed of
mateﬁal for contaminant removal has an LRV of at least 2 for 0.2 pm particles, preferably an
LRYV of at least 4 for 0.2 um particles, more preferably an LRV of at least 2 for 0.05 um
particles, and most preferably an LRV of at least 4 for 0.05 pum particles in water and a
pressure drop in water of less than 500 psi/slpm; preferably less than about 50 psi/slpm; and

most preferably less than about 5 psi/slpm for a 15 cm? sintered porous composite filter

element. One skilled in the art could determine the bed material and packing density required



[0062] Enbodi ments of the present invention can be
used for filtering and or purification of a w de
WO a04@54620f fl ui ds i ncludi ng supercritical fluPdruszd3/ 039427
liquids. In sone applications it nmay be desirable to
eparate the sintered porous conposite filter el enent
to effl%P CqpRed prgPsuFs &P b sived Haidflew sate using fowrmeters and pressure
separate housings fluidly connected to one another by
gauges; pariigls remosudtona fluiis naedjendetn subkesesroopldiadatsinindd by laser
one conponent or regeneration of it easier and |ess
surfacostahyers. The material s of construction of the device
may be chosen to make themuseful for filtration or

L{Obﬁi]c ahé Ams@MEd ifF I, %,eoﬁ@é}ﬂﬁodﬁgeﬁt%tmﬁ]é%f glvgﬁ@oengirncludes a

Y
whi ch the sintered porous conposite nateri

{ ' re thermlly an chani cal |y 35 WD )
noustJEROTRFeHE! Bl O Buchor belRERRRY ¢, adt iy o fiter or i
Il qui d jum liquid nitrogen, liquid carbon dioxide,

660. é‘l&%\ﬁéﬂn@ﬁ{eﬁ Elemsnt 040 ey Bemads fasexamplegrusingor posavs metlfilter
wi th enbodi ments of the present invention. Preferably

elemery avith thepeteizgrod thsf element|lpsgdhan abouf 2Quingbroiwess in désceibédin U.S.
t he nmechani cal properties or pore size of the

Pat. NN¢ hy487.8@1 fherteachings vpokichersraicemondted by tefdrefe He@sin in their
material. Preferably the tenperature is bel ow about

entiredP PreferabTihic beddad &ﬁt@ﬂ@leﬁf@nﬂ@@ﬁé@?oﬁﬁl@%h Séite%atglgﬁum re

el ements of the present inventio al so permts I ds

j QW ' It .0 be. treated. The .
prefelBY) 6% 13 o el B0 QoS ABleF B il R S P S eopticte
eptable fluid flow and pressure drop for the filter
matefff BB ey e B SafomeEE it porien SisrpeCendsider clement
the viscosity of a liquid my be reduced by heating
620 may eo%éedgﬁ(%/l?qt‘f’?ed]t tWermefel Rﬁﬁ%j prictesabily ptainkespreteblophrfspand more
removi ng contam nants froma fluid includes providing

prefergblyi mpafemils uch asibut rotdiipal tod 6F onflasklley. eDasrefhe andlaldarts may
bed of material in a housing as shown in FIG 6, and

be a tiibeowsed Gorea Hiduging 600 tahd GeNipERdBAKEIdiseboRdindUb thOecond filter
limted to hydrocarbons, noisture, particles, or a

elemcn0@BH0 RALIE BR s@éqntdgﬁtﬁgn%é)%ﬁﬂidtc%ﬁn&mﬂh %901 ﬁléé ﬁm&i:/cg)pngcqgn 670

or nore contamn articles fromt

ey OB b SR RR, BB A,
comp%%éi?}% Igﬁ%gt, 8r asshs ogvgqg%fé.té e? ?llsii’d ﬁrﬁtng 89(? ’suc?lr;g atl:/%m%%?g't glale type
fitting. The fluid connection 670 also has an end for welding or bonding to a the second filter
element 620. The length, diameter and shape of the housing 600 define the volume of the
bed as shown in FIG. 6. The housing 600 for the bed 640 may be any acceptable shape or
volume. The second filter element 620 fits between the two metal parts and the three are
welded or bonded 680 into one solid subassembly. The subassembly may then be filled with
a fine powder or bed material 640 that is preferably a nickel powder with particles ranging in

size from about 0.2 to 30 microns in diameter vide supra. The powder is tapped and or

vibrated and packed into the bonded subassembly until the desired weight and or packing



present invention. \Wile various aspects of the

practice and use of this invention are illustrated by
wo begeseszanpl es and by the conponents and pr OCEBEHES2003/039427
used, it will be understood by those skilled in the

t .substantially conparable results may be
dens@’b?%tﬁ‘ﬁg d poiveler 6F9rs %ﬁ%ﬂ%ﬁe Hesigbidty of wpéqeébm‘, ofipavder 640
rocesses which are comensurate and within the scope
may g‘? detpaniapdbyiitsrpressiredrophing or pugarminant refEXAMPLIEWEr pressure drop

[0064] This exanple illustrates the formation of a

beingahrysd fe qxamplesbyniaiver paukingltiensigy ofiRe BT, ARGHerthRd length and
entrain nanoparticles into the porous base materials.

Iargeﬁ&a%eg B, ArABPe T hﬁ%@@ﬂl&?’@égg ach[t&f%ﬁ %thl\fﬂgﬂe? a«J:klng

di sc: The porous base substrate eri al ma

densl?bg]éﬂg{) lr%g%%t%?}d’g 1615% th%ia%cg?fe{gjobzva ?tde rpﬁteﬂgﬁ@ﬁ b k A e%g} t?xe sub-

had an 11.5 psi differential pressure |oss
assendfl5) thH oo hen PPt ek Sichurer L B v s et Doeesize, of
of 18.103 grans and was fixtured for aerosol
for exagls HEFOLT 39 EAHTORS S ipaier ismsesedrveelduidtdr bedern6 T4 inkethe
nanoparticl e aerosol (approx. challenge: 2E+07 -
subasgembliydd dsldmirmytaingthe héd shenebb40 fd giucd. Rigalfyoh fldd Btting 672
hours to fonn a porous conposite material. The

havingesislehd @ bopdidd e theRst Hlidp 680 8d H&usﬁ%oognﬁ%rseé d end for
mnutes in 5@6FE/Awgon The mass of e sintere

comlé]?_:ﬂf)ﬁ Sa ARIPABHE & SQHHFSH: ﬂé@l%ui]lg i 42 &f%%s? E%]shﬁ?ssgnr{bly as

3 psi dlffere pre ure SS a

111ust1fa e%VYn FT@ bongre% 0| n ngtg% Qgc\%fgg fi Bl”g(?'}%rlngléle §d pol%g%gqe by first
: e The por ous base substrate naterlal was
Weldlgg mtg thghozlglgg K500 atbl%eeﬁltef elgment @/ﬂpgc 1 oy be spsequently freated by

t hi ckness 0. 065", porosity 64% bubble point in water
1mpreggat1q§1$ pntrgnmenmomnh‘milcm witlba pewdetied hrmterial,ipatfepibbss powedered
loss at 30 slpmin air flow This tube was wel ded

materightompssibg assanmditnsizeaetidie tafoshand §ddndBRS: é?émgiﬁ a8 9%erous
grans. This sub-assenbly was treated with

compgs'éffgf;ﬁtaﬁaﬂ HAVRFBLREmBL8ld RRELD S(%tl({rﬁfiﬁrtﬂé(bas% Qﬁéek 828 Etement
may be covered with a nanoporous membrane (a membrane having nanometer size pores) to
form the second filter element having nanometer sized pores.

[0062] Embodiments of the present invention can be used for filtering and or
purification of a wide variety of fluids including supercritical fluids and liquids. In some
applications it may be desirable to separate the sintered porous composite filter element from
the purification bed and place them into separate housings fluidly connected to one another
by a conduit. Such an arrangement makes replacement of one component or regeneration of
it easier and less costly. The materials of construction of the device may be chosen to make
them useful for filtration or purification over a wide range of temperatures under which the

sintered porous composite materials and or bed materials are thermally and mechanically
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particles/mn) for 48 hours at 20 sl pmnitrogen flow
rate. The resulting porous conposite material product

wor®4ebastered at 575 ' C for 40 m n 5% H2/ Ar gonPCDUSTINGN39427
the sintered porous conposite material. The nass of

1e Si ntered poro%Js con‘posnte mat eri al product was
Stabl@s EeX W iiate Ligwid gitoogsn ligwid pabendiogideprseellipeheated
| oss at 30 sI pmnitrogen flow. The bubble point of
liquidyaay be fikiared ionperifel wih cubodioreptsifites present irvdention. Breéarably the
was 11.5 psi. [0067] Nunber 3: tube: The porous base
tempstangt béthe lnptd?dsﬂ fadid des&s 1ot sitarttes ﬁiécl%&a[\bropbfﬂﬂ@@ or pord&ize of the
l ong, OD 0.635", wall thickness 0.065", porosity 54%

mntef%d%h%s%hﬁb‘bsﬂté’hn&@ﬁﬂrﬁl‘{@%r bé@m&éhalg ?}gﬁemf {heqaﬂpéﬁt%re is below

psi- differéntial pressure 0SS

ok U b- nd
sbonf a°?t<? gt 2% affe i ek BBl o 2RE SR thsogﬁmrsse%gemm
1 :Hj%nth an aer osol sabvebtvmth 21
aiso %%Wté uf a’ﬂnﬁ&u‘?’@eé‘iﬂgﬁﬁ }Sﬁ?ﬁ%eﬁt 5eiad. o?s"hezecosﬂy of the fluid
PCT/ US2003/ 039427 nitrogen gas flow. The resulting
may po gt whicheisianacenptabl Giidglovdanst pragssresirop &rdlie fltei560 bed
C for 35 mn 5%H2/ Argon. The nmass of the sintered
matepalrioise auphipatiint dn seme caseh thprvdisbosity 98B ni§Degeduted by heating
and had a 13 psi differential pressure loss at 30 slpm
folloWe®Wy @itratichro? eAficatida. Abmbibe fmeﬂlbvfn%rcohﬁﬁuﬁdxﬁé 268 fluid

porous conposite material in water .5 was psi .

1nclu Hél c[e%@%t Tﬂlﬁte ?@(’)L% c%ﬁlg)\é@@agﬁgntp%d%% of material in

OSIt mat er | a sosta
a sintered

AR -

I ntered porous conposite material is illustrated

to hyé 1§ da015tyre; partitles, o a combewtionofithess trqughtie devdguto remove
and 7" Iongl and a steel mandrel 0.550" dianeter was

one of imdre dompmmant agd pagictss fREStNIfbké! powder, Fisher size
(2.8 mcrons). This was isostatically pressed at

5010043100 pag] the'fbﬂﬁvﬁihgﬁﬂﬁili@fﬁﬁn%éxa{rﬁm@s ARk ﬂilﬁéﬁﬁtéﬁ\@ﬁﬂbus
OoD: 0.708", |ID 0.550" | engt The green form and

embd&lﬁﬁéﬁt @hd ‘f@a%ur@@fe@itﬁh%lté( tHl &ﬁ@gsﬂtlﬂﬁﬁ Setﬁk%‘é’ R c%gﬁﬂ %Ela)t’k_lgf the

This nold was fil 5 grans

preseﬂ{ ﬁ‘l%&hlo@lo%e g’:ﬁoﬁg ggpe%ﬂs o%t he pracg]lc% ra%crl] %.ge of this invention are

illustrated by these examples and by the components and processes used, it will be
understood by those skilled in the art that substantially comparable results may be obtained
with various other reagents, apparatus and processes which are commensurate and within the

scope of the embodiments of this invention.

EXAMPLE 1

[0064] This example illustrates the formation of a composite porous materials using

an aerosol to entrain nanoparticles into the porous base materials.



and isostatically pressed at 500-1000 psi. This
| ayered green form (di nensions: COD. 0.745", |ID 0.550"
wo eoigiobd6Zs, wei ght: 54.5 grans), was sSintered POT/NSZOBNG9427
and a reduci ng atnosphere 5% H2 in Argon at 575 C for
30 m nutes. The sintered porous conposite tube had a
f i I4PS] Adumberslysfisca ke peroas bagaisibstiatearifesal wa, a08ntered 255 nickel
~ (fine layer approx. .005-0.015 inches or 127-381
disc, diiannedered St sthickim¢se Ot Ilipporosity EluF%) titble puditvinchedr wassspsi, and
Length: 1.38", Weight: 11 grams, density was 3.13
whichyhadres ¢ €.5 pepdiffetemali@edsitdodifat tt B /I ¥ir Gy, STHRtEERBrane had a
por ous conposite tubes showed that they had a 21 psi

M ; "
startlg% s8¢ 6N1d. A3 BLGS KA @/aﬁ gl\%glrﬁfo? a&@%lg{?ﬁ#ee@?.y?{egtg J{l%.%red

pmof air. "FIG 4's e pore _ _
mernB SRR e Al BB (o80SR el ek o4 esigfesonn)

shows. that th rticle retention of the sintered )
at 15 62‘1’%6’% ﬂg’&nﬁ&@ﬁ% o5 bsgrsﬂg forn 4 ereis conyregite srateriad, Fhe resulting
m cron sized particle. The fine layer as illustrated
prodych wag siatrpebatidOEehr 4% minuies B506 H/AEpG. Bhe iy afthé yintered
has a density of 38 WD 2004/ 054625 PCT/ US2003/ 039427
porowsatongesitSpdductdvds 1§/106 grands sl Hpdeher3akl fifRe@uiatp@sdire loss at 15
4.2 g/cc (52-57% porous). The porous base substrate,

slpm @1 flcf% &R BubbBOpdifk dfhtke fodmed Sinfefd SRblisc NP1 in water

porous, but may range from about 60 to about 70%
was 230y ;iquid particle retention, as shown in FIG 5
was neasured by determining the nunber of particles

c ed.by. sieyi.n i.e. the particles are captured )
PP o W T oy e PR bR Sl Y SPLPRed 255 N
they are | arger than the porous conposite nmenbrane's

tube, do?% long, O 9.§8"d Wadithisknasp 010681, paresity 6% bueile painbin water 10
wat er using a challenge of PSL beads of known si ze.

psi, afiéhavhirBlhadeatl5 pixtifferential poésburt dabs ht 30 8Pmhiyt adilawre This tube was
Tritone X surfactant was added, for exanple 20% by

weldatinti"Bub agsehHIP VATl AR ARG 386985 lohitn¥SthiD 8@l Sssembly
and permt sieving retention of the nmenmbrane to be

was t@%’éeﬁrvﬁitﬂ‘@@narﬁﬁ{et&m&% ég@l%é %ﬁ%‘%gééﬁ%’g' cfl{altleélgg: 2 07

m cron PSL beads is a cro

pr 45 SEEA LA 2P TR B PR BB S
mater?eill r11)t1roe u%’gi Wgso gigt%?ed at 575 °C for 40 min 5% Hy,/Argon to form the sintered porous
composite material. The mass of the sintered porous composite material product was 38.722
grams and had an 8.0 psi differential pressure loss at 30 slpm nitrogen flow. The bubble
point of the formed sintered porous composite material in water was 11.5 psi.

[0067] Number 3: tube: The porous base substrate material was a sintered 255 Ni
tube, 1.38" long, OD 0.635", wall thickness 0.065", porosity 54%, bubble point in water was
15 psi, and which had al2 psi differential pressure loss at 30 slpm in air. This tube was

welded into "sub-assembly", and had a starting mass of 39.4557 grams. The sub-assembly

was treated with an aerosol as above but with 210H Ni powder for 7 hours at 20 slpm
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conposite nmenbrane was set to 140 ml/mn and optica
particle counters capable of neasuring 0.03 to 0.2
WoR@romess ze particles were used to neasure parCT/UTE®03/039427
concentration and size. The particle concentration of
the PSL bead/surfactant solution is nmeasured before
nitroganeas flowt. eFherepBiingRoteBHpRIRRasHe matdsiahprodpet wasrsintarsd at 560 °C
pl aced on the test stand. Prior to challenging the
for 3% min 694 Hy/Aegdra cRgprmam o f tusiviteredpomus eaaposit. mathsal product was
pressure drop as a function of water flowrate

39.46%grameganiditiag asli3rysEdiefira@aOnSssa MBSt 36 sIRMBOANT ditfogen. The
water is shown in FIG 10; its pressure drop as a

[ f. FI G

bubbfe;ﬂ@ﬁﬁt fo‘thQ smftérQ %@Esc'l;r‘cﬂ &ét)lnz gﬂﬁqp «?‘l Wﬂ%ﬁ%?es lpﬁf;

formati on of a porous conposite material using a

slurry of nanoparticles in aliquidto elntraihn

nanoparticles into a porqQus base material. The

subs?rate rraterl al was &XAMBGEXel sintered tube,

1. 38" 635", wall thickness 0.06511,

o[ﬁg@f]t @ﬁ%%@fﬂ% BROWSHAW AVBSTOWE FRIEROSItA Mnteyial may be made using

"sub assenbly " The wei ght of the tube 39 WO
the ispgtati¢ mEthedsvindTis 820086894 ftm asittesdmsesmomposais material. An

39. 6728grans. The tube had a bubble point in water of
example ¢f$iich asintededpordds @snpodité hateeat isalludhesisdheénii@niy & FIG. 3.

30 slpmflow of air. [0072] A mxture of 8 g off KIOO

Nifoegpdes fo1@ithiB dgﬁf" alid 70 ldﬁ sFde$ ﬁﬂu&rel B %@g)“ &laﬁleter was

size) in 800 m  of sur ace tension
ﬁlled\%lgrggif S%ané t §5 m@{e&jpgw eorflélgféerasgz% g\rbn?:ﬁ@&aﬁs"ﬁhlﬁ HVéls isostatically
" sub O to "filt i
o GRS kB s

wing air _at 15 psi for 5 mi nutes through the coated
1engﬂ§ 7ba’§%%&1ﬁ131§/ forpyying myderl 3vas sasdellst rlaceddniera rew mold with ID:
subassenbly was then dried in air using an oven at 100
0.800" CThrmdlfvasdilled v{iﬂﬂQ’.S Lrahiseofd10EIChi sltth pow eeryiFisheBsize 0.3 microns)
sintered at 525 "C for 1 hour. First 5 mnutes of

and i$0isTatiedliyeed¥ad aPRI0L CO0UBS. | Thiy gro@brd dlﬂleﬂkﬁbﬁss 8D: 0.745",
% ar gor?‘/lg% hydr ogen, and the?le%bal ance of Qt| me (35

1D 0. ggod:rg%l%?ﬂ 7 Swélgtasls @a@ﬁmwﬁ@red-m @a&hﬂlt aerfdea re@ﬁ&gg gtmosphere

5% Hj in Argon at 575 °C for 30 minutes. The sintered porous composite tube had a final

OD: 0.685" and total wall thickness: 0.082" (fine layer approx. .005-0.015 inches or 127-381
micrometers). The tube was cut into individual tubes: Length: 1.38", Weight: 11 grams,
density was 3.13 grams/cc. Gas flow testing of the dry cut sintered porous composite tubes
showed that they had a 21 psi differential pressure drop at a gas flow rate of 30 slpm of air.
FIG. 4 shows the pore symmetry test results of this sintered porous composite tube; its bubble
point was approximately 50 psi in H,O. FIG. 5 shows that the particle retention of the
sintered porous composite tube is at least 2 LRV for a 0.2 micron sized particle. The fine

layer as illustrated for example between 340 and 350 in FIG. 3, typically has a density of
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mat eri al subassenbly was renoved fromthe oven and
test/neasured. The mass of the added |[|ayer of nickel
wo biddspender was 2.144 g with a porous sinter BGT/US2003/039427

nanoparticle layer thicktiess of approx. 300 m cron
and 8 porosity pf(%pprox . 54% The bubbl e poi nt of

betwegf} 30 - 4t h¢/es &l s drdeablycrpest 1.8 - #2 slen G2-54¥6 pewupsiThe porous
and it had a 17 psi differential pressure loss at 30

base gilystratel fowendmplier] 20 EXBNPLE 4 typi6Tydrolnd 64f6popsiapbethsy range
exanpl e, the sintered porous material conposition is

from@bbmdp0 theabbg Msgd as a nenbrane to filter a super
critical fluid. Supercritical fluids are being used to

r efpage Eiﬁgﬁr |o8file Rterfod it $o@%n Ff@.rﬁ ks ?neZag%r\ég 'Bgr%ietennining

used i'n industrial cleaning, puritication

talhization operations, The. density of .
the nliib el e AR e g di oy Prdicliare tbaied by dhopsintered
/ml_and is strongly. pressure and tenperature
Pm’%e%@fmﬂ’élﬁ? mel‘ﬁiféang Ve theyiare g than{be Berews cqinposite membrane’s
density; changing the pressure or tenperature enables
pore.t lee Bali¢ agtenitpngess yeas perfermestfin ievaepmsing 4 ¢latlahgd ¢ HSL beads of
to be changed. Supercritical fluids can act as a

knowmastize. €fhefRSL toad 49xEd RADKLASS BRBLProlbdS2 PRI HAS KAdffactant was
solvents, |ike nethanol, which can be added to

adde® UpEEGRIPI 20, byVorings td férﬂcﬁ/ielsﬁffaée!@la.%%% F‘A&h{ L b Sfbeads and

various solids into the supercritica carrier

LCl f sal.utes in .
permfl W83 sAehliipb Ol GBS Bk TRy EPEe ipls, 40 mippptters of
orres ing.ligui | vents, and. are abqut three,
01375 FERSE Bl adleh 200U BRGRIIFE oS Feaspibmaa 0% Triton® X to
di ffusjion coefficients in the gases. The high
prepagg f paidicleitesy solutian| Thewatentesufbew eatp thirewgh the Isinteted porous
decreases the resistance to nass transfer of solutes
compositeomeinbrape pes ceti to ild@iml/miihuind opticat pamiateaduhierd dapubldof
The surface tension of supercritical fluids is

meas@ISELN0B & 0.2 vhickd sidtfarttflest Wicre 948G BRBbaS e PARRINE Eddck&@dtion and
flurd can flow into and through narrow pore or

size. 98 'ﬁﬁﬁfc!@&gg%r%t%tlbh bFhR P@&%ﬁfsﬁrﬁ%ﬁ'xﬁ sl‘c;lglg&g ?sgl%g%s%n%ggnbefore the

liquids. [ Wat er and carbon di ox

- itical, flui.ds used for. . extraction and_their )

g A R A SR L —
oni (iilant ,, especially i

the filter, the background counts were recorded. The pressure drop as a function of water

flow rate through this sintered porous composite membrane in water is shown in FIG. 10; its

pressure drop as a function of flow in supercritical CO, is shown in FIG. 11.

EXAMPLE 3

[0071] This example illustrates the formation of a porous composite material using a
slurry of nanoparticles in a liquid to entrain nanoparticles into a porous base material. The
substrate material was a 255 Nickel sintered tube, 1.38" long, OD 0.635", wall thickness

0.065", porosity 54% porous that was welded into a "sub-assembly." The weight of the tube
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when oxygen is dissolved into it, and is usefal for
oxidi zing and elimnating toxins and organic

wa@oeorpostsds from wast e nedi a and substrates. Cap@DUS2003/039427
di oxi de, which is a super critical fluid above 31.2

' C and. 1071. i, 1S i ng used in_ cleaning and )
and R RG i SRR, A Ik QD StRog b a8 45, and a
manuf acturi ng processes as well as food and beverage
12 psi diffeaentiabpressuse boss ais30 Hpmdleseofdir.i t s | ow surface
tension and viscosity, supercritical C02 can easily
f | ®@72InAanianae of & goffl NGO DN poader typ@$10 (ref 1.0 micron Fischer
m croel ectronic devices. In addition supercritical

partiélb bizE)in 80P RIOFUBAT fofllobNQurMBOMEL6HIN 5 REp£8D OPER fixture was
bi ol ogi cal and pharnmaceutical materials such as

placegﬁﬂtaz)iréﬁure [Rse the Hﬁxt‘ﬁﬁ% fo§Cetd.%] Bt tgg)?lﬁl th tvr\}elg% [')s'rlrlbgsfsembly“

1 e
erosol. I'n ese applications, ter
n mtter,

of . renpyi na. undesirahl e fore su as, .. ..

ot 305 P P Jol B prnioh b sopred supsspghI YA dried” by
desirable. [00761 Systens utilizing supercritical.

flowing girgé 1Ry fopemimees Hropngh)the eqptedowhassambly, this porous composite
supercritical fluid contacts the substrate or sanple

matetigl sybasssmblycvasdher dridddanadising aa avearbE)0, °C fdrd /2 hour.
substrate or sanple may be renoved fromthe chanber

af j0er3]cTieadriedgubasenbiyevassuReee bi 1504 fok [1Holkr. First 5 minutes of
containing the extracted material or particles is

sintefi€ WaHEGSrhed i %éluﬁﬁxt, hoR 20vERERS 9585 %;gﬂhgl%eﬂy#gg%énd then

conposite material wt a pore size abou

. 2004/ 054625 PCT/ US2003/ 039427 nmade .
balerlg g B S e R P NEB e ey e 5F QL GO posite
haqusjng to forma filter elenent which may then be
mategl sHBeSRaED VA e HrcatensRd fist/measraed: | Baeassedighe added
supercritical fluid system The sintered porous
layer of misésel INCOM pewidel wag 2.1 44 g sdiraeporoisrsinthred enepanielertayer
be used to renove contam nants |ike particles and
thickokss &6 hpperox . 1800 eicansant agordsitg of bpiprx . Ti. reedwsbleint of this
conpri se renoving the one or nore contam nants from

sintere@ ofdub comBYsifee watdd bk d pROARAUShadc LIPS !dtii?ergﬁt‘rieg ?%é\%,glfre loss at

by sieving filtration. O her such contam nant

30 slff R wEconprise filtration, purification with a bed
%‘fi a purl1 ier material, and conbinations of these acts
to renove dissolved contam nants and or filter

particles fromthe supercritical fluid before it is

EXAMPLE 4

[0074] In this prophetic example, the sintered porous material composition is going
to be used as a membrane to filter a super critical fluid. Supercritical fluids are being used to
replace a variety of organic and inorganic solvents used in industrial cleaning, purification
and re-crystallization operations. The density of supercritical fluids is usually between 0.25
and 1.2 g/ml and is strongly pressure and temperature dependent. The solvent strength
increases with density; changing the pressure or temperature enables the solvating properties

of the supercritical fluid to be changed. Supercritical fluids can act as a carrier for co-
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returned to the extraction chanber for further use.
O her acts, such as changing the tenperature and or
w@e@gdsHoes of t he system naybe used to affect tPET/US2003/039427

solubility of contam nants (e.g. cause precipitation)

inthe fluid and aid_in the separation of contam nants
solvengsy ke methanple dhtaas i afldadi ta supdrertical fluigls tetailor thelselwbility of

gas or co-solvent nay be added to supercritical fluid
various selfvls istpshempeitniticaisitnid tartibeplsisat Bifitigoeceicients of solutes in

conposite material as a filter my be used to extend

supeitctieical TR AN ark tnefotdf grefter @4k [RGkE ic@ﬁesﬁ;j)bﬁd'ﬁﬁ% HOHidRYehRashd are
to cl eaner substrates wth reduced parficle counts.

abou BB oF &%éﬁﬁdeq%% hhah tﬁ? Aol ofi'diﬂé Hffﬁls]f{o'nl cto%f‘ﬁc?{nts in fhe
purifier is e. The purifier consists of a Sintere

gasedy LR TR b B aleS e MhS g B esistance to mass

ousi ng, the housing sized to be equal to or greater

tfanSFeﬁ 0? %‘ﬁbﬁeﬁ ey theipretdeal fiyidhas qopwarqd)te diguish e fbp surfapgdension of
void volune of the housing is filled wwth a NI powder,

superctilieal FNGI is gysentidSikekha wd thegnadad so supetaitied] fluiticat few into
housing to prevent voids and bypass, but not so nuch

and thiwuplongreapbye drgpbdmities flithi 1tt1E hewsurd RO Edmpdréd tSliduidan
illustration of the depth filter of the exanple

| | jouss)r atviaRg afd cHOMS HidYideiafd &;ml{’li)llé F@%%EQ%E%MHL filed for

sintered porous conposite fil;er 452 , a pac Sd
/ PCT/. o) red .
exesBih B AR S, PRS0 Ry BN S

for connectjon.to.flujd fl circuit. EXAMPLE 6 .
whe Gy peA 1~ RSP HEQ g InBHLIS 4SS os St i49e e ppbeg togins and
metal filter element such as described Exanple 1 is
OrganigFIBRPUSES feenweasipmetliaiand sulstrstes e Caphwntdioxidih evipel ts a super
(called the floutlet") consists of a short 3/4" tube
criticel flind abdvef1.2' UCRHd b 163 psipie bbinptusedin ddeing dn@rstiiishisgg operations
3/4" tube I" long which is the housing. The filter
for addlagegRteltdd dRuweRMutReurindDrodkiesaBdeliR8YoRT £nd beverage
extraction processes. Because of its low surface tension and viscosity, supercritical CO, can
easily flow into and clean trenches and vias in microelectronic devices. In addition
supercritical fluids may be used in the manufacture of nanoscale biological and
pharmaceutical materials such as proteins, DNA, various cells, and drugs in the form of an
aerosol. In these applications, a filter capable of removing undesirable foreign matter, such
as harmful spores and harmful bacteria, is highly desirable.
[0076] Systems utilizing supercritical fluids may operate in a closed loop. The
supercritical fluid contacts the substrate or sample to be extracted or cleaned in a chamber,
the substrate or sample may be removed from the chamber after cleaning, and the

supercritical fluid containing the extracted material or particles is returned to a collection

vessel. A sintered porous composite material with a pore size of about 10-200 nanometers
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wel ded into one solid "subassenbly." [00801 The
subassenbly is then filled with a fine NI powder. In
wo boog/osw3®, | NCO type 255 with a particle sizeCDUSHOB039427
m cron. The Ni powder is tapped and vi brated and
packed into the subassenbly until the desired wei ght
madf‘ol?y theanstbads disglospd herehy r@%eée wiided to ahousisietn fpon gfiter element
nmetal structure with a pore size of 20 microns or
whichmeattben bescqmnestsdih flwitl comhanicatibassthrihe yloseal loop supteheitical fluid
powder in place. Finally, an inlet fitting simlar to

systebd) €T1R Si@aY pofts eompeslteauhtb@il fflteE Eleﬁﬁnt fm tﬁ@h@i@%g Bay BEused to
subassenbly, resulting in a tota l'y encl osed

1emo&\?1 un?c Hﬁﬁfsflﬂie: gfaﬂﬁtl‘fés g%h@@lge ﬁfsqirotnﬁ id. [Iﬂgrg oval may

gralns are p ace e su asse
an inl.et

compiBETHERH ﬁ’&i’“ﬁ&é npreoptrpaif s b B hedpgreq porous

vo| une of 84% pressure drop neasured was 18
compgsity materiphpy sigying fi lftr%wno pﬂzerssrlﬁhmtamwwem@alom ragy comprise
pressure at atnosphere. [00821 Wien 16 grams of the N
filtrafieys pariéicgiomowith 2 hed bt swifees setdria), dndwsinbipatiods ofthatesatts to
with an inlet fitting, the resulting bed has a density

remo®t dBsaAvel entanidagts wod or Miidripaicdds frdd te shbercafies SiiEbefore it is
drop neasured was 64 psi(4.3 Bar) at a flow of 2 slpm

returfed toWhd Sk ttdBo bl dner f&rfﬁﬁﬁéfru‘ée.a?tlﬁif HQs ROEK &s clfaﬁg“ﬁg the
2004/ 054625 PCT/ US2003/ 039427 00831 When 10 g S O

tempgllagﬁé 2n 8 ggst %ﬁ@%ﬁ?e?ﬂ b@&%eﬂlseedtt% ?fa 200 t%rr??ﬁ{ﬂﬁlél

sea t'rng, resu

nS|t of130 a_\Vvo ol unme of80
Cont&}%“gf bE PiseqeRiPigaling e i 6 &S sgpefatign of cppigppinants
of 2 slpm with outlet to atnosphere. This pressure
from (ﬁhwpﬁ@ﬂltlé%é}m‘ﬂ hA#er featagainphakenp s3corsiorrobvenhmag o gAded to
of bed material is less, resulting in a | ower packing
superdatisaltfipid o0 8 dyistedn pThe um‘ offfhesstered pra@ys coalporise Magsial as a filter
flow rate of supercritical carbon dioxide 1is shown in
may bd (sedd extend the useful life of the extraction fluid and may lead to cleaner substrates

with reduced particle counts.

EXAMPLE 5

[0077] In this example a depth filter or purifier is made. The purifier consists of a
sintered porous composite filter element such as the one described in Example 2 which is
welded into a housing, the housing sized to be equal to or greater in length and diameter than
the filter element. The void volume of the housing is filled with a Ni powder, like INCO type
255. Enough powder is placed into the housing to prevent voids and bypass, but not so much
as to greatly restrict fluid flow.

[0078] FIG. 6 is an illustration of the depth filter of the example illustrating a

housing, inlet filter 660, outlet sintered porous composite filter element 620, a packed bed of
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EXAMPLE 7 [0085] In this exanple, the sintered porous
conposite material filter elenents of Exanple 2 and
waE2empbe2® were installed on a Supercritical (PCTNE1008/039427

cleaning tool and the particle concentration

enmpi nj n n . test wafers cleaned by the tool were
POW%@@F@H& %Qé’et‘ﬁ%qntth% filferpierments, wé%ﬁﬁwStfPM@@eeimnzo fluid flow
. mcron using a KLA-Tencor surfsean. The results are
circuftor 200 min di aneter substrates and cl eani ng done

using about 5 liters of supercritical C02 per run. In

FIG 7, the sintered porous conposite material filter

of Exanple 2 show the wafer counts on the wafer with

just the porous filter qlxA®ypr@gd the sintered porous

conposite material filter wth a bed of material of

CRIPUE 8 GRS RS B L BRI AeP e
oo PRIl PO SRR UETRR o BL L

on the wafer. an hat the device conprising a packed
"outl PRt ha S8 Wi & 16 ANCHR'T B0A ae Afingn e otheris a /4"
reduction of particle counts on the wafer. Based on
tube {'Weng mdeh is Hee fwvinge T filteeclpmestdits betweemthiedwoi prart and they are
capable of filtering supercritical carbon dioxide for
welded immomegsodid iefbassetribdg." | eaves | ess than about 300
particles with a size greater than 0.2 m croneters on

t 086 eTheviBAsOmblvii fien Hlle8 WREY £Hhd # a
dir[ox?vge are used 44 G 2004/ 05465%&5%%%%%0%12%%?ij0

type AR géoa{tfg%ss@i!e Atnl-% E‘iiccz‘rc;ﬁx %%W pﬂggéﬁ? ?apf)iﬁ&] 51%(\2@&’[%(1 zgxd

por ous nposite filter eleée € ‘as
i ded intqg.a h ing.and t L.pterface area near
packqgtShe ihaatiaf e B i et chial Bid e BRI pRgeties hen, an
is sealed. The pore symetry test for this filter
open pprons ietal siregtung willhppere sigesih 3P pricioan i gieatar isarressehinthithe
di ffusive flow and bul k flow of gas. The particle
subassesnleltid bolddhe powidervieptiee Bindllyg ealisldt fifting aimitdreoeittalicady
about 4 LRV for 0.2 ~Lni polystyrene |atex beads in
describet eutletSitahiswdldedibGe Sibassembly, resulting in a totally enclosed
filter/purifier having a bed of nickel powder.
[0081] When 8 grams of Ni 255 are placed in the subassembly housing and sealed
with an inlet fitting, the resulting bed has a density of 1.6 g/cc and a void volume of 84%.
The pressure drop measured was 18 psi(1.2 Bar) at a flow of 2 slpm air with the outlet
pressure at atmosphere.
[0082] When 16 grams of the Ni 255 are placed in the subassembly hdusing and
sealed with an inlet fitting, the resulting bed has a density of 3.2 g/cc and a void volume of

64%. The pressure drop measured was 64 psi(4.3 Bar) at a flow of 2 slpm air with the outlet

pressure at atmosphere.



EXAMPLE9 [00871 This exanple illustrates a sintered
porous conposite material of the present capable of
WO 20m548g5 0. 05 ~t m pol ystyrene | at ex beads i n Rel/E8208%039427

shown in FIG 13, the porous sintered conposite
material_made by the isostatic nethod. [00881 A nold
wi [OA83]] %e%é@'gfw N1 358y walariwas tappest intrathd sebasgend®§ housing
dianeter was filled with 28 granms of 255 Ni ckel

and spdodi eith(afiisletfittimigzihe PesBltinigded had a dENity ofd30 g/cc and a void volume
isostatically pressed at 5000-6000 psi. The di nension

of 8504. THY mreghueedrop aHaabed Bi aiflas §2 R41 a fIbW & 26§I‘1§m’w1th outlet to
| ength 6". The green form and mandrel was car ef ul

atmo&ﬂh%i?ee dI‘HlQ%IQ:SS’%I A aﬁgp e }%.EI tllrlﬁj% ag&ﬂ%o g rs&{& eﬂﬁ-qu(g%n‘fvggbed

| ed w

|sost al l.y pressed at 7000-8000
Inmﬁgﬂ%sa%%rgﬂﬁrléP@goﬁﬁﬁgﬁ ?WP %?nensions oD 0.735"
IE 8‘§55" Lﬁ th 6", ght: ﬁralns was sintered
0(8; 8Y s dioRg e ﬁ’t:’sl§fb @V sals B puperditmpbesban dioxide
450-500 'C for 30 mnutes. The sintered porous
is shqyghpddG: 4. tube had a final OD: 0.685" and total wall
t hi ckness: 0.036" (fine |ayer approx. 0.003- 0.006").
The tube was cut into individual tubes: Length: 1.38",
Weight: 7.5 grans, density was 4.5 grans/cc. Gas fl ow
testing of the dry cut gubespMih a flow area of 16
cM2 showed that they had a 27 psi differentia

IO 5 TEAE BB ORIASAY HRPR frygsor

f d h
Exarrlg?%% %HP%%?%IE%R&%’% ér}r%ta ??’%% 588%{1{ 9{32 rtg%zt \éfgg%g e%%]{»@ tool and the

. Bubbl e point testing of this paterial was conducted in
Pam%B“o?%’ﬁel?tgﬁg&o%FfH?lPB}g e Fekets cleamaddy the fogbayers measured. The
retenti on was conducted in DI water using PSL beads
partichedats i fpypartieles PH mictonrusingonK b champssur{sesn. plireteyults are for
sieve type, the results of the particle retention
200 nyre slianngerasubstidtésumtl cieanthgidoné liing dBova 5diters @WkstgeadritiddBCO, per
material has an LRV of at least 4 for 0.05 ~tin

run. REFIG. ¢l @8 sﬁﬁ&e@go%%/c&ﬁ padite nfdEtal B1tO8f Bkafaptd Mshovw the wafer
partlcles [ 00901 Although the present invéention ha

count® 88 The ATt 4/Rf fush eGP sAAT R RlefnedPhA the sintered porous composite

material filter with a bed of material of Example 6 shows the particle counts when the present
invention is used to filter the SC CO, fluid. The graph shows that sintered porous composite
material filter of Example 2 results in fewer particle counts on the wafer and that the device
comprising a packed bed of material of Example 6 also results in the reduction of particle
counts on the wafer. Based on the graph the device of the present invention is capable of
filtering supercritical carbon dioxide for cleaning a wafer that leaves less than about 300
particles with a size greater than 0.2 micrometers on the wafer when 5 liters of supercritical

carbon dioxide are used.
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with reference to certain preferred enbodi nents

thereof, other versions are possible. Therefore the
wapimios46ahd scope of the appended cl ai ns shoul BCTYOS2008039427

limted to the description and the preferred versions

contain within this specification. 46 WO 2004/ 054625

PCT/ US2003/ 039427 CLAl m EBs clained: A sintered

o] C osite terial conprising: a porous base .
red0 8 0 Vi g amplay & b Singespa beros FTepaseic hlisoplameRcRede as in
material, said |ayer of porous sintered nanoparticle

Exanprde 8ri$ wrlded inde e howsingaml ha irterfew apda neaethesimersd pasas composite
and penetrating a portion of said porous base

materiaitandithd weklds ceafrall Al pordyiRelry ReRPad fikérldméR! FId. 8, shows
havi ng pores smaller than the pores in said porous

a shaﬂaﬁﬁlsﬁﬁ)ltnq{oeifh@één th@ dif iR eHoW AMBLIPALRGTE ggg g@l‘?@}ge{rﬁde retention of

mat eri a aim1l, wherein said siInt

the Vdagﬁ%g%& ts%a(rf]é %?e%:eueﬁliéegllt bslfa%oflﬁjggg\/snﬁg 8?:‘ pgpngoggfgfc’y’reﬁﬁggtael( beads in

sintered porous conposite material of claiml1l wherein
‘Vmagﬁﬁ%oﬁaﬁ%ﬁglféintered nanoparticle material includes

ni ckel . 4. The sintered porous conposition of claim!]l

wherei n said porous sintered nanoparticle materia

i ncludes sintered dendritic nanoparticles. 5. The

sintered porous conposi EXAMPgE @l of claim1 further

conprising a gas, liquid, supercritical fluid or

i 9087 eST19¢ ctdngaeillBirheea Biafes firosPddhg RO Hihterial of the present

sintered nanoparticle material. 6. The 'sintered porous
capatfi® le%ﬁ{otvﬁlg@bf ﬁln%ol?s&yr%h@ia@ijeggg i&lh}garterca% rgﬁg\lzvrsl iil’? #G. 13, the
porous sintered composite material made by the isostatic method.

[0088] A mold with ID 0.850" and 6" long and a steel mandrel 0.655" diameter was
filled with 28 grams of 255 Nickel powder (Fisher size 2.8 microns). This was isostatically
pressed at 5000-6000 psi. The dimension of this green form were: OD: 0.722", ID 0.655",
length 6". The green form and mandrel was carefully placed into a new mold with ID:
0.800". This mold was filled v\{ith 7 grams of 210H nickel powder (Fisher size 0.3 microns)
and isostatically pressed at 7000-8000 psi. This layered green form (dimensions: OD:
0.735",ID 0.655" length 6", weight: 35 grams), was sintered in vacuum and a reducing
atmosphere 5% H, in Argon at 450-500 °C for 30 minutes. The sintered porous composite
tube had a final OD: 0.685" and total wall thickness: 0.036" (fine layer approx. 0.003-
0.006"). The tube was cut into individual tubes: Length: 1.38", Weight: 7.5 grams, density

was 4.5 grams/cc. Gas flow testing of the dry cut tubes with a flow area of 16 cm? showed

that they had a 27 psi differential pressure drop at a gas flow rate of 20 slpm of air.
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a housing wherein said sintered porous conposite

material is bonded to said housing, and wherein said
whowgiodm2ii t h t he bonded sintered porous conpoBRCT/@S2003/039427

naterial IS characterized in that is has a sieving LRV

ﬁ& 2 for 0.2 [tm particles in a fluid. 47 WO
08435 ﬁlﬁif sy @idpd 03003y 2F aropnd R7¥ andghe substretotaround 51%

corrprl sin a porous base material and a | ayer of
(maypgangsfson ja owriddo pbowBalt)i Bubblegbart itasting bbthiethateyial was
sintering a powdered nanoparticle material |ayer
condpaedinr @4 NP Asolpidsrt asshowh 18 BIG, POPRYisIDASEtional A dof¥&%ed in DI
of porous sintered nanoparticle material on one or

wate g BSIT Bé’é%l@ sedtall R s@ﬁfe%ﬁaﬁﬂﬁﬁec ésgl \Q?Je@ﬂ{%]lfg rg)eed the

nanoparticle materi ab havi ng pores |
resul%%?ﬂﬁa ﬂf?tlc\ﬁl\%ge?eerﬁ‘éﬁggsﬁl ggrseﬁlglggréa&eﬂgrfgg f Fu& eneﬁa@‘;&mmatenal

rised of netals,  netal | oys, and m xtures of
has ap E@s\}:o%t@ﬁ A 0.8 nmpparticlgstaad aéllé?ﬁ% af atdeast b £p1rR.2 pm particles.
further conprising: a housing wherein said filter
el[60¥Ht Alhdugh dedpresens miventivauhagigpen dostribbé irebdhsideibe detail
housing with the bonded filter elenment is

with efiaemette bérzafl pidfertdipdmbodihass therddi, Q%h&gfeks%ﬁsoafre ﬁ&smble
least 2 for 0.2 ~Lmparticles in a fluid.

There?dnrétﬂ% %Pzﬁfd%'dépé:&THQ %apfeﬁggﬁa&%%sasjhoﬁﬁ%'é he ?1?19‘[69 t%ane description

i)orous sintered In.et nat er

n nanop. r.ti.cle ial on one or nore
andﬂ%ﬁ%&%%gégeggm_co 8Wb ngﬁﬂﬁﬁ Cﬁéﬂ%trating a portion
thereof; and, a porous sintered nanoparticle nmateri al
within the base pores, formng a substantially
conti nuous structure and havi ng i nterconnectod pores
smaller than the pores in said perous base nmaterial.




11. The sintered porous conposite material of Caim
10, wherein said sintered nanoparticle material is

weoeopnssesl of nmetals, netal alloys, and m xtureeT/w52003/039427

these materials. 12. A method of making a porous
conposite material conprising: inrering a |ayer of
powder ed nanoparticles on a porous base material to
form a layer of porous sintered nanoparticle nmaterial
on said base, said | ayer €hADME powdered
nanopaiticle on one or nore surfaces of the porous

Whabisstimedt penetrating a portion of said porous base

1.

mat eri al .. 48. .\WD 2004/ 054625 PCT/ US20Q3/ 039427 13.
The net%&ﬁé%?dBWQPﬁfqﬁpTﬂ?FW%@“ OGP Eg t he act of

form ng said | ayer of powdered nanoparticles on said

por ous %p&@ugrwsgmaaéﬁab,yanﬁsost atically pressing said
powder ed nanoparticles into said porous base. 14. The

met hod of Claim 12, wherein sajd sintered nanoparticle

mat er i o layaiydporays sEversd nanapaiclayaetgrial, saigdayer af pasges sintered
and m : rial

omovi ngREEIR: ST oTALED! Bl suleodboTHS By Blog agd
fluid hembimginge sbrtied ef said pdrbed edse midwridlgiaid fdous sintered
sintered porQus conposite material of claim1l wherein

the sailfnepHtele él&atﬁfgaﬁ gla%lng BAyss snplder thap tBeparesip sy ggrous base
said mapgekigl fromthe fluid. 16. The nethod of claim

15 wherein said material is renoved by particle

capture. 17. The nethod of claim 15 wherein said

f1 ui d i Bhessiniagsd pordusicomipositeunaeridl®f Claisuhevitaréinisaidlsintered

fluid that deposits.less than,300 rticle reat er
than. 0. SHoRiERE R el & SuigRea Snehl miefareler. armertares of
subst r ghescwh@sridis| i ters of said supercritical fluid
are filtered through the porous conposite material of
claim 1 .

The sintered porous composite material of claim 1 wherein said porous

sintered nanoparticle material includes nickel.

The sintered porous composition of claim 1 wherein said porous sintered

nanoparticle material includes sintered dendritic nanoparticles.

The sintered porous composite material of claim 1 further comprising a gas,
liquid, supercritical fluid or mixtures of these in the pores of said porous

sintered nanoparticle material.
The sintered porous composite material of claim 1 further comprising:

a housing wherein said sintered porous composite material is bonded to said
housing, and wherein said housing with the bonded sintered porous composite
material is characterized in that is has a sieving LRV of at least 2 for 0.2 um

particles in a fluid.
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10.

11.

12.

19. An apparatus for removing contaninants froma
fluid stream conprising: a housing for containing a

wohead4ntees i al ;. a second filter el enent that i SP@ET/US2003/039427

sintered porous conposite material having nanoneter

si zed pores, said second filter element secured to
sai d ho‘gsﬁi%r‘?ﬁelf’%‘emﬁ:é’fqmrismlgl' uid flow through the

apparatus, the bed material, and said second filter

el enenta p&ansbase aRfdial khd £TaybesMPorAG sRREkd fhesHat i@ material
said fluid stream_ a bed of material covering said

second Prpedby hienage pandersd mpadnagtitlovnatarial kagupenetrating a

housi n ' emving. cont am.nants fromsaid _. .
oo Sl AR SIS R AVERALR B0 Bt e
t he housi aig or hedre b@fRien 8T thbPohird bR, 4idl pbrotk kittdred hdiRparticle
housi ng between the first filter elenment and the

second FiFfehagingperss suallpithan fheqorgsi i seid peraivdase.
permtting fluid flow through the apparatus. 49 WO

2 00_4/ 05AR23de R 008183 94%Kereglosaid%i§t@%%rlﬁ]ﬁ&§zirﬁale matcaial is
fluid with I'ess than 50 pafticles per mlliTrter, sai
parti clemprivedoimetalssinzal efloyB, Sndmnatwaed £thsseanaters!s..

21. A sintered porous conposite material conprising:

se material.;. an | ayer .of porous sintered
ﬁaﬁgggfﬁ}%ﬂéﬂ ﬁgﬁleepr %ﬁa‘j]alé%f g‘“ﬁ’ﬁ{/%%m?ﬁm%r ous sintered

nanoparticle nmaterial on one or nore surfaces of the

por ous diaseingReherdie BEL fidlet ElgmMantlOhbhd¥d t6kaid RolsiROBH Svherein
base material, said porous sintered nanoparticle
mat er i SPIAHORSIRG Wiy 1Be bepdad fier element isehprosteszedinghatds has a

terial . ' or ous. composite materi al
e’ oharsri 82Tl Reit 20 LB BUTCRRIPRE, Teset 2

for a 0.2 ~tmor larger particles in water. 22. The

Si nt er edl siparalisorowqEagidsie Mteeial edm@isigd: ai m 21 wherein
said material is characterized in that it has an LRV
of at least 4.for .a 0.1%3~Lm particle chall enge

a porous siniered metal base material;
a layer of porous sintered nanoparticle material on one or more surfaces of a

porous base and penetrating a portion thereof; and,

a porous sintered nanoparticle material within the base pores, forming a -
substantially continuous structure and having interconnect=d pores smaller

than the pores in said porous base material.

The sintered porous composite material of Claim 10, wherein said sintered
nanoparticle material is comprised of metals, metal alloys, and mixtures of

these materials.
A method of making a porous composite material comprising:

sintering a layer of powdered nanoparticles on a porous base material to form
a layer of porous sintered nanoparticle material on said base, said layer said of
powdered nanoparticle on one or more surfaces of the porous base and

penetrating a pbrtion of said porous base material.
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flowing a fluid having said material therein through the sintered porous
composite material of claim 1 wherein the said sintered porous composite

material removes said material from the fluid.
The method of claim 15 wherein said material is removed by particle capture.
The method of claim 15 wherein said fluid is a supercritical fluid.

A supercritical fluid that deposits Iess than 300 particles greater than 0.2
microns in size on a 200 millimeter diameter substrate when 5 liters of said

supercritical fluid are filtered through the porous composite material of claim
L.

An apparatus for removing contaminants from a fluid stream comprising:
a housing for containing a bed material;

a second filter element that is a sintered porous composite material having
nanometer sized pores, said second filter element secured to said housing to
permit fluid flow through the apparatus, the bed material, and said second

filter element, said second filter removing particles from said fluid stream;

a bed of material covering said second filter element and contained within said

housing, said bed removing contaminants from said fluid stream; and

a first filter element secured to the housing that retains the bed material within
the housing between the first filter element and the second filter element, said

first filter element permitting fluid flow through the apparatus.
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A supercritical fluid with less than 50 particles per milliliter, said particles

having a size of 0.2 micrometers or less.
A sintered porous composite material comprising:
a porous base material; and

a layer of porous sintered nanoparticle material, said layer of porous sintered
nanoparticle material on one or more surfaces of the porous base and
penetrating a portion of said porous base material, said porous sintered
nanoparticle material having pores smaller than the pores in said porous base
material; said porous composite material is characterized in that is has an LRV

of at least 2 for a 0.2 um or larger particles in water.

The sintered porous composite material of claim 21 wherein said material is
characterized in that it has an LRV of at least 4 for a 0.2 pum particle challenge

in water.

The sintered porous composite material of claim 21 wherein said material is
characterized in that it has an LRV of at least 2 for a 0.05 pm particle

challenge in water.

The sintered porous compoéite material of claim 21 wherein said material is
characterized in that it has an LRV of at least 4 for a 0.05 pm particle

challenge in water.

The sintered porous composite material of claim 21 having a pressure

coefficient in nitrogen of less than 250

The sintered composite material of claim 21 able to support a differential

pressure across the material of greater than 60 psi.

The sintered composite material of claim 21 wherein the thickness of the

porous sintered nanoparticle material is less than 100 microns.

The sintered composite material of claim 21 wherein the porous sintered

nanoparticle material include particles less than 1000 nm.
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