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HOLLOW POROUS M CROSPHERES CROSS- REFERENCE TO RELATED
APPLI CATI ONS [0001] This application clains the
woeomfaiiesef priority of US provisional applicarPCoschims000250
60/ 950,558, filed 18 July, 2D07, the contents of it
bei ng hereby incorporated by reference in its entirety
for all purposes. FIELD OF THE | NVENTI ON [ 0002] The
present invention refers to a holl ow m crosphere
havi ng a poro Wy j c L sed of
nanofi | ament slﬁ%mgﬁ%é W%EW[ 0003]
Meso- and macroporous conpositions of different
materials have found great utility as catalysts_and

sor pt i orCRE$SaRBE CE TOREL APPRIEATIONS f ace

rea{Kresge..C T.. L | . : ot
000l e af it pims R ERETf My of vl application No.
60/9 3088580 BRYAOLBS IRt E07atise obintdhisdef i€ beiing Meteby Snaopgrated hiyereference in
) to optical wavel engths are predicted to have uni que
its entiFedy Forcplll BRTPRSES-ul opti cal properties such as photonic
bandgaps and optical stop-bands. Control over the pore
size distribution can lead to i nproved nmacroporous
materials for app/HIEAD OFTHE INVENYION surfaces and
supports, adsorbents, c@ronato%rﬁ i C ma\ter'hals,h .
[0003]; | t dhg, Presgfit IREPHAR ERFSciUrhl DraTe r PPy Naving @ porous
. | Q it¢al insulators (I mhof,
CHC“&{?%E i %fﬁl%bﬁfﬁ%ﬂsﬁ%gggﬂﬁaf?ﬁ%’?@vo| .389, p.948). [0005]
Do to their versatile applicability a high demand
exists for furth [ LAl ' sone or all
of the above @%@WQ@@EQ@M@ THE
[0003 INVENTSON ah@ GA8drogfieud Icof@biitibny e diffderteiatesialsohave found great
hol | ow m crosphere having a porous circunferentia
utilitwak [cataystr ansesprpfiomaredia bepsasa of theis lange 1miepwt surfpre area (Kresge,

i anet er S .C i s between about
CJ@%*?SO%SH’ﬁ%?w#ﬁgvEg%%ﬁ%%ﬁ%%ﬁ@?ggﬁégggde of a materi al
[0004thi ClFol RehmpRsmatiopotoss ndterdidlsivtitdpére diametes| compaighle to optical
nmetal sulfide, carhon, polyner_ or m xtuges tt.hﬁreof. . h
wavelengths aten prsditere o g?ﬁéc”tm‘_ﬂ‘}?e aqu Y qSﬁf}lg Aptigs] prapgities such as
phot(?ﬁﬁ% r@gx&%@? ShPbptiaD %g%ﬂﬂé. RSnebl bR2THe 18 sheldisiMbution can lead to

re according to the present invention,
improwigl enacrogoeouse trhaeriadenfori spicsiionsy aslr satalgtio fsusfangsx g esupports,
f a surfactant .and, nanofil aments. .T nanof . nt.s
sasoSfafl R R S AT AR e EP AR AR S e
acou{s'tilmah@ dleb@ical ifBiladorPimAes, ATERiak, 5.0/, 098 Nap@t ban 389, p.943).
0

ynmer or mxtures thereof. [0008] In still anather
[0005k peddo tthethgiresersatile napplicatilityr af kigh da@nandygxigtsqfcgs further porous

mate%ladss%ra]tlv{r]l% some or all of the above described features.

SUMMARY OF THE INVENTION

[0006] AThe present invention refers to a hollow microsphere having a porous
circumferential wall comprised of nanofilaments. In one aspect the diameter of such hollow
microspheres is between about 1 to 200 pm. The nanofilaments are made of a material which
includes, but is not limited to a metal oxide, metal sulfide, carbon, polymer or mixtures
thereof.

[0007] In another aspect the present invention refers to a method of manufacturing at
least one hollow microsphere according to the present invention, wherein the method

comprises spray drying of a mixture of a surfactant and nanofilaments. The nanofilaments are
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contam nated water conprising mxing the contam nated
water with the holl ow m crospheres of the present
wonvwrtias or holl ow mi crospheres obtai ned by PO®/SG2008/000250
nmet hod of the present invent2on, wherein the holl ow
m crospheres are nmade of a photocatal ytic nmaterial .
[0009] In still another aspect the present invention
mader effeeimatetial whizhtineludds, uthis mbblimited tos pretal@xife, tietal sulfide, carbon,
present inventign or obtained by a nethod of the
POlYIB?ré’gé‘lW‘ TR/ ﬁlfePgn as catalyst, or chromatographic

[0008']13lt e iyl Qﬁothérg Alye¥e N bre3édt Unbitfn PEFE@T {0k, method of cleaning

ermal” I nsulators, or acoustic insulators or
contaaimaied wotdr compuisagonisingThe C@amirgaﬁdswaiamwab theshajlompmicrospheres

of H BHRRY dPGRPAGPTORIESY S0 BREF S BPSSE (i HSpieHCt B present
invedtd, WREUIAGE HbBoWmibAsftier&edre ﬁladBBf E h&E&EBWET hiaderlak

THE DRAW NGS [ 0010] The invention wi be better
[OOOQJ]ndeﬁIst&ﬁldid appther etest dhe eoressnt h@ve@tc_l%meﬁeés destbei ptei gh 2 hollow

mlcr%s}?g?ﬁgl Ie?ﬁésteeﬁt b GR0U WP %Haﬂ{égvﬂj ntugﬁoc{] 89\/\1}1& etsérﬂ 9nvention as

e acconpanyl n

catal{$0bt] clﬁbﬁiaf@';ip‘hns hﬁmnﬁESEMhlghagreghofstl(uamral( b)atd‘malll ow thermal
i 'O mcr ospher.es_assynt hesi zed ani:i éd al ci ne 4 f
msulﬁtarﬁ@\mrr ooppiEy ipgulaters phe Flestrigel dtsylagors TT (C8n diygused or

clean'lzrg zorﬁgrlh rﬁ?etdaﬁ'%te? QR GE ff@({) gé}{‘ prﬂlgét‘t’oﬁP & ?droﬁaék?ﬁéj ofl%r for energy

ave been: /L™ an % Figure IA
prodnﬂcai)onamdoﬂtwnmafeemnaofsolﬂq&ﬂus Figure 1A (b) and (d)

scale bar: 1 mm Figure 1A (b) and (d) show the porous
structure of the holl ow mcrosphere as well as the

non-woven algRNMEHESCRIFEIONOY THEDRASWINGS hi s case
Ti 2 nanowires, which formthe circunferential wall of

[0010he H@ielmwmmourvwmwebeétenﬂndqwom withrreferenge e fhendetailed description

d
Whex{] gﬂ%ﬁk}l?gé q8f COél_] IP%VOV%‘ osp rei?r}eﬁtlogl\%%e 57 :%1241 ttﬂ_é Q@companymg
drawhr[géeﬁtwmeh The scale bars for Figure IB (a) and (b)

are 100 nmand 20 nm_respectively. ({bi())o
1001 Ehovuaigurss 886 skt FHEM vimas Rt riihot iR 43 F.@ﬁ@épheres as-

synt}b JGizkl L HE &@agﬁ SRR gl)vllﬁé 1ib¢ nﬂb ﬁ{e%kcﬁ dod ‘@ W@E Hifdwire and
Preén h ers an nanow S0 nanobel t
F12Mhirfagtdnb eomeentrhtidiein Mpemldnoﬁeadj fcorrspsay dyotg hfrvetheen 8 g/L and 0.1

wt 9SG A ) A0 (DI EPERE KU L AE) FHGGD 476 PpEd w. Figure

| R0 c3BRdrk @9 weH as the non-
(ﬁfﬁ{d glgﬁ’b? ‘F]}ﬁer rﬁ%é@%?% ﬁg h()ﬁ@%/ht ko glgérl 2 ﬁe as the non-woven

alignoemt of thef nankélanzents, umans) ca@se (Ci9} nenayvires, whidhsfogm the circumferential
i1l ustrat ns ow the difference between
wall gfa%\r}éﬁ"gvﬁamﬁ%%? f‘(l?fﬁﬁea%l-ﬁ’e%?%ct ure of the

[OOIQ?nOfFlhﬁf@ﬂ'lﬁ (&N aﬁ@%?'sh&l‘mTEMiﬁﬁllagés M|Tlogfndllb6/1res of a hollow
| ow microspheres. 1t can be seen_that in a woy

mlcrgsnh@rﬁt efrthe presewsrineantion; Bie sseledwenion Higyre 1B (erand (b) are 100 nm and

20 nm, respectively.

[0013] Figure 1C shows a cross sectional view of nanofilaments. Figure 1C illustrates
graphically the difference in structure between nanofibers and nanowires (also nanobelt).
While the nanofiber has a round cross section the nanowire or nanobelt has a rectangular
cross section. Nanotubes have either a round or a rectangular cross section but are hollow
inside (hollow section is indicated in Figure 1C by the bright area in the center of the

nanotubes).
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with respect to all other nanofilanments is nore
defined than in the non-woven structure. As can al so
woeo®@@msswoven structure nmeans not that a perPeTiSG2008/000250

paral l el orientation and dis3ance of the nanofil anents

to each other exists but an orientation which is nuch

closer to a well defined and regul ar orientation of
[0014]he FiguetilDaivengraphisaliitudtiation shewing dire differance betwese alveoven and

bar (white bar) small picture on.the right side: 10
non-eyn (f5995y sﬁvawr%o’}thﬂg ﬁa@%ﬁi%ﬁr:%_s pr‘(ee‘i"i? il gl oF the hollow
micro}kﬁge{” IE c&s BERESS il b RRFA eR istriléthicethe BrichRABE bR lehidte Banofilament

can

e seen fromFigure 2, with increasing
with tespp tatallrah¢3taofibnedeOs mére defiped tianih dkenei-woven structure. As

i taniumoxide, is shiftin re tq i.ts ph C | VI 14Cq:
can als G i A R P E TRt Ry & pips bt il tistance of
the nbASH1RNEARABNeRESARG! £:08s B afasinpitivAnvhisRtib efuth costr to a well
pore size distribution curve (inset) of Ti Q2 nanowi re

definpd hnbregwlag ooicplatipe of tBawaafilgmentsysin the Rofsweyes sfrycture. Scale bar

.area as.,well as jts. 8- S i stribution has been
(Whltai’f“@rs}ﬂa}%é’d@“’é’é’f‘l @S?@gég‘%ﬁgé of" the calcined Ti O
[00151aN0Wigfred SHOWRIRRIDEpdttesnsosfivlioen EaD-ealidresphere8 8alined at different

n2/ g, which is very close to that O Ti O2 nanow @ 0°C) th
tempergivies: As| @01 seen §iore Figus svit spgasingdgupegture (0070 §H0°C) the

0 ' i i i3 jtbdapdl t] t

s FUFABRAEAEE f Mg BRI o e st
phas®(A1 wt % (c) 0.05 wt %and (d) 0.2 wt % The

bseryatiops from Figure 4,allow the,concl usi t hat .
[001¢}he .lgsr@r#\: sheyys ﬂle;ﬁ?ﬂpae} Pt destibtien lﬁ‘ﬁ_ﬁeﬂm And pore size
distribOfi R CLAR Gﬁse@aap%(ﬁ nBh i8S BBR6R - mie@ipBeRal BidegUsie Fiigure 3 the

(a) to (d): 10 nm [0018] Figure 5 shows FESEM i mages
surfaoé ateh@s Weld dsats| powe-pize disgprision dasibeenglegirmingde BET surface area of the

.Su tants. (a) 0.1 wt 9% ani oni 2
caleigil) 85 b Sapecfirciuter gy bEEH PR bEBERRYE SR very dose
to th@&VTThiOgeshdwiad pdiderki nd of surfactant used appears not

to influence t%e formation of haoll ow m crosph

Ires. . .
[0018cal digue 4shourseF EESEM)mages qighe 11 haHow méerogpherey frhgicgted using
P LRI PEA PRI, (D) L D wo i o
(d) WERpEKATHE @bsdrhatidraffrony-Rigirs 45 bliows ther eomesadruthat Wesi priesence of a

change (wej gh %9 while the right y-axis, shows the .
surfagHiEh BerBIca f&ﬁ&%ﬁtwﬁﬁwamw lﬁng%‘}ﬁﬁ%rSSé&ﬁg%@F Figlh ¢ to @
10p derivative weight % (% mn)). In this experinment it

as been anal yzed how the surfactants are renmoved from
[0018he Righxens shawoEBREMeimdges o thedliQritpllopr mycrepjaieg using different

Fi gur h that th r ta 0 . '
surtlgis, G Caf Vo BIEPIS R RarES 4B8 (DT 7B RGtorG i gtant P, 1
can B1EonBRied- thAi thd XendCof AlrFackt haw gipea’amt ad ififenbe éie formation of

renoved fromthe hollow m crodsrdoheres. [ 0020] Figure 7
holloyhoigrostiberas Bealeg bar Higuted (abendribdpl hiv@r ospher es

[OOIB]Blbr ilﬁgﬁped (’ussihggls the thermogravimetric analysis (TGA) curves for hollow

microspheres. In Figure 6 the x-axis shows the temperature. The left y-axis shows the

absolute weight change (weight (%) while the right y-axis shows the change of weight of the
hollow microspheres per minute (derivative weight % (%/min)). In this experiment it has
been analyzed how the surfactants are removed from the hollow microspheres formed during
spray drying. Figure 6 shows that the surfactants have been mainly removed at two critical
temperatures, namely, 140 °C and 330 °C. At 350 °C, all surfactant has almost been removed

from the hollow microspheres.
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di fferent suspensions having different concentrations
of nanofilanents: Figure 7 (a) and (b) 2 g/L, (c) and
woddoodbigisk, (e) and (f) 6 g/L, (g) and (h) 10 8CL/SG2008/000250
nanofilaments. Figure 7 (a) 4hows the i mage of the
products of 2 g/L nanowire suspension. Figure 7 (a)
shows that the nunber of assenbled m crospheres is )
[002G§t i | Figamel|7 shdaws iFESEmeu ofeckbltova li@h enierappiergsetabricated using

h f
e S SR o S B e TR AHE L7 o
2 g/Lt @c)“arﬁl/ éd) 4 3NY]epaRUM % OfL, r«%)calﬂﬁgbelroeg/mmmem tHigure 7 (a)

foducts as shown in ure 7c¢

showsﬁlgsumag@aaf the pmfh:gts qﬁﬁ gl @an;owltg Juspensian %I&Lﬁ%\h(al phows that the

numbga{) e(ﬁtu ﬁsgelgﬁfe Sgllcgrhgqsl}e? sh g\JﬂL %ﬁaﬂc\ﬁ‘f C thggﬁtg%agtﬁgf 4 at the nanowire
concéfa6ivh rhsuldnBs haghesrfot! Snatmfamhﬁé afymordt microsphevdsr As the nanowire

concentration of 6 /L there has been a further
COHCfFH’ﬁtaFlé&sléCﬁehse@h@ Guelis ileneesareruniy Of gRisHsPages bepgrae visible in the

prolec{)é) géjgl{(} v om FJ 7c. tllrfﬁ% ‘Eﬁ&hpﬁ"lm&g@ piég‘&ehﬁgd)P @l%ﬂrly shows the

sen

poroﬁﬁigﬁd:rfmpiﬁfesoarrelhmlgw aid guithea Tarizér) 9>pemlmmg/\@n Hbevwshelt. Tltﬁashell which
t he porous hol o mcro her.e shel |

consii RTABE T B2k 2 PPHSIRRPEGEREA: BROF 5 OERration of 6 g/L, there
has HeRR AWulBSr 1nUE1fas@ﬁ{ {1 V\%Lﬁhﬁ’d&t of ﬁudr§sp%§:@ iNiti§d BtoRuctdt Hawever, the

nanow re concentratio g L, th m crospheres
one betmireorehoge hgs dieo dabaentsfromn then Slﬁllg @8 eshpyn( iy Fignge 7 (e). High

or e..si ze, oft e mi £r os es .be
magr,(-gﬁgza(t}?gr mﬂ?ﬁ? g@ & h qkogﬁc ?W? at | tg)lntsct)lf ﬁglg)gl\?vl IH&LSDIh? logy of the
micrdsPhe¥elsHefiSiehiagtkdl iﬁtéfc@r’ﬂ%ugﬂ i n&%cﬁe@ |b65\&36g rr&lnﬁﬁﬁ*es the hollow
m crosgheres as shown in Figure 7 (h)

struchue iFjatsardsiple. pﬁsmanwgés:ownﬂ%on @F" & g/Id ghe P@C?ﬂ%?heres became
F
s GG ATAEPR T A0 5 9 e O0EE g s e

smalhﬁﬂ Fatherimiesp hetiescontentmtiof at hamtwirasdo 40 edl resulted in formation of

morci Fopf-Bri%cd, TEGERHETS MU Ferifisn LD 1] i Sepentas e 7

FESEM%%E Mﬂ@ﬂerieﬁ% SL@ Phh FESEAPRA A 81 tﬁé&@ﬁlt@fdet D@m.

ryer nki ng suspensi on drople
[002 il] | u slﬁgatee& ilhustriates ermechanism wpdelofdhe faymatipe pé bplhew enicrospheres

via SPfL}‘rB%ta]g ﬁgt%rggstpﬁ)yn%r%;gwrgﬁ%gt enLlB}rtlng@st%.er? 3 ggfo%{lcjh? illustrate the
suspéﬂs‘i@{ asPRI® aﬁﬁ&?jﬁh Qlﬂdih’rtgﬁ RS ﬁ&@l@uﬁ@hbtdv rhtfiéh Gfpeay the spray dryer.
e C

dryer throug one. gure 8 nanof i | anment
ég}mpgm sppensiop] c@@plm”tlﬂmjtat@@pﬂg@ 1ate stgfe of the microsphere during

fil »
evapgx%glgg Ir?tf ?%et : g\ﬁe%ltl ?rp 43 e'vgn}g(%rg{ (gr?r{gﬁ% oﬁ%}fse@gl‘a?'% ﬂégﬁﬂd' th@ r‘i‘f&%ﬁuc shows
the fidal Pordas hullow aniofdspladre l@kltﬁl@ﬂh@ﬂﬁtﬂ)ﬁﬂﬂ}/@ﬂﬂﬁ@l@(tﬁﬁ cyclone Figure 8 (a)

nanofi | ament, suspensi on dropl et th high nanofil ame
nano@ém@msmenaﬁn dRpRlgire o Cilt) B?an&%nﬂ%l%‘rlﬁ’&n?lﬂ’é dtoplet with

low %}%ﬁ%&g an%ﬁgﬁ‘ﬁg]; '(@g%?&? 1ald3Rt PREFerfiohe &éfleP8yith medium

as a aments concentration
nandfﬁﬁﬂenttooneemimtlsn rand i(dcoarfofitaemdnt abspeagibn dfopl¢tewitto highwmanofilament

concEgRs F14ih B9 e e D GRUTERBE BB SCRARYB AT SRS the pore

size can be controlled as a higher nanofilaments concentration leads to a denser

circumferential wall of the hollow porous microsphere.
[0022] Figure 9 illustrates changes in methylene blue (MB) concentration and total
organic content (TOC) during the course of photolysis and photocatalytic degradation of MB

in the presence of P25 and different hollow TiO, microspheres of the present invention.
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organi c content (TOC) during the course of photolysis
and photocatal ytic degradation of MB in the presence
woho®251a@a8d di fferent holl ow Ti 2 m cr ospher esPot/SGh@s/000250
present invention.During phdiocatal ytic degradation,
MB is first deconposed into sonme small nol ecul ar
fractions and then these small nol ecul ar fractions
Duringx photbeatalutit hisgradetiomddB iintfstc dedsmmpagedint@esep@) small molecular

facrity 7 b i e ST s PR SRl B sy PRl into carbon

d10x1&@ I3nd NRate£ At §hirc0n (b)) sREVPS BUB Stefov@S ve. eififie tahdnFighi (b) shows the
ter an irradiation time of 90 nmn. The

absolpon@Gar@moy@h ﬁtea 88 mainaMB redsptinin photplysts Feasdeisthan 30% after an
1S t:
a4 AR CHBER A ok v o
mlcrcfs?herbb @nd Irase sd@pa@b‘iormf fitheh cived p@uﬁb-&fﬂﬂaphﬁ“r msdé]l\/ﬂ"h(ﬂapparent rate
L nanofil anent suspension), NVb g/ L no;i I nt fl
const pé&Hs ﬂtﬁn)thf&ﬁd kigds 08 lﬁpﬂwmnww e ) nanofilament
0; 9 6 0 e t fgv ]y fil t
w50, 971 Y ROH I oS SR (514 o
suspelnﬁlow}itxem 0. 9659 . 2nmdd}3@621| mind's respactivelt hemwblyz he@ter than that

T

aggr de e thdYr Ripfl sOFedbifers e %H AR Fesult9 &n 1R RAIduSi@HOSH Sontact area
ontent (TOC) results al so showed sinmilar results as

with §ﬁbwnd preaBicgereags.(Be topd @2giniccepiens (TOG ireswdts e showed similar

t of use of hollow Ti O m crospheres of
res“hisﬁlé Sﬁ ‘g’gé‘hi}gﬁﬁﬁﬁi on on its effectivity to renove

[0023y ga'l“l%}lB YeBL( SHows @R TRt antdpaited va@be holldw diOe nliOrosphieres of the
shows renoval and (b) shows TOC renmpval . It can_ be

presepbinyeidIron Haetleqtity t rrpqiecorganie mattppirpm, fontaminated water. Figure

10 (a%lg%vs)sf lg/igfeegl’?osvglgédqa Eﬁ%?@b?o%ﬁﬁ)ghpﬂrb&rﬂg@ céﬁélﬁ%e\%s tﬁgtetﬁe structure

of the ! wNoRakticiogfhetesspl thef presanx amyEntonfar ktebjer esanwhen reused several
invention. This exanple illustrates a hydrothernal

times: eact i on- sprayi ng-cal ci nation process for fabrication

[0028f T'F%u AYOMHE 1B Aok ﬁ‘éﬁ&lﬁ% Sanithle 6N thél prbseReinvention. This

In nore detail in the foll ow ng detail ed
examjxks dlhispttesrn hydrpﬂa@nnmlvmcmmspr{qomgsqdcmag@n OTORRS £qxofﬂbncatlon of
i ch,can _be  us for .the

rio- RSN e S Rk BYSEPS DGR v ctoning

detalﬂe%%&&}%na)ﬁﬁ&ﬁwaﬁﬁ@ di agram of the flow process of
form ng holl ow m crospheres of the present .inventj

[0025h a Fsgmewl?d% staws amanteclayrewhich sar bﬁﬁ?quﬁl)hélethifémtheﬂnal synthesis
faanos O%-lbgdthe surfactant is fed into the spray
oL negPyErS i eeding line 4 while the pressured hot
[0026] ' GFigﬁfeS 12B ehewaposchtmatic tiagend oﬁfth& Hewspoegss diffferming hollow
via the inlet 1. After evaporatlogF gell uid in h
micresphieas spfe Hhsi Bﬁsfﬁe‘nﬁ?@%ﬁhérsﬁw ¥réd 18f V8 nP]é’Bt eqoprising the

nano?ﬂantl«gﬁ agl}i%é’ Eﬁrf&‘taré\hb 'fﬁdehlrﬂng? g%%ppﬁﬂé brfRX 'viaStHehi%ecﬁﬁg h@ee while the

e exhaust res (indicated
pressured hot air enters the evaporation tube 2 of the spray dryer via the inlet 1. After

evaporation of the liquid in the suspension the microspheres formed are collected in the
cyclone 3. While the hot air exits the cyclone 3 via the exhaust 5, the microspheres (indicated

as grey dots in Figure 12B) of the present invention exit the cyclone via the outlet 6.
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as grey dots in Figure 12B) of the present invention

exit the cyclone via the outlet 6.DETAI LED DESCRI PTI ON
WQR0OPHEEIASBIVENTI ON [ 0027] The present inventi onPCeSe2@S8/000250

to a hollow m crosphere havithg a porous

circunferential wall conprised or consisting of

nanofil aments. The m crospheres can have a di aneter

bet ween aBETAILED m&%ﬂRIEDIDNrQFITHEﬂNWNM hol | ow

[0027] o oﬁﬁg \Tﬁl{e?gntagrgvegﬁ%gr : o{h%éa o r}%:ycg\fﬁﬁerﬁ Bh@ng a porous
circurBRPEALRE val N ks ® b %&%ﬁﬁm@ lof W@hékilamshid EThd Bricrospheres can have a
m crosphere, wherein the wall is nade of

diametemn beiwesneshot 1Tie aberin20patof iln other wordss Bplow gmicrospheres are
b f
e SRS IO BP0 bR LRl doftines e

hollot! Spt&d drakd insidedthe mlerollihemds] iwlieréin Mianwall iemadd sbnamlﬁlambnts The

nanobelt, is characterized a rectangul ar cros
term Srepofilamens” rafers do nm@@exSnnwéme @nmmgzﬁbftsuée%anaﬁéef is in general
g 1
ars L BE12 8 BBy P 90 2 Ao, abe
called haxgsbelt, isnvtemidtaiveddry beeoﬁa@al&idr@rsedﬁomwdfustreheé in Flgure 1C.

nanow r es, _nanot ubes or res bot h QQ2 -
NanoRghia 14 BAHEADEISEE TRRuiets SPish BATe & aﬂ% Pis Slayedin Figure 1C.
The ﬁlg??%ﬁl%féﬁ 5§ﬁleb rebdd€iihvddtiBh daBNsH fhati® sthef Bt @hn@BReE tnanowires,

e present case nanofil anents can be
nanotsbeeohixtures bbb@hor 10) microneters long while their

[OOnggggﬁa%}Bgiagﬂcgég {'lﬁlsmzlﬁe%ﬁgl% léﬁ‘rg abo herlcglgragt%%zmy bheir high
lengtﬁi 't@ﬂﬁhﬁ'ﬁer'a&p@ﬁ’ eatlo. BDthe Presefk dase nélﬁﬂﬂﬁ']len'fh CarShhe secbral el to 5 or 10)
t he hol I'ow m crospheres whose circunf erent| al wal

mlcronsetmd@ngnwhﬂa st legestitiametsr 15 onbsshatyeest ahous 19t %ﬁfbmw about 10
nuf | her
to 208 o IR 48 kB tabldo b BEIABSRIDBANUELET |
[002Gr t  ViheSsGrubmit€bf il Rollosy Midrosphdses oﬁhdsamﬂ‘bumﬁammiai; wadlvie made of
been descrlbed earller for exa

nanofifgmesiads a 1psulbpf 4y unigpewRy of Mgy %&%@@M&’lﬁ%e déstribed further
belo‘g"@ﬁ%eg ﬁl)ﬂ \W}Jon%l.? rﬁlc[' sgﬁé'les kﬁ%\gn ﬁlp éxegﬁé‘g?hgénébuﬁﬁuwﬁlg @Orbt made of
nanofilamen3 ]ﬁhveelieealdcsc(nb@d)?arheh dom e)Exmple Dy, Nvgﬂoka,ﬁ; Hpmym Y. et al.

200 BT v s o P 208k e, Sopive Hagy B° Baviron

Sci. 'rectﬁﬂogu"vsl 4A (. $939) (@l 13007t Funs PRt bk 20071 SCHeak.i Bux. J., vol.13,
Figure 8 the nanofi | aments form ng the

p. 185:11 (ecibt 89 Nuvi éOOGMiI I of the hol |l ow m crospheres are
s8], e e RS BB LGP oy s, o
in Fig@Rdoms! (d)eha ke s‘dhﬁmaﬁ@ﬂldsﬁa@on/\im@gumm the gah@filaments forming the
structure is illustrated in Figure ID. . This r%ndom
circugfpigatialnvalbpf thechollonomisrasabstes aregtipyted phakigned 38 2eomsyoven, i.e.
rand&ﬂest%c%ﬁrgsﬁﬁg rd?ffé}éﬁ/r%e %Jn f fl@ﬁ"ivcﬁf’e% or ﬁan-ﬁlaﬁfstrﬁéﬁ?re compared to a
e circunteren ho

wovcm ©F osptiler esuatuee fioriltedrabelt we diigurh elEaﬂ“&imtgndam ghgament of the

nof i | ament
nanoﬁ aments results 1Sn the pores of the microsphere having different sizes. Thus, the pores

in the circumferential wall of the hollow microspheres are formed between the randomly
aligned nanofilaments.

[0031] The pores in the circumferential wall of the hollow microsphere include
macropores, mesopores and mixtures thereof. According to the definition of the International

Union of Pure and Applied Chemistry (ITUPAC) the term “mesopore/mesoporous” refers to
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[0031] The pores in the circunferential wall of the
hol | ow m crosphere include nacropores, nesopores and
waoiamesst her eof . According to the definiti onPof/SGh@s/ 000250

I nternational Union of Pure Aand Applied Chem stry

(1UPAC) the term "nesopore/ nesoporous"” refers topore

size in the range of 2 to 50 nmand this range _
pore §ind anthesrahfeofid 30 50 o andfhicmnge miranesthe adsorption of contaminants

(Lor enc-gaabowsk

. and _ Gyglew cz 2005 .
(LorengriyaBpwefe, Eoppd %ygﬁ?flclznpe 2005 gL ﬁ?g’oll\%f%@’terface Science,
439) - [ | YR | #8 i99&BWd2 mi
VOI'Zg?ﬁAII}'gp? ééﬁé\ dgefrﬁlggg&pgrjg‘ggé#g@%ﬁ%e@ %(gv %mﬂllﬁs1 Bt er med n.ncrop(.)re
rangenaed opHO emn as germed romeoporanpige. dh ankecxgnwienf the present invention
i nventi on nmacygpores, have Si between. 50 nm.to
macriic XG: S P oah ot Her 0 ARAO0 Phd ! Buars i €ing eygrase pore

\J

size ik SbGRAGD nhP IR BEs 18 rakRpoidis ikifpemacr opor ous
range. [0032] The size of the hollow mcrospheres )
[0032Jepeftis sia¢ rvifythenhellns meicrasthases idepends NPy (e thengethod of its

t her ef ore, be.varj e Ver r e [ ired
T SHE SR SO, PO, FASRadNgRg P e i
applibRIoR Aeviflive dxiplihalrin Bedro detadSurtitst belone Asahentdned higove, the hollow

hol | ow m crospheres of the presg_nt i nyen

s ) tion can have
micresplprapref 8ic RSTCns IBHERti QR eaeRAYCAFHATCLET (R 453 DiFtgp 209k 1 wm and
s 00t 8 100 50T, SO AP RS S, s o

i's used i'aneter can be
mamffy&tire thegisimeten canbe leeen dargerple andtbethedample the hollow microspheres
m crospheres can have a dia er betyween_about, 2,.to0 .10
can hafeor Fapsicy RRAVCHS b gﬁ ngé dfmtcﬁeg\ftfﬁ R riGLp Y, e pligpe of the
“mic ?ﬁe g id BSst o Be Bigle MR PelBltlyroud MshohildShOHbted Bifat when referring
noted that when referri ng to'the "dianmeter"” it is “
to therdimteterbit limmgagtths largasttiraiglit distanee fioroeneosnd teggother of a “pore”.

other of . a "pore". [0033].Due.to ' [
[0033} ¢ ¢ Eﬁ*ee‘ioethtﬂir zﬂ%r?ﬁe?l Cllrcgi er&%ﬁtéa?s%aut ﬁledt aéc{0 tltgg Etl? éﬂt%%aetyth?r ar hollow
the rhietdspMérbd 6f tHeCprosb afveati6f hiveen Righseifacd aeenThosurfuee arca for the

a high surface area. The surface _ area for, the holl ov}é
hollaw erieropplesressob thet Presqmt dRvartion hoe Ree AetiEBing@ ajsing the BET method
. det erm ne i: . ' ' a ler. F le,
whic} 3% SRR ) Ml BL Bl g e iR Tole. For example
hollohehdi@bspiicads lexvaigh diantetdr| cfwbontcd-06 phearska penei sige ketween about 50-

di anet er__of about 3-10 ;}m and a pore size between
150 prpdvave s BET saca0h 4%€ 8 /BET surface of 38.2 ne/g.

[003E1ﬁg3ﬂﬂ()lfeTﬁﬁoﬁ%9Jnit§ ARl late ifﬁéytdﬁtg R fARE tROhdTR A& bsheres of the

|'ow m'crospheres o present invention can .
preséie imwteionfcanby nalearfiaal naseriadng leng astbeze matesipisalag befprmed into

for into_nanofil anents. The nanofilaments e
nan GRS ¢ %loﬁg%]éengﬁ it qﬁ:be[r%{p can :%8 é’?a(f?e?tla? msega[l folxgdZe’, gmtal sulfide,
carb&RRA e ¥iBhred incFtof! HoBSwihRf®Pherediol tiRVpresent invention made of
m'crospheres of the present invention made of such

suchrmmnofilahentsriigl mnkipleapplicptiansappl i cati ons. [ 0035]

Il i crospheres w.th napofil C i
oos5D | Ao SERBREH R W BB AR Lo APEORRAo R rampe, i
comp&ited aM@siRhtiOfoadPRIriaCalrieBNst afplitationst Deierto gleirigood mobility and
~mobility and thin walls, which permt deformation in
thin mesdlsowbisht pereiidadoprasion iR 4esPONR NS BN PEFREFIEs Syckiymicrospheres can

be used in the production of carbon microphones. Also, specially processed pitch carbon

J)

microsphere composites are suitable for use as honeycomb fillers for high-temperature or
ionizing radiation fields.
[0036]  Polymers which are suitable as material for nanofilaments include, but are not

limited to 1,1,1,3,3,3-hexafluoroisopropanol (HFIP), poly(urethanes), poly(siloxanes),
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be used in the production of carbon m crophones. Al so,
speci ally processed pitch carbon m crosphere

woaopasidses are suitable for use as honeyconb PCriSee®s/000250
for high-tenperature or ioniging radiation fields.
[ 0036] Pol yners which are suitable as material for
nanofilaments include, but are not limted to ,

poly(dilidorksB, Bol(dthylahié)yopady@impl opamaidope)s| Pylyaniline/polyethylene oxide

pol

blendg) &1%@%5?12%3?) etbgfi,%‘%ﬁx:qér&i‘agqﬁffﬁ?&&&gyﬁ | CORR&de), poly(methyl

methﬁ:?#ql)ﬁ%ﬂi |}%<Ll§(cv|ﬂ%ily efitprbgnerpardyde phiyeandslic Peti), 2-JydvRyY acetate),
ethyl “met hacryl ate), pol y(N-vi nyl” pyrrolidone) )
polyapoilarhidie; pply(athyleacicphany) gcepztte)j(mlyéthyéqn@o glmcyb,( Polyfmethacrylic

s VERET VTRES by RSkl €55, Ryt eapootoes LG
| T i@-daild) ,alcohol) (EVOH),

wio) WpAYIHRSe, GIBhyand) | FelbmsLLe S o) BVOD

polygaptojgctens: pdb(¢isyhreesdiel peby xide, pody{gthylene oxide) (PEO) and
| . A : ) .

po KRR B B3R LR o it thove

[003ACEt @tkdr, pdlPhiers Rhlidhy dirdviedesed pintindet byt ereenatxlichitpd to collagen,

PEO) and_pol yorthoesters. It is al so possible.to use
poly(Bipha d €ste¥s).di el r @t p%(l%{;gp S ap]idit é}?f}é(ggr\c,‘%ﬁc [ %@7] polsﬂlorthoesters,

polyﬁx&&?%&%o%eﬁ g@g&gﬁn?n%ngggr&s%ﬁgg Hg%oly}%gﬁs ffc@hn be used

pol pha esters), such as _
incluge| gellubst atthen c tellulospo hydtatt,y celliloseacéallulose ester, chitosan, gelatin,

ol yort hoesters, polyanhydrjdes and thei.r capol rs. :
fuorigiefiner PRERSISE, Of FOOLJTRFLIRNGH: cant hor OB | pglyamide

polydnilibitliase pbNaEryl#E! | pb196&z8%L0R], eapcﬁfdakwrﬁﬁ#, dpolycyanoaryle’cher,
cellul ose ester, chitosan, gelatin, fluorinate

polyesteiry et pylyestercaphongted - mpohygthsant epelyetbeneihgdrejonsni ¢ molystherimide,
| yam de, pol yam.dei n de a L
pots fBirSBBhG oal BrERTIR, SO ROV Srlstey giigice, polyoletn
polydXQliikestee l'pol)%ﬂbﬂﬁsﬁ@ b&Rleh poBpRenydaley ailfiés,, polypropylene, polystyrene,
e

pol yet her et her ket one, pol yet heri m de, pol yether ket one,
polysydfides tebrsylfpne eolyigariearpsthsae, nodythroethsrRplErarole, polyurethane,

polyxgl%r% ?@%ﬁ‘%}gﬁéﬁ%ﬂdd@’ r{%@k@é‘é@d% fse, sitiebyPhaey f&RRiIdehyde, or

ene su pol-ypr opyl ene, o _
copop@hers by pleysical plenys of thestematerihlg sDéfending on their application the material

ol ytetrafl uoroet hyl ene, . pql.yt hi oet her, pol ytriazole,
may E%ng}lﬂl}e&{lﬁ%&l&ﬁb‘}t%t? mﬁl@?‘g&léﬂgﬁvﬁ dene fluori de,
[003§ PYICTHRE ¥k pleS i D Bilanddntd ERNAs0 YE At VRSBV EEsentiEonductor.
copol yners or " physical blends of these materials.

Exarfjelpe finti segpi amduéters ingluge.i o areonottliveitefaioeyiOal Tikzy Za@, Fex0s, W20s,

Ny na it h sui t.abl ntim cr.ohi . .
STiBar Oy Abras. uhe ol S8 & ) RuefRRTER igtigleed redox
procésR@&SducBehsie lebeRilb StrdtureEwRIFAli & Shdraterfetibyanilli walehce band and

include, but are not limted to SiQ2, TiQ, ZnQO,
an empOondretion bepd:i When @iBhatpr Wifhsan TRETEY W BgHAGE Phregceeds the
can act as. SeNsL Ll | f-aducedqr 1
v BBl A PEBPb b larBuSE s iRk o e vlecs
bandG BaGh® e @ohdudsiohi barel] @B) deavingoantolan hygnbetpd.y Excited state
conduction band. When a photon with an ener

condiei BN pleaitiss 388 NRISHEANIGROIeh Gy JoCBRp Y B dlistipate the inpu
energg1 %%ggtg el Bhppddin®hneGsERR: subfbe stales, B REBE R4thl 18R @onors and
electron acceptors adsorbed on the semiconductor surface or within the surrounding electrical
double layer of the charged particles.

[0039] Thus, these semiconductors can serve for the remediation of contaminants, such as

alkanes, aliphatic alcohols, aliphatic carboxylic acids, alkenes, phenols, aromatic carboxylic
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band, VB, into the conduction band, CB, leaving a
hol e, hVb+ behind. Excited state conducti on-band
wehkemtnois8 and val ence- band hol es can recomnbi neCasd2008/000250
di ssipate the input energy & heat, get trapped in
net ast abl e surface states, or react with electron
donors and el ectron acceptors adsorbed on the
acidss dyis; RISt simpdelpf@naicsy halogenated hikases aolintiengs, surfactants, and

.electrical double | ayer qf the ch ed rtigl espa+ + g3t
pestiiaman el s, oF R BT« BrRATECoy & BeTSBROE (o The Au™ Rb™
Cr(VIQFHBﬁJ Q*J'e% Qutfoath IBARB B mBHCdhsesS cahRRSBineralization of organic

I phattc al cohols, aliphatic carboxylic acids,

compalikdstes beghmpoited whennsing thesasamiggidustas.ds, dyes,

PCB' [ ar o i¢s, _hal ggenat ed, a n
roosdicc Rt SRRt i anoad PRl SRt Zas. 208 for
examgf&‘ﬁerﬁﬁéj H%ﬁﬂ ME X8 RAGH byORragh oh @s¢itomdea@hsméaking. hollBtwirhjcrospheres
u3d+, Rh3+, C(VI)) from aqueous solution to urfac%s.
with panofelaypentasefsZng hpfober, @ighek-ARY Serepinanst C@P@‘gfh fgy tubes. Hollow

. _conpound e d N i
i PR, Mo BTG EFF ST ILTE 940 Uil e o i
photdﬂé&istbﬂslfﬂ:nﬁfhsdlat Qelld H_;ollbwaﬁ&r?pﬁeﬁm Stichmﬁoﬁkameatsarf;ﬂg@ and In,S; are

emts Light on excitation by x-rays .ot _electron bea
used aig e FvPARYaphBmisadans, PAli M. REGTE St ol 2005,
Joun%gﬁ% gj\ll;l,ygiﬂﬁe ¢ Yol:12%; h&tY ﬁ%ﬁ .%el%?&e,cﬁicﬁ%?oﬂsqyolloﬁbgﬁerospheres

ow m'crospheres’ wth narofilanments of CdS can b
can besiset] foir dhie mxmnipttere Efsoko nplrmdia photopdsistersesi st ors and

100450 B ek S e BRI R AFEY M DR BBt DT D) are used

as sefdOR £ &1 ¥ s Rl didh (Wing, BTk nBEt al$2006t) Phys, CRREKB, vol.110,
Journal de Physique IV, vol. 125, no.l, p.46

9),
no.47Thp2876F)e or sasc isatabyisb ushasousesly tagathes padr Si0z a(?Y ageSchallgvyk, C.,
f th f . | .
soanle o o2 S A eSS 5 PRA P 42D ol o

with RhScHsRBEE ©F stbithund dnmbicl (SFEOL B il apjiddtiaascinuseistoasor are used in
sensor material for gas detection, (V\anvg, G, ﬂj , ,é FerOn i
tunatde ERTS (highdempgrapg §u1@9§@mdug,1ng)dp1_qc.1\@a} en‘rél_tqs,., 1&_62 %751- €03 18
ion fi
vt 5 s S O 0 S, R 8 sfenion o v
treatafital ysis. A, vol. 255, no.2, p .121). Hollow

m crgspheres w_th nanof| nt f . straoptiumtitanat
(0045 TR Fle CASPERRAL el T ratiods BP0 Ao CHRHR fos voL.o
1n0.2, r#%?&g mxg{}gﬁ?eré RiaaB of NIP@ZO?,, %3?4%‘;{1%2%%{;94*9% M%TlOg,, NiTiOs, AL,O;

filters. Like Ti I's used for the .
B,03) &6k, ZeOm ritlsO5 GeOneMuioD}-dins i cE e lsh Bibe@s, g0, RE0/Zn0, PVP-TiO,,

present ijwentign.for ter. L ren .
sn0BIS3E. e BRI oL 58 L Q4R g oo
micr&hdF8s 2988rdiné0b -1BO preléntdnvdntidASh dnetak ickanplerthelerticle of Sigmund,

Ni Fe 204, Fe3™4, Pb(Zr 0.52Ti0.48) B3, MTiQO3, N Ti O,
W., $uhAl xRl (9% ;uza@brefgrsz? epgofiberpmade Q%@%/,g iigleis- qggted with AIN.

o iR R R B A, PR SR s con
nanofibess dafbemBedifnaspace-bmgd hpplications. Othaphatesals descobdd ithe article of
Sign‘tgt]%ﬁE g’}? e p%#ehsj, %R;q{ﬂ%?z%to'é? szprla)n araen%{)grg "made oF %e?r&epe%tric materials like
BaTiO; or Pb(Zr, Ti)Os. Also described are magnetic nanofibers made of NiFe;O4 and FesO4
which can be used for the manufacture of hollow porous microspheres of the present
invention. Lay,CuO, for example is one of the potential materials for commercialization as

nitrogen monoxide (NO) sensor.
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W, Yuh, J., et al. (2006, supra) refers to nanofibers
made of Si Q2 which is coated with AIN. Hol | ow
waizewadpiser es of the present invention whose PCT/SG2008/000250
nanofil aments conpri se suchl6oated nanofi bers can be
used in space-based applications. Qher materials
described in the article of Signund, W, Yuh, J.
[0043a]| A2 feriad qufrm)maﬂa ﬁmtdxestsfom@aoﬁlfanfeetsrmeﬂltenmm dlomde (TiOy).

al s BaTi 3. ;A so
P ARt 6 OGP I YATs 2o RPERT Gepmoghgractical of
the sERBGhIMELEN f&a'@w@esﬁre‘d&% fiestidnd esuBRNEY aedtet” pudficatioh] evstewater
por ous m crospheres of e present invention. La CuO 4
treatrfignt, émaarglbl@ IV@Stm eomffols mar potidentionl seler egalls) gag gensor, plgments

cosm SRR Gt SRS P BB TRRSE oy s .

high g@eﬁ@nﬁrhb@ﬂiﬁﬁ (%r nBntbkicRHI 16 dévb@&hﬁﬂlcéfﬁtt&lhty, efti Vam)usrmorpholog1es
i oxid is one of the nobst used phqtoacti ve an
of OIEr@H@ﬂSIPh@ tnagesiged dHP2 oF 8- IBOWRIRH.CRMTIRELS 1 4ds gpnotubes, have
I ayi
ven 0850 00 B0.AAH IRYALEN ShBlhetls 1 8o D, e,
2007pNam6 Lew] velm, psloBay. cells, gas sensor, pignents,

snetics and water d|S|nfect|o I S known due t .
004‘Ht s é‘l‘]%ﬂ‘?}'é]e Hda@e has tal% g ggstglest&m%rﬁ? gﬁHtl ARHATH and brookite.

How&Jek) &r{/g?&tfﬂe anf %Qtﬁée%lﬁy thel 1BI¥ {nQRE T1(§{‘ﬁl'iﬂt8@eltal§§1§‘b&ﬂa‘tds¥ phase is a
etc. rious norphologl es of one-di mensi onal D)
stable phassi of 10T iaOlw eengperatanedabaut 400 (T&hiof dbiout §,OQg° and is an important

e RS LB P AR P, P gout 0

to abBht 100008Y, HN@nﬁ’l dﬂ%te:*spe:ct‘é@"che7 prefent @entioh @@ddijlaments of TiO, are in
general ,” TiO2 has three major crystal structures:

themtdtlané(orm{tsaséla@wd brooki te. Hovvever only rutile and

nat ase_pl a i. QP VS ¢ for th
(004 ig ds S aeg eééva%t£ ? ﬁ%ﬁlgl a;ﬁé o %%‘faés@{i a @dsorbent for the
remdv@[rﬂfﬂ &drtaidaabotiat 408aCat Kigh b@géne(iﬁ)@vd) Epteatial. |'J§16a$pent titanium

npor t ant crystall|ne phase of  Ti C2. ileis
dioxige gan deppgrnstaied vin ppoigrataivgR oxidaper 5?555; ProgesUf appdlogun, DD,
L 0 T S 4R Co
o i} OB st & Tthaob S A508RL7 0 o 5001 O procs
has mﬂv tepostedt se pobsible. alte@ﬁ)atﬁae far ieg1oyiEg auisemidt mgi@tetsf from potable

watef. Ieérdrmgql)])[n ggxlflg%}hggﬁ]v\ﬂ ﬁ:leucsrgq{eéc? m g ﬁlgg bgonciﬁfsf tﬁrm%nerahze organic matter
and §t€ﬂﬁ£he'6§étéf(a? 28RSt blthe thEa&PBRkNE Iphefuaamlsistomtcd Cabdn dioxide
be regenerated via photocatal ytic oxidation (PCO
and praverewden Rhagentitondgeer photocatalyst & illunpigasd byakight source (usually
nce Technology, vol .51, no.6-7, p.373-380). The
UV%S? ]ggf sPRES been reported as a possible
[0048] t em@iﬂa\r@ fitdhiube BRXiROpSw @fliafe UBSA ey @héﬂoomlmc a:h)altenal for the
water. A redox environnment will be created in a
cleaning 06 sestew/atar nBrogpssee oy rCée@ﬁmg Vattewaten e P 3 FPI?BmaUOH of TiO,
and gl%?x{b%ﬂ @Bb?ﬂe %nhglgne V\%s %ﬁn hﬁor@é1 %roﬁﬁérﬁ{gyv%ﬁstewater in
0 car I'oxrde an He"sem conductor

whlcﬂihnmq&hﬂﬂw tirel @ssloll\PeJdrrUmﬁir&dlatB}y I negjmtlmgaatrdcmusm ofititdnyum dioxide

U light). i.n a PCO process
powder is an existing problem, particularly separation of titanium dioxide powder from

wastewater treated for example in a membrane reactor. Small TiO, particles of the TiO,
powder used often clog the pores of the filtration membrane.

[0047] Moreover, titanium dioxide powder, such as P25 from Degussa, does not present
individually in aqueous system, but rather as physically unstable complex of primary

aggregates ranging from 25 nm to 0.1 pm. These physically unstable complex aggregates
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[0046] Normally titanium di oxi de powders are used as
phot ocatal ytic material for the cleaning of
woasmretser . Processes for cl eani ng wast ewat er POTS62008/000250
use a conbination of TiO2 and nmenbrane filtration. The
menbrane conprises small pores for filtering
wast ewater in which TiOQ2 particles are dissol ved. o _
reducenhosirfvatasta/activecsites amdysubsequeatls effeft its photdaatalticoadtiyiy (Qiao,

powder | n [.Sfing. prohl parti arly s i on
5. o Byt D ap N s Sshber e Rt BRa ddaris Ly EE22 8y of
[00483)(am?he?refd?e,ain'@ﬁbd’s§&§ JraRs bsent SARdtioh i th® aP Bkt dileafetal oxide or
he Ti 2 powder used often clog the pores of the

metalf sulfideawhivh ismsdst forenarufaaringvmane§lasrents istaaphaiesatAliiq @aterial. In

one $x%g}dp3.{ a?eéf ﬁ%j u?%i E%I %&g{?gerl%&glg g‘?}?t%gﬁ]? C't?sz %@?llgére&%%spheres of the
preseBMSERAIN Maddstt 2PhSo&RdAIPli€attrial sheR sy TEmGvegttRS problems which

ranging from25 nmto 0.1 nm These phg,si cally
one nonwalih Frcatiinss when gingg i expupleciitannm igxtdgpowder, such as P25 as

real active. si e . Ry
s34 et DR, DUPRFUF bl L58f p Sigsre dnae o
ﬁltrat?&pﬁlenm%r%@ iﬁiﬁi Iﬁﬁmﬁraﬁe cbavtdragy, bevaloided? Hotlowl migposphieres made of
~1-217). [0048] Therefore, in qne aspect of the, present
Ti0, GBS 176 A0 PEAStd Ghav I Hrv SR BonERPFBe Jpbing betause they
inhibft U eAGmMY, Gl ! id & di [ Whst&WatBOA0E hApmad 5f filtrati
oL Sl s SR TSROk e o s
membisaes whichiave tmpgeleydliacliameter 0Ba fevibimdyedoanapeters up to 2 pm. TiO;

. mcrospheres of the present.inv ion ma a,.
micrqSRBvSE Bt eyarprenfiveptiy St Bl s 8R0bgSpfion membrane and
avoid$ridl R PRrtiMts 35 cRBEuBIPpoRL. TYuaB aRUNhSl G WhE Pordas stelctifrekuch TiO,
exanpl e titani umdi oxi de powder, such as P25 as .
micrabpheres Istill allow pesspgevf siaterphraghatbn filivaiéon sopphame. As previously

eric S e.and_sj. . i '
oo B o S A LR b M s o
comibsly QB §lagsclepgrdefof THOZ, ke @R5) arEBES wafacalis cethised due to its

used to avoid irreversi ble nenbrane fouling because
porogsholomhsirusture. f or exanpl e, that small particles
[00497 SS%Vaﬁgth{%ﬂ .a%ﬁe%% Wh%gerﬁliﬁgenttipﬁ r@%ﬁ@ﬁ) Qfméthbd W@ ihRfacturing at
nbranes [ ave 1 n general a diameter of a few
least hetied heltow animedphere agotding tomthe ThrORnkiiovansiohe mésrepd said method
the present invention sit in front of the pores of the
COMPTISEEr at i on menbrane and avoid smaller particles to

cl og 4s uélfg;e}ag gfef?gr? g;ﬁufeooiiﬂ%irfacﬁﬁi AN ABH1 BRI RYS

structu m crospheres still all ow passage _
[0050f wdiser off Armixgiret dfesurfactantand manefilanents. allgys for the first time to

evi ousl y described, even thouygh the hollo .
manfjaiiss JRISG “BTFOLh OB UBHE T SHOAPE-Rich Ve gl made of
nanofilAenEO TRP ALY aUa e e®Midrk HoBEnkBtE cifumbereRtiall WHE ab2® Nagaoka, S.,

the BET surface 1s retained due to its porous hol| ow

HamssakiycY atel. (2002 9}pta), bin ot Bemdakive bk RHUB, prragbapd Liv, Z., Sun, D.D.

i ti fers.t et hod of fact Wi | ,
e 5o PRt il S Ul DR Pl s B A3 ApRGE S B, Y. o
al. (%mge Righieh), LMTe7eiand JabdHgd03d seprpriaves: solRipeay while the hollow

rying a mxture of a surfactant and nanofil anents. . )
microspheres referred to in Liu, Z., Sun, D.D. et al. (2007, supra) comprise a solid

circumferential wall.
[0051]  As described above any kind of material can be used for the manufacture of
nanofilaments. Methods of manufacturing nanofilaments such as nanowires, nanofibers and

nanotubes are known in the art. Nanowires, nanotubes and nanofibers can, for example, be
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[0050] Use of a m xture of surfactant and
nanofilaments allows for the first tinme to manufacture
waabdommgssr ous m cr ospheres whose circunf er ent Pair/SGeaé0is/000250
is made of nanofil anents and2not a | ayered nore
continuous circunferential wall as in Nagaoka, S.,
Hamasaki, Y. et al. (2002, supra), Li, X Z and Liu,
manulfhctt(r&ﬂ)@@ ang upethgd knelvi inutheZrt. SScin meﬂldﬁs imaludg, buf @@@W’t limited to

pra In addition the mcros referredtom
hydrq@egg@Lgeactgm ef%%@’é‘?(‘?mg?r aé‘fl'%,e E supra), Li,
[OOSZZT'hg' rﬁﬁfa{chﬁll Hof LR %AresSitR" SanoAiB¥S L%llﬁ{’[ﬂedhy&étﬁeﬂﬁiwhﬁethod or

ow m ros heres referred to in
hydrdm@mabsyrahesm( ﬁo&icnlmdpfca)examm bydlidalgolef @i (2007, Catalysis Today,

o 15 S Ll 28 bR B GRS SRS 2o,

Eng. p@p&ftg BBt $.179t hods of manufacturing nanofil anents
as nanow res, nanofibers and nanotubes are known
[0053]n t Iz%ex wervlewemhycbgthem éwb@sowastﬁlélﬁ@& SBB?%HC@&}? provided by

cher, ¢ SESER 55 ST MG SSgiecan, IO 490U brvibev, s

T.J., Ry dI.qRbeT, nsthall,ead B Q6.7 @l 1eRy. dapbrivi] tig 1®ydrathsmh&1 geéthod includes
et hod. [ 0052] Manuf act uring of. nanow res an
vanongmghmgg@%oﬁfgyﬁglhgﬁlg rﬁa};@ﬁa%g %@p}nlgg h-tePRIRFUES aqueous solutions at high

vapoE| %s?&’%? r alc‘?ys?eg O%be ;@%ﬁﬁécp%‘ f%pa?d‘f@mbﬁslst% of a steel

go e I'ysi's Today, Vol
pressprebessd )caledlavtuelaye @ bomb (sBa Figire [2A) ﬁD@'h}ch@amtupmg(mcludmg the
and SuLf aces A, Ph

matef hich BB oSG 5 FEPPIR) e G Rk R solvent: A

tempgxra}‘lﬁE grédlgdt ng n%h'ﬁﬁin@@ G $hd §p|\1§)‘s@é/ efedo e GRESR1 sthadfige hotter end
6, Nanosci not echnol , vol.6, no.4,

dlssob\(e@(}&) nujnenmd the coqilglr ¢nd cppses asystalp fo g@g\oqn th\grﬁgpqls provided in the

%g 3, no.7, p.1122). In brief, the hydrothernal
VeSS4ret hod i ncl udes various techni ques of crystallizing

[0058Pt erA ahsel h@ibéti gh-agsRRMRhIr CardGuaD ynthedizdd tnn&erahydrothermal

hi gh vapor pressures. The cryst; aI gromh is p
conditwnan clgmpentt SR Ads CPMPLEST oxides eBIMEHRIESs mﬁyhfg&‘éewafbonates

| cI r | [
i) AR R 4 B B 1S )
Kole@ oS tAM.j thrdgﬁlos'u rEpRl eet all @R Applwdiacr Br anmm,elvol 54, p.51)

solvent. A tenperature di ent. ({m tta i.ned at, the
descpbeminSibEent remsyeRimagramade B AERE 2
[OOSg]r ssgi \éﬁfs iﬂfﬁleﬁﬁhg'tﬁ@hﬁ‘l@eﬂ Sen &R0l Bfien®d) dusit BPdrothermal reaction

sta s to grow on the seeds provided in the vessel.
mclqdeasmpemmrarsgmmg mhaerialf andaeadtidnatimet Eorcexenmdenfor the synthesis of

R LA S B A TR S0y BB B o

150 Q@E@%@tt 860 °Q! Bés‘f@ﬁtﬁ)%ﬁan&%r SR @Sdlﬁhﬂhydlf@’{ldemt example be used
the articles of Hidal go et al. (2007, supra)

as stmmgnhﬁgnal\and oxidgsysush s V0o =) h:Q reaq;tonaﬁme (sz@ggt 2 ,gbadays In case
ta. bLon r °
%ﬁﬁ erhafﬁ) s%aﬂlg ar eé‘%‘%r% garB?a 126 J@q? about 150 °C, the

nandﬂlérﬁéﬁtlimlmy@@be a nanotube with a length between about 10 nm to about 15 nm. If

the starting material is replaced with potassium hydroxide instead of sodium hydroxide, the

product would be an ultrathin nanowire with a length between about 10 nm to about 15 nm.

[0056]  Another method of manufacturing nanofilaments such as nanofibers and
nanowires is electrospinning as described by McCann, J.T., Li, D. and Xia, Y., (2005, J.
Mater. Chem., vol.15, p.735), Sigmund, W., Yuh, J., et al. (2006, supra), Bender, E.T., Katta,
P., et al. (2006, Surf. Interface Anal., vol.38, p.1252), Madhugiri, S.; Sun, B., et al. (2004,
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[ 0055] Factors influencing the dianeter of
nanofi |l aments during hydrothernmal reaction include
woenp@ietssire, starting nmaterial and reacti on t POE/SGE@S/000250
exanple, for the synthesis @ nanowires with a | ength
of about 20 nmto about 100 nmthe tenperature is
bet ween about 150 C to about 200 OC. Basi c substances,
Micrapoedusamdsddsapordug dviaterials, wali69f pr77pradrBhkbisls Tised Bhat, G.S. et al.

starting material and oxi des uc s TiO. The
(2005, i%h‘iff‘?lcf%‘%ﬂﬂi’édhagiy% leﬁc?’é’oégé&gs. 1n case the
[oosﬁem?h@tf&{rﬁaﬁbﬁ JfQWRIn fib& fof X aRBiEld Lt Me@ibspinaitly’ 12Pased on the

o about 150 OC, the nanofilanent is likely to be a i
uniaxivd rstetebingnfor relenghéont of deiseraastishiotderi®dniivma pelywer selution or

. If_the start.in terial i.s repl i1 .
mett. s Kesnhidin o Ao Rk st L BERLAFE for trbips migrgsoate ibers
excefl! RAUMHe Wallod dectaitaukt feghfsidihs nedt@ebr eurthtd chadgendtdther than a
between about 10 nmto about 15 nm %0056] Anot her . = |
mechagicalogr sfcardpisehtq gentinyondygrducenbst dameieh of@ viscoelastic jet or a

nanof i he ' J L NOLE L .
gss GPHIEE LA 6 il ORI SR IRARO g y s i
for géherdviigefiberCvetnmuchothinndb diamet35)sinc8i therelodgatioh, caybie, accomplished
via a gpitagiignshetiethrough (s FHRNEAGRAT o qpbridglocfric ialg) LikE mechanica

AR by i g 00 % Mtk GRRT QHeBIRIBrk well f
dravife %%g{rrg%%mﬁﬁ% é??%f’s?%%@gg% pfé 77) “and Subbi ah, T oo
high-sohinBhptodu@ida (ldt Dal & XROOSN.,J0n dvehicedpldlatesigls, vol.16, p.1151-

Pol ynmer Science, vol.96, p.557). [0057] The formation
1170_2)f a thin fiber for a scaffold via 'electrospinning
[0058]5 b%%ﬁc@&tphhﬁngg N e d glefRETHY 1Y efRfrifRIIGBIYRbIMPOIed S a highly

a viscoelastic jet derived froma pol ynmer solution or :
viscome polyninislutien,mek futher Selowiiis eentingorle sefphady dedp the electrostatic

rocesses for dr.aw ' I [ S t
ouf§o3F 5550 0% U0 S PETETL BB D SRR L0t B v
towafd e @8Fadd ditthe tolldetot (ortctivnplat), evapabtar of the gelventdn which the

conti nuously reduce the dianeter of %@Vi scoel a1 t(i_lc ‘Lhet ..
polymer of RPRISESY PR HisSelysharuEs Hid e fbeh i yRigplly dry when arriving

| GeRRIIREN o is fdirodda § i
o SAARE0 ) GTEORI R ML N Sl 8y AL Lt pup
used tWigcle bargadsi assmal hambentad acwpigleh Sdidvipsecarsoomatesial edsolvent) out

schene t hrough.the application an _external electric .
ot v otk BESY Lt 300 S Sy Bl RO eGP idSpening o
the n8bd0 15 GMMEIPUPHR RLOERERNEOH b&isaY bfralauUiondxdsmple a gauge
wel | for high-volune production (Li, D. & Xia, Y.N.,

needROBAyseddVoe cetallib needlalis attachied to & high vpiage squreg either positive or

.0058] .1 n el ectrospi nni fi j
nees PR RSB QB en Aol P SISt s ot e
end §PHHE h&¥dle WAE chatideliey fdael @ModrSas @nboltagoissipplisdr ki addidon to the
due to the electrostatic repul sions hetween t

surfagg tenston widagiguity forge PRY addiirmahiioress drpe ams»aﬁ?&le/&g Hed Taylor
fy ber travels.to - e i 4 BCEPhip close to th
cone()c gﬁe ﬁ%‘?llg e np$h§t e ,Hrg%g%%?%élgﬁl%o@etjﬁgﬁlg gloévent in 1P close 1o e
colleotvir lnt tchesep & tyIthin tora fewdnmdsw namptretdraivith dowerslsolty adthe tenths of
occurs and the fiber is typically dry when arriving at
nanofEer8yur f ace of the collector (conductive plate). To

(005677 M ¥ ohfles TRA Bfkairfing e PRBuRM Rhatetial can consist of salt loaded

polymer solutions, sol-gel systems, or nanoparticle slurries.

[0060] For example, precursor materials for the manufacture of nanofilaments of TiO,

can be metallic alkoxides or organometallic precursors. Examples of titanium alkoxides can
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used which squeezes a small anmount of a conplex fluid
(precursor material and solvent) out of a needle which
woaasaidisanet er of up to 100 mm By varyi ng t hecT/$G2008/000250
di aneter of the opening of fiie needl e the dianeter of
the nanofilament can be easily controlled. In one
exanpl e a gauge needle is used. The netallic needle is
include; balcdredhot bimitetlitg titandim sugtherdde, dasnmirshoxidss titanjum ggopropoxide,

.. _.hegative, (pr.Qducin high vol tage between about 1 to

t“m“@E%EW?FK*ﬁ&dS&@BP%@“@ﬂgégforns at the end of the

[00617€edbgenbidcuabanem b Supplemead SWIR dmpdsiviohs adech dncrease their
a

~ applied. In addition to the surface tension and :
viscogjeyatei engure sha elunag clesHpITiwHAL 2fther ol WHE Aheleeirespip agd et spherical

so.called,' T k. L) ' : )
w336 S U Rk, SRR RS BE e koo i the ar of
electrbépiSiing 0 Fhe etinhsiet avhenhaTiGzauisesused tpolynhérn sobutwns ewuch as
hundred nanoneters with lower limts in the tenths of
polyviraiyrealisoae (F ¥Bbon berised inigrtease the viEcedht ai ni ng t he
[OO62§ r ecfﬁﬁl%mﬁ?é R Filecii8dls CRNBE Btated toRlibcd B8R o PRYMOBAS, e.g., by
ol utrons, sdl-gel systens, or nanoparticle slurries.
ligand 60@RhgEdn xanPTi), metic acidar avatybacetonstefip bsadnie reduce the rate of
manuf act ure of nanof.i]aments of Ti O.can met al | i .
il R S SR DER Qb EILEE A OU, P B 5 g Bt obfe respective
alkoxidd @ni um al koxi des cani ncl ude, but are not limted to
titani um methoxide, titani umethoxide, titanium _
[0063]s opAapthei desthed phmannfashsivexiagelitements effieypesent mvention, even

ut oxi de. J.0061] . Suc recurs S
nougy e sk AT e PSRLE S8 Aoy BRL B min, s
sol-g8lHsth6d. A akold i & BBpekeatoTeskd patioles dn hillgaid wheraonly the Brownian

_electrospun and not spherical nanoparth”gs. Sug&ﬁr . di
motiansrapersing it parfisles pA S Bpla e @ st Wiprechsdh figuid and iSplighAre dispersed in
i . i . éneral, the sol-
R T
gel n{c)is basedm the etiateorinsfreatien bfie sul etaised from100@Ric alkoxides or

Furthernore, the_ precursqrs can be treated tq.reduce . .
organametalie EresEIRGRITBRySh Sviich § 4 Sulyien eonfeinie g M Sfspension, i
polytﬁr é%»%e goétt %W?en%%th& RCEAMOL A &leY| PRSP akRid Boii§ @6 YeOdensified

uce

e rate of hydrolysis by ligand exchange of
throughe theenaltamngalingptovgivé an feorgandg ipregustifkop glass polycrystals or a dry

espectiyve koxi de. [006 ot her. . . .
el rciecin i phcenamesrt s bo bRl LAfa Bgton reggtons, which
lead BVBB fdRkeA of thd sol.Nnot used in the art as often as the

hydr ot hermal net hod and el ectrospinning,_.is the
[0064]0| - e mekgddd proxessoian bs Perfpaped sacshrdine ig) jagy protocol. The

rticl i ' ' i ' .
L
titaniubfl prétudsod, @l exhnagle idi spedsrdg ithe eaadtiont precesswiixemples of such

orgaRmg A HATivh BresBRgE: “eiABi Skggide hich R AGE but are not
limitg(? @@ﬁfaﬁlﬂﬁ?‘iﬁé@ﬂoﬁ&e Qitéﬂhrflcé?ﬁ(ﬁii&@ ¢ied i i8R Fr8h dxide, titam'l_mé r1])r0poxide

koxI des or organonetallic precursors. The sol, whi
and titanianswitotiden contai ning particles in suspension, is

[0065] For example in the article of Miao, Z., Xu, D., et al. (2002, NanoLetters, vol.2,

n0.7, p.717) TiO, nanowires are manufactured using sol-gel method. An electrochemically
induced sol-gel method is used to prepare TiO2 single-crystalline nanowire arrays. In this
method a hydroxyl ion is generated due to the cathodic reduction and then the generation of

OH- ions increases the local pH at the electrode surface, resulting in a titanium oxyhydroxide
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polymerized at |ow tenperature to forma wet gel. The
wet gel is going to be densified through a thernal
wanowaliasy to give an i norgani c product |ike arPgrass008/000250
polycrystals or a dry gel. kP general, the sol-ge
process consists of hydrolysis and condensation
reactions, which lead to the formation of the so
gel fc{rﬁﬁﬁdljl ifiithe gresgef apravodissalominibe pefe (AN E@&XW@H figfinal heat

to an r ot oco nanof.i | anents, such as titanium
treatment Beé?{]ﬁg afrﬁﬁ%‘?ﬁggﬁﬂ?% '$or med from an
0066‘_’?r gapsdretad ) iyt Wt.agi i @LeCUAger Mdte, ﬁdlaﬁplpelfﬂ%) sietatibes for
uring ‘the feaction process. Exanples of suc

examplp@%muﬁpﬂurq;oﬁ Cd%nmqwqﬁseb@ifsbmisB B atiigip 4. {Hﬁt al. (1997, Chem.

I an t d

viof (54 S VR o FllFBenl b 56, Do i) ! Ghen, .

Samul k& PE.FP@001¢.J. Mt iGheinn epax] gesandddsctibe themmanufacture of InyOs
butOX|de [ 0065] For exanple in the article of M ao,
nanowires. Xu, D., et al. (2002, NanoLetters, vol.2, no.7,

7 (Y Gn RGNS Okre Olxed with
[0067ﬁet h%%ifo;é %r%?%%ﬁ@snaﬁﬁl % uced%slcl)l gel nrret hod )?es e
surfadisgtdo bbtajpt 2 paspensioObrsprayldeyiag yAd:ca)Irdhng & thamodn:rs@ndlng of a person

this nmethod a.h ener at

d
sillo gn ffgint Sh e SRAROR 317 SHEISEIED THE BBt p bstances
wher&hlo #19 @ﬁbétﬁﬁ:"eQ§§r? thel id add (iR thidcaddtBe AbRGH16:@6ts) whiles the other

surtace, resulting in a tltanl um oxyhydr oxi dege|
one i orthatiqaid phase (serfpdassoptionally ahsdnadgitionnliolindki de

[006f§r ra hgpgl%f%%ﬁ%tﬁ 856!1 F% glsgf:e g%%ll:él]r a%(aé‘ggj _{£ 6{ gffb%'oﬁsc"{;oﬂzeﬂ{’ before it is

mixe@witH #80urfabehyit. IMad @lso ., po¥sibleliBat me]r&ﬁBﬁladﬁzﬁfsr arinleﬂnefwrfactant are
exanpl e the manufacture of CdS nanow res;
mixe® apfirst pagrthe splvext i3, addgi lager. T@gg@qlce @f@ﬁ{ve%@@fends on the kind of

nanoﬁlgﬁwnts L%e&)' 5144”) qxqu%ﬁ 81%% gﬁﬂ&ld&?%&n&r Bﬁtr get %to b ct vwlnth water (for

res,
example VDL handﬁtﬁifn Whl\tbllsldlectmslﬂﬁﬂix)d des arok tyet tbhal calcmed) For such

manuf acture, O | n2 nanow r es Bef ore,sp
matepiply| Hganin SOREAL Ficlinti E8RE e FARBITIS e RTLOs, (40 figlgonly 2 fow
111usﬁé$’u"vg eﬁmﬁﬁ\fe@?&&%&fe}r@d { Gthé %p%@iﬂﬁﬂsé BN Waldr RMRYused as solvent

ccor to the understandi ng of a person
(e.g. s:kOIzI mﬁosmudttusdamternah mmfactuTsdlsmfehg rothermel treatment). A person

caonsj dered.to refer . to re of t
s R 5 S B SV b & IV vt Gt FE R it which
mekﬁ&ﬁﬁlﬂ@ﬁaﬂanofl | aments) whiles the other one is in the
l'iquid phase (surfactant (optionally plus an

[00620ddi tA SeverfacttVamesey. hefew@%gt mEREben ok 819 glaghetigatenals Gut, In small

quanf,:i {:ys ﬁ;ler 3 W&%&%ﬁ Lg c? ac%ract{%%fﬁ? Uy a s éﬁ{eﬂgo k&ﬁ{f se%drface-active

agent. 18 A0 Hak& BRRNeS, M@xﬁrhpleﬁliqmaﬂiqam oxaéroéldlﬂhqmadj aaeturfactant tends to
first and the solvent is added. later. The choi

locata of {herinicaiage RALAYE PRASRS, TEIESH itrBiRA oS RERERS oL & Gelfingigy between

I terials should not get into contact
the t§§ %ﬁ?ergx%trﬁﬁ orgaexarrpl e Ti 2 nanofi ber which is

[007 e] ectlh @eperal, sudadtasts and diyiled ete rfowradlassee dnphptsricswith zwitterionic

head groups; anionic, with negatively charged head groups; cationic, with positively charged
head groups; and nonionic, with uncharged hydrophilic head groups. Each of them and
mixtures of them can be used in the present invention. For the purposes of the present
invention any kind of surfactant can be used as has been demonstrated in experiments
described further below in the experimental section. It has been examined whether different

kinds of surfactants have a different effect on the formation of hollow porous microspheres



10

15

20

25

30

mat eri al s organi c sol vents such as ethanol,
acetonitrile or acetone (to nane only a few
woRkbosstitaasi ve exanpl es) are preferred. |n ot hePCT/SG2008/000250
applications, e.g., water cdf be used as solvent (e.g.
Ti @ nanostructured material manufactured by
hydrothernmal treatnent). A person skilled in the art

duringy Spfaykdnymg\/\kﬁterdfom th;fee sbffvr@m kipdp dfesugigeignts draveeen examined.
di fferent mat

nown in. th 9
Wheroora ik Pt ioch 87 s B AP QPTG st sttt Y cationic
surfa&ﬁnt”&ﬁ etht AoSmhiidt ;ofl RolSdR! porbrera Mbiciogphet®y ool Wiffdrémet has been
he surface characteristics of a system also known as

obserse.drface actlve agent In a two-phase system for

[00715 engg gatr ggylfaénpa £5'¢ d % 1%8#%&11‘%210 qnclﬁdes l’H agb afth limited to

eln ce o ases

sodiuhededdcyl | BhlfRduqspSy, degliwa Ofencmet Ismlﬁohgte,bede]@{dm(ﬂlbhc acid,
two difrerent materials. [0070] In

slycolthorhoimatis. ShE Exioh GERmPHID 16N TS ae otk fylfate salts,
sodiufl] ltan 1{1%&1?&(’,: hﬁ(l?yl B%&E SAFRURS s0238! A Geid %ﬁsfbr mlxtures thereof.

neg a roubs cat | oni C, W t
[0072:]051 Illus&htyvec hﬂﬁgpids hﬁaad ngmoumssur&ntdmtsomchldc,cbuw\mehnot limited to

S T TN T A P
poly(gﬁl? chBSxRi&) BRS ‘f)%l)@%roiégﬁgg roﬁgi?‘ thbeiﬁetgﬁﬁﬂ@ Blyaslymbhdottx@decyl ether,

act ant“can'b nmonstrated in
alkyl epghegliersies (sedicas betyl fgllwqohléﬁ, Bedybunalipsidep digitonin, ethylene glycol

oG DS R s PSS T B o R s o o

cetyl AlcohbR, f)l@ﬂ/lnﬁbbl‘ibl) of niRtdrémHRAIEUR bR ilspibreeaduipleithe nonionic
spray dryi % Therefore, three different kinds of
poloazameneiednt Elhave been exani ned. Wien conparing the

ffegt 0 [ a . ] i Qi
0075, S AoSUATB. FEe TP L SOLE P nrtcns
termip@iin piagspdeses grawsdThéearenoeposs] bitenersisd dydmwghobic chain

of P[p%ggﬁll]aeiv'yllsﬂ; ' GobRgpvIeny p8aN o BT d bl o JTOroaR g, gheins of
poly&&%ﬁr Kgblﬁg%ﬂ?;?@%%?gd@?l Benake mdrhyHs oF i FSlyﬁﬁak ®locks can be

ester, amonium [ aur
custosrukéchtmargndlffﬁrdm rpcddiaphers wkfsaﬁlevmgISﬂlghﬂ}é olafiferemt Bﬁsppélﬂlﬁs For the
sul fate, K nzene onat e, soa "y
genedg, term opolﬁﬁqgr,e@ei%%qp@%pnerf@ﬁg E?m{nlop S?alg?a% Vweth%é qetter P" (for
polo%?é?rlf@ﬁo@éd HyNARES HiSitss Uhé AEkBWE diglis uda 0o bgive ahe approximate
not lTimted to pol oaxaners, al kyl poly(ethyl ene

moleouhadm)ass df éhengelorsraonsdete ensacinsxiie latt iagit Xcfpaivghihespercentage

s eI AR SFAAPL RO BB RO SpBAL motca s

of 4,000 ¥@ha1GRg ﬂﬁﬁ%(}ﬁﬂ&d&y@ﬁxy@bﬁbﬂ@hﬂﬁﬁm ttle Phﬂtemycltradename coding of

‘mal toside), digitonin, ethyl ene g m)node
thesee@miym% éﬁwﬁSo‘élﬂNEAeﬁ%ro@a@ﬁf@é ‘iﬁ’cl!af “fnéli"ir?t“re L=

o £ SOt 00 s gkt i e
the rﬁ@lﬁbﬁlﬁlﬂ masmbbtlﬁmmxytps@j/lem déiéZ?Zdetermmed from BASF's Pluronic grid)
and the last digit x 10 gives the percentage polyoxyethylene content (e.g., F127 = Pluronic
with a polyoxypropylene molecular mass of 4,000 g/mol and a 70% polyoxyethylene
content). In the example given, poloxamer 407 (P407) = Pluronic F127.

[0074]  Illustrative examples of cationic surfactant include, but are not limited to cetyl
trimethylammonium  bromide (CTAB), dodecylethyldimethylammonium bromide,

cetylpyridinium  chloride ~ (CPC),  polyethoxylated  tallow  amine  (POEA),
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[0073] Pol oaxaners such as F127 are difunctional bl ock
copol ynmer surfactants termnating in prinmary hydroxyl
wanroeepdi6sThey are conposed of a central hydr opRODISG2008/000250

chai n of pol yoxypropyl ene (pdl y(propyl ene oxide))

fl anked by two hydrophilic chains of pol yoxyethyl ene

(pol y(ethyl ene oxide)). Because the | engths of the
hexadeoylitireéthplanmikenivan lpetomeﬂemhfonew neemgalfipfifier erghloride  (BAC),

pol oxaner s, e? 2% havi n sI| y different properties.
bmuﬂmﬂﬁnﬁﬂé B iﬁW?ﬁxéﬁﬁ r", t hese copol yners are

tebidCs Pa';:ﬁaﬁf {Rludef ®ut Red @yaneiiled to dodecyl
[0075$0I I oﬂr%{tplgf/lqtg gy (leegll tsér t he Sfllrcs% two digits x 100

betairgi, veodilme aﬂpdmemtcmrﬂpﬂne@ufmtm@obydﬁam dodecyl dimethylamine

oo BN b, o ) A S B

propaﬁ@éu@f&ﬁ%rcd@bta% oRaty BF MRS ehai®Ifecul ar nass Of
4,000 g/ nol an 0% pol yoxyet hyl ene cont ent)
[0076]he Phe p@mentr%trfmd@fﬁbﬁéurf@éw rgb@sTeehanut B9p e )Ql%)eW‘s/" based on the

total rv%egéﬁtts t:\:alée, g?%lbtét ; Es{ls_ﬁe?SlgS f '(I]x(]ealg {he§ &%ﬁlec ﬁle %?ﬁ({(éhﬁ'ﬁtlon of the

surfa&tmlls ghout DAl wﬂmdsdamme | Wﬂgﬁtﬁ)fdh@tebﬂtmg espbngist
refer to the nol ecul ar

t he
[0077dol ya§49 prensyrieneofcpo il Faens Pt gRh EtEprises ppagp fgments in 2
conce%ljagg)n %@ﬁﬁléep ot i &l by XHgleg'c‘éﬁ&nErgﬁoﬁeéfcﬁﬁfoﬁ%nents result in
ene content (le = Pluronic with a
dlsappédrmweycﬁ‘rth@yh\at)anﬂldle ebeihacrosgisse. df adoth@0expmpld, thergongentration is

e SOERASTIb o LA T 0
[007%}| | uMlE{ﬁ’l# YenRXarplcest @hd QB¢ naRbBlasehts ath Y adhi@ledds; using any

are lPmted to cetyl trimethyl amoni um brom de
methQ(I:'EAIB)Jn ig am@aguseclmys @uitm@pmmradmtm,mmgmf the nanofilaments and the

surfa(glet %ﬁ{ rdi n| u %gelggéis?lﬁl %%ﬁ%"&/ }o%ﬁ% thelpla@Win which

menﬁxﬁlgglg%eﬁﬁﬁieﬁonat e, benzal kon| um chl ori de (BAC)
benzet honi um chl ori de (BZT) or. m xtures there

[0079]007 ByfteEokinpias thomisthhel P AR R o Rl 8“"““6 is to be
d
o 16 DAl MDA BcHBRRENL 0PI O S, Sps drvin i
comlﬂbﬂil?tubyd ARthod oixirviag adﬂ;mdrfe(dd iiropght a bet @sn’éhe temperature of the gas
3-[N, N-di met hyl ( 3-.pa toyla nopr o amoni o
depepsisopia s ampBRaRRd teokl [cgpte Rl iRpigngat needs to be
Apedont dEledUA R b Th dn® 1
vep IIA‘E‘er\/\d/eeaglr(11 cabgﬁlt@%e %g&tlggg&gﬂ%éa%ga;%d O(I)l n the total Srampte
the tevapehturobf theegaseis (Hetwerp sheupdR8i°Erto gheubhf A rwlikaths| ressure of

the concentrati esrf is about 0.1 wt %
COmPEESEY A S ﬂ&fe%?%‘r“?&@'tkgﬁ g‘? %ﬁgs%gulti ng suspensi on
[0086]007EheTﬁ@c&H&HﬁﬂﬁkéHW{;l@Ee aaﬁﬂg spragenyiag andisuafedcinaFigure 8. The

onprises nanofilanments in a concentration between
mltmbumeneon drqmetgslmnkw@ﬁ@ r'fhfbb@]‘éé (FORIGR} @ik cpaporates in the evaporation
I [ c [
tube; %Eﬁ% gprflﬁ r}gﬁ:r cg ﬁlté? gﬁ‘tn% lf‘cgﬁ ﬁxgcr@lﬂe(?(fatﬂte sh&%nﬁl%ﬁ it ¥vaporated the

holl &R AGEREPIRrEOHf i faesene tiveation leade ghd spray @rypt Though the cyclone as
bet ween about 4 g/1 to 8 g/1.
illustrated in Figure 12B.

[0081] In general, the hot gas is air but sensitive materials such as solvents like ethanol
require oxygen-free drying and an inert gas, such as rﬁtrogen gas, is used instead. Depending
on the solvent used for obtaining the suspension of nanofilaments and surfactant air or an
inert gas, such as nitrogen (N3), is used. The suspension is pumped through an atomizer

device that produces fine droplets which are dispensed or expelled through a nozzle into the
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[0078] M xing of the surfactant and the nanofil anents
can be achi eved by using any nethod known in the art
weualy/asssl trasoni c radi ation; stirring of thePCT/SG2008/000250
nanofil aments and the surfadBant using mechanica
means, such as a mmgnetic stirrer; or rotating the
flask in which the mxture is contained. [0079] After .
evapooitici mbe gf aisprayi kyer @eoFiguenbiB ). Avemizersaray siithfratars single fluid,
d he nix%ure is to be spray dried to obtain the holl ow
anc UHEINEHIEIES of the present invention. Spray drying is
[00823 CORBDEkAMPIELH 1HRdrh QfbrRfzefr HiltY deopsi cfuiushdnsidd droireaingd by high
a hot gas. The tenperature of the gas depends on the i
speedarpbarsit Using raerykatamizses pllojws @btasnps meicjosphgses with a narrower size
.. .SUspersion. t ne . :
s Y R B IEhoH8 NI £ PO G20, AR s
from Gat@xaRRnl € the tenperature of the gas is between

about 180 OC to_ about 190 OC whil e the pressyr f .
100830 rrpibe siza ofithe hell e ERPIERTOS BN S BB (efingg by adapting

the s%g & thOABM Hi‘x%u?l'i Q&hgéhs tHelHs éxﬁﬁﬁsispi‘g&ﬁ?ze, ek beia%d into the
rying is i FiUstrated 1n FlgBre 8. The initial
evap@biiqretube off tity gphedryshrThek®zalkee diatrieter| cag be dn therrange ofpfbout 1 mm
o b DR S P e KRR b e AE e i en ot 1 o
| YhileQa@YARRER B (hE B h AbATE QlasdMiededSeddf about 10 mm
thbﬁﬁzﬂggéigﬁ? iﬁ%énﬁ?%% ﬁggve the spray dryer throigﬁio
and 50f enroylnl aneeexampid, thesdiameteriof the Hpgple i abp 7 pOD81] I n
enegal , the hot gas. s _air but sensi.ti lal
roos4J5c Sfwie B amperef HRighE riiirs; ¥ paG iRy efl RUFIELE Br cxample to
obtaifl aYdeBife ABFs@D stinitlire 0@ 3Fmpl§U6 Rerdsvainty RgRMmigAHquidonpedent, such
i nst ead. pendi ng on the sol vent used far %ﬁtaiqu%
as the sifastanb SHhsrefre thenkpllom misrasphsres san e Faigsteho A fferigpl treatment
betwdl} AHIGE 50 9RSer 50'S8 tgsabﬁhttf &0 1aNake a'tﬁeﬂ-}%?%atﬂéﬁt is also used to
suspension 1S punped through an atom zer devi ce that
obtaifi laagbutascribtakstelicpk atich wiémperanee deasmpentsead bercatoipatione dherefore,

th h le into th ti t ub f )
in onf; IeC| Sb&DFBUFEOR By . DABGH DERE GAPIE (e etk Py Jrving andior
calcilgeg’(d;)%%)l? éﬁé 1w ARdosHet R 3RPifraf @SS [0082] For

In rotary ‘atom zers initial drops of
[0085]us pdm deoerabr Eatgamatiod” byedisgiicatipgdd substange, inghisgease the hollow

. _rotar tom.zers al |l ows .obtaining n s ' .
micrisFh RN SISEN STEEFTBE (it ROelhare Py o oetdh fcfmeling or
fusingt SYTIZ Ragsifg N6t MR8y ki 108s oF poUEPIgERRMmIAg 1FOldIIhoRtre) but also a

sprayed fromthe atom zer. [0083] The size of the
reduditsin @woxitlatiors ghe deeommpasiinneel eabonsieseans picempdpyor a phase
daptd he sij f r ' . .
oS00 08B BePBBENE ARUN hedbio catiion i
includea i @bhodtsibtibel die hltalsit@yitsdoyides adhe resmitz b deating to a high

di aneter can be in the range qQf abouyt to out 5Q0 ..
teoprrpfursHg crypiakghage gepanos oA %ﬁ@ﬁ & 31%&?23 Euﬂng calcination.
[oosgjpf‘gagém&?&n"‘ﬁ%ug@g Whrribd Bt FoPRR%efal %Qum%m)éaﬁlph@l,?zrs, 4,5, 6

ryer can h a nozzl e dianeter between abou

hourd Or even more. Calcination is normally carried out in furnaces or reactors (sometimes
referred to as kilns) of various designs including shaft furnaces, rotary kilns, multiple hearth
furnaces, and fluidized bed reactors.

[0087] In general, calcination is carried out at a temperature between about 300 °C to
about 700 °C or 400 °C to about 600 °C. Calcination can also be carried out at a temperature

of about 400 °C, 500 °C, 550 °C as well as at 600 °C. These temperatures are only examples
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and 500 mm In one exanple, the dianmeter of the nozzle
is about 7 mm [0084] Sone m crospheres mght require
wea 8pP@aeidssc thernmal treatnent, for exanpl e to BOTAGR008/000250
desired crystal structure on9sinply to renove any
remaining liquid component, such as the surfactant.
Therefore, the hollow m crospheres can be subjected to
and adetdoarsiilledt inehe agnvilldatonethat ﬁubdempaatu@e::fcmrcakmlmon(ﬁepends on the

about 300 C I th t d
i gt e bl P Rl Fuclosihase

[008§] € "PRAFSHAE rhdt&ITERLy CREuPE difibeht &Emﬁ&atuT&G if6f QaRination. For
I'n one aspect of the |nvent|on t he nmethod further

examplenpihies éasllowemmr@phcres thaglé n@TaMarg rto baneinpactused vsing He method
hol | ow m cr,os S ter
of ’ch?:1 BFfSP pnve@gp@wéﬁ} rgPF %g T[31§ %?alrl]%ée?ied for the later

‘apph&ﬁ'oﬁ @tﬁﬁ?@}"ﬁm’ﬁfﬁl&ﬁ&h’cm& A& Ihbﬂb\@&hlot@pﬁexhl gould be in the rutile or

t enper at ur e eneral above 300 0C) but bel ow the
anatamaphasngAe rmm@mg bpfmrmTloa das itrege msforgaysfalastiugRiey futile, anatase

o RE5EAL 1y S, BRI (R e B 98 50 phocas

Anat4se fﬂh@wis&ﬁ stabié Habebf Q‘C(Dpﬁulﬁdrsten@éramrp I{alscet t4oa?@ ité mloout 600 °C)
of the substance_other than mltltﬁ%épl n c

and igran suppERnt edytiellisgIRRRRALE Ji2 i Ru dsebierpnase £36°Ti0, at high

[ dFhy0 its oxides as a result of
terp "Wg@‘ %6%6 h(? gﬁa}{@mrdatg The crystal phase of

[00891an oﬂ‘he warhp r&td witlt whichla hoélowl mrcrcﬁsphere@f dlur present invention is heated

durin%aI (I:I gqa;tging{:]aq,] 8$ g}?il‘f’lﬁa | ﬁ | gnaj_llgg vy a%out }Soga‘I ﬁﬁlg u?)uto about 5

°C/m§&{ &;p%?soﬁ%&ue@ﬂ{ @t vl kfow EHalBthd Yarg@ rdte @dpents ém the kind of
urnaces or reactors (sonetines referred to as kil ns)

mategél usad rfcmllae demfijﬁmen’fﬁdlmmrlﬁrgl arawer fampriatesssulisgn etper physical or

chenyc@i&r@? ies %l%g%j)lh ?%a{ ﬁga%l{;ln %?oe\;‘ c%gg%lf}% 'sg LA pﬁfjrcfsult in better

ni1s carr

phot&ial{alﬁic @ct{ivﬁﬁmﬁ foawpﬁotb@ttéll@@@ rrﬁtniﬂals 300 T} areoimedt In76t&e of TiO,,
400 C to about 600 C. Calcination can al so

the obigeivent ealeinatiomist teraBsiEr amETRROUR D ok InipBie@natigp Ot:rutﬂe phase. A
(s)loxg(% ya‘}@ gﬁte"\@m‘ it 2y &%Oho%% ?iF@g oy QAP BRALUNERN delts in higher

| esand a person s art w | know

photé da&llyttcfte:ntvﬁynéir&b;um@la‘ inrone aklmch:atainqmaﬁem%@/mn i wped.
whi ch h; s been. us

of mater n. urin
PR O TN AN KT AT —
acco@%’g & Otﬂbrﬁleﬁil'oﬁf &f @l'ﬂé p?@s@ﬂte ileHfi&i® frP"th1§ alllgéthdfveOfkample hollow

exanpl e, when ["ow m crospheres made of Ti Q2 are
microgphbres havmlbmtmumxfaqﬁwled gvmh@nm@flﬂmﬂelﬁﬁf arefieadgrod Jée-

oo 8 4001 TaOT AL DR, e ol v o o
P25 ﬁ'@ﬂl"lf)é%‘l@ﬁ?@f frof T4iRBgNAnoOVIatEligls CRhein§ if IChina) Within Steel pressure
he rutile or anatase phase. As nentioned before,

vesstlagutoblese (seajfor exanyple Higuse FA} wides contrplied dempgiatas %nd92f pressure

d .brooki t
in st ARSI, O 45 p O ) I it Sted Z1 AR TEnBLAYE2S, Degussa)
(up &t BB @npbassedyfis Thiked atith wvnﬂerfpm NaOEE s¢latianin 46061 Teflon-lined

about 600 0C) and is an inp %‘? th %1) stal]ine phase of
autoqtpepeontainer and;is thensubisried ﬁ%b rgthesnd 158¢tighgh

[0092] It is well accepted that during hydrothermal reaction, some of the Ti-O-Ti bonds
are broken and Ti-O-Na and Ti-OH bonds are formed, which results in the formation of TiO,
nanowires (Yoshida, R., Suzuki, Y., Yoshikawa, S., 2005, supra; Chen, X., Mao, S.S., 2007,
Chem. Rev., vol.107, p.2891).
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tenperature (about 600 C to about 1000 C). [0089] The
ranp rate with which a holl ow m crosphere of the
wonre®@iess nventi on i s heated during cal ci nati oRCTAG2008/000250
for exanple, be in the rang20of about 0.01 Cmn up to
about 5 Cmn. A person skilled in the art will know
that the ranp rate depends on the kind of material
[0093ﬂlsedAftenrthbﬂ1&ydrmhcrmall amnms in amﬁgem@r 2 dayp @@ B0 F@np White pulp

rate results_.in better 9 e
suspefytypGrERbES Of PREOY b s oar PhishdS SR i pcgfied water and
diluteW iyl 15RIRodHESHY tacidn s&ﬁﬁb@ (pRhY} @6aBalives (HNOF ¢art )&1Sonbe used).
case photocatalytic materials, like TiO2 are used, hi,
Subsegaewlyof. ITWE6 sur@ctﬂn} B2k inpdded| Bt #hq 8ARqVErq guspension before
bi tr an er a ous TiQ2 into the anatase or rutile
su Je‘ﬁﬂ’&s‘ oera( n‘?l’?ﬂﬁe ranp rate can forma nore

[009410ONDBEsRRLS, fof ¥ptagl drpitg3te Blowchate asdl dag herbelmvgshmbout 0.5 m*/min

photocatal ytic activit For exanple in on
to abfmiri‘pl ko oThe feedrAq F&e G¥bhe bftwygp%]abm}t il b sbouf 16 m/min.

The éﬂ tgﬁééxﬁﬁ?g af tivd ﬁﬁéatf 6fcth@)§§{%je A}Plﬁ\é ﬁ)@t\&l%adbﬁuh ‘Pﬁ(b"@’\’to about

eres according to od of the present
195°C an@tHel IﬁrBssufd’lattthe fnletl dfithe sy dglee xanhé betmseh ehout 7 kPa to 14 kPa.

Thoss R FERNES (P REGE rns 50y (rigopafinbspf;for manufacturing the
hollo@éf%%ﬂs% ?&éﬁer@?ﬂ%b@&eﬁﬂ'lﬁv&ﬁbﬁ' ned by treating Ti Q2

wder s from Degussa or from Tai xi ng
[00953|anolﬂvaherexahm1¢:aﬂpmayed nndﬁgm) 1 tshiay dryéeg ipremsged out with

essel.s aut ocl ave °
compiGRtd 8t FEAPEIHBLPLATrG | Anar B el Fr el fed{ Bt 3hont 100 °C.
The @9&\;55 ﬂ@\? Fr);%% hibast (Na)(ﬂﬂ(/mirﬂwhﬂi shecRee ﬂg)vsﬂfht@ awzibo'ﬁt @anl/min. After

powder gussa) (up to 1 g can be use Xe .
sprawvlrmgabe hpllqw Krghla@qr%hws ebfaingd Alsvwe%ffql%}ﬂe(l ﬁhgﬁm‘f 800 °C to
and is then subjected to a
Obtalﬂ;tb‘? a[(EQste? %Tr on. [0092] It is well accepted that
[0096{ur | D@ie h{si diicoplito camalytie paipenies of tpl’mtooétalyhe ridter@lgisuch as TiO, the

bonds are broken and Ti - Ti -.OH bonds
inverign i direqiad dh ORE S 19 A Tt 6F Hpiigh cgRamTRged water comprising

ﬁlter%gggtwc&ﬁﬁm nﬁ?@{vgt%r tﬁou%/}gh' %Hllﬁbartﬂ{emt %‘ﬁ%ﬂﬂ h&%\’\ﬁ’ollo%v microspheres of
supr a; Chem Rev.
the presént lﬁ)ﬁe,ntlpn 2880loy mm]spuarcseqbtamed mr@nmmthmmethod of the present
reaction.in,an furnace e

invenia R P OPPIEEHPEFPRICE OPNBRd 156 g npol drbmade of o
phot&g{allﬁpctrﬁgeﬂ@ Glchi &8 MBshed with distilled vvat er and

'uted wi th hydrochloric acid solution (pH 2) for
[009’f]| rrea"h@ namn@ane@nwlmreiqw thegisp o6 Golkew myicrpspheges oﬁ;&w present
mverg{?r fa ?15%%! g%r%sz rsea tc)xb gr?e%db Q%r%d%&iiof?@@ %‘%s@ﬁt 1éwent10n as catalyst,
or cﬂr@&%]grdpmcgﬁfaedraﬂ off phtsweight stiydtingl nmerm ow tte@alu gsdlators, or

can be between about 0.5 nB/mn t u
scoustisingdaiar Ponleraeel BaHADE HemNerii Dot aapies fsmegtioned futher

abov. b@‘l érblgx 187 e -I;Qseeglg "f%\re £OP Ll Wottha tust log daﬂtll}esks &mprising the

ray yer ween about 120C to about
hollo%Oaicosphdres for geasisg centamirtated watkreor lyfdregden mrpdunyiod oy eracking oil

can be between about_ 7 kPg to 14 kPa.
or energy production or the manufacture of solar cells.

[0098] The term “contaminated water” refers to “wastewater” “raw water” or “sewage”
which includes municipal, agricultural, industrial and other kinds of contaminated water. In
general, any kind of contaminated water can be treated using the hollow microspheres
obtained by the method of the present invention. In one example, the contaminated water has

a total organic carbon content (TOC) of about 20 mg/1.
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Those val ues can change dependi ng of the spray dryer
nodel used for manufacturing the holl ow porous
waizewadpiser es of the present invention. [0095] PCWSGR@8/000250
exanple illustrated in FiguBé 11, spray drying is
carried out with conpressed air at a pressure of about
10 kPa and the gas for drying is heated to about 190
[00990C. Bhdcmisistieg off| Bumeant ecluling oud ligvitedrie/ whate whifplownie phrase

feed f rate is about. 8 m/mn,. After ' .
reonssF5R0 1 thepifed oLy Sl e G sihte required
or maadhtbty) 8Ad &at 86 Otter ERthelfs thay BPpREdt.TI O2 in the anatase

phase. [0096] Due to the photocatal ytic

1, > | ) ( _%OPerti es o%
[00108fot Bydicamprisiaghift isrmeans inejuding.abutrotdingited 1on atGvERIollows the
i,s directed.,in one W -oethod. j
s i Su-RPRRrIRERD o SaBy R Ao AR e cements
requifedtr dndatoey] betat othbr ele@bnta amosmidhhlmd tmagoopmashoetge present.
hol | ow m crospheres aof the present inventi .oegﬁor ho

1o .
[001H] cr SBpHerassobEbysatvely 5Pty FBenBaySERGEY Je RREiced in the
abserﬁ%e&e 'e%llrfeﬁ |2 nel%l’ﬂ@%t?,' PmitB8o @k 1Mt onk OAPN §¥Rically disclosed
obtai ned by e met ho e of

are m a photocatal ytic :
hereiflBTleus| #br, exumedie athe Texdds "Jod@BiEIngrhéinpludinght "dontagring oretc. shall be

al so refers to the.use, of haollow.mcrqospher of the
read BRRSSHELY, HeHIROH AT A BRI e eSS piRkereisys gmployed
hereifMRb OBl uskl 8s BrRR WHdebddiffidh iafd n@6 oL Rin@hil&i, an@tthere is no intention

chromat ographic material, or |ight-weight structural
in theraseeofi such temst dndraxptessinnsiphernleding anygegiivalprts of the features shown

jnsyl ators or ectrical .insul at or fi: .
e S i OB BB s e possive
withif%BEBtShe diBeRheskidh ddxeat Th, iefleuid be uhdastose tiodt although the

catal ysts conprising the hol |l ow mcrospheres for ,
presept dmishtion doh (heen raeafcalit dicclorct PU MBgH o ehadtmeHs gpd optional

cracki ' y i fiactul e losed
featuges, ggfléb%a@éé F.Ig([ v?gag@g]of%éég}%gﬁtﬁﬁcegﬁogﬁﬁ r%ag% la&;a%lgr fsc o.se may
be rdsefted so b9 thoss sleiled dn "the metyvamditieat"suoh tiebfieai®hs einidctariations are

includes nunicipal, agricultural, industrial and other
considered 4o Be vatin HigisraR% HEYeNUPR. general, any kind of
nt &y iofeh & b&ANIQEribEE BiRdISAd Ged R alp HefM. Each of the
[001gnﬂcr g?gﬁgtrvgrgw\g%t al ned by 1ilhe met hg_gl of %?he pifllgs.ent
narrower espédienand sultgeeesx gnpipingst fabingowmithin theteenerimdiselopyrs also form

a.total ar i.c.carbon content, (T Q b . .
part G soBeR. Hy TOGR Qb RGeGr detoHRun ot ARORYn ] wihg proviso or
negalil Mifn®8ti 19 reMBAELURY sithbde AYisitel HBmDIRE @8RS, epasdledsiofgvhether or not

of . Thus, the phrase "consisting of indicates that the
the ekcis¢domlatstiehis wpecifieadlyrregitadeseidr mandat ory, and that no

her . el enents m re . " o sk g In
001§ g SRS G, BRIy e Pl bR el
addifi ¢, ke fehRravsrthsp &BN®F the irventioineslesatibed af tetine of ®fankush groups,
"conprising"” indicates that the |jsted ele

those sl itherartsHLiECEY 7o it therBYenSoRds oksp SHEADG desptibed in ferms of
ORL I 1] Th
any AR ARRP inelibey PERSREQUTNE kb oPEERR et BOTGT) ThE

escri bed herel
suitably be practiced in the
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absence of any elenent or elenents, limtation or
limtations, not specifically disclosed herein. Thus,
woanomiespl e, the terns "conprising”, "includi RgT/SG2008/000250
“containing", etc. shall be2pead expansively and
without Iimtation. Additionally, the terns and
expressi ons enpl oyed herein have been used as terns of
description and nEXRERIMENTAL SECHQNt here i s no
intention in the use of such ternms and expressions of
excl udi ng any equival ents of the features shown and
[0010‘1ﬁscf‘bﬂﬁgat%n dib;%omﬁrlﬁﬂg'osm}es! t is recognized
various nodifications are possible within the
[00108¢ opAs qfretitnesly meatibnesin fatirgatierd of Tmesvird is keowwl g the art (Yuan, Z.-

v, Sy 580 1l Bl GRuah Ane PSSR Nal bty crat, 200

Phys. alﬂgv opt Loy, (383! &5 onsRAkhbRAddsefibeNBerdRl TR0 powdeér (Degussa
e 'inventions enbodi ed therein herein disclosed may

P25) lhes besomizal wishbl) Mhdle@tssalntieniin p Teflendined agtoglavh &Pntamer and

nodi fi d var n B

poce TR 8016 T 2P AT R AFghERgy A 1R e

like prov@st inoﬂleh@l&o&lﬁﬁl hekepeér basghddr aatl ¢.1and Higneviihc el assistance of
erein. Each of the narrower sge0|es and subge

ﬂtrasgﬂ@d;p’ﬁ'—tbg@lqeaﬂw%h% beRn Aeytdizgd Ay Feneated serbiag ﬁﬂa‘i"%%nzed water.
Unles& fg]errgxra{e st@ta ttﬂ? haé %ﬂés&ﬁﬁ n Q\bﬁﬁ bBEEE8RvE BEerIRIHRE o 0.1 (wt)

vention wth a proviso or
% subfagahi Yldufdﬂiﬁ FaToaueonnsolotjomnio sbisjre8tg/hEi@esudpention feed for

t he, genus, r egar dl ess, of  whet her . or. not the
sprasriying érbelpast S REBPRIC TR PRIE HEPEATPDGBL DAL Gt SD-1000)
to pr@dmg q|f1 t i3 fﬁﬁlo‘(}dlfehhfbréslﬁﬁelfe@ TR efahab OF tanghs for drying of the

exanpl es hi "addition, where features or .
TiO, asmm;mn othit¢this expdladtlnt@rthac‘@pﬂeeél@nlt@&joﬂthe Slﬁﬁﬁéfﬁr is 190 °C. The

pess B SRR MBS g Do b o g bont 1
kPa. Mhe B6WE Bbwahé ik REbM CIah’/MBITREle dic ﬁeeag‘ro@umteﬁs about 8 ml/min.

menbers of the Markush group. EXPERI MENTAL SECTI C]\I@% g
Aftexoqulepam ﬂ@ahfi'lb?rw FHOTMisAsheTRS reXitiRgcths SpFer e tayssy the cyclone,

l 0
e AT PR Y S 6 TG Skt ramy o2

uan

°C/maPRobt&alflmal T, unmbwirAmiviokplidéds. p. 173; Du, G H.,
Chen, Q, et al., 2003, Phys. Rev. B, vol.67, 035323).
In one exanpl e described herein, Ti Q2 powder (Degussa,

001657 CifaBREDalib 8F ¥ 110 AnMARGHAptekan i n a

i'ned autocl ave contai ner and placed in the
[0010%jen mmasmam fledd elﬁlsdﬂ)ylscmlmg]de¢tgnl midigstopy NSV and a JEOL

2010 SRSt Trory (b FpsEiEin bite GoLRdb §indtEmhotogies
of th*éI ’fl'@sﬁ)%ﬁ%resﬁli)&gﬂﬂl@féy Yhe I%Hfshﬁlsstlﬁ@tﬁfbs%dlt thal plaeel chiypositions of

shing with deioni'zed water. Unl ess
sammemhm b@nsndanta&hd udieg asBien ASE PSIAAwNSHIFEh Biffiagtemeter with

ve be dd £99)
mongefymaed Pt esI ok e AL s Eo AR AT SlbRRs of 2min.
The ﬁ\ﬁecﬁlsf) 10§¥H’e§6/rpﬁéﬂ igd8herthe Have Q)B& shiafied st diquith sittogem temperature
sprayed using a spray dryer (EYELA SD-1000
(77 K) using a Quantachrome Autosorb 1 instrument. Before the'measurement, the samples
have been outgassed under vacuum for 5 h at 150 °C. Specific surface areas have been
calculated by the Brunaur-Emmett-Teller (BET) method using the adsorption data at the
range from P/P¢=0.05 to 0.35 just below the capillary condensation, and the pore diameter
distribution curve has been derived from the adsorption branch by the BJH method. A

thermalgravimeter analyzer (TGA) has been used to monitor the degradation of surfactant in
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to produce the primary nanowi re m crospheres. The
tenperature of the gas for drying of the TiQ2
weoeuspPmsisdsn which is expelled into the evapor aPCosGRa8800250

of the spray dryer is 190 Q3 The pressure with which
the Ti Q2 suspension is dispensed into the evaporation
tube is about 10 kPa. The blower flow rate is about

the sénple TRleaburetbhts ehavb dete aakehl withraheating moof 58°@hutini fhom 30 to
After collecting the hollow Ti Q2 m crospheres exiting

700 °€he spray dryer through the cyclone, the nanowire
m cr ospheres have been calcined at 600 OC for 2 h with
a heating ranp of 2 Cmn to obtain final TiQ2

[001 OB? NoBv4laation ob tiphslttecatilgtd a6iiviGes o BTIQy nanowirgmigrospheres

o108, RRALE 13515k Bord AP e PG e e

HaROwEk afito gheiréscmag: pivd §SEMPeraaselamp (254
phowéggﬁ %‘gggty:({)ﬁ%%?gzve t he nor E i es 011gl the Ti Oe Rayamp (

nm) hearteen ri;mmdresdoinh eplotion mn@rcmx@ﬁs light: fsir lae Heethgumped into the

L e N

systerW' fob oﬁpﬁﬁﬁﬁ' IPRRAQR0N SfdténilicomEining SletHderier tlael(BiH) (R0 mg/L, 500

(1= 1.5406 A) at a scanning rate of 2/nmin, The
mL) mﬁs@@.ﬁ naewdessmigesnhates é@tSh&(L)@ah hoen s %@ﬁu#@ﬂf%” min to

o 4] SRATAGTREAE e BBy, et e

UV 14009 S1dk &em swittiel &arﬂiﬂrﬁﬂeﬂm di0g ¢Degussy R325pHaubetaradopted as the

vacuum for 5 h at 150 C. Ef ific. surfkace rea%éh ve h ¢
referqpige fOr GBDITROB 1 By SEHRRHTTRARSORB 4 2 T6) 170 I fgsrpeeh chosen to

moni gﬂé’ g %%hﬂgtl&hgf RES ALRLE % fiadt8d HradafiBn RAG@Ss. FFOM (total organic

35 Just below the capillary
carbonp hateeea nhexsured nding S hpoadzudl QG000 adalyreti but i on curve
has been derived fromthe adsorption branch by the BJH
met hod. A thermal gravi neter anal yzer (TGA) has been

[Oouqﬁedlgegul@p@fgx%nmtgegr adation of surfactant inthe
| e. Measurenents have been taken with a_heatin

[OOIHdt e Toe as-syuthesizedranghcalgined sppples aﬁ@b@@mmmﬁéi QY , and the
1mag$:ﬁ at %gﬁ % 8?t ocat i%{ﬂ gfﬁgsf‘}t%‘l’éiﬁ“té n'F? 1 ﬁ(’o@é@ﬁeﬂ gﬁémﬁcatlon image

(Figueé ed) asthehs- sljiﬁflﬁblz&h eampsia) it thas | bemeﬁtungathaat mhxeospheres having 3-10
phot ocal gtl c activity of the TiQ2 na

pm lﬁﬂ%@h PYSDECRPIOfHCa db SEQUPRROTAL fgﬁdﬁrpcaé%%l%ﬁ%)@o C it can
be o%@fveﬁ mETERS Rl %fmc‘?ur@ Yrhd gﬁ'?tBQatﬁl&&B’ iretginkly ahﬂ @ith no apparent

een punmped 1 nto the ution to provid
decrdmse(umgmicmosmlhﬁcal atizd (Bigusendck oAutypml ERSkM| 1mw o a single as-

i nduce .ox into the s temfor 0 ation
syntieB) T Y DA ORISR e TEBEAT ehSTTLL LRy Sl seen that these
mlcr(?%!ﬁ es B30 Dl AREE It fdhoRARO W @urﬁ&z&% TRt @8l c{dtibn Bd durfactants
S

een mxed in the dark for 30 mn to reach the
haveatisepr goinpietelyuienidyed uandofa nenongu Hrnstuse eas( hesn el Hoelﬂmél on the

to S re the §C
i RS . RELSL G b ARoAEE B5ER b ehgtie o
[001liﬂe refeedro@siesthiRfur6PARBMHeSMHase dhap6ditdcsfethe shhawire microspheres
absorption at | = 670 nm has been chosen &
calcined at different temperatures have been identified by wide-angle XRD as shown in
Figure 2. The diffraction pattern of the as-synthesized nanowires is similar to that expected
for protonated titanate (H,TiOs) with lepidocrocite-related layered structure (JCPDS 47-
0124). No additional peaks of other impurities including starting P25 TiO, and NaCl have
detected. These results are consistent with the results of other researchers (Zhang, H., Li,

G.R., 2007, J. Phys. Chem. C, vol.111, p.6143; Pavasupree, S., Suzuki, Y., 2005, J. Solid
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nonitor the concentration of MB during the
phot odegr adati on process. TOC (total organic carbon)
woasodmeeiss mreasur ed usi ng a Shi madzu TOC- 5000 aRairgzee08/000250
[00110] Results of experinmepds [001 11] The
as-synt hesi zed and cal ci ned sanpl es have been exam ned
by FESEM and the imges at different magnification
State @hems hovd78,mp.F1 )r Epdn calcioatiathat 30OV GragmefXRRtreals for protonated

s B iy oSSR AR S AR Py o o
TiO; gﬂéﬁf(ﬁﬁﬁbs 3BaR szggﬁbggé& 46 Aehd1aESPb Pp@teHARdtnatdbii® the phase

clnation at it can be observed that the
transiiphgroceas hsve betnrecetdratet dypsintesioatthe yamplep of dughsy tepperatures.

Oponf G BT, S SO Sl PG RIPGRL sty cimppene

and Mﬂﬁhﬁ%@%ﬂi g@@@@ﬁ@ﬁe&cﬁ selivagetieeliffiaotibn ofithe mdnoclinic TiO,
In which it Can be easily seen that these m crospheres :

(B), indiceting gt wheiprajonatesndianates hayribessy fully deh dratess andy converted into

. ination the. f . i

Ti0, (), ipkfieh At i LR AT tehautfreR STt Ol th e transformation

from tTHe, r(fBg P sRdiadee §pofi cgleieatiba Jat 580 ClCp aratage phasevvol fowmel to coexist
nanof i

ers can be seen in _Fi . 0112] .Th
with BB The preariess e (RELIALA2 COMH ZPF1 GHicHa i the sample
L. i Ghospheres cal cined at different
has el Chifihon aF 600 B0 I een i dent i f i ed by wide-angle XRD as .
[001 K3 owWNatuze bf ther textire FHEIQYi fahowie inminrosplares rpsdfeen farther determined

by mEBTUrHRER Riat S AUt RSt 2 o) Pl ORbHBECHfin has been
obtai%%‘zf B I\Ig%%@ﬁ h@doRitRA-dBYHSH isidiat A eho(whGRISgué-3. BET surface
. a

idi tional peakS of other inpurities PR B
area ofitbE walicingd Sti@r nimmyvirRBicToDhererhes Raey ravsaled uheg-egn g, Whichis

T i i ; )
v QUSET L PS5 g
g"). Ks sN®n bd Figute PA4S), tiREMasIapEERanoSives Sumstitite the walk0DBicrospheres

J. SolidState Chem, vol. 178, p.311

. Upon .

and aito CheTIAGHOPAISS 300 DT iR TR 5 By kg he insert of
o hecong,. I cGki: Wb 1R GOaBibit

e S YRRVl 0B s scomiiog

mearB3Pord A& etanyfeanmadThiE) thedeiifichcaleinarroinese-porosdy efithe resulting TiO,

titanate and the phase transitiq rocess have.bee
nanogfér@emgir%tpggregys 3115'{ &g . tloh}.éreggﬁ%g épegl":eaﬁ g}hg,}rface Ahea éven éffer
aggrérégglg rdg%: YW ax %)%a}?gr & B&k! PhisheatYbcehitstthe phdtBlatalytic activity

pr ot anate conpl etely di sappeared
of thandcrobgherassul ti ng XRD peak positions match well with
e diffraction of the nonoclinic Ti i.ndi 1

001 {455, 4 et ietecuBnty FrRLD G re g ferbrph i fidthbfims of the
TiO.Je iRt Stréphefe8NVREtLdhd file ofiFD2(B)n theufotthation of TiO, nanowire

increase in calcination tenperatures woul.d result | .
micrpdphisees thas hesrostadied Y Yargng Tiscpnegyration ih fiequ@owgys red suspension

cal.ci nation at 550 0 t 0 _ o F127
prepg P o POV oL SO RIATR 82601 2009 A 00 we ¥

solutdms Have bedttssc &6 gre@ﬁﬁi thy ashosiansuspensimyphdthie 332 534 images of their
cal cined at 600 0OC

. 60t . [[001 13] Nature of t ext ure. of
produeteRresheow ineFigies i‘fs-é HesnestiyRly Heeh) “ftt%’hﬂg? ({eipRizR} Matpr) results
show that few microspheres have been fabricated (Figure 4a). After increasing the F127

concentration to 0.01 wt %, more microspheres appeared as shown in Figure 4b. When the
F127 concentration reached 0.05 wt %, few dispersed nanowires have been visible and most
of the nanowires have been assembled as microspheres as shown in Figure 4c. After

increasing the F127 concentration to 0.1 wt %, the microspherical products have been more
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by nmeasurenent of its surface area, as well as its
pore-size distribution, which has been obtained by the
wai20099gei38 adsor pt i on- desor pti on i sot herm as sheam/sSGR008/000250
Figure 3. BET surface area 2f the calcined Ti Q2
nanowi re m crosphere has been revealed to be 38.2 m g
, which is very close to that of Ti Q2 nanowi re powde
uniforspamhes/nantRigured avxEuﬂuhmmn&rpmalyt afrthe ﬁ@zl QQﬁC@ntﬁ*Elo@ t9)0.2 2 wt % did

not reé‘%i‘?%ﬁﬁ‘ﬁ@ i‘%%%ﬁnfe & #@?‘%@%ﬂé&é&‘ 1 Oa% cr eafn'thl \% Hwever, when

F127 'Eﬁﬁ'd'eﬁﬁgt‘i(?r? iMghdhtd?OMhen 9. ?Qvtrwgh@@uﬁﬂeﬁﬁbﬁ% 1Ea&en‘m;cous and more
Moreover, the insert of Figure 3 shows the pore: Si

difficult tbe dried and 1pusotmu@ﬂlfﬁc@tqﬁmméeﬁlﬁﬂdgﬁﬁpwca structure. The

bitin
o RS VBT B SR ey g
formafl8f Phao Wik € hdSBEieBSaridsa hbighbuitnisie @bndentrpﬁmeﬁFlZ?fﬂB be added is

decrease in surface area even after aggregation due to
at 0.1wdo.spr ay dry| ng process. This greatly benefits the

[0011 TOtIQJI%tlg ?&al'ﬁ)ﬂch}fnzﬁfblécﬂgz gbfé&&g Ri®I et te[rQ@Haﬁ%%hn primary

fPC STy Was carri e i nvestigate t
hydrok ¢l BRub NInTeedeanb Sisestigatehthe TéfERt drtbeviewic type of polymer on the

o RGeS e S B B 00 s st
surfac?gtrff gétgg?%énﬁﬁﬁiydh%det(@P@ RGENEdetused) réspettivel M@Wz 5&b show the

nsion prepared’for spray- dryl n%}j
FESEM flﬁmgmtofcvhac@r@zr aticosphetes (aboitated . wing iyl cwtz ‘VWtSD)é and CPC,

respegFt}]j/ é é, s@l |W %glfs} 131\1/1? g en_u ?l}e;cgﬁpté’%r%ft %ﬁ?%gnceglﬁ olgea{'@“ Iﬁfcrospheres

produe &P Wink 'S]fS gH Pl s BER6§IHems| dte alkbaibilat to%ld?s‘beibncated using
(deionized water) results show that few m cr% pher es

F127 hahe indisntes dbati thereds peisigniBoap)inflypgnee on ey DFEtion Of danowire

ent & m cr ospher es
rnlcrog eé%sr(gtbectgs%ls rehgegluti 9(}99 %e%&s@%@t A=
[OOll%‘]mCAEts'h@WhOz[bd’veaﬂhEﬂre@erQE dﬁs&ﬁacfaﬁt/\nsjlmpmasled‘or the formation of

nanow res have been bl
micrasaiRIcS dorimHS S At B8 CHUE eresag% e anoﬁﬂ Appent TGA
has bé/gn uﬁ&f ol n‘lo?ﬁ:tB a5 03; gtht1 %h%ilg%t o RN He RtdrOPhbRs leﬂh Yémperatures

em crosp erl ca products have been noreuniform
incre@sntSdtAOPC to FOQRE T heainithal mtehght ratttmmlﬁb?ﬁtto alanewise [y thy suspension

concentr 0
fead §onem b ahoverb i b PPt et phdh majnby remoyed at two
cnucﬁlhtfeﬂfﬁkféﬁf‘res HOWRY ﬁmo%am 36127 1GSURCEIU TG dllosurfastagt katiekn almost

e suspension is nore viscous and nore
remoded fromuhe narmvbeemnqre@ham it is thus difficult to

[001]3@t apn tg%rr vogt g 1g%t8nﬁ1|eo§§%:?r¢1 %rtyﬁ{g lg?.\técébgig% é:-gg%ntration in the

suspétidfohaebddh, the liﬁﬁnafonlzéﬂﬂan(ﬁvmer iidrosphetes, fdue shegensibnonf different
of nanowire m crosphere and a ver

NANOWN CAMEPHTALIONS @renaﬁdww@g Be! ScBt 1 hivobdnypsed, andoyg FESEM
1mag§%%)ff tﬁgﬁ% g’n(%d%t(:% $3091, Nl qff@t%:]ry eBh @ﬁ&N§@1@9ﬁM§@6f the products

erm na ng | primry droxyl groupsS. In
of 2 g)ldﬁatnotmrd suspsisigatiecdnise efsesct] thit theeunbei of asygeblgfnanovvlres is

) e . SRR S sty of

larger amounts of microspheres. As the nanowire concentration increased to 4 g/L, large

amounts of microspheres have been visible in the products as shown in Figure 7c. High
magnification image (Figure 7d) shows the microspheres are hollow and with an opening on
the shell. The shell which consists of nanowires, has a porous morphology. At a nanowire

concentration of 6 g/L, there has been a further increase in the quantities of microspheres in
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surfactant cetyl pyridiniumchloride (CPC) have been
used, respectively. Figure 5a-b show the FESEM i mages
woR0mhe1658 O2 m cr ospheres fabricated using 0. 1Par/S&R®RS00250
and CPC, respectively. As skéwn in Figure 5, there is
no apparent difference in the Ti Q2 m crospheres
produced using SDS or CPC. These m crospheres are al so
the paiduttsaHotvevérh d&eoﬁeadmnntmhmewhasgbdén 2psentiffom ihredsheltagshown in

that_fhere | o signi ficant fl uence
Figutp e ahomeHIRRSTEe A e dopharals Tt Bl Fegoapusguorholosy
of tht r}mcﬂﬂgﬁeﬂay&%ﬁ &Bla‘fﬂéﬁf RedcgMthroh 8P HebhetASorsh Gervadhndowires, the

sence of surfactant is inportant for the
honomtnmatumm ado ctearhowipivée: éd 2 rraoowm eendegiaption ¢fd ghdhgymicrospheres

becarB% & lé'%fggagltu%(ﬂ q,r%}?r : n?x flﬁg%v\g‘? &%}te ! ga(a}]t"fh% 0@% gltr%g\k%lé@ﬁcrospheres

becaﬂﬁb %hﬁﬁ@lh g theWMifidtedse Npchatddheshtratiéh @Mﬁhox@fres’%fb 0C g/D resulted in
The initial weight ratio of F127 to pa

formathm @fimpmwglpsmgxra@@d irsospRes 83 SHowR IS HigHEP 74 a%iﬁw du &ée change in
size %ﬁ htehrghc]%g ! égrcets a ilésss i‘ﬁ‘eﬁ]te %&ﬁgé gﬁrggégqe Ald {¥Rture. With the

npera ure narre Upon 350

increfse il danswirk ashediratias ﬁmﬁebetaieaboutdng’\lbetd dboond @ g4, only a slight
nanow re ni crospheres. 001(; In order to investigate

increggeen SUFEOSP Wa]‘/%dfz‘;/h?ﬁgbeﬁaﬁ?ﬁﬂf d- concentration in the

[001 féjs p %%%ht%ﬂleé €6 4no ey ?Qﬁm@%méuﬁg‘ a‘BBvé‘ aﬂE@%d’s@lble mechanism of the

m-cr 0s four suspensions of different nanowre
formé:tﬁn'n:@mrmmamwup meisRrspberes isrsjo@n in Bigus B1Mn7th absenge ef surfactant,

the q%ﬁg\%r% g%sti ;gagl?grEeSg%'\% é}ga%?’sﬂgf Bé\ga%%%g P} Odru 1Ig fs%%?e]ﬁ' 2NWce energy.

Thlslf}g AAWEE B0 the? aBlchcd AR SpR&teP e The librodubtscafl 0bet.% F127. In the
erved that the nunber of assenbl e nanow res i

S
presemrabf surfigctirg, thy pondeiby e dispsrsed Nerhuabwithenltrasonic assistance. The

surfaf: ég}%gcil%%ﬁ{]g}agqrstt ttg)}n&s gxgléér g%&%gn{%ﬁﬁaxﬁ%&gb?%v&{tmg them from

aggrEANALNT hihisPonsidit feed o thah Gwidestis lpunipad geto ahenotzie of the spray dryer
m cr ospheres have been visible in the product

and Boresarout of Hegurificers.a wrgh ehaisRPEIoBaYhIsh qoﬁ‘ﬂﬁté ?éfc@l]ﬁ‘t% of nanowire
susperfj o E}Qg@o&r?ﬁe ?ﬁﬁ?‘ﬁ%}$ C%ﬁleaﬁlﬁ @%h&%ﬁﬂ Qhé"'di‘\ﬁnérlur in the drying

openr ng on he she I ch consists of
chanftRR 0l veRs oviasatiorptukes) planmr]bhmtcog\ya.pomtloa af amaow, tlee droplets shrink
concentration of 6

there n.a f pr he
gradpglbyr angk the q;pnpﬁxgragﬂ?g tqlf qaggwg? apﬁ? ép:%gcgﬂgr nd ?ﬁl{%@e’cs increase. With
1ncreggl‘ﬂg %tﬁﬁﬁnglr—nlﬁéi‘ﬁ\b? %urfﬁéi&‘ntoﬁh% &ML @ecﬁﬂ@ﬁioﬁ@vﬁ@@sb G‘ﬁﬂl the decrease

e shell as shown in Figure 7e. Hg
in dmsp@n idfaneeeri, tive mamgaree Risgporhie marémmenmﬁ dte qllwalet ppder surface

tensyop,t gliovg%#)tgﬁ% ﬁg%/wg&ﬁ%{]oe tgl:e esgr fr thn aﬂr%latw.rﬁﬁg?hg gqmcrosphencal

shelN Tht Qb &hifektHE BahSwiné Aficrobrtd ¥ déﬁéﬂd@hteon e ranowire concentration
nanowi re concentration of /1 e m crospheres

in thye sespensiom Jeedyifeyi snwdy alsyisho thennqqog@qeecqlwe)(ng)uogng very low (for
- I ore size of ] CI {ul:ﬁf fficient
cxabf o 15, SRS, 10 G PSS oo SRS PR & i
nanovdrdédntér il teedtopRetsl Whérbdhe aolveiit 1ﬁﬁbmpkete(b§ evapozited desultmg that far
m crospheres as shown in Flgure 79 and % charr&ﬁ 4 o/L). th
less icoRErieR FEpon B BOFREPGSA § 1P onaruattigh er TN 4 /L), the
shelfljg 3098ed lga\?iﬁggﬁ o%&%ng 4 HtdiiGw iM¥etiBr. A& high nanowire concentration, a
shell will form before the solvent evaporates. Subsequently, after formation of the shell, the
droplet continues shrinking as the solvent is being removed. The shell will be compressed
further and more nanowires will accumulate on the shell, resulting in a thicker shell.

Surfactant can be removed from the microspheres by subsequent calcination and



10

15

20

25

30

I ncrease in nanowi re concentration from between about
4 g/L to about 10 g/L, only a slight increase in
waizeradpisgr i cal size has been recorded. [ 00118PCT/SG2008/000250
According to the experinment&F results above, the
possi bl e nechani smof the formation of Ti O nanowire
m crospheres is shown in Figure 8 |In the absence of
crystallizdtimotrantltedtindessaelasticr mmowarss, | yeneg tetaigingeths jspherigpl shape of the
si de because of their high specific surface energy.
S may expl ai n the absence of nicrospheres in the

[0011% 0dg6t EenftinsRatet th¥ogHotchlbiivity it 8grRli@Eedt@eantihants from water, three
surfactant, the nanowi res are dispersed very well

wit h ,
kindsudfinaaswite enigeospherankave bege fahsicated uging 418/ds 81 ¥ksnd§ g/L nanowire
wat er. to f.orm shell I i ' i
oo e BB B L AN IRty PR vt
invesAgneWhe §hotdeatlyieededraddioh nef medlapedilué (BB)prEhe drapges in MB
and forced out of the orifice as a spr%¥géet . It
concatitigtien dnong pheiperalytin drgradation 4w Jiorvar 18 fgtr gn Bring photocatalytic

C NSO t " BACERRL AR then th
csEIRPY, 5 SETRE 5B HOPLRHR SOyt e v
smallevalReotilai fradtionakes bp fiartier dEpradddointyegpooradioride ahd weaterr(Houasa, A.,

the droplets shrin radual |y and the.concentratipgns
LaChB?ban alﬁ@v\‘iﬁtr él-afar%?o@u :i\fpg’gﬁgn f‘tPlngIts hig* oé‘lﬁ'b‘iogfr?n{%cyg e, P-145). For
compggig%} g?@ﬁgé;éstﬂg RGNS rvﬂﬁioﬁf‘pﬁlftoﬁdﬂz%l /QbBétblysish@nd with P25 have

cane nore viscous. Wt e decréase in .
also eppiasieddivrieBereductinn marhotelysiswas lessitian 30%wafterantipradiation time

cent of the drop]et .under I tensj . | -
ot 565, The Shnboe e Bra B p LY B b LA P B crs
P25 SisPis{dAs BRA itké@bscvl6lflrst-okB& HbddICTHY #ppafent fite baiBanty for the three
~ mcrosphere is dependent on the nanow re concentraélog .11
kinds of nanewira spieresplsres MM, NBYI6 apd MM wgra}y063% 0{0gd2 and 0.0621 min”,
nangwi concent 1 ' W d I :
rndFRY RSN T ] Bl Sy AP RETD e, 25 i
nanopattities cedtulate darglytto forms sitrhicioaniggregaesidne tactheirdigh sunface energy,

e et St TS Lttt o
orgax@)&( %g%ﬁ%fétsg‘ Cg(;{%?ﬁl{ti@gg Ehecivﬁédl sgmpﬁ?r"\fegnﬁfbcﬁ%b%' iR FigfreOb. In the case

ormed | eavi ng an openi ng
of hdlw TE,hahbewveinnkrsperes #f tha prasgit invandiany tbe nanowires are assembled

conceptration, .a shell will farm hefor e,50l V.
by “\8923’!9 ! Qanawires, B%rga%maﬂppo%st {hn} g’ﬁf&?ﬁ 8% Iﬂg]flox%v I%%ﬁﬂ}spheres. These
mam_%?&lglus BB ¢ Qath ClerfOnE 11 afidTed Phiheg wakscH Migeago |t nhacroporous
[ W

el ng renoved. The shell |1 be conpressed further

structurd ofi 5@, mimospheres willlallowd &V dghttodeaetratp és sl po that the interior of
. resulting.in .hicker.. shel |
mictp g R AR Hy R BEhar e ARBRAH b0t X, Yo, 10, et el
(2008 2t Sighdtit, Q1A §L2352Y.al hik Hafuldalsé esplhineitlat 1o bigaificant difference has
e1'ast| c nanowi res, hence retaining_the ii\ﬁ)heri C%Msghg[?e th
beenodisqovered renqneciiia ehotaeaiplytigiactivitige FHNM4, N MOr3nd NMS, although they
ho ti Vi ' Lnhg contam nants from water,
poss%’??‘igﬁ%rﬁ]gg?‘%n W%gg@%f(@egk,m crospheres have been

[oo1bepr i Tt TOL ahievide Ghicrosphayéd seifiel rBpidil imdmowiuesus solution under
suspensi on feeds. They are call ed, NM4, NNBfan NWﬁg) the treated
gravitB et stopeing aibiebbliagerasWEAS B 880¢ SCRAFAIND: GlgR{AlyY fipm the treate
wategﬂ %tr%%g ?O?%r%k/é& HRALBHAHO PeRhioAP MY tBPERE Ushdtdlalyst I Bave been
recovered for SEM characterization. Micrographs showed collapse of some NM4 and NM6

end

nanowire microsphere, most probably due to a lower mechanical strength of their thin shell.
However, NM8 retained their spherical shapes very well, with minimum collapse. To further

investigate the stability of NMS8 on photocatalytic activity and mechanical strength, NM3



concentration during photocatal ytic degradation are
shown in Figure 9. During photocatal ytic degradati on,
woB091fdss st deconposed into some smal |l nol ecuP@r/sG2008/000250
fractions and then these sn@8l nol ecul ar fractions can
be further degraded into carbon dioxide and wat er
(Houasa, A., Lachheba, H, et al., 2006, lied
have Mabmt®lﬁu5®nmth@MRanh@tpcat&lmlC éqgraiahpn?yr py¢les. For each cycle,

son oses rr t
o0 mig R easirart B FERGPBI G RE M RS BRle sqitled ty mavity, the
superfihdti1Rd ek dulfipedagidGiefined by neoMB yslutionvas thesand barcentration.
30% after an irradiation tinme of 90 m n.

After ﬁmpbe,aweay Jittecbroken ANOTIEESFOSReTER hwetﬁeeﬁgﬂm e MB and TOC
Qw. i r f ase
remo i st §ET DAL BRI 5P i SpeRE TR RIIRG ekt 86 sighffcant decre
in thef B ﬁeﬁﬁ)vhhfa&fs Irhesésresxﬂtsnadwm ttheat thec Nd&D bctribiged\ivible [ivetocatalytic
and NMB were 0.0639, 0.0632 and 0.0621 .m
athVlﬁés?i@ctm@a?wa}rh@%gﬂbr &gk 118 PERIRRTY Ay cf’%t jeffsstive engineering
applléa%t)l(}?% mn1l) . In water, P25 Ti Q2 nanoparticles
Oagul ate easily to f or m subni cr on aggregates due to
thelr hi gh surface energy, and this results in the
reduction of contact area with UV and organic
reactants. The total organic content (TOC) results
al so showed sinmilar results as shown in Figure 9b. In
the case of hollow Ti Q2 nanowi re m crospheres of the
present invention, the nanow res are assenbl ed by
"weaved" nanowi res, form ng nmacropores within the
shell of hollow m crospheres. These nmcroporous
channel s can serve as light-transfer paths, which
nmeans the macroporous structure of Ti Q2 m crospheres
wll allow UV light to penetrate its shell, so that
the interior of mcrospheres can be effectively
utilized as already suggested by Wang, X., Yu, J.C ,
et al. (2005, Langnuir, vol 21, p.2552). This would
al so explain that no significant difference has been
di scovered anong the photocatal ytic activities of NW,
NM6 and NMB, although they possessed different shel
wal | thickness. [00120] The Ti O nanow re m crospheres
settle rapidly in the aqueous sol ution under gravity
after stopping air bubbling, resulting in good
separation of catalyst fromthe treated water. After
90 m n of photocatal ytic reaction, the respective
phot ocat al ysts have been recovered for SEM
characterization. M crographs showed col | apse of sone
NV4A and NVB nanowi re m crosphere, nost probably due to
a | ower nechanical strength of their thin shell
However, NMB retained their spherical shapes very
well, with mninmmcollapse. To further investigate
the stability of NMB on photocatal ytic activity and
mechani cal strength, NMVBhave been repeatedly used in
the MB photocatal ytic degradation for 7 cycles. For
each cycle, 90 min of irradiation has been applied and
after the m crospheres have settled by gravity, the
supernat ant has been dunped and refilled by new MB
sol ution of the sane concentration. After 7 cycles,
very little broken nanow re nicrospheres have been
found. The MB and TOC
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renoval rates in every cycle are shown in Figure 10.
There has been no significant decrease in the MB

WO 2P0 HISE at es. These results indicate that thRCTHE2008/000250

exhi bited stabl e photocatal ¢9ic activity and

mechani cal strength, which is pertinent in

cost-effective engineering applications. CLAIMS 1. A

hol | ow ni crosphere havi ngCaAIMSuUs circunferenti al

wal | conprised of nanofilanents. 2. The hol | ow

m crosphere according to claim1, having a dianeter

1 bet waemofB@U midrodphdr® a2 PBrd¥d cideundfefentigl WeUN comprised of
m crosphere according to claim1l or 2, wherein the
nanofincil@menis.are conprised of a material sel ected

fromthe group consisting of netal oxide, netal

sul fide, carbon, polynmer and m xtures thereof. 4. The
2hol | owe ﬂbﬂé\@&ﬁbﬁfs?héié a6dodding té elagn)l, Ghvifif aidinéter etBeen about 1
wherein said nanofilanments are aligned randomy. 5.

The H811oARow 24%0Bher e according to any of the

precedi ng clainms, wherein said nanofil anents are

selected fromthe group consisting of nanofi bers,
3nano®he ésllowanictaspkae anchrdingtio cksmtlhar 2 ofherdin thdwanofilaments are
hol | ow m.crosphere accqrdi to_ any of the .precedi .

cl ai RYMPIFRSy ianmé%ﬁ”&f 6‘3?‘&?{1 %PE‘ Wﬁc&%‘%?%lsﬂﬁﬁp imetaqg”“d@ metal
MBS ORARAS, cafbon] PElyRAE bR 1GFRSIREEI e according to

claim®6, wherelrh Said pores are nmacropores with a

di anmet er between about 50 to about 200 nm 8. The

hol | i cyosphere accordi ng to clai m.6,, wherein sai . .
4por od g hollode E}B’&F%Sgﬁ S FCRTHRg ey &Y (ke GBI dp it zwg%rem said
abouha®flilaient? areldpnb@®tdn@smiy.cr osphere according to

any of the preceding clains, wherein said mcrospheres
have a di aneter between about 2 to about 10 nmm 10.

S.The H‘g,‘la lh%ﬂ’o .ﬁ{cgéﬁagfeeacggﬁ%id%)n%a% <gt% ?:Irégprgéed{r{%?claims wherein said

preceding cl ai ns, ereln s nent s -havée a
di amatsofilbatye efe adlected Kbnt ehalgmup &Eisting bE naibfibers, nanowires,
hol | ow ni cr osghe,re according to claim 103 wherein said
nanoffnoiwRssad piriires thetebt er bet ween about 10 to
about 200 nm 12. The holl ow m crosphere according to
claim 11, wherein said nanofil anents have a di aneter

6bet wiha hallowt mRBospbembangordi@tonmy aBtheTirecddolg daims, wherein said

m cr ospher e accor di g&d/to a?r%{oof clains 3 to 12,
wher 8PS 84 YAFOPPIEE 81 BHECHIPETS: oxi de or netal sul fide

is a photocatal ytic material .

7. The hollow microsphere according to claim 6, wherein said pores are macropores

with a diameter between about 50 to about 200 nm.

8. The hollow microsphere according to claim 6, wherein said pores are mesopores

with a diameter between about 2 to about 50 nm.

9. The hollow microsphere according to any of the preceding claims, wherein said

microspheres have a diameter between about 2 to about 10 um.

10.  The hollow microsphere according to any of the preceding claims, wherein said

nanofilaments have a diameter between about 10 to about 500 nm.
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14. The hol |l ow m crosphere according to any of clains
3 to 12, wherein said netal oxide is selected fromthe

w@e@apleehsi sting of TiR2, SiR, ZnO Fe O, VR/$G2008/000250

SrTi B, Ni Fe2O4, Fe304, Pb(200.52Ti 048) 8, MyTi CB,

Ni Ti 08, Al 208-B203, Ce2, Zr, Al 208, Ge(e,

Mh2CB- Mn3O4, Pb(Zr, Ti)0B8, Co3®4, Nb205, N Q ZnO

1 PVP- ThehollsH @ crosplde axcoBing Gclaime 1§ whereiasaidmanefiaments have a

15. The holl ow m ¢cro qub[dlngto any of clains
3 tog t%’&ﬁ’é@eﬂ %8}1?1% %Put Te is selected from
t he group consi sti ng of CdS n2S3 and ZnS. 16. The

hol | ow mi crosphere according to ani/ of clains 3 to 12,
her dhahelew mystoppiare pecosding & elaint { brivhareing Aigupgnofilaments have a

CONS 511 18 Prc BRI g of S0P opanol

( HFI poly(urethanes oxanes),
pon(S|I|cones) pol y(ethyl ene), pol yvinyl
yrraol i dope), pol yaniline/polyet hyI ene OXI de bI
gol yZFQe hg)gqa\@)wmg}sgyge ﬁﬁ@q{g)@lg);p SpEY: °BHP§/? V erem said at least

rr Vi nyl
e G m&?ﬂs& y
acet ate), poI yacryl am de, poI y(et hyl ene- co VI nyl
gle‘:j?hebg J(cl?ctasli]) lgli%ga&:(c 'iiﬂyp %é é a%,ldlg/ﬁerein said metal

( PGAbxideqk xée@etfeu%lﬁqnsl b&ﬁﬁs}lng F&Ci‘ibz 81,0 _rz&lo Fe;03, W,0s,
pol yam des, pol yanhydri des, pol s/@ hyl ene- co- vi

al co SoTlps( EXRH:P% oDy, ol sa"E:lb efes, NIl s NyTlOacé¥zQa@203, CeO,,

pol i o, ¥l oG eBEoRi, (BEDL o Moz,

mcr wwtrem, 86091, 0O}, Badiy; mfd 1alx@ireSthdrdod 12,
wherein said polyner is selected fromthe group

consi sting of collagen, poly( alpha esters), such as

135 SRR, RTORRSLAUAIES) L5, O 17, i i o

ceI I shlfige 1sasbb¢caeIde&ome]1é grloop eonsmﬂingldf@;is hﬁSgeamd ZnS
chitosan, gelatin, fluorinatedpolyethylene,
pol y- 4- net hyl pent ene, polyacrylonitrile, polyanm de,

160! yant ﬁ@ll&@v%crd%?ﬁéf@%&é’dr@&? to Hﬂ' Mpﬁﬁ!ﬁx%xﬁﬁpiﬁ wherein said polymer
pol ycar bonat e, ycyanoar yFet her, polyester,

pol yme@c@rﬂu@nah@gropplcymlﬁelg ofdgl, y,ét%h@taiblpmswanol (HFIP),

pol yeplgiaten, PV GupSiSh | HosBfater e o lfug qpotycvind

po: %/92&611@&@5 e p&%ﬂi‘@ﬁ& @RfleXi eide p@laaaberpdlﬁmlydmxy ethyl
Su | de

yl ene, pol ystyrene, polysulfi
pol ygrmthaméateg dm}Y@{-vwl msrr@bqlwb eﬁ’@}’(ﬂwﬁ}s}tfﬁﬁ@é@fﬁ]@?@ poly(vinyl
]Ploljgtralfcaﬁgﬁl ZP g #J;lgta!lgﬁﬁ:ul Qc% V'g:awl(\ggglgl’ Xc\é'td?éﬁl, : ggf}ﬁcrylamlde,
ur eapbly(éthyldﬁ@yd@n@m Cacetis) W&hﬂen@ hatgéatinl pdiy@uedisacrylic acid),
t her eof . He hol | ow_m crqospheres _accordin

to .
cl ai ﬁPb’éﬂ%e?‘é (et mi&glaefét%awﬁ J(PGA)," poly(tactide-co-glycolides)
(PLGA), nylons, polyamides, polyanhydrides, poly(ethylene-co-vinyl alcohol)

(EVOH), polycaprolactone, poly(vinyl  acetate),  polyvinylhydroxide,
poly(ethylene oxide) (PEO), polyorthoesters and mixtures thereof.

17.  The hollow microsphere according to any of claims 3 to 12, wherein said polymer
is selected from the group conmsisting of collagen, poly(alpha esters), such as
poly(lactate acid), poly(glycolic acid), polyorthoesters, polyanhydrides; cellulose

ether, cellulose acetate, cellulose, cellulose ester, chitosan, gelatin, fluorinated
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material is TiO. 19. The holl ow m crospheres
according to claim 18, wherein said TiQ2 is in anatase

waewboriessit i | phase. 20. A met hod of manuf act uPCTIEG2008/000250

| east one hol | ow m crospher&laccording to any of the
precedi ng clains, wherein said nethod conprises: spray

dryi ng a suspension of a surfactant and nanofil anents.

2 1. pohyethybaneod aqmdy-dimethylpensered, m 20polykasylenitritthe  polyamide,
nanofih,am‘-e ts.are co ﬁisegtof a maget?ial seiected Ivcarbonat
fromPP 5mé ed’iﬂb %onsi 'W@ry?e’rret al POXT GEO 41 polycarbonate,
sul f ipGBlcy&ﬁfa?JBtheﬂm ymephoRaéern Xt Ur gslyédat@Bbnaté2. Theolyether,
met hod according to claim20 or 21, further conprising

t he Ppbisthsretieriietage.andyodyethaiingiinat i podyeiiiarketongr aypolyethersulfone,

dryi he rdi ny | ms .
to Zg,gly\fﬁl Sz}egl-gh S |&B§grso g%%lgl i onlgcggﬁrr%fi ?’s espoO g%oﬁ%ﬁﬂ’ p%%loxadlazole,
nanofpblyphemiiend nogideonpsinpiicaiicas kealfdegnpslyptopyRnt,0 Adlystyrene,
g/ 1. 24. The method according to claim?23, wherein .

sai d Pelyspidds; plyssione.s doldelraflusrasthylengnepelytingpther, polytriazole,

conc etk E%ﬁ@ /1. T
acco gl ng ftug{ééﬁyg/ of -cl g@g%ih%%de%lg fglfg{ \fdv%’efegfrrl}eus?%li SE fi¥B6e, siticone,
nanofurdaaiventislchyde andmopalymersd ghysiaalidemisdhaedfect ed

fromthe group consisting of hydrothermal reaction,

el ectrospi nning and sol -gel. 26. The nethod according

180 Clﬂbnﬁ(ﬁﬁ)xﬁw}ﬁfcﬁdsﬁh&%& B! tARBMLS 18N Wherein said photocatalytic
manufactured in a hydrothermal reaction. 27. The

met haebtered ay iy t o any of clainms 22 to 26, wherein

said calcination is carried out at a tenperature

bet ween about 3000C to about 700C. 28. The net hod

18C COIMie @b Mitosphefds dcoddR@ th Xladh, 18V Heeéin shi¥ETIO, is in anatase
concentration of said surfactant is between about 0.05

t o atdadior pitd Phask based on the total wei ght of said

resul ti ng suspension. 29. The method according to

claim 28, wherein the concentration of said surfactant

20s aboutetiddlofihdmifasterngat lehet dnettmllowemitidsphbresaticording to any of

resul ting suspension. 30. The nmethod according to any
of ¢ 136 PRECSstNg glaimes, et i S amBaEEsint | <

sel oGt ethrly APitd P fpeRfONELokAR Ald ARBAARALS

surfactants, "anioni ¢ surfactants, cationic
surfactants, nonionic surfactants and m xtures

hereof . 31..The method ding. to claim 30, wherein.
2o o Shrmsiad atFordBe dnioth  OnBheginbe dany Ngmehs T grgRised of
CONSingdtéri selec@@dtdMNItOSRaY bossiting! oF rhethlDxidS eakthlBulfide, carbon,

pent ane )
polymer and mixtures thereof.

22.  The method according to claim 20 or 21, further comprising the step of drying

and/or calcination after spray drying,

23.  The method according to any of claims 20 to 22, wherein said suspension

comprises said nanofilaments in a concentration between about 2 to 10 g/1.

24.  The method according to claim 23, wherein said suspension comprises said

nanofilaments in a concentration between about 4 to 8 g/l
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25 onsTist inethodf acpotdirgcananysof ik 2Gotsl 34 BhiEgA pri

sul fonate, dehydrocholic acid, glycolithocholic acid
ethyl ester, ammonium | auryl sulfate and ot her al kyl

wauobatwssal ts, sodiumlaureth sulfate, al kyl PEengemnes/000250

sul fonate, soaps, fatty acidsalts and m xtures

t hereof. 32. The nethod according to claim 30, wherein

said nonionic surfactant is selected fromthe gr oup
@ﬁqugjir,nents are

di et hyl ene gl.ycol nonohexyl et : : 1
pol yPERHasaie B # JEvhes seloied (%"?‘g &y %ﬁ@%ﬁ%@lﬁé of hydrotherma
hexaghkide BRcEbyRGling@DRexerdecyl ether, al kyl

pol ygl ucosi des, digitonin, ethylene glycol nonodecyl

et her, cocam de MEA, cocam de DEA, cocam de TEA, fatty

2@ | Co’?]gclr }S;’Hegg)?i %&dfﬁéﬁ)sg?lg{ 88w itein SHR IBbARGhARCAE Ghd¥@factured

‘0 C er i nonionic surfactant 1s a
pol opxaRRIrobermRalfeactivne of di fferent pol oaxamers. 34.
The net hod according to claim30, wherein said
cationic surfactant is selected fromthe group

2’?°n3jfﬁ% g@%@?%ia‘rc}g{rﬁl{ﬁgttﬁi L By LRIAPPLUR B OWhélein( Sald\Bhicination is

dodecy amoni um brom de, cetyl pyridi ni um
chl otartied 6GPE)a, tepppbmbtrtbatyiean elebut 300 Wimtosahont7qACEA) |
hexadecyl tri met hyl ammoni um pt ol uenesul f onat e,

benzal koni um chl ori de (BAC), benzethoni um chl ori de

2§.BZT)fhé‘ngtﬁHcMc'é5ﬁ%_1§ 38m9Qf cladis 20 kL2 TRitveEn decandémation of said
o clarm 30, wherein said anphoteric surfactant i

S .
sel esurfabtdnt gsmbetveceg rabapt @8R <0 ebpwgD-wilp dated| omiedpisl weight of
sodi um, 2, 3- . di ner caﬁt opr opanesul f onat e nonohydr at e,
dode &3 THRUHRERISRISIOR oxi de, cocani dopropyl bet ai ne,
3-[N, N-di met hyl ( 3- pal m t oyl am nopr opyl ) anmoni 0] -
propanesul fonate, coco anpho gl ycinate and m xt ures .
29 her dbe metod accpedingtp @ﬁlné?%»a‘%‘?ﬁﬁmégﬁ FORfEREFR ‘?L/%f“éir surfactant 15
compri sing {idiistd (Sl COBEABNAIELsIAE usb BN 2
conpgb?%g%%G@éd%%%ﬁ%%géﬁo o%kﬁggggsph%resgég%ording
to claim 13, or hollow m crospheres obtained accordi ng

to the nmethod of apy of clai 20 35 erein sai .
3ol | derPEROdpIFEP RIS (oA P09 23 A0 Ry P oPE SR Gprtactant is
a ph%&%ﬁéh FHoth ife FREE chVisting /of ddighobdric ¥k fadtents, anionic surfactants,
m crospheres according to any of clains 1 to 19 or

obt aicatichibyudactetth cdnmoiondiapignts gnd ayixeresdhereeds 20 to

35 as catal yst, or chromatographic material, or

i ght-weight structural material, or therma

311 NS Ul 8{eGhStho@ heRS@HE td Elaind S0/ viliveia said ali@dt sirfatant can be selected
insul ators. 38. The use according to clajm 37 vgwer e&.n
sai d foam athg sgroew reepsistingy of ép@lllﬁb%pg%yl sulfate (SDS), sodium pentane

sulfonate, dehydrocholic acid, glycolithocholic acid ethyl ester, ammonium lauryl

sulfate and other alkyl sulfate salts, sodium laureth sulfate, alkyl benzene

sulfonate, soaps, fatty acid salts and mixtures thereof.

32.  The method according to claim 30, wherein said nonionic surfactant is selected
from the group consisting of poloaxamers, alkyl poly(ethylene oxide), diethylene
glycol monohexyl ether, copolymers of poly(ethylene oxide) and poly(propylene
oxide), hexaethylene glycol monohexadecyl ether, alkyl polyglucosides, digitonin,
ethylene glycol monodecyl ether, cocamide MEA, cocamide DEA, cocamide TEA,

fatty alcohols and mixtures thereof.



10

15

20

25

30

m crospheres are used for cleaning contam nated water

or

hydr ogen production or cracking oil or energy

wonoswetdsen or the manufacture of solar cells. PB#/SGT#8/000250
use according to claim38 whdrein said hol | ow
m crospheres are used to filter contam nated water.

33.

34.

35.

36.

37.

38.

39.

The method according to claim 32, wherein said nonionic surfactant is a

poloaxamer or a mixture of different poloaxamers.

The method according to claim 30, wherein said cationic surfactant is selected
from the group consisting of cetyl trimethylammonium bromide (CTAB),
dodecylethyldimethylammonium bromide, cetylpyridinium chloride (CPC),
polyethoxylated tallow amine (POEA), hexadecyltrimethylammonium p-
toluenesulfonate, benzalkonium chloride (BAC), benzethonium chloride (BZT)

and mixtures thereof.

The method according to claim 30, wherein said amphoteric surfactant is selected
from the group consisting of dodecyl betaine, sodium  2,3-
dimercaptopropanesulfonate monohydrate, dodecyl dimethylamine oxide,
cocamidopropyl betaine, 3-[N,N-dimethyl(3-palmitoylaminopropyl)ammonio]-

propanesulfonate, coco ampho glycinate and mixtures thereof.

A method of cleaning contaminated water comprising filtering said contaminated
water through a compartment comprising hollow microspheres according to claim
13, or hollow microspheres obtained according to the method of any of claims 20
to 35 wherein said hollow microsphere obtained by said method is made of a

photocatalytic material.

Use of hollow microspheres according to any of claims 1 to 19 or obtained by a
method according to any of claims 20 to 35 as catalyst, or chromatographic
material, or light-weight structural material, or thermal insulators, or acoustic

insulators or electrical insulators.

The use according to claim 37 wherein said catalyst comprising said hollow
microspheres are used for cleaning contaminated water or hydrogen production or

cracking oil or energy production or the manufacture of solar cells.

The use according to claim 38 wherein said hollow microspheres are used to filter

contaminated water.



