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2010/Q38f %B%L@gﬁ)lg@(cgﬁﬂ dith corresponding surface areas of about 10 to about 70 m%/gram,
can be solution processed to produce nano-fibers of gamma and/or alpha alumina with favorable
surface areas in the range from about 200 m?/gram to as high as about 600 m*/gram, inter alia.
In another example, crude boehmite nanofibers can be produced hydrothermally and annealed to
give nanofibers with similar properties, the annealing generally causing particles to grow and the
surface area to decrease.
The foregoing examples of the related art and limitations related therewith are
intended to be illustrative and not exclusive. Other limitations of the related art will become

apparent to those of skill in the art upon a reading of the specification and a study of the

drawings.

SUMMARY

The following embodiments and aspects thereof are described and illustrated in
conjunction with systems, tools and methods that are meant to be exemplary and
illustrative, not limiting in scope. In various embodiments, one or more of the above-

described problems have been reduced or eliminated, while other embodiments are directed
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of the following descriptions.

BRIEF DESCRIPTION OF DRAWINGS
Exemplary embodiments are illustrated in referenced figures of the drawings. Itis
intended that the embodiments and figures disclosed herein are to be considered illustrative

rather than limiting.

FIG. 1 is a schematic view of an exemplary filter system according to the embodiments

described herein;

FIG. 2A and 2B are schematic views of porous blocks highlighting one or more schematically
represented pores thereof;

FIG. 3 is a schematic view of a pore of a porous block nano-fiber composite;

FIG. 4 is a flow chart of a method;

FIG. 5 is an X-ray diffraction (XRD) profile of an example hereof:

FIG. 6, which includes sub-part Figs. 6A and 6B, provides scanning electron micrograph (SEM)

images of an example hereof:;



WO 2010/ 059165PCT/ US2008/ 084434 FIG 7, which includes sub-part Figs. 7A
7B and 7C, provides scanning electron m crograph (SEM images of another
exanpl e heoeofojosHes. 8 is an X-ray diffraction (XRD) chacaatsesisostson of a
further exanple hereof; FIG 9, which includes sub-part Figs. 9A and 9B,
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tita n t-ase o i nor ods. DETAI.LED, DESCRI.PTI ON

Pr esglﬁttde?g’ ﬁgfr%}elqgcrquegﬁ?%%@,ﬁ%lsp8§ra;n’? l?gégg{ov&%%%gf,rmsgﬂg CloGHPR MIFsHRYs of

nmanuf@&EMiy inages oiseillt faeth&dxaiipleshetddy:0l ve nano-fiber materials deposited on

or f i wWithin the pores of a porous block to provide one or nore

corrpgélg OIBFQY&ifét@ PEherééaﬁlS%S@@ééFCér@nMIPnowparéEEM)pfr@genf # pigll Gother

filtrabhon chafacteristics. Mre particularly in some inplenmentations,
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and perxt%lclzlg % he fabrication or use thereof. Exenpl ary nano-fi ber

por oUEGoll © plovedBIN0Edyt ditction EXIEL) RedS oPlitRhRAaHBEs AHithndsSe They eof may be
bet t afanureder stood with reference to the Figures and the follow ng

description though it should be understood that various alternative porous
bl ocks, non-organi ¢ nano-fi bers and production nethods nmay be used.

Ref erDERYIFED HESCRIPIENL, shown is a generalized depiction of a
flowthro ration s{stemloto or for., t he devel opnents her eof

; Wb
may be appl gsgg{elgﬁ“effsaerﬁ SYSPE apRRETuSE 81?‘?19?51?91’@'3?1540{ posthagls of yenulRetee oray

i ncl uge tiRr@@Mich fivbive ahh@ bl RekrididQefsited BREI fireld ek mEiRresdi fi ed as
descri bed herebel ow. Bl ock 100 or 110 may be di sposed as shown wthin a
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exi t heteart hen-organit nahQJiteey)elge bf dlupiinaserlikeShbstarteSBAMUENAEP bESspecific
example, boehmite (A1(O)OH), grown in the pores of a porous filtration block of, in some
examples, porous carbon, and processes for the fabrication or use thereof. Exemplary nano-fiber
porous block compositions and methods of production and use thereof may be better understood
with reference to the Figures and the following description though it should be understood that
various alternative porous blocks, non-organic nano-fibers and production methods may be used.
Referring first to FIG. 1, shown is a generalized depiction of a flow-through filtration
system 10 to or for which the developments hereof may be applied or used. More particularly,
the filtration system 10 may include a porous filtration block 100 or a modified block 110,
modified as described herebelow. Block 100 or 110 may be disposed as shown within a flow-
through chamber 101 of system 10. In such a system 10, a fluid may be introduced via an
inlet 102 (see €.g., the inlet flow arrows), then flow through the porous filter block 100 or 110
(dashed line flow arrows) and exit via the outlet 103 (outlet flow arrows). In many examples
according to the present developments hereof, the fluid is water with one or more contaminants
or impurities to be filtered therefrom via the porous filter block 100/110. Note, the block and
system are only schematically shown in FIG. 1; a great many potential alternative
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according to the present devel opnents hereof, the fluid is water with one
or nore contam nants or inpurities to be filtered therefromvia the porous
filter blwokodBdkiO. Note, the block and system are onlpgTashesmsiscal |y
shown in FIG 1; a great nmany potential alternative WO
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More particularly, the small dianmeters (average 2nn) and overal |l aspect
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described further below. Boehmite has a demonstrated chemical affinity for viruses and heavy
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the R 2GKeehorst et 12 bEalB Lt fical B42aSE AlofiPrae LRIGIoH + Hac. Note,
with an additional annealing operation (see e.g., below), the boehmite might be made to
experience a change in phase from boehmite to gamma alumina. An example of the chemistry is

shown in equation (2):
) AlOOH = gamma-Al,03+ H,O
And, as may readily be apparent, the process typically may not include the use of salts, making it

a “clean” process for producing nano-fibers 211. In addition, the nano-fibers 211 may readily

deaggregate from one another, and indeed, may readily be dispersible in a solution (e.g., water),
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descr heavy metal filtering may include a boehnite
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di spersion throug_h[et he filter. Such a heavy netal Sted for its

abi | Profile of Flémdv h@nbdiblemmfrﬂge tm’apqmtmlﬂ&hmy bz.fnnhe(rmacesse{a}ﬁmthawgg(rﬁi ) } ead
,E Eg ) ﬁﬁga[)@?agé % %ﬁ g]v,slgg ?é%‘fe) F?%Wé?%wosqﬁ(g]%g?h?fn%ggl fi ;g(;mposng ll(’)?lfal;l be
annealed, annealing to temperatures in the range of about 250°C to 400°C to provide the highest
nano-fiber product surface area (i.e., about 500-650 m?/g), although it is not intended that the
compositions hereof be limited to any particular range of temperatures. Note, this phase change
may generally occur without changing morphology or aspect ratio.

FIGs. 6 and 7 are images of the nano-fiber porous block composite materials produced
according to EXAMPLES 1 and 2 below, the images being taken by a scanning electron
microscope in a process generically referred to as scanning electron microscopy (SEM). Asis
readily seen in the SEM images illustrated in Figures 6A and 6B, the composite block 110
includes a plurality of nano-fibers crystallized within the pores of a porous carbon block; FIG.
6A being an SEM image of a commercial carbon block before boehmite growth, FIG. 6B being
an SEM image of the same commercial carbon block after boehmite growth. Similarly, the SEM
images in Figures 7A, 7B and 7C show the nano-fiber porous block composite including nano-
fibers crystallized on porous carbon blocks having larger pore sizes than the FIG. 6 examples;
FIG. 7A being an SEM image of a larger pore commercial carbon block before boehmite growth,
FIG. 7B being an SEM image of the same larger pore commercial carbon block after boehmite
growth, and FIG. 7C being another SEM image of the same larger pore commercial carbon block
after boehmite growth, FIG. 7C being of higher magnification.

Nano-fibers 211 produced according to the teachings hereof include typically very small
diameters (e.g., average 2nm) in relation to their length, giving them high aspect ratios.
Accordingly, this unique morphology combined with high surface areas make the nano-fiber
porous block composite product 110 conducive for use in many applications, including filtration.
In addition, the boehmite phase of the nano-fibers 211 may also enhance the bioactive and heavy

metal filtration capability of the product as described further below.
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Zn Cd Pb Cu Au Ag Metal in untreated water (ng/L) 50 35 35 35

WO 2010/059165 PCT/US2008/084434

In addition, the nano-fibers 211 and porous block nano-fiber composite 110 can be
readily integrated with other materials or devices to produce high-efficiency filtration products.
Accordingly, in one implementation the product 110 may be readily incorporated as filter media
within a filtration system, such as the system 10 of FIG. 1. The nano-fibers 211 and/or nano-
fiber composite 110 provide desirable removal characteristics for the filter media.

The unique morphology and other characteristics of the nano-fibers 211 and/or porous
block nano-fiber composite 110 make the products hereof particularly suitable for a potential
large range of filtration applications including, but not limited to, both air filters and water filters.
The boehmite phase also lends itself due to chemical affinity, to use in bioactive applications.
These products provide a chemical and/or electrostatic affinity and/or high surface area to which
viruses and pathogens may adhere, making these products particularly advantageous in bioactive
filtration applications. An exemplary of bio-affinity of boehmite fibers is shown by the product
characteristics in Table 1 (noting these characteristics were generated for boehmite nano-fibers
grown by processes like those described herein though not on/in carbon block substrate pores

such as those of EXAMPLES 1 and 2), below.

Table 1
Virus rating > log 7
Space Flow Velocity (cm/sec) 1.6
Capacity to Absorb Virus-size Particles (units/cm?) |1.2x 10" (before penetration)
Susceptibility to Clogging low
Susceptibility to Point Defects no

Initial studies were conducted using other filter substrates including 20-70 wt% boehmite
nano-fibers and ranging from about 1.0 mm to 1.5 mm thick. Bacterial viruses (bacteriophase)
PRD-1 and MS-2 (surrogates for human viruses) were used to study the attenuation of viruses by
such filters. Removal efficiencies were greater than 99.9999%.

The unique morphology and other characteristics of such nano-fibers 211 as these may be
used within a porous block nano-fiber composite product 110 also makes such products hereof

particularly suitable for filtering heavy metals via metal ion chemisorption. Boehmite nano-
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11 Metal in treated water (ng/L) 0.001 0.001 0.001 0.001 0.001 0.001

Renmoval Efficiency (9% 99.998 99. 997
WO 2010/059165 PCT/US2008/084434

fibers formed by processes not unlike those described herein and used in heavy metal filtering
may include a boehmite mat supported on a Gelman Acrodisc syringe filter prepared by
dispersing 0.1 g of such boehmite nano-fibers in water (10 ml) and passing the dispersion
through the filter. Such a heavy metal filter was tested for its ability to remove the following
heavy metals: zinc (Zn), cadmium (Cd), lead (Pb), copper (Cu), gold (Au), and silver (Ag) from

water. The results of the tests are shown in Table 2, below.

TABLE 2

Zn Cd Pb Cu Au Ag

Metal in untreated water (mg/L) (50 35 35 35 1 1
Metal in treated water (mg/L) 0.001 0.001 0.001 [0.001 }0.001 [0.001
Removal Efficiency (%) 99.998 (99.997 199.997 [99.997 99.9 [99.9

These test results demonstrate the potential application of boehmite nano-fibers produced
according to the methods hereof for use on/in porous block nano-fiber composite products 110 in
or as heavy-metal filters, such filters being usable for drinking water treatment and industrial
waste water treatment, among other applications.

Thus, the nano-fiber filter block 110 may be used for biological and/or inorganic filtering
applications by mechanical and/or chemical adsorption and/or electrostatic attraction
mechanisms. A nano-fiber filter 110 represents a complex composite structure which may be
optimized for absorption of specific materials. In addition, nano-fiber filter 110 may be used
under high flow conditions. In another embodiment, the adsorbed materials may be eluted from
the filter.

Note the base filter material, here for example, the porous block, may thus be enhanced in
the composite filter product form; in a particular example, the standard porous block being
effective for filtration of large bacteria like e-coli and cryptosporidium (e.g., cryptosporidium
organisms (protozoa) form protective oocysts between 4 to 7 microns in size; giardia are also in
the form of oocysts but slightly larger, between 6 to 10 microns in size; these oocysts allowing
the organisms to survive outside the body of the host, in a watercourse, and protects them against
disinfection methods such as chlorination or ultra-violet radiation). However, the actual non-

oocyst bacteria are much smaller, e.g., about 0.2-0.5 microns, and the presently described
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type that is readily commercially available from a wide range of suppliers. In this example,
boehmite nano-fibers were synthesized using about 25.5 g Al(OH); with about 200 ml water
heated to a temperature of about 200 °C for a time period of about 5 h (five hours) to produce
substantially white solid nano-fibers on a commercially available porous carbon substrate block
on or within one or more pores thereof; the carbon substrate blocks here, being 4 carbon rings,
1.5 inch diameter X 0.5 inch thick (note, as introduced above, the term porous block is not shape
dependent). The process chamber was maintained at a total pressure of about 150 psi (gauge).
The process chamber was maintained at about 200°C and the reaction temperature was estimated
to be about 180°C. The reaction resulted in the production of about 19.0 g of nano-fibers. The
product was dried at about 100°C for 5 hours.
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conmmigrgeraiory/stenchirtsathae ther sulystzates afdE xaaplel ,oke BigopTAetB and ACt hi s exanpl e, the

boehm te no-fi ber re again synthesjzed using out .5 g . AL(OH)3 with
about 200':%&3 PARTR C}iaél\i?eéc}v a(somgmfaéﬁ%le%}aa[ t?&aj QS?SSH‘E?O%"?&?G‘O lgﬂ’é‘r gféletﬂr?@si)eri od
of aknathbdr Was(thaiM@irealit abotR0PFOERE theSbRSbAMhArhiirdhi Est@dtedionngsoli bers

on a _commercially porous carbon substrate on or within one or nore pores
t her d8¢°C. The reastion svap jaewednq pracedd ingthisaharinge fardddutchhbam, wWhish resited il s

(here, =Te X% Kol r i n ' di er X 0.5 inch thick) with
| ar ger. 1%]c())r &St E(ijc{t‘bﬁgruéggtigﬁ n% #ﬂ%ggﬁrb ?r?%% gfsbgléfw%%g%% glaie,”ag'eéln he; q@posiic  7p
and Pduct was drivd gpaboed 90%hforiddrouvias nmai nt ai ned at a total pressure of
about 150.psi. TFE process chqa@tp)g({i was. . nmai ntai ned at about 200C and the
reaction tefPaPal Qe WRHROSHS P aGgrdine dhti cxpamRis Wrp@nplyard vine Wiy

al | ovttadtonREeaRAMks] Bridly desORBPLELNVE! TRORMo-hdd QWhbositrthide@3Hbje@oby the
production of about 19 g of nano-fiber porous block conposite naterial. The
conp&8¢hneitey e naro-fiber phrpuschlagk edyopasit badar averggehomfase area of abothd 9fartee f i ber
conpqsi %ﬁd rding to this exanple was anal yzed usi ng x-ray

di ff?gtlg%@gga ﬁgg ni q%@gg briefly described above. The nano-fi ber conposite

i ncl uded Ebisuiotdd @9t hhe BXainples Thandandisthhal apeveoms Rookkd Forpagisa bad an
surface area of about 195 nR2/g determ ned by BET anal ysi's. It

aver gge 195, g . / YSI S

i's naﬁ‘éﬁati‘}?aalndt*}’i% nebintended tobeligntingq Salk gther implemgatatiors andovpdiBgatiaps are

pur peis§ eobmplatédst ration and are not intended to be limting. Still other
i npl ementati ons and nodi fications are al so cont enpl at ed. As

i nt r oducedsapwducedatmvefomg ofaniagitty dfalteinhéveaaretwsons negbetitasiumBokide

titapy. oxi-de (J102). A.formaof titaniu xji de em stry_invol ves .
hydr g‘tlﬁgi’ ﬁ§|f°r81 éfetétfnil%ﬂ’ deﬁlﬁllﬁmsf%?%ﬂ]%‘&?@ﬁﬁﬁj %t‘.%éf‘%n )é%T’IQZiHSWdempr oduce
sodi strariglyt BRALDIIRAAS PRRRIce 86disMAMbhate nanotubes, as shown.
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WO 2010/ 059165PCT/ US2008/ 084434 (4) 3Ti 2 + 2NaOHNa2Ti 307 nanot ubes + H20
Exanple 3 In an exanple preparation, 5.0 g of Ti 2 powder was m xed
with 50 mvoah10139NsNaOH i n a Tefl on beaker and pl aced i RCI/UBR@SMB44BAr I
pressure reactor. The reactor was heated at 180C for 5 hrs and cooled to

room tenperature. The con}@nts were filtered, washed with 100 m of water
and dried at 1004 or 36 189n t NgPHE 2 Nipl1:07pevetabeschdbbtt eri zed as sodi um

ti tanate nanotubes by XRD as shown in FIG 8, and transm ssion el ectron
m croscopy (TEM as shown in FIG 9. Mre particularly, FIG 8 is an X-ray
diffraction (XRD) characterizati oExamplé3 anate products synthesized at

i t t hown therein. The trac the material
synt hesi 2 BeL P ARIEPEBRIEERoNAS O d {BERIE ie8 TEesh PO a8 SOk 8 o,
i N r @sREch b¥sked BRPBIatedinGS3009A Pd}ﬁipx%%\};\%@fea&bf! ephd rEEDr wg@ﬂéﬁeagit 1ghd@nat e

nanot ubes synt hesi zed at 180C. en the titanate nanotubes are
subs &fuehis pd peeledt roamiamperatitre.t Ehpeandgnis werelfdtonesk washainvith 500 anhdf about

250C - teri.al is..converted int.o anatase TIi 2 nanor ods.
o0 et et B 0% b ST Wi BN it B e BoRRE afept aced 1
25 mhawftubtabeXRID as sH@ih tFIG. 18¢ahB@4hsissRar dleofSBidFRcoBATEM) asibehl Was

t hen. mpj nt ai ned at . the specifjed tenperature for the specified tinme. The
ot e (S eE M Rrisclial: Fliachbdnal £ GElrichop GSBDyehsragrion! 0B of 30

mn i ){898 i . In FIG
10, gwg&n%gjrhgﬁ‘%f{)égég? ng?%i%s hy %gﬁlﬁ%%ﬁé\g%%\é@gl glﬁgjg tjirot} g’ﬁgﬁ%eﬁénot ubes to

Ti C2syrhrsized gt pYS€ @omespoats tagt@sé pure N, Fin©; slremitrey. FiG 7, e dispéative sabver Si on

of t] eohel t Q._Ti. hkes. In FIG 11, shown ar r qdu of

hydr g%lﬁg?érrsa I9Rca(§1 S 3) gr’ & %vﬁg%fﬁﬁ AEES ?éﬁ%‘f%go% Of‘fg?eﬁ'ﬁwﬁ??g?‘?ar% ﬁ%&fvr ocessed at
230C for WHehsthé itMaROn&RYeS lage SRYQIehiPMehted Th Fatd?alAbBfSratures betwddie
hydr ot hernal conversi on of the titanate nanotubes to Ti Q2 can be controlled

usi ngPTuede? prethakquig>edfor Sripeddiranthe tr@tqsi@bi;lf@evmerdfigmlatm dtfcnanorods. & 10
et ron® vt . ) Bl G 1
and TEeRRying S hbE DErE BEscuh SRR G 23Tt BIHE ik

crystefldn-lmedadfd amé Pdrasmessure reackdr, ivehictotveds theat nidhgtained afti U@ epdciiRed
3. di scussrfqg%above are pr?vi ded for_ purposes

exanpl es_of anpl e of

1 UCPIRETGR Th PSS HGE U oo e avaTs RPRSHSE weashed Sgnenter (100 mi),

| pl gARNAtAI0AN $orBmIPAH dHagictsd BY XD 38d TEM STRIANHER: FIGs. 10 add f1.CRf bon
materials used herein may be derived fromany of a nunber of sources,

i ncl BHFA§> shewmae productsedf hydrashermal aenrvsrsiemdf titanatd nenotobesaaritiO; shrelrdbds i nt er

alia st form of carbon e . for .1ntq a
por oﬁ?k%ﬁsgdg%ehjsqaﬁ gfaggﬁ?%sd%}&?@g griteergfeglatwlﬁlﬁlis&no%tgg%%%&‘?fa&%g@z %%4 t he
par t Ic #I@r 15i shewandreoproglbete eoftl gdro@drmanebrivBgidd Bl @itardabe RakBttikedioowio, Ct her

bl ock formation techniaques _my be used as well or in lieu hereof, as for
exanpngr |P]5(|’c§§3§f16‘ﬁ 9%&&?}56 _hrsy showing complete conversion to TiO, nanorods.

The hydrothermal conversion of the titanate nanotubes to TiO, can be controlled using
reaction time and temperature to produce different product morphologies, as illustrated by the
two TEM images described above (FIGs 10 and 11). XRD as shown in FIG. 12 confirms that the
TiO; produced is the crystalline anatase phase.

It is noted that the titanium oxide examples of Example 3 discussed above are provided
for purposes of illustration and are not intended to be limiting. Still other implementations and
modifications are also contemplated.

The carbon materials used herein may be derived from any of a number of sources,
including but not limited to bituminous coal, wood or cocoanut shell, inter alia. In some

instances, a powder form of carbon may be formed into a porous block using a binder to create
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Note, the block and systemare only schematically shown in FIG 1; a great
many potential alternatives may incorporate the features hereof regardless
of size, woabw/0sstsape, or manner of operation. Bl ocks hecaafS2e0ses44dot be
polygonal but may take many shapes depending upon end use. End uses may be

per sqpal ter .bott i ze bl.ocks, e of larger scales up to and/or
ot OB Ry VRV A0 ey SheEs deuf Sus e blﬁeaﬁ%bbva«gﬁ Bty Othet blecls foraravienat 1
up t Qechindyue$ ma (bkh!lﬁ'écnﬂ; WHNbEinARN HRteb®, dsTHY é‘c@ﬁ%‘i mfPession moldn#gt is noted
that the exarrp di scussed above ar€ provided for purposes illustration

and is not qt%ttb%hl@ak@@ﬂswtqm metqnuhlgsch&matld:alkytsmwnemﬁﬁﬁh hergreatamahy

dif t f I
epedt S Sn RSBl e foal v R o oo el of e o, SRPYITFi n 1 e

art whdnner efopgrition. BivdkaihereaPaédd roabe POy goRe bl hitlyi I Sma@stabbons and
sub- conbi,nati ons there is therefore intended that the follow ng

appenaRddEEineg end dsg | gﬁ‘%seﬁ &aydreinsrsonal Weenkatte sige blogks op mayde of dﬁrgml ude
|1 t
o ¢ he PR bching RESUHANL Sery O R R PR RO TR BL T8 & Al he

1. Aap‘dfpbungmldlrmdnumaml$lz¢)mnplcmmpamnse conprising: a porous bI ock having

one or o] n Luralit i nor anl nnoflbersforrred W t hin

at | east ('i)tﬁ388{38%1?%?}b Q‘R% S %Fél%éﬁ%ﬁ%e BF beqde id OF FW@O3E% ildusyrtekand

nanoi{ ndiitehdddNe b lighihg. St dthdr en¥dRTBéMs 5%8@1&195%&%9&&6 éorﬁé ﬁ?eﬁt 0”9

of : carbon, netal oxide, silicone, cellulose, and an organic po

The por oudVilerumpbgrf ﬁ?(%éplat}b@ﬁp@@is ard ehbedinients havebesnaliscusded abmzrr ganl c

?ﬁg?é@g? gf %()%li"i‘ d;?thfe%’t' Wi Ifeé&éﬂlzaetcehgl%srﬁocﬂﬁgatlons p%?mﬁéaﬂg}lsrz Ai§itiond Larae and
combinations thereof. It is therefore intended that the following appended claims and claims

hereafter introduced are interpreted to include all such modifications, permutations, additions

and sub-combinations as are within their true spirit and scope.
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4. The porous bl ock nano-fiber conposite of claim1l, wherein the inorganic
nano-fibers are at |east one of: boehmte, ganma al um na, and al pha

al um na. wB.20ls96r ous bl ock nano-fi ber conposite of clpairmsoswgaBei n t he
i norgani ¢ nano-fibers are forned using an precursor material which includes
at Ie@égﬁge of the followng: Ti02, A (OH3, A (Ac)20H, and Al (Ac) (OH) 2.
6. Th us bl ock nano-fiber conposite of claim1l, wherein the inorganic
nano-fi bers are formed using a hydrothermal process. 7. The porous bl ock
nano-fi ber conposite of claim 1l adapted for use as a filter for absorption
of atl-|4gerous hocknang-dibergarapositaaemprsinggens. 8. The porous bl ock

nano-fi bera&o?%aﬂbélghﬂﬁrgéféép or%%ﬁpéseéjncf or use as a filter for absorption

of at | east” one heavy e porous bl ock nano-fiber conposite of

claim 1, whsloeiity dhieot ganicaimocfiieadrinkd ithirhleh? 0NE &f Ui fiFefoihd pREdIRT Mal
process i ncluding: W) 2010/ 059165PCT/ US2008/ 084434 providing a

por o °¢% ock and an i norgani c precursor material in water in a process
chanber; heati ng and pressurizing the process chanber to produce a
porous bl ock nano-fiber conposite product; and i ncorporating the

por o’s Tt petous hhvsk inahefibenequumisite ofclatiud whereantha gbions bidckii®at leas ofie of:

fi Itrc%;t iognmrrteﬁi%ug\ Pl'llo. A rrﬁtg)gd fQr produci qgﬁa porous bl ock nano-fi ber
conp05|bt & RSP & ShE  Br SV EE g e 2P SFEHE BYBBK: and an i nor gani ¢ precur sor
material in water in a process chanber; and

3. The porous block nano-fiber composite of claim 1, wherein the inorganic nano-fibers are

formed from at least one of: an aluminate, titanate, and inorganic oxide.

4. The porous block nano-fiber composite of claim 1, wherein the inorganic nano-fibers are at

least one of: boehmite, gamma alumina, and alpha alumina.

5. The porous block nano-fiber composite of claim 1, wherein the inorganic nano-fibers are
formed using an precursor material which includes at least one of the following: TiO,, Al(OH);,

Al(Ac);OH, and Al(Ac)(OH),.

6. The porous block nano-fiber composite of claim 1, wherein the inorganic nano-fibers are

formed using a hydrothermal process.

7. The porous block nano-fiber composite of claim 1 adapted for use as a filter for absorption of

at least one of biologicals and pathogens.

8. The porous block nano-fiber composite of claim 1 adapted for use as a filter for absorption of

at least one heavy metal.

9. The porous block nano-fiber composite of claim 1, wherein the inorganic nano-fibers are

formed using a hydrothermal process including:
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hydr ot hermal | y produci ng a porous bl ock nano-fiber conposite product. 11.
The nmethod of claim 10, further including incorporating the porous block

nano- f i bewocormpssiése product as an active el enment as a PCirusatsosd4aedi um
12. The method of claim 10, wherein the operation of hydrothermally

produci ng | nc.Idudes at | elasl% o(ﬂe of heating and pressurizing. 13. The
met hod of RPRUEPOaRRPIarH2nchh IBErENE mpdrsormaterial inypvateR 19 Brocest ng:

car baghamtet.al oxi de, silicone, cellulose, and an organic polynmer. 14. The
met hod of claim 10, wherein the inorganic nano-fibers are formed from at

| east one hsatingand pressysizing the presessehamber th pordyan i pormis déock nbbo-fibke net hod

of clai ey the inorganic nano-fibers are at |east one of
boehrﬁ%t 0}‘8% %&%I%I{r?l na, and al pha alumna. 16. The method of claim 10,

wher ei n t hecgpenating die parbes bhlckimnatfibeeashposie @bdidiesfaal dcave Ribmeht @2a
Al ( .(FA{%&A .%ZOH, and Al (Ac)(OH)2. 17. The nethod of claim 10, wherein
heat i g’htll f)&‘ Pess chanber is to a tenperature in the range of about 125C
to about 200C. WO 2010/ 059165PCT/ US2008/ 084434 18. The net h_od of claim
10, wherein the process chanber is pressurized to a pressure in the range
of abl@utA BBthedifor prodiseing a potusdlack nado-fibecamyidsizel cinpeisaigm 10, wherein the
-fi bout 300 n2/g.
nano-Ti berpsrmplgi\fl% aapo%lys bﬁgcrkf gfl%eanaigl(e)r%ar?ifc p?‘fg)c%ystor an%(gerlng {ngw;[lt?:r 1% 2? Il)Jrocess d
chamber; and

hydrothermally producing a porous block nano-fiber composite product.

11. The method of claim 10, further including incorporating the porous block nano-fiber

composite product as an active element as a filtration medium.

12. The method of claim 10, wherein the operation of hydrothermally producing includes at least

one of heating and pressurizing.

13. The method of claim 10, wherein the porous block is one of the following: carbon, metal

oxide, silicone, cellulose, and an organic polymer.

14. The method of claim 10, wherein the inorganic nano-fibers are formed from at least one of an

aluminate, titanate, and inorganic oxide.

15. The method of claim 10, wherein the inorganic nano-fibers are at least one of boehmite,

gamma alumina, and alpha alumina.

16. The method of claim 10, wherein the precursor material is at least one of the following: TiO,,

AI(OH)3, Al(Ac),0H, and Al(Ac)(OH),.

17. The method of claim 10, wherein heating the process chamber is to a temperature in the

range of about 125°C to about 200°C.
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20. The method of claim10, wherein the nano-fibers are about 100% boehm te
according to x-ray diffraction analysis. 21. The method of claim 10,
wher ei n twe 2nawsofesber product is produced in the proceseTalsans®s44dn about
5 hours. 22. A porous block nano-fiber conposite filter for biological or
inorganic filter applications produced according to the process of claim
10. 23. The porous bl ock nano-fiber filter of claim?22 adapted for

absorist The nth@l of eagh 1ONeviRteiRithd PAIcER! chaidber RAPIROISDS to %4pres-gt]1% #OHAUS
bl ock nang-fiber filter of claim22 adapted for absorption of at |east one

heav yastodiabouts)0 pai 19 3bopht ¢psisyst em conpri sing: a flow through chanber
having an inlet and an outlet; and, a porous bl ock nano-fiber
conposite filtration nedi um di sposed within the flowthrough chanber, the
fi I t rl&t Thenwetohidurfi otainpt 0, sitiegein ahpamouEbdid Bk Dawi sugfaon eredlof ABEG ONHRYy and
a plur Ihﬁ 8f2}norganic nano-fibers formed within at | east one of the
poregog?o ﬁg Bbtous bl ock.

20. The method of claim 10, wherein the nano-fibers are about 100% boehmite according to x-

ray diffraction analysis.

21. The method of claim 10, wherein the nano-fiber product is produced in the process chamber

in about 5 hours.

22. A porous block nano-fiber composite filter for biological or inorganic filter applications

produced according to the process of claim 10.

23. The porous block nano-fiber filter of claim 22 adapted for absorption of at least one of

biologicals and pathogens.

24. The porous block nano-fiber filter of claim 22 adapted for absorption of at least one heavy

metal.

25. A filtration system comprising:
a flow-through chamber having an inlet and an outlet; and,
a porous block nano-fiber composite filtration medium disposed within the flow-through
chamber, the filtration medium comprising:
a porous block having one or more pores; and
a plurality of inorganic nano-fibers formed within at least one of the pores of the

porous block.
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