WO 2010/059165PCT/US2008/084434 POROUS BLOCK NANOFIBER COMPOSITE FILTERS
CONTRACTUAL ORIGIN The United States Government has rights in this invention under

Contract NQy REsAfaf;98G028308 between the United States Departmeiatof:Eagayiad the Alliance
for Sustainable Energy, LLC, the Manager and Operator of the National Renewable Energy

Laboratory. BACKG 5 ' g developed and used
aboratory r@?%ﬁ%ﬁ%ﬁ%ﬂﬁmﬁiW%%ﬁ%ﬁg eveloped and use

for a variety of purpoSes. nléso¥ ers have been pro aving relatively small
diameters (e.g., on the order of nano-meters) and much longer lengths, thus making such nano-scale
fibers CRIyA R&80Y reti@RHalélials. Many of these nano-scale fibers have unique properties that can

make them promising eanaidatesonamide wanos afiaprlicatiansdascipkexaqpieEliftasinn media.

Processes are available for producing nano-Scale alumina particles which can have filtration utility,

inter AROPBERAprensPRer A BRFRR P HERTDR o 1R B o AR 95 6 EA S 00 um
diameggicaily Wit apriashandingsusiaee eas NhehAREQdRBRoOBRAGMRIGEAMECan be solution

processe to produce nano-fibers of gamma and/or alpha alumina with favorable surface areas in the
range from about 200 m2/gram to as high as about 600 m2/gram, inter alia. In another example, crude
boehmitamametipetscan be produced hydrothermally and annealed to give nanotibers with similar
properties, the annealing generally causing particles to grow and the surface area to decrease.

The foregoingaaxanyite snafdhielsetdtedayt tipddimmitationg rétxtdoptive raditrsedelimtendedety (56
illustrative and npt.exclusive, Ot initat] f r rt wi ; e of skill
in the %ur]t_pt?ﬁ%sh an‘ Pel%oﬁfﬁ "of t %oggé%%%%%%%@n%bg%ﬁiégg 'ﬁ?ehc%\fg\l/\%gg% Ig\l/lﬁ,é%n\((ﬁim'leﬁe following

emboéirsens thagrdspel raieregermicnd serbelongra inpethadimedrRm BB RReT S8 dReStools and
methags fhat are megntigbg.axemnla v ankdusirativaiabipitng inS560P drdperatiogsemmpodiments,

one or more of the above-described problems have been reduced or eliminated, WhiI%Ether
embodieniearumeiaa wengifeemiprovanitntenss GleAPBRIAEIRTeBbIRY £ YRR BEFEE of the
presepibsgescribed developments may include providing a porous block nano-fiber composite product

including a porous block having ane_ or more pores and a plurality, of inorganic nanp-fibers formed
within at leadi'8FRSF tRE pBYS ?N%rﬁ?ﬁnﬂﬁﬂ%”gmg'fﬁﬁ%o@%ﬁ%?b%ﬁtgg%u‘g %@:I?%nnc? Poehmite

nano-fipessoint@iliglidnter alia. For example, spherical aluminum particles, on the order of about 25
to about 500 nm diametrically with corresponding surface areas of about 10 to about 70 m*/gram,
can be sotution processed fo 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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hi another aspect, there is provided a method for producing a porous block nano-fiber composite,
including providing a porous block and an inorganic precursor material in water in a process
chamber; and hydrothermally producing a porous block nano-fiber composite product. Another
example hereof may include a method for producing a porous block nano-fiber composite, the method

includi idi s blagk n aluminum precursor materjal in water in a process chamber;
hydrotﬁg?%gﬁé%l pﬁ%&eg%é?% p&()gllrcﬁfs‘g t:%gé%en%ﬁeé?}%%ra SMPOSItE. %(%gtlr}gﬁ Hﬁ%@eﬁagigqﬁﬁ%}’%dreated hereby
may béehplehmitss Oyenpodsibtepidug rsprsonsdydnk nate taniumxisie: @HOR)cotrithnrimgde similarly

proce ?Qufbf&'&%%ﬂ! natiy g@]& IBEIW annealing, as in agnealing baehmite to gamma
or aIpE% alumina eper%’ng or???rﬁ? eratu%ljeayi\ sti f??’tk%}na%%#]uactil\lﬁémr}ngy?ﬁcﬁgg%%%lgraa%ﬂng the
porousBibeRRibeMsErE ool dhenakainalutdve ckehsornasua tiltretiendrheehnite ndmanother

aspectibereqisHigvided a porous block nano-fiber composite filter for biological or inorganic filter
applications produced according to the process as described herein. In yet another aspect, there is

provided a filtretiothsy steentinblueingraiow-thretghl chambiichavingand Wt RAGBELEet; and, a
porou%(grl}%%léi{éa&%ﬂ@%r composite filtration medium disposed within the flow-through chamber, the
filtration medium inclu %19 a porous block having one or.more_pores; and a plurality of inorganic
nano-fibers forenatingitpnratiedstionadofitwopores pfthesponeusrilbickwater in a process

chamber; and

hydrothermally producing a porous block nano-fiber composite product.

Another example hereof may include a method for producing a porous block nano-fiber
composite, the method including providing a porous block and an aluminum precursor material
in water in a process chamber; hydrothermally producing a porous block nano-fiber composite
product. The basic fiber created hereby may be bochmite. Other possible precursors may
inchude titandum oxide (Ti0,) or iron oxide similariy processed. A further alternative example may
include - annealing, as in annealing boehmite to gamma or alpha alumina depending on
temperature. A still further alternative may include incorporating the porous block nano-fiber

composite product as an active element as a filtration medium.

In another aspect, there is provided a porous block nano-fiber composite filter for
biological or inorganic filter applications produced according to the process as described herein.
In yet another aspect, there is provided a filtration system including
a fiow-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 including
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.

In addition to the exemplary aspects and embodiments described above, further
aspects and embodiments will become apparent by reference to the drawings and by study

of the following descriptions.



In addition to the exemplary aspects and embodiments described above, further aspects and
embodiments will become apparent by reference to the drawings and by study of the following
descriptions. BRIEF DESCRIPTION OF DRAWINGS Exemplary embodiments are illustrated in
referenced figures of the drawings. It is intended that the embodiments and figures disclosed herein
are to be considered illustrative rather than limiting. FIG. | 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 highli hti&one or more schematically represented pores thereof; FIG. 3 is a schematic

view SO IEtERIBIUS IR RANS ISP composite; FIG. 4 is a flow chart of a method; FIG. 5 is an
X-ray diffraciQnXRE cpiefiimehanexamnpladeraqbtiG b WQiEQsiBP{HQ%%\%FQ?ﬁR fgs. 6A and 6B,

provides scanning electron micrograph (SEM) images of an example hereof;, WO
2010 ,mg,g@xr REd 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 1s a flow chart of a method;

FIG. 5 1s 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;
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FIG. 7, which includes sub-part Figs. 7A, 7B and 7C, provides scanning electron micrograph (SEM)
images of another example hereof; FIG. 8 is an X-ray diffraction (XRD) characterization of a further

example heggehsHlfmsePsavhich includes sub-part Figs. 9A and 9B, providesanspissigelectron
microscopy (TEM) images of still further examples hereof; FIG. 10 provides a still further transmission

electr iCrosco M) image of a still further example_hereof; FIG. 11 provides yet another
transr%%(gi]oi’l ‘é’?@ﬁﬁgﬁgﬁﬁ?ﬁ' GW(%EKII) ﬁni&@%ﬁ%ﬁ’é‘h‘&ﬁ?&ﬁ%&m&élﬁﬁeaﬁ%agf%. 12 provides

X-ray (iifsitiongeeRbDyschaseatiiipiedierstdnotubes and anatase TiO2 nanorods. DETAILED
DESCrBE:T ON ., Presented he stems aratuses, composjtions and/or methods of
manufac Urée%%g{er dsl%rr:@ W Onﬁ[‘?r%gé aYaracter%%gaﬁBl ot anis S’e%"oéﬂéi& B

ereof whic ve nano-fiber materl Of of formed within the pores
of a pdiléusS biduokitanphedid evbrpa igsrd AempbBiterprothsatsnyhickicanlbarusediasditipy media

presewE%%ggégrggiQmqﬂgﬁgf%%ﬁg%}?eﬁﬁgfparticuIarly in some implementations, provided here are

non-organic nano-fibers, e.g. o e substances, including as one specific example,
boehrﬁgﬁ@-(w_mmmyﬁ@rﬁv&fﬂﬁthﬁé%mieﬂi@lm@mmimmmﬂz&mme@aiﬁmweporous
carbopy andipiReesses for the fabrication or use thereof. Exemplary nano-fiber porous block
compoasitions and methods of production and use thereof may be better understood with reference to

the Figlied AREPHERIRMINMGE BeRBBG ORI gH RS AUt B K EENM I SRp Bsa of ARbire BitE rative

porous:ingks haepfosganic nano-fibers and production methods may be used. Referring first to
FIG. own is a generali %de icti f.a flow-through filtration system 10 to_or for which the
develjcfplr%n]‘er%%nf?grlé% m’é%tyéig 681?818 @%@%&‘f%ﬁoﬁ’ AP RRY RS ARAHAASH M 10 may include a
porouszﬂ?ratloh 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 ndalyToelIdtie ERCRIRATAOMlet 102 (see e.g., the inlet flow arrows), then flow through the porous

filter block 1(1'%3&&%9 @%%99#&%%&9%%%‘@? s,a&qn%

éié-yigl ]D;he tlet Jf Sdgm,{llet fl rrows). In
many examples according to the present developments hlerneoaf?(?#er%? s W%ténravr\l}l%f%rée or more

contarip el whistitealve panfitiéhedrastedto Aenositbqror frsfitd vilbik thoptreoofNote, the block
and syl I6RNIY st DRINGHE AN ROWSHAJRHE plodiarh ANy, RRIe AL SHRLPAIVE,3

presenting good filtration characteristics. More particularly in some implementations, provided
here are non-organic nano-fibers, e.g. of alumina or like substances, including as one specific
example, boehmite (Al(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 atternative 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 14 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 119,
modified as described herebelow. Block 100 or 116 may be disposed as shown within a flow-
through chamber 161 of system 18. In such a system 16, a fluid may be introduced via an
inlet 102 (see ¢.g., the inlet flow arrows), then flow through the porous filter block 106 or 110
(dashed line flow arrows) and exit vié 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 $86/110. Note, the block and
system are only schematically shown in FIG. 1; a great many potential alternative
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WO 2010/059165PCT/US2008/084434 implementations not constricted by the physical form of FIG. 1
may incorporate one or more features hereof regardless of size, scale, shape, or manner of operation.

FIG. 2 presgnis:q énQigsgetailed schematic of a block 100 with a number gf-pares#Aikayhich, by
modification as described herein, and in moving from the upper view to the lower view of FIG. 2A,

result in a modified block 110.havi odified pare str es 210 which e fibers grown

theretf! mg}ggﬁrggaig%?ﬁgggﬁe‘%gwbapnygécr%?fé vi{é%/v%%#(’;s%’ﬁ%rﬁigﬁ B%Qr%é ggggﬁjnr%)%lo is shown in

FIG. 2Biwith lscruihbeadiasant dive w4, 1stipposethahereniiiniatid. 3 then provides a schematic

functional vigy ™y which & fiane!did 30012, SARWBAISIACI S A0 KBNS BAALawiere it contacts
u

one or more nanoAibers as well as the substrate material 250. In examples such as water filtering
throughishpdrousdfidatinbrscicsssibed fomtitnanbie BeRDLERIN OBt YEHERRPWAth the carbon

can *@ga Ia#mﬁﬂ%s&%%&&a\ﬁ@d vithiaggitional benefits providad bytheanmfibaisvdvore

speci y, the carbon can remove some contaminants or impurities, e.g., ndegjﬁrable organics and/or

SomEneRenFEIsEs BTONB HEIHS UUBRISAN JRHETBF L R RimindR2#adled X1V A RITEPSBRTED RS the

nanoihershempl additionattanetionality mabbesiound-inthe funhemeabratekintogical pathogens,
e.g., viruses or bacteria, or other particulates, organjc or inorganic, ot foxic elements such as heavy
Rt IS R Ble 1

metaf® then prRYdst e s HRe IRaR AT %50 Pthé o FISY 35y iternatively
repregeNtad Optes PosoMseracmbrandswib e nese-finer Strerstlte growh ks the snbstiaieof a pore thereof,

Thus, the pqre within the porous substrate hereof may be a pore within within a
Mo R e e AR R R
porousdredetiihbelonagyaisebef dsedaidthvatpdrovarbloctes hsstratessditheltefmcksalmpiensuch a
membrane may serye to.contain,t o-fiber | O.fQrbe
nano-‘ﬁberasc.fndﬁg{()elha‘:}1 t%%n%éﬁo%rg gf(l)ecaforgzlget %Qrzg éa%iiﬁ%%ﬁ%?g%%?gﬁg&?g gg%‘%% eexample, the
carbospueseriteihars; with rusEcardzattmoasirahl e sraics ARLRY SRIpR SEENRHBIN MEIBBINSS of the
porous blagk:and,2 HidiBibMIS R ARCHEMAl AHIGIREEUT MeMPIAMASRRIAaIgbvely having

nano-fibers formed within the pores thereo Exemplary porous block nano-fiber composite products

may Henstsuabisoreayibadivnd indhe BRESTITRIAPIHNE MENEEB PR 8o GSbISERNAAD-fiber composite
110 may:be.preducedhyicitest yvidmharmabsiuntbesischo anadiie s dsinehe presnce of an as yet
un-modified porous block 100. A precursor material may be provi in solution. in_a_ suitable reaction
vessel (also f@f’e??‘é"cﬂ%l a%bamﬂfo%?%haﬁ%@éﬁm&%%ﬁ&g% %ﬂ@l%&%ﬁge&ggggbcham ber may
then bepheaipdapetdrpssurizachibrayathabizananitibensvvhicigiosm ionigrovetiondhe pucous block in
WO 2010/059165PCT/US2008/084434 the process.chamber to produc ro no-fiber
compbkite’ 'ro—%ulc?t FEC! %lr%%ﬁ 65 A Ssslfl)lrr%?%grfl %?é%r?o?lgﬂgﬁp%%gr%c%gg? 'E%%%%%%E’g%oo, in
whichca fifeiiiste paooperatioamk) o @olubdbembtain.ingith@'.pmdbmnk;ﬁﬂ?érﬁém Krapedr operation 402
'“.VO'VH%& theformationat ¢ %o’&%“ﬁ?éﬂ%?f&g%ﬁ%?9[&?8&%%5'%&%‘ BRhRNERRIG.0LHHEG RYreue substrate.
Direct yarofherma?syntﬁ85|s of nano-fibers 211 may include providing an aluminum precursor
materfat waicipin aydbe sotorteth & oY AROEHIB coNRE) Do raperd PrAE] domeon AN S eRifiple described

further helowR8aBMile MmAY.Re10e pienal phibgmang flogra.sunbrsizediusingiannl(OH)3

pre-cursor with water heated to a temperature of about 200C for a time Period of about 5 h (five hours)

to proeititeustips iRkt SrEP AR HESATERE BRreh & 1Ho Aotrs YIS IR ORABPWRET one or more

pores $hekeof withihhis: pireess iscHighlys srradusiblenaack i moinaalegyrahtioatte puliing product
may be particularly advantageous for use as the actjve element irt}?or directly as filtration media. For

exam FIEIRIEHER A I BRLSER J B4R HRAISHIPR B & AR RS ¥E&H9fon other porous
materials as myeiniglproshioasanbanascbeabepositpdiiraonimedianyittis potea dias fibdodarniing
reactions which are not, necessarily.hydrothermal in nature may alsa be.imple t swhere fiber
growﬁ%%ﬁlgﬂﬁ%fégéﬁq}??ﬁ%lﬁ%rg?@ fﬁgsb[)algcel%la g'r?é °r cOffore %aﬁtkl@u %@gkéasur‘g% diameters
(averafjie@imjratichoversthaspect fatioofdiberadé 10 giestpof tHamanpetivarsadiditdrpraisrface area
of the nanosfihers as well as the underiv 3 hlackprovids a.eomeiihiatisepndygive for use
in filtré%%%. fq% aid%iﬁg)%c,u Re abi |%r/ﬁ(1)lf%ti%y ﬁ%gﬁgﬁi@grs and the plorous block nanlo-fiber coprfposite to
contactfrselution asthcasswhtarberiabish the pranes fibers HiH thee popsess ShserbsaAsXiBSPcomposite
to reagiiy, gt 4%,/ WeLmediup Jheaencineinancian dheper 61s black apne fbrusemaesite collect
contaminants or inpurities from the fluid flowing in contact therewith to thus provide efficient removal
for the filter medium. The flowing of fluid in contagt with the porous block and/or nano-fibers is shown
as a step or operation 403 in FIG. 4 (though the dashed line connection demonstrates discrete
operability thereof relative to the fabrication operations 401 and 402). The nano-fibers do not
agglomerate on/within the pores of the porous block and instead promote matrix and scaffolding
structures which are more conducive to filtration applications.



The nano-fiber filters may be used for a wide variety of filtration applications. For example, the
alumina, and particularly the boehmite-phase, properties of the nano-fibers and the porous block

nano-fiber eEpasiaAid in the removal of biologicals and heavy metals as-gasesiheskiysther below.
Boehmite has a demonstrated chemical affinity for viruses and heavy metals. The large surface areas

of the nano-fibers %r%ﬁ)the porous block narﬁ%-?fiber composite may also be well-suited for filtering

pathod&hlrocess (hamper i BartSRGRBIEsReYorsRe BisEicomRetp e ddSte 190 may be

produgesihigdiyduatheimalesynthasis Ofnans: e SkisindlE P QIerce Hisaasors iRtk 00 with
additi%I .anld/ ra rnativ%ahelement%'1 fol‘r: ample with active eler%qen.ts,éuch as 'I%|02, Fe203, ZnO, or
JANIC oXides, ete., & i E§1ee RENRBET RTALO8rY) Provhidimg Bh BIMAHm precursor

other inorganic oxides, etc., € Dedadd it _ _
material thewater fivith drageafiuntsidiiNHA2SO piilee Addiponalandionaliernative active elements
may serve t o] dug - e filter %%irectl .or: by photo:oxidatign ar redl_Jctlon. _

Examples o??ﬁ%%?n%%{gmerﬁs@ agr%%l‘%%é% |gc%t[§g§ efgﬁ\%);/mdugg}?ﬁ?rvé%ﬁ@eﬁl or boehimite alumina

exampIEsuHRY Blasmalire st be redeeied fraay HEElectdtrATAl@H)I( A ER) RO HNamnd
AlACKQAZ duct:ILaUAR A BIGRL ISR RISCHESAE AGHIRIINAY b pIRKed gianfar form. The

process,chamber may be heated for the reaction to take place, typically, heated in the range of about
125C 15880t 20O oP TGS Bpiche g cubits 4P ripwantig e ke e s iAdomnEmrasaisd chamber
may aiatepsesgirizeshriypicaibduethesanas Bf RERsESIRIRSIHO AROYbA MLRRIGRUISNAR exemplary
procegs ma produce a porous block n%{;%%er composite product, the nano-fiber formation being
descr%ggfsb‘ineoﬁlﬁlf%ﬁ ?& LEEAS T plementation in which the precursor material includes
Al(OH)2Ac. (Thisl(didyRsNs hidhhtesiiNH4)BRE A rrcaporphanfibers iandyenaied thaf the balanced
chemi -rqﬁg%éi i c.= A1(0)OH +.HAc. Note, with,an additional annealing gperation (see
e.g., é%%{/(\:/),t g %%égﬁ!ré%ég)ég it be ?nga eatglgiﬁ%ﬁ?eeﬁ%énaoéﬁgﬁﬁﬁeyiﬁsp%%gtel rrlol}}ne#fgelﬁ ite to gamma
alumigsanplexadeldoittonirsnisgyds shovd in eqvatienmihp-(DAGIRH tyganthe: A263+ H20 And,

as maydeadiy-be.apaaeoblic procespRRIEA: Mk agt IRgele e eg ol Al d%‘fgjg,ggit a “clean’

process for producing nano-fibers 211. In addition, the nano-fibers may readily egate from
one affSHERsNE tdee Ao hRagersallly e wibpanabie natare slatiols ¢ehg inwkegnted, ¢.g, where
fiber growth can be nucleated in the pores of the base material.
More particularly, the small diameters (average 2nm} and overall aspect ratio (average
160's of nm) of the nano-fibers and large surface area of the nano-fibers as well as the underlying
porous block provide a geometry that is conducive for use in filtration. In addition, the ability of
the nano-fibers and the porous block nano-fiber composite to contact a solution, such as water,
enables the nano-fibers and the porous block nano-fiber composite to readily act as a filter
medium. The nano-fibers and/or the porous block nano-fiber composite collect contaminants or
impurities from the fluid flowing in contact therewith to thus provide efficient removal for the
filter medium. The flowing of fluid in contact with the porous block and/or nano-fibers is shown
as a step or operation 403 in FIG. 4 (though the dashed line connection demonstrates discrete
operability thereof relative to the fabrication operations 461 and 402). The nano-fibers do not
agglomerate on/within the pores of the porous block and instead promote matrix and scaffolding
structures which are more conducive to filtration applications.
The nano-fiber filters may be used for a wide variety of filtration applications. For
example, the alumina, and particularly the boehmite-phase, properties of the nano-fibers and the
porous block nano-fiber composite aid in the removal of biologicals and heavy metals as

described further below. Boehmite has a demonstrated chemical affinity for viruses and heavy
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WO 2010/059165PCT/US2008/084434 though here are readily nucleated or attached to and/or within
the pores of the porous block substrate 100. It may also be understood that any suitable process

chamber mgy s Ripvigded with which the temperature and pressure may %ﬁ%%%%%%?g described

herein. According to one implementation, the process chamber may be a Parr “i 300 ml
Pressure Reaf or or a Parr Model 4642 2L Pressure Reactor. However, other process chambers now

knowrT 57 35te ! BRlARs Rt ATE 3R eb e AMBRiBkrEsendithy Boteatiblook usechBhenitmpobierein.  The
nano-fileralzd bepretiuced desofitinenioptiropesgto may be analyzed using any of a variety of
well-known tﬁgg&iqru.es, 1such as x-ra%ééjiffraction. X-ray diffraction (XRD) is commonly used for
examining the CompoeR-YEaMs. B PYeUs 96k naner Bhea oamperitn Al fheay leperadigedtomic
structtiehwinithecaabeytibesisayfaiuns Gbtterxn difftechrilaccatiepne us yscansiiugtively interfere
with opg.angther 1o U@rqgu e dhjfracti n tbeam. The data is. typically represented as a series of

Cicments,

diffraction patterns, which can be compargﬁeff)%edw & %ﬂﬁ@ﬁ?ﬁso?mﬁﬁmgﬁé&z The alumina
nano-fi5éh preditinenppiroeiides stccordingdedthetheetitad St reafrareoa b wkdABkLheehmite, as

determingshy % ffract -fi roduct 21 urther processed tq the gamma
phase of aluﬁégﬁﬁga%%&%gﬁ&ﬁh?nﬂ%%%g) gnllr?u&?l% o @?ﬁ% |ﬁ1§§ﬁ1§%§1{?&"’§ #BS¥ous block

nano-AbEREEYRFELITE Proetmis MRy FRESF begridiscd wluinglthe:sirithbsiglaf thelinanb:ibers 211, by
providingtthexasyet brrsaneifisd pRrsiRIork 10QinHeRIacess 3%%&%&%%%18@9%55 may be

described acfgording to one implementation by equation (3), below. c + Water +

(NH4)2504 {H2BEPIUSeS dro RO Bhatie elmipastamiles i Abaniaime it ehisanpiériehtatiobe the

nano-filers:@ fibaraIOHNReralAl) soHaB@NY A @SR PO IRk JA0rdasicad Higsporous block
100 sgrys s85.8 r%f%tc)ipium.gn which tr})e lr}ano-f' ers 211 "grow" or crystallize during synthesis to
o-Ti

produce the na eor gbr%%%)nsﬁg%lll ERYTD. PIERERSSH;, hmbsh8uinRrhoatedyon dheoreretisdrous block

100 disritalesyincaesisiovitho begerhipramising tfeboarhslogy essedimiy shesifase.arga of the

nano-fie : Sur ndgrstood that the a porous block 100 may include any suitable
@fgl.]';nneallﬁ gﬁéﬁ% gpggegglm% € proces th&m may é‘j??el!%

porous material, including for éxample, carbonh, metal oXides, & ¢ BEifIBEE Gridpdrediganic
polyni8rdidangerel shpradfensi rrebioetibh) ok salkmiratbrporaupl nlp pkoloS s noplimiiedato any WO

20L0RSERCERET 3008/ 084434 apiaular msitnd and AN pS pleduced i ey suitable manner, as
e

may be well-understood by those skilled in fne_art. Note also that no paﬁlcuﬁ%ﬁl Size or shape of block
or othEFaHBL BRI CRSMRIEM LN iRat hirh Bis aksHsubstrdtsizhatgridéhave one or more
poresAl(OH)Ac.

(H Al(OH)»Ac + Water + (NH4);804 (trace) = nano-fibers

It may be noted that the balanced chemical reaction is AlOHpAc = AOYOH + 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):

(2) AlOOH = gamma-Al;03+ H>0

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),



A porous block nano-fiber composite product 110 produced according to the teachings hereof may
also be analyzed using any of a variety of well-known techniques, such as x-ray diffraction, as briefly
discussed apgvifoeeigyosite 110 produced according to the methods hgreof; gk inglige nano-fibers
of about 100% boehmite, as shown in the x-ray diffraction profile of FIG. 5. The nano-fibers of the

compgsite 110 may be further processed tq the gamma alumina phase, as discussed above. Following
produ?:}t?f())'f‘ig,%tﬁ(%mnglr)méor-‘?laé%1 C%}%%%%ﬁ%ﬁé%‘%g?%@ ﬁﬂ?@éf@ﬂgﬁhﬁ@&ﬂ{ﬁsﬁf@ﬁ&%ﬁ Rleckh the range of

about 258Gt UBOC to provide the highest nano-fiber product surface area (i.e., about 500-650 m2/g),

although it is e ositions.hereof be limited to any particular range of
temperaturesl?ﬁll%stpeg?%?f%ﬁg%gE%Ogr?gﬂépr%ngysag%@F&fﬁ%e&sz FWRGRWEKX’AJ@HB’% M@d’&%’%‘r aspect
ratio. the FEOSrEwRaT areshwsgosyoiicentamiloditedgsondag biock compodite mwajagials produced
accor%&%%%?&&@&%wm%m%ﬂgm 13ksn By a;5eanning electron microscope in
a process enerically referred to as scanning electron microscopy ({élg?/%?sﬂlérls r%%&%%e%n in the
SEM aag¥8 i 4rated-iRristie B eitan dmyete. chapprsitesictknikesinaiudessmpiulatity of
nano-fibeste seyshallizac witbinhe. pases RLARAIGUISHRARRIGGK: £13. 64 being an SEM image of a

commercial g.grbon block before boehmite growth, FIG. 6B being an SEM image of the same
commercial CARHGRBIBRRS AL BERShiTtLagratHRS SrihedisrcthensE e prelyeedinsRigumssofA, 7B and 7C
show thgatanbiibkporaLis ditickegmpasita ingludingdrsno-Nnarssmstalizes Rp pRrous carbon
bIocksc(pnz%ll\l/,iingI Iarg%rﬁore sizes th%n the FIG. .6 e%ﬁées; FIG. 7A being an SEM'image of a larger
pore commercial carbon BIock befdfe BEERMHES SERSTEHS BGIHRF AT SRV RRgle beviesame
largeragepeatiog aterdiatiteshun bibish afterchibehmite grevitherandiifiaet’ GhelogRpatherSEM image of
the same mmeargi n_block after bgehmite growth, EJG..7C being of higher
magnificaﬂ%{ﬁwegp{l%ﬁg-ﬁbergﬁzgﬁé %%%%ﬁéé%parg%g?gﬁlél o%ﬁ%otge %%gli TS RIge Y pically very
small §iEATeHETd {& scrcerd géanpirprtieionvibi theialdrgtbmghriagtthémdiifhosspaciratios.
Accorglinglythissteigiie MRrphelagySoni ith.high.s reas make the nanp-fiber porous
block composite product 110 condugggq‘g%z%}glg&mgrgﬁ ;iagg%i%c%%eonas(fcﬁ)ﬁ%ﬁﬁﬁn%t iftr4 rl%gr?.ygn addition,
the bOSFRE DM Hkehesheitnasdetarmingy bisorer Hifftsibe. bideotive ditheadyarztal filtration
capabitity iof meh@fqﬂmsa@dde&ﬁﬂlgﬁ&&ﬁ%%@%%%?%%&%@%%%%%
0

%0%&?%134 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
implementafioothénrieduetdi ragyRes ebdilyineomerales asfiller smediaiyithi adiltration system,
such ystem 10 of FIG. 1. The nano-fibers and/or. nano-fiber composite 110 provide
desirﬂ?? ggrgeerél (c)?\l/lglnghjfg?ascyt%tlr}}g %s#gp ?hnea?ﬁfep Bﬁ{ 2 aﬁlby PIREiRR e AiornBisagdified awrens
chardeshistfinfiiveremass ihenb2d 1Sanh mpiposssisibidekdeandbib aceampesitenkl0 make the

prOdL{ﬁ{ﬁlgﬁgﬁ%fb@rﬂg%@gg{ﬁﬂi?ﬁgeﬁ%(?ﬁ potential large range of filtration applications including, but

not limited to, both ait 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 hidﬁ)surfﬁéé(}ﬂé&"ﬁoﬁ\)%@ﬁfvh@é@hﬁ@{@tmgé’rﬁsmmsaﬁhekes moakpngjthesecdrbducts
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 bSSRIHE R i IRYEIRlRsRIRtiRPp ot Bate-dilire Hdsudeeonbedhorsirfalighmistdndt aarbon

blockpetthstiatelppses ButthaERRcRk BICRDLES LA T BRIA G Ao The VilHS-Fring Space Flow

Velogj m/sge : . .
(ilpi (E:growQ c)r crystallize during synthesis to produce the nano-fiber composite block 116.

Preferably, the nano-fibers 211 bond to the porous block 160 during synthesis without
compromising the morphology or reducing the surface area of the nano-fibers 211.

It may further be understood that the a porous block 100 may include any suitable porous
material, including for example, carbon, metal oxides, silicones, cellulose and/or organic

polymers to name only a few. P;oduction of a substrate porous block 100 is not limited to any
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Capacity to Absorb Virus-size Particles (units/cm2) Susceptibility to Clogging Susceptibility to If’oint
Defects > log 7 1.6 1.2x 10'3 (before penetration) low no Initial studies were conducted using

other filter SysfiaigsJneluding 20-70 wt% boehmite nano-fibers and rangigg #sRapeHs4-0 mm to 1.5
mm thick. Bacterial viruses (bacteriophase) PRD-1 and MS-2 (surrogates for human viruses) were

d to study the attenuation of viruges hy such filters. Removal efficiencies were greater than
53?9950@‘3 olCJ e I?%gof? n%uénﬁ?’o%ﬁ r?6?§ eﬁn‘ﬂ UK SPLFRIPARAEIIEERS SREUBR Walhaumiserood Byas these may

be usdwbsvithital mmuarbld@ktaalm-ﬂiaeh@@mﬁaﬁ'ﬁes}%@dﬂehéﬂe%ﬂﬂ@dﬁ@k%ﬂl@ﬁ%@t&@@ds\7\%30f

artic . Suitable.for. filtering he etals via metal ion chemisorption. Boehrnite nano-
2010/%15%%%%1% BE900815 4%%ergc%(r)rrnsélaé’%rf%rglgé%%{s{%m bffike BfgS&AScribed herein and
used in heavy paetas hiteokrneaneai iachodeastiophndite: M@tmﬂpoﬂb{tmﬁr@e&m&néﬁemﬂg@p sytrkl]nge
filter ' ' - oehmite pana-fibers in water (10 ml) and passing the
dis,pe?{s_%?rgl31 ﬁ%?%%éirglﬁsr%eﬁfuei?Z%%]‘é%lgék?gg\?ypﬁn‘?t}éf !t%r];: vveglsﬁfgg}[né%t%éuﬁlsq% Siiifilxio Femote the following
heavyifétalionz credly disguitas 1ep: |daep(PsitobHbpi@ured oleb ¢adingatndtsilvethiy) from water.
The ragrlts ShiNRIRRIS iR SHEWH IR 681G GhRVOWimite, as shown in the x-ray diffraction

profile of FIG. 5. The nano-fibers of the composite 110 may be further processed to the gamma
alumina phase, as discussed above. Following production, the nano-fiber composite 10 may 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 bochmite
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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TABLE 2 Zn Cd Pb Cu Au Ag Metal in untreated water (mg/L) 50 35 35

WO 2016/039165 PCT/US2008/084434

In addition, the nano-fibers 211 and porous block nano-fiber composite 116 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 118 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 biocactive 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 (em/sec) 1.6
Capacity to Absorb Virus-size Particles (units/em®)  [1.2x 10" (before penetration)
Susceptibility to Clogging low
Suseeptibility to Point Defects 1o

Initia] studies were conducted using other filter substrates inclnding 20-70 wt% boehmite
nano-fibers and ranging from about 1.0 mum 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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351 1 Metal in treated water (mg/L) 0.001 0.001 0.001 0.001 0.001 0.001 Removal Efficiency CYO
99.998
WO 2010/039165 PCT/US2608/084434

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 10,001 ©0.001 0.001 0.001 [0.001
Removal Efficiency (%) 99.968 ©9.967 [09.997 1©99.997 999 1999

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 118 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

10



99.997 99.997 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 pyediagisedsh@sn or as heavy-metal filters, such filters being usaklg taf-gsipkdngvater

treatment and industrial waste water treatment, among other applications. Thus, the nanolfibecgl
filter orblolo ical.and/ r|no anlc filtering applications by mechanical and/or
chemblIl %);eg?ptloncgnt or eFec’tros?égﬂc SFaltion n% fr’ﬁs?ﬂsm)gcha% ASEPRf It ePRpirdlents a

comp%&lﬁmmm%@ruetm@mhmmmﬁﬁmﬁm@ ahgepioralepecific @m&rsaga;dxg adctI) itign,
nano r. fil oW con |t|ons In other mbo ent, the adsorbe
mate;?gg iriéag%l} uted }H@ Hgﬁgrﬁ% %éﬂ%?ﬂgfe%h yase fitter 1 r%aterlgfuﬁ 5x‘éIFHBT§ at’f‘fi porous
block CH?&W péHiaHced in the composite filter product form, in a particular example, the standard

porous blockieing.affective-{gr filtsatign %@é@%@%%ﬁ&%kgg a760hand, n@t?s&o{ idiym (&9,

cryptospgridium organisms (protozoa) form protective ousts between 4 *to'7 MICrons in Size: giardia are

also iARRE TGRSO BoryRtichimelghay river: eedeshe el manibeorrsthisifdtethdoe mowystg allowing
the orglanismaiopaivive m&a@@ thedoshnehibahdshinR WHBIErCRISS ARNRIGLEETS hem,goainst

dlsmfectlgn methods such Il)gr tion or ultra-viglet radlatlon) However, the actual nonoocyst
FS

bactet r%‘?ﬂf?‘é‘r‘i’%?nﬁn%l}o 2.0 psrd RS T diatisre b ltighieuehbslewimals or

2010/@5@1@5«5@6&[/@@%&8@8@4&%%ﬁgbecfagmm@p@ﬁeaay@ Raensize ok e.suhitatle to much

smaller and hemi aI act|V|t to capture not the oocysts.capable, of being trapped by
conventional %rcl)argijs %? ks, n&ﬁ o afiseapiirgt 5XB%10 8§|§ BFSAEHATES the iR W‘E?I as much

smallériitises randuiatmids copeadinEntsi56.1, U.S. Department of Energy, Publication 456.1).
Other exemplary applications may include air or other gas filters. Yet other filtration
applications are also contemplated as being within the scope hereof, as will become readily
apparent to one skilled in the art after having become familiar with the teachings hereof,

Among the still other applications intended to be within the scope of the present
compositions are, for example, the nano-fibers 211 and/or composite blocks 110 produced
according to the processes described herein which may be used with absorption pads (e.g., for
medical detection kits), and concentration/scavenging of biological agents (including

bioterrorism weapons), to name just a few.

Example 1
In this example, the precursor material included laboratory grade granular Al(OH); of a

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 m! water
heated to a temperature of about 200 C for a time period of about 5 b (five hours) to produce
substantially white solid nano-fibers on a commerciatly 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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The products hereof are not limited to bioactive and/or heavy metal water filtration applications. In
another implementation, a product hereof may be used in filters for removing ultra small particles
released frogysalygms skich as alcohols, esters, and ketones. In other img@%%@%hﬂ product
hereof may be used for the filtration of high-purity chemicals or water used in electronics
manufacturing. A further new application may be in the filtering out of nanomaterials, whether
inorganic, org%l‘ﬁcWBtﬁE%is@r(’gg%réqgoﬁéﬂéaﬁngf%r@@ﬁﬁbowmemmmhsiaomaiﬁrials; as
per DQERdhS ledirfglRerniine ol raraRublicalionAR6ris Qtherexamplany appliations may
includ%ﬁ}e&i{1 Ofd?)@e}goge%a}ﬁlters rﬁe& other filtration applications are also gontemplateé asjf)elng within
the scope heredf, 38 5 &ag rBRAN AR AEREt RO ERIMRY 38 i Agt biftBER-analy beBme familiar

with thexeathing srerebt confiadng the isiibaiherprlicationseisndatiia b reithinghe seppe of the
presegltsgqmﬁlsaig&qssggﬁ,;sor gg(gr%?glqﬁlt e nanogri?ers 211 and/or composite blocks 110 produced
according to the processes detchibed ee_rg’ﬁ?Whi mgﬁ%?%@l&"\xﬁﬂ‘?@ IrEGH palkrd e gndror
medicafteiateetispind)r dns congdneatisnysavensingiof bilegicakagents (including bioterrorism
weapons), to name just a few. Example 1 In this example, the precursor material included
laboratory grade granular Al(OH)3 of a type that is readily commercially available from a wide range of
suppliers. In this example, boehrnite nano-fidiiannded synthesized using about 25.5 g Al(OH)3 with
about 200 miyvalrReaiee (e Samassale.LRhRH AL Gh ok A sRetind ofghoul o b (fve hours)
to pro%iﬁﬁwbﬁ%tamlalléwhlte solid nano-fibers on-a commercially available porous ca boh Substrate
block O SFWithird RS FMhisresble samenstsialheavaiisble Sisstratadsiovies edreimpéieny. Aaitbon rings,
1.5 inchaiphagtie % kmnineh-thickinatenasingadussthabove Lheep Roseus ? 'R%bﬁ)?%ﬁhape
depenadb%npza'(gg} process chamber was maintained at a total pressure of about 150 psi (gauge). The
process chamber was maintaingd ST EBFAE 0ERAL: Hr&attion et peradif ahkesedtntited to be
abouthkBoC. herreactionbesuitied in whitpradiictinnofibbeubl %0 @ahnaaariPertoidhe irduct was
dried hours.. WO 2010/059165PCT/US2008/084111 . The nano-fibers produced
accorcglIIligr%kﬁt%!:%hgi’éP %gaér%%% vgrgffredgrrl%?f}% r&éir%eg?-or%y liie tadeiss tg%?élﬁi&l?égf‘ﬂri}é‘?fﬁ%f&&ﬁﬁéél above
and sFyReRikFstEBeRe tharp-fiseioindiidrdbaboutgtDD% ince dimiter ant el achanRiaosi gurface
area @f 282G ' -fibers, were also, gonfi to the porous carbon
block, tlr?ebrg%; e%nabling %ﬁ‘%ﬁ%@ge%ﬁlé%ﬁ} l_ljas%ln t?agigﬁ?\giﬁ:shg%’?vﬁasa r(ljﬁgs?((:gribed above. As
introduced abdv&rSER Sfasersralamghfies wodaysiagrfor fhiboexdifplesaréishmorein
respecivatelGestuang &R, £585WI08°C anliRis.cxam [majeral include
substfi\%i@élyo,@g? same laboratory grade A|(OE|1§§QO§?3 typg %%qalgt%%gjﬁ?gg%n%ﬁé%Igea%/gé)l}]gble from a
wide rang USRREPE. Wil oaethipiarareh e Hiitaarasbiebabs uté rboagain kighthesizatiusing about

25.5 ghal@id)Btivithodbdoti200 mbotateiheRied i astermperaltis afabet 200 Goraimegeriod of

about%%g EV\% h%rsat ro r}3st ntially white solid nano-fibers on a commercially porous
carbon substrate of of Wi Fg%@l%ea%j il rléOB tes thereof The porous block material hereof included

carbon baselitaneriats fhecemaiss toprodicedrimonrmings,c i inshrdiameteraX-0,5dnelithickwith larger
pore : t .Example 1,see Figs.,7A, 7B and 7C The process chamber
was rﬁ%ﬁ%d%%%ﬁ p%?e%@ r'%eg%gl‘I égb%?ﬁ% Esﬁe 'Fﬁ%gb%rig ce:regg%ﬁ%srﬁ%é?%‘?ﬁ%ﬁ%ih@é/ ‘at about
200CPaRkrIHE: rEa-narrébmaenire ek sstimesiid todhe aboukd 80TacEhectealiiorumnias alfowed to
procegskimihist HaRmar fefaheut 5 hours, which resulted in the production of about 19 g of nano-fiber
porous block composite material. The composite product was dried at about 100C for 5 hours. The
nano-fiber chrth88Hs diidibe xeemamd @nthid dicanspié wenyarraty peehiskin goe myratiffeactfon
techriituestibriefiy dessobeeabove Thanmne:her samResisinridad 399%01&33@589??@“9' The
nanoéfliist?:)eé n%]%%?aFIgck composite had an average surface area of about 195 m2/g determined by
BET analysis. £1s noted that the Examples 1 and 2 discussed above are provided for purposes of

illustration aheliatedotihténdedbte bédinitag. Stlkather implenenationsandmadifications are also
Cont@ﬂ@%@% form of titanium oxide chemistry involves hydrothermal digestion of Ti(; powder in

strongly basic solution to produce sodium titanate nanotubes, as shown, )
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As introduced above, one of a variety of alternative precursors may be titanium oxide (Ti02). A form of
titanium oxide chemistry involves hydrothermal digestion of TiO2 powder in strongly basic solution to
produce sogiyBditanaigsnanotubes, as shown. WO 2010/059165PCT/U$2Q08{0%dAsf{4)3Ti02
2NaOH -> Na21i307 nanotubes + H20 Example 3 In an example preparation, 5.0 g of TiO2
powder was mixed with 50 ml of 10 N NaOH in a Teflon beaker and placed in a 300 ml Parr pressure

reactor. The reactor wde heated 4280 GG T hre e Lsble e rdbsn teMarature. The contents were

filtered, washed with 100 ml of water and dried at 100C for 30 min to give a white powder
characterized as sodium titanate nanotubes by XRD as shown in FIG. 8, and transmission electron
microscopy (TEM) as shown in FIG. 9. More‘%&ﬁ%@@ﬁ%ly, FIG. 8 is an X-ray diffraction (XRD)

characterizaliomaixtitapiaterppachtiots Synghesized péwasionsstenpe it es as sShowr Haneing The trace
for th erial synthesized at. 180C corrgsponds to phase pyre Na2Ti307 nanotubes, FIG. 9, in
respe%t%?%% %ﬁ%?rlﬂ@s? %&egaﬁ%a&&(jp%\gﬁgg EEN ’f?’ﬁcé% s Lg}ﬁifﬁ?%?é Wﬁ%%?ﬁﬁ§§§§%9h%sized at
180C{or 5 hhand v kiditateona iotpbesare Bobsegettiyene ftenldd wathedvenigerailises between
about k) and ARRL AW Y340, [ e material a-ponyelted o auaiage Tipzpanorods. In the

following examples 0.5 g of sodium titanate nanotubes were place water in a Teflon-lined
300 nﬂap%fﬁ%k&éﬁ%@@aa@mmﬁl%% tidriransinissivace lectine spievifieehse(iBdhrsrehformthe specified

time. Thergrod m&m&guﬁ%@w@w@wmw&ﬂc@&%ﬁl%? b 2% 90G forn 8:miR.and
characterized by XRD and TEM as shown in FIGs. 10 and 11. In FIG. 10, shown are products of

hydroPRXPHTS SRR LY HisHs SRRHBIISE S1 st thersBrod g iaee Seethamastalor 24 hrs showing

intermegiiftsl £dnErsion ofriitspaiashslinis: P2 SpikeS, nMbaibkd, SOV & e-praductset
hydroth rlgfal cgﬂverg' of tita amotubes t0.1102 nanorods processed at 230C for 5 hrs showing
complale ‘conversidi o i 8 MAR droud) Mmagssoh Hretifmar s e RS Atk Hi%hate nanotubes to

TiO2 can beVebenrdile titasing neautibastire sahsktermbratued drpradece: diffepenipeadigtvaarphologies,
asill - inages crined above (FIGs 10 and 11). XRD as.shown in FIG 12
uﬁat{)%ﬁl%@ %JE%%(R I@g&ce rg%ﬁ 93 e b[ﬁe ma enftl 13 converted 1n%ﬂ : Eﬁ%%%@é{]?ﬁgrﬂ%

confirms that the pro is the crystalline anatase phase. hium oxide
examifiékedpHywmplexaraideussed elbtdiuardipravidetdorbps pasgs atillistatnhodndi@rémst intended

to be fEmbg. =il eiferimplemenialions antmadilieations are 50 SONRMPIRIGH, . Thigparbon
materials used herein may be derived from any of a number of sources, including Ut not iimited to

bitumiFBRETayEs, Rob sPedbsdriiinendhamedars wesorrdspisthnzashed poihaertortlss sdkbon may
be foured intwerQarR s bigskusingadindss iy steaenWEERPI0BEL63REIIUT2098/084434

FIG. 10, shown are products of hydrothermal conversion of titanate nanotubes to TiO; nanorods
processed at 150°C for 24 hrs showing intermediate conversion of titanate belts to TiO, spikes.
In FIG. 11, shown are products of hydrothermal conversion of titanate nanoctubes to TiO,
nanorods processed at 230°C for 5 hrs 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 cocoarut 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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the particular size and/or shape desired, and the binder then burned out. Other block formation
techniques may be used as well or in lieu hereof, as for example compression molding. Note, the

block and sygiem @§e.efdy schematically shown in FIG. 1; a great many pgtgintiadaiigsnatives may
incorporate the features hereof regardless of size, scale, shape, or manner of operation. Blocks hereof

need not be polygonal, byt may take many shapes depending upon end use. End uses may be
persoﬁ%aﬁ Wﬁ%ﬁ’%gtﬂées??g}ﬁfo%eo‘feﬁ?%% ftgﬁr mderthet BprishAto St BlRgkfarsptrmble

systerftsheigustrangpertableabytrilck ibrlaindiaféofipsdorrdininclssing:musnisigalisize implementations.
It is noted that the ex les discussed above are provided for purposes of illustration and is not
intended to_ﬁohemfﬁﬁg@ﬁF‘B@Fé’r‘%ﬁb%%ﬁﬁe"n?% S {%ﬁ%id‘ff%ﬁ)t%lﬁglégrzzaals&%?ﬁtemﬁted. While a
numbgpigheleatipioairaespectsaedpernatimferits dsdvechLenpdidess el ah ovas thbges ofrskill in the art
will regognize eestain: modifications.. permytations iti sub-combinations thereof. It is
therefore int_endgégd that the following appentged clgﬁ?g %I}]%g’iﬁ%{:r%gjﬁ%}(ga %Ir“fr?&%%ﬁﬁced are interpreted
to incliRsshing spementrisstidind pemmashersravaiinrehutiutizednoolsatiomsnbeass wighin their true

spirit aps6RNG WA 2AA00RLERRCTAISIARR(084434.GLAME  1H ROKRUS Rlagkenapqsfiber

composite comprising: a porous block having one or more pores; anda plurality of inorganic

nano-HERS ReHSTRHIACHRIbSIZE SimB!8ENEaHBRss of the porous block. 2. The porous block nano-fiber
composite oftqlaiined ivhareie:theferaushiock sat Inagrotaof rsapanBeialipxidaisilisene,
Cellu'?ss gbtairr]itder?c?eg rfg%%'?i&%%gegﬁﬂ other embodiments and modifications are also coniemplated.
While a number of exemplary aspects and embodiments have been discussed above,
those of skill in the art will recognize certain modifications, permutations, additions and sub-
combinations thereof. It is therefore intended that the following appended claims and claims
heteafier introduced are interpreted o include all such modifications, permutations, additions

and sub-combinations as are within their true spirit and scope.
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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 qfglajm,dsodyzerein the inorganic nano-fibers are at least one ofbpghmitessgdgmpma alumina,
and alpha alumina. 5. The porous block nano-fiber composite of claim I, wherein the inorganic

nano-ij eé\ %e formed using an precursor material which includes at least one of the following: Ti02,
Al(01-)3; iﬁ )20H, and Al(Ac)(OH)2. 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

compqsitg of clai@l&cﬁ%%gtgg for use as.a filter for absorption of at least one of biologicals arid

pathogens.p%r.()]ﬁ}e porousob c?celg %%Iﬁggﬁbeérg%rgﬁ{b%%e of claim 1 adapted for use as a filter for

absorption ot avkeasbbrek hewivg oretak ntrd perporous block nano-fiber composite of claim 1, wherein

the inorganic, fi eIs;aLe Q{f@gg %g,f'ﬁ% rothermal process including: WO
2010/059165PCDU 20018 0&4434 8 proi%%%ae%?ﬁé%}g b o%ﬁ%ﬁ eacﬁgtggr%(gﬁfcogr%lg reor material in
water moékprocess chamber; heating and pressurizing the process chamber to produce a porous
block nano-fiber composite product; and incorporating the porous block nano-fiber composite

product as an active element as a filtration medium. )
2. The porous block nano-fiber composite of claim 1, wherein the porous block is at least one of:

carbon, metal oxide, silicone, cellulose, and an organic polymer.

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;, AI{OH);,
Al(Ac)OH, and AI(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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10. A method for producing a porous block nano-fiber composite, comprising: providing a porous block
and an inorganic precursor material in water in a process chamber; and hydrothermally producing a

porous blockhapRsfikgE£omposite product. 11. The method of claim 10, ferthenisMding
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 hydrotherrnally producing includes at
least one of RENIAT&ARHVSRIGINEY P8 HYEINERSI BT AR Hnansh e 158F6s block is one of
the foltbrasigercarbon, metal oxide, silicone, cellulose, and an organic polymer. 14. The method of

claim 10, wherejn the inorganic nanp-fibers are formed from at least one of an aluminate, titanate, and
inorganic oxigeea.ﬁ&%@ﬁ? rmsélfﬁczjﬁl%?%ﬁﬁcf& %ﬁ@ eﬁﬁtﬁ?ééﬂg?ﬁﬁrﬁgrﬁgﬁgfﬂ&%%gﬂeast one of

boehnsiterpgaiterpdiamind, and alpha alumina. 16. The method of claim 10, wherein the precursor

material is aeqakon of e RN N L 92 AROH3 ALEIZ0M . A0Y ALAQIORR, 17, The
method of claim 10, whérein heating the process chamber Is to a temperature in the range SF about
125C fdtetionteatian. WO 2010/059165PCT/US2008/084434 18. The method of claim 10, wherein

the process chamber is pressurized to a pressure in the range of about 50 psi to about 100 psi.

10. A method for producing a porous block nano-~fiber composite, comprising:
providing a porous block and an inorganic precursor material in water in a process
chamber; and

hydrothermally producing a porous block nano-fiber composite product.

I1. 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 fromi 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: TiOa,
ANOH);, Al(Ac),0OH, and AI{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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19. The method of claim 10, wherein the nano-fibers have a dry surface area of about 200 m2/g to
about 300 m2/g. 20. The method of claim 10, wherein the nano-fibers are about 100% boehmite

according tgxrraYodithastion analysis. 21. The method of claim 10, whergimthe naggsfipgr 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
pathog@nshepmettivd pdrdasrblidskwizmeisfiltier filteresf clainb2? iadapted fadabsepiisnef At fRast one

heavyrgﬂggagfa%%uﬁsgl Qtifgrh%/ §6b§3%{nprising: 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
inorgapicanadiheas fmarvitinaatilear! AR 9fle Res aENe RO LI K out 200 mg

to about 300 m*/g.

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

ray diffraction analvsis.

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

in about 3 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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