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1 HOLLOW POROUS M CROSPHERES CROSS- REFERENCE TO

RELATED APPLI CATI ONS 5[ 0001] Thi s application clains

the benefit of priority of US provisional application

‘No. 60/950,558, filed 18 July, 2007, the contents of

it being hereby incorporatedby reference inits

entirety for all purposes. FIELD OF THE | NVENTI ON 10

[ 0002] The present invention refers to a hollow

m crosphere having a porous circunferential wal

conpri sed of Ny, O PUROUSHICEOSPIPERBSTHE

I NVENTI ON [ 0003] Meso- and macr opor ous conpositions of

different materials have found great 15 utility as

catalys! L RO IHIRERRRCIPFORPEAHIDAAPPLICRTIONS! O

internal Surtface area (Kresge, C T., Leonowicz, ME.,
[00el] al Thisl@pRcatibiatclaims theoben8Oof pioFit0pf UBqoouijipa application No.

o SR, Bt BRORBVE A% it e Ry BPRPLfiy roference in
ﬁsaﬁmﬁﬁﬁﬁhﬂﬁﬁqﬁﬁaLhighly useful optical properties such

as phot oni ¢ bandgaps and optical stop-bands. Contro
over the pore size distribution can |ead to 20

i nproved raacr opor pyg eeTHeE INVENTRPR! | cations as
catal ytic surfaces and supports, adsorbents,

[0062]r onBhe gpragsnt cinventioni sefers fe | a dhallow] jmptospiisTy having a porous
. struct.ural L er.l al mal acoutstic and
circimfergpital all TR ‘%ﬁ%o°?§la‘?*ﬁﬁn%‘51(a?§£'A. Pine, D.J., 1997,

Nat ure, vol.389, p.948). [0005]Do to their versatile

applicability j ' her porous

mat eri al s havi %%WQ%SWM§£§%escri bed
[oobsat UnESo- 28 SdVMPBGuSRcoRigsitiDASEDET Biffdrent materials have found great
utility as catalysts and sorption media because of their large internal surface arca (Kresge,
C.T., Leonowicz, M.E., et al., 1992, Nature, vol.359, p.710).

[0004]  For example macroporous materials with pore diameters comparable to optical

wavelengths are predicted to have unique and highly useful optical properties such as
photonic bandgaps and optical stop-bands. Control over the pore size distribution can lead to
improved macroporous materials for applications as catalytic surfaces and supports,
adsorbents, chromatographic materials, filters, light-weight structural materials, and thermal
acoutstic and electrical insulators (Imhof, A., Pine, D.J., 1997, Nature, vol.389, p.948).

[0005] Do to their versatile applicability a high demand exists for further porous

materials having some or all of the above described features.

SUMMARY OF THE INVENTION

[0006] -The 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 ome 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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[ 0006] The present invention refers to a hollow

m cr osphere having a porous circunferential wall

conpri sed of nanofilanents. In one aspect the dianeter
of such holl ow m crospheres is between about 1 to 200.
pm The nanofilanents are nedle of a material which 30
i ncl udes, but is not I|n1ted to a net al OXIde net al
sul fi de, .carhon,

madgRfarasterid yieh m@gfﬁf B5in o0t i fogrmpBF GRS mse] Se karbon,

pol B9 hidfr ¥BMEAC Ur i NG at Ieast one hoIIow
m crosphere according to the present invention,

[000Her elm stilheanathen Gepesb s PEsant Spyafion rigfery tof mefhod; ofy gloaning
conl PG BB e P O b e

of fhienjréseslt inveationebmholow deicrospiteads ehthifedlby thamithnd of ﬂle present

v pbovherin RGO O Paperie 1 AR Bl

[0069 1€ N @tilk OdtodH¥r Np&l thetpeéseto fventidnn gefals Xionthet tee of a hollow
cont anm nat ed wat er W|thth hol [Low m az}&ﬂgresS "
micrgighese &f dhR PROSSRS ARYHHOR PF qbtermge, b ch?@ﬁ © BISEet fRgpntion as
catc?yﬁtt e éﬁ&rﬁ&gg@féh& h&aRESS ed}t hgﬁ’c\/\%ikﬁto BrudHReY @hdleridle or thermal
| ow m cros res are nade 0O hot ocat al ytic
insutetors; ioa acoﬁmom]sulntogt p1 ﬁleawéﬁlhmsulagﬁe&hq %almtwémtbe used for
|nvent|on I r
clede Bl SR Sher ol Byt S proBu tBh| R Yo LEERAR AR G BF cnergy
pmﬂ@ﬁ@ﬂbtﬁrﬂuenmmﬁMmasoﬁaﬂaﬂyﬁs or chronatographic
material, or |ight-weight structural material, or
thermal 10 insulators, or acoustic insulators or
el ectrical | BRIERDESCRIMEIONON THEDRAWINGSIsed f or

cl eani ng. contam nated wate dr ogen
(0081 o/TRE TR e B5eF BROCER ROt B deseiption
wh&l" %oﬁ@dé'r'é@ﬁ{ %B@uﬁéﬂoﬁ%ﬁﬁ thé bB-lintHRh ElexddpsieRl i |thiN atdompanying
[ 0010] The invention will be better
mﬂ&ﬁﬁEﬁSﬂﬁmélmnth reference to the detailed description
[00\1\@ ‘Iii?eéﬁ‘ke dled& t%ﬂo{vg FEENE Nk QD OW(gl)h A EOIW leg‘nﬁlbﬁgpheres as-

e acconpanyi Ag dr aw ngs,
synthes1zed and (c), (d) calcined nanowire TiO» nucrospheres at 600 °C T102 nanowire and

F127 surfactant concentration in suspension feed for spray drying have been: 8 g/L. and 0.1
wt %. Figure 1A (a) and (c) scale bar: 10 pm; Figure 1A (b) and (d) scale bar: 1 pm. Figure
1A (b) and (d) show the porous structure of the hollow microsphere as well as the non-woven
alignment of the nanofilaments, in this case TiO, nanowires, which form the circumferential
wall of the hollow microsphere of the present invention.

[0012]  Figure 1B (2) and (b) show TEM images of TiO; pamowires of a hollow
microsphere of the present invention. The scale bars for Figure 1B (a) and (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 cither 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).



10

15

20

23

30

[0011] Fi gure 1A shows FESEM i mages of (a), (b) hollow
Ti 2 m crospheres as- synthesized and (c), (d)
cal cined nanowire Ti Q2 m crospheres at 600 C. Ti2
nanowi re and 20 F127 surfactant concentration in
suspension feed for spray dbying have been: 8 g/L and
0.1 w % Figure A (a) and (c) scal e bar: 10 gm
Figure I A (b) and d% @cale
Fodsy

ure .l A(b
[0014hd (Tgm b Sefortapinee et Pagyerh & Woven and
non Ve BRAEIS) Rciid bf B8 nbddil BtV B citdurdereRidl wall dflﬂfe hollow
nanof il aments, in this case TiQ2 nanowires, which fo
mictokghegdsr Bunah decen that igad Wowen strstie leqviienfagio of S?Fé‘r%me ament
th e R
W1th5 ﬁ.%\ﬁﬁp h%legéﬁfé?ia%&w%% g{nog%)m ﬂl%ﬂégah gf?%[nein]tﬁ? Fl@ﬁ -wab&h éhikture. As
can b3 B& mhﬁbﬁeﬁu-ublmee me®s ent thatrawpafecoparallsherientation apd distance of

for ure 1B are 10
the PRI o] it PoC AR odRtiora P J€ Sl oser o o well
defiNbEMATEN A R dntaRER BT She dahefilierdtCas inl the homivesen structure. Scale bar

graphically the differegnce in structure.between
(Whﬁgh@b pipal} gictwe om deateht @de: 289 &8 nanobel t). 30 Wiile the

001, nof F(:jg ehlﬂ Ros Wﬂatﬁ: HAST 19R6 1180, hﬁ&oﬂﬁ%\e‘.\ﬂcﬂl&ned at different

nob as a rectan ar cross section. Nanotu

tempa’vtvaresl Ab e:m be sastritdo 1garer% ctiinigereasing ieperatiue ﬁO@ﬁ‘) §0¢°C) the
hol | |
%l o % Lﬁ%%ﬁbd%ngh%l%rgzgﬁl{én&n ée %g%tﬁ?dg@?%@ ﬁloké‘ active anatase
phagté(mgt ubes) 3 [0014]Fi gure 1D is a graphical

lustr n sho erenc bet
00l bl RO Abia o FistwiP ST PR e pore ive
disthibutiRCcilé CraBdte be MDA hav@ite Bdlldwh eidrobphews. Based on Flgure 3 the

m crospheres. It can a Wov
surfisnarey LOHEIaeS i61PoSF 8 ARTIRRHOR P SR BETpiogshba of the
caldiidd BDY %ﬁnmp@ﬁﬁérééﬁﬁéﬂe%ab Sedilefeatialitb e B siN@fys) Whichés very close
non-woven structuré. 5 can al so be seen, woven

to gt ol Quranean o WAL t hat a perfect parallel
[00?‘[]I € ni«‘@l&‘? 9 sﬁg‘g? ﬁEﬁmﬁﬁ Qforliieri %ﬂ@l‘lé\’v %H@L%p?leﬁe@ faReed using

her sts an orletatlon is much cl oser
differeniconbrtration jof ek faotet s@gmnal(a)d} Wb 40) AL 5t %.He) 0.05 wt % and
nt,s_as..in th r
@ Eﬂ%ﬁw‘f‘ J obSSFRa/F 10116,'% 15 Pn e, t \{I%Qr &1% ldﬁctlﬂ{é@n that ﬂleﬁgngs%hce of a
surfa@t@ﬂi’i]s Ei‘ltweﬂ €o ﬂaaﬁﬁ)ﬁnﬂmﬁm npdvbies mmrmnbhtml $aile b’ar @dgure 4 () to (d):
m crospheres calcined at different 10 tenperatures. As
O#%Bn be seen fromFigure 2, with increasing tenperature
[00@00 FRnR0 BGholvB ETSENE radgePbAme Tah, holl@n ierphiee ubisg different
tln? nore to its photocatal ytic (r){oreoactlve ¢ CPC. Tt
sur&n‘fatlfas@ Bﬂé§'fe°° anjoniq ytaeint It aadybd Ad\ it Yorratiphi syt

104 43P thed8RE ?Pgﬁx%tahﬁﬁéeﬁea ShH6t 18ahBuehbe the formation of

strl ution curve (1 nset) of nanow re hol | ow
holtummcpﬁphﬁres Scalzdedignrers (qhiﬂ?él (®):ttA¢vm.

[0019] Figure 6 shows 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 duting
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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15 surface area as well as its pore-size distribution
has been determ ned. BET surface area of the cal cined
Ti 2 nanowi re m crosphere has been reveal ed to be 38.2
n2/ g, which is very close to that of TiO2 nanow re
powder. [0017]Figure 4 shows* FESEM i mages of the Ti Q2

hol  ow m crospheres fabri cat ed u3| ng di fferent
concentrat|o ct ant %
00§01 B 7 By e FBEENE St ot stiow) g 5y pihen fibfibod using

d1ﬁ&@§te§i1¥ﬁélb@ﬁ§hiﬂ“@ﬂﬂffe%ﬂ %oﬂ:eﬂdraltﬂne bflﬁar@ﬁlmhansa OiputdrAt(a) and (b)
presence of surfactant is crijti ﬁe to 7
2 ol g be/heisbant & glotpraddh) 8 B%ﬁlww digpre 7 (2)
F
oy g el 00151 SRR o o

nunshier fodcaseemlded (naiproSpherast isostdhismall.c Itsigr h}g}@ﬂ‘@ﬁged\;@g‘c 4he| nanowire

ol B e TR B U PR iR 620.  onoi

conbéhtiatibn lﬂﬁﬂé@@ed h@ 4 giuydbige ranafuntsobf microspheies feeenes visible in the

o S e 5o Bt (8 AT G LORIFL LR, S

por&%l ﬁ%s{ﬁh&%@%ﬂé"ﬁ&lﬁﬁv ahd) WithOa! ﬂ@ﬁeﬁ dpRgink -ocaxihs ﬁHQV(Bhd ﬁ:ell which
tenperature. The left y-axis shows the absol ute \NEIgg}Lth
congita o saronifeghas (a%orﬂmm@?m@gw A§RmagewsRs coneatation RE ere

has fﬁ%%%?%n?ﬁ r\éﬁér 119 ftnd @Eﬁtﬁ{%%s?&l Aﬁ%g&&@ﬁ&ﬁ@ hEfuBel However, the

erl va 8 m n In this
oneck¢nbral mwpEKIng thahdmebe@seranamz@a shells ashehosoy fmdtigwe 7 (¢)- High

enmoved fromt oI I r i
e e G 2 U P B 58 R oticgs o
nndii&@ﬁerﬁ%helll Yerhginey ddact Thmogl:c thet Dat glordserppecat uanewires, the hollow

nanel y

nd 330 C. At 350
Strughi &8 5 AR ey 2 APPEIP CHSROFIB I T B AP EDspIgS became
closR2RLE %ﬂbﬁ(ﬁw{ mgfl‘igwétlﬁg@&%d (Tﬁg'ﬁﬁ pdre hizleloﬁ\theTm{BB:)spheres became
m ¢rospheres fabricated using_di rent. suspen
stollowi NgiheN PR (RRUSTIAPR SHEGTITRS Ror) § L festiied 10 formation of
mol(’:é 91@536?1‘;111@?)%@%8&%5 3s Qllldwn @f Fiapd 7(@) afld Q{h}- ScaR) barElgure 7,

/L nanofil anents. gure 7
FESEM istigesont the leifirmadse lafurrt, SEMbinsagesombihe ;zlg?@tfsad% Wi r e

[002@ pﬁ@‘?%l%@ 8 155%% o/ mEAan tcmfﬁcllél laf‘{hettﬂﬁna?!loﬁwé@%ﬂo@ fmicrospheres

m crospnheres 1S S
viahyfadtheahakded hmy—ﬁnmgmnm r’Ehect bmﬁelrﬁuﬁmm@n dsopdgis”villpeirate the

susHé:%?R%r qs];; (1:90 &nUf tﬁ? % azgae tﬁé 8%%%%@181? ‘tulﬁ%softtﬁ@ spray dryer.
Théfehkibking @ﬁsp@hsim&@b&t’aﬂumtm memddlaee state nﬁﬁlepmomaphese during

h Fi g 7 t ”
evaprrsgan 61 he eyl G Pippaheis ol 0 e St PRCE cpragucr” shows
theﬁ P&bb@ﬂ\élmﬂnﬁ%@h&eleﬂﬁﬁg Khefedy digerqﬁ'ohgﬁﬂ&hgblbne Fieure 8 (2)

wni ch 10 conSists of nanovvl Els a poro

nannﬁlqgh@lt oeppension droplghwitheud sv@@q%a@h aglpntesu@peesmn droplet with
lov%r,nhrgapngygﬂ%‘g P e&ﬂlc t{;&ﬁ[}ﬁ ety | RE5HEHEnt! @u§ﬂ3§sx&ﬁ' aitbplet e%itPf medium

res ucts. However, the one central
nafyfitaheng chmenb&tmn za:&ds(d]n naﬁommqnh suspensian dreplehwith high nanofilament

co@q%&é%qé@@%@ﬁ ?ﬁ%{ t{{% rj‘fld%{;rg%tiﬂ Ofle E%g&r%h%lf%%mqﬂ%é&ts the pore

sizH1 &m0 vRNesfraiied! bs feellﬁgﬂéednanﬁﬁhﬁientsThcmgtaﬂohe leads to a denser

pores between nanowi res, the ho|l ow
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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15 structure is also visible. At a nanowi re
concentration of 8 g/L, the m crospheres becane

cl ose-grained as shown in Figure A (a) and (b). The
pore size of the mcrospheres becane smaller. Further
increase in the concentrati oh of nanowires to 10 g/ L
resulted in formati on of nore cl ose-grained

o HRBELT, SmSBRR AL I by Mg S5 ot

fracﬁééEMld pRECHNshAI nidlilar StadfonsL willnbe ﬂﬁhéﬂﬂb@iﬂded into carbon
Figure 8 illustrates a nechani sm nodel I@
dioxids eed ivateroFigiet Poka) whevodphareeva)ivg: tim and Figure (b) shows the

absoitie R 33hs \g? %t%ﬁnDWréﬁwéﬂd?ﬁnﬁﬁ@fbﬁﬁfs was18ss thad 30%lafter an

suspensi on ets' trate the suspension as it
irradistict Sipensdd mlhr By phatbeatalgiczdegradatiorhed MBaﬁ@oT@tz ingpowire hollow

T .

condthiftf Ofpp ety iki@iseuh pﬂ.ﬁa\bir@ nmizfosphaess AMén(4 igil t iofilament

susBeHeIaE, SHMind6! Biva MmO G En SIePERELAR o s I o (B | igpoSiament
susﬁeﬂﬁoﬁpfw@ﬁé a8 0 b oMaN. 0@@ Iﬁﬁlldl fbﬁfbctlﬁlﬁuﬂﬁs@wéﬁ)better than that

nanof 1 | ament, suspensi on _dr op hout surf act ant
for P29 (HRE$6fhind jrdn v am%m rﬁla@-ﬁ@fﬂc@ﬁ capgiate gagily to form submicron

agg{égnt%g 'dl.xg%e&gggl péﬁ ﬁﬁﬁ@&ﬁe?@rdl ué:n ngﬁ%?lftd mane Péduchon of contact area

Spenst on | ament

W1ﬂ1:DN:ani mganuo neaatadts( The total of ganionasntent (RYEnshwdiy alogpwed similar
% hi nof ment concentration. Figure 8 shows

res 1ﬁ‘ “the concentration of nanofilaments

[o0231e PPigrd QO i‘sh@@s aaneffeet obrepentd ext afshollohi Hikamicrospheres of the
nanofi | anment. s ncentration | eads t
bresSp} BYFHOPERT TG 15 FORHE FEATH ’%6 %6’8‘3"%?%1?‘8%‘5%‘&?“” Figure
10 %%Jsﬁwﬁ%ﬁo% izhd BHshewesOChanges. Baﬂﬁdmylblﬁﬂl&i thhi the structure
concentration _and total organic ntent ﬁ. % ed al
of grhoﬂg“rt micrespherse 0b heppigef jrsreatio are e E4ma ey foused sever
tmSear adation of MBin the presence of P25 and different
ol low Ti 2 mi crospheres of the present invention, 5
[OODAr i ng&gmetlbemw y flpwchiigiona apdcifie, expmplesfithy gresent invention. This

ex degch rlfqﬁ{igtes an_érﬁfo éﬁ% Ltkor#@kasfgﬁgo%gcnf\}a{tﬁﬁtﬂr%&s %}dfabncaﬁon of

TiCd a@nhadlie holivo nia@nigderes |vdmhdmlldmjemmd in Eage rieta@ i th)e following
al._vs. time and Figure (b) shows the
detﬁggéﬁewtl?&?%%v\?ﬂ ot ter 90 nin. MB reduction in
[00PHOt OlFY&ire 12AShb®S 8n hitasla@OFhiel tar beamed fur theltidasthermal synthesis
time_of 90 mi n. The photocatal ytic degradation of M
of nagowireporeAdiRe® hol | ow mi crospheres and P25
[005%98% lﬁJaSuia# {8 4 AfehRs®d dRpfASHE SedRiw pRdeds. of Tbening hollow

arent rate constants for the three ki nds of th
mmeﬂpbwes @fnhhe rowesehie frsntiqun iy 2 sgray ARV f TheafHsRension Compnsmg e

oo RGAEET 0 b R, € 0 LA sur g e s

reéhu@@ﬁotamd eftef5RE evaperition mbpe%t)fvh;& yoray idewes Wie ke inlet 1. After
better th t, 1 r P25 (0. 055 t
cvapoiien o KGR e cBmenda i Fragutbls fymid #8'Sllectad in e
cycToHAY. VIR REHHOERGES s cloge B R the hﬂgalnsisi,l tlfeanmrcephr@(mdmated
and this results in the reduction .of contact. %’ﬁ v%th
as @y Al iwFigar 2B) of iearessnt Iyratipn e e FYAPRTY iR BiFCaHE
(TOC) results also showed simlar results as shown in
Figure 9 (b). [0023] Figure 10 shows the effect of
repeated use of hollow Ti Q2 m crospheres of the 15
present invention on its effectivity to renbve organic
matter from contam nated water. Figure 10 (a) shows MB
renoval and (b) shows TOC renoval. It can be concl uded
that the structure of the holl ow m crospheres of the
present invention are stable even when reused several
times. [0024] Figure 11 shows a flowhart for a
speC|f|c exanple of the present i nvention. This 20

D | . R L | P Y T P |
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m crospheres of the present invention in a spray
dryer. The suspension conprising the nanofil anent and
the surfactant is fed into the spray dryer via the
feeding line 4 while the pressured hot air enters the
evaporation tube 2 of the sﬁ@ay dryer via the inlet 1.
After evaporation of the liquid in the suspension the

Wil o the REEATPIoRRSERIREIGY i rHb N ENGNE, D20

[00:.57% th?hén (EREPNRIESIoA | Airs aloe @ aBIIGWEYhictoigheien KRV @ porous
of t'he present invention exit the cyclone via the

cxrcwufdrmﬁaswall GomETyRd EpomEstioRob npyflayenty Ehe gueiQinhesgs can bave a
dlmL&Qrz phekg, %ﬁﬁte pt toI 5%%9 Lo Nuh e e lj]ﬁl}etr Oy Grdl ‘#ohl@W microspheres are

m cr oSpher e porous circunferentia
desaibath Ihaﬂﬁg a@[romnfmm;m] pcgousfwaihme.fthb wial or guteTwell Whlch confines the

m crosphere n_have a (di a et
oI GRS oS £ UG HEIo ST GO O B TALh SLgh oy adboffmops. The
ternt! eﬁﬁbﬁﬁﬁ@nﬁ&%fe&o&laﬁdﬂt@t&ﬁﬁﬁfoﬁi&s ahd mab@ites. Wehanofiberds in general

the wall or outer wall V\,hlc conf.ines the holl.ow space A
chaggetesigediby dsrogad ©CrRss fpetion i Hiwsatedria, Kighrer e Wil |2 pagowire, also

callgfﬂﬁlo‘%]ftn%%fafaﬁ%ﬁﬁéﬁt a-F&@ar%ﬁfamcr&@@sgtﬂoh%gﬁﬂﬁstrafcﬁﬁﬁI}'Sgure 1C.

t o nano ers nanot es and nanowi res. A nanofiber is
Nanombge arerighofibess m@pwzéﬂwblyh hayeorellony enye ag Biustraipd ingFigure 1C.

The zénﬁcg'gstgﬁx?}eg 'tﬂ?~I g% ein\;'é;i gﬂ doff R Iﬁg&‘)@ﬁﬁeﬁ of a0, | flowires,

erized by a rectangul ar cross
nansmbésmnnmmreddﬂ]mﬂr at ed |n Figure 1C. 10 Nanotubes are

o8 MRS BT e R 5P RSy o s

lengh €S @neteR ¥§iRtd rafio. Qﬂmd}ﬁe%ﬂdﬁsﬁinbﬁtamhtsmmbé sdverad (1 to 5 or 10)
nanow res, nanotubes m Xt ure of bo

t
miqEULEE eV Icaeh eSO IRRF i PRV PO 0 1 SO0 o dbout 10
to 28@ 88 ofd\Aatipl kit B dRldikdigrer is Ab&H 20 tb eTWAH. t O

| ameter aspecCt ratio. In the present case
[Ooﬁ%ﬂn of Thaﬁ@’mtgregﬁﬁhq)bolgg(,@‘ugpsppgreg avhgseog;ucl]mferfghal wall is made of

HEH? %%e%uﬂr}g %g%&o&' waAhBeRk S AR 81l BeSdREbed further

en a or about 10 to 200 nm In
belmeomxahqﬂlm porobs micrespheres Khowrpinethe jag vinse putgpwal) isj e made of

naxy R lau b 1l Bect GBI Saftior, BEORIAE By NaBASPNC Hithasal, ¥. et al.
rentl a I's nmade’o amentS|s
(2082, EMl Capiiysid A: Chémical, walyl 76§ pR&S LACK.Z: and) Livkilt {2003, [Environ.

Sol RS, LA B, SHEhCTARY Pl . 11

0.15950@-Rb, 2ONBADVOE)ament s have been descr i bed earlier,

for exanple, by gaoka, S. i} et al P )
(008607 AS ARG SeHt BPRS cRse h et ca e B Fpccogphises, or example,
in Il‘lguflreéf&z(bg "’tggmjn% ﬂ'lg ﬁ.faﬂemaﬁg Qﬁgt’ratﬁfh\ﬁhm%@ne B¢he nah6fARRhts forming the

Liu et al. (2007,
cir€inefementialrwallof, the bblldvg ;.mprogggglps (e prigntedy aligped Wwoven, ie.

rool SR S A RPEE0 (PR Lok OGP sBcihiRompared t0 o
woléh) oandgille SW&EI dtukttdtads fir éFugum i Fhigueedodn tahgnment of the

nofllarretSf rmn e circ ent i e
RS HeE BB BareLp LS FRERAERr P i gt Thilf e pores
in ﬂﬁr‘cﬂ&ﬁﬁ&enﬁal Qavallr ahgeMollst MidréspRered B fhithéd bemeen the randomly

bet ween a non-woven or random structure conpar ed to a

aligngd @anaftlammenisil ar structure is illustrated in Figure
[0 Ths 8&%9 ﬁL %ﬂgﬁﬂfereﬂ&alt Reunapah | RMBR itRssHeks include

t he pores e m crosphere having different
mastopess, lﬁempores hmi piNtess ﬂmraoﬁ Adserding touhs definitiansef theyfiternational

Uni?ofgnt rg %lgél %’R@B‘f Sg‘ﬁ‘g—? ﬁgm%‘g) {h%rtg&g “Bgéo\ﬁgl%%ésjaﬁorous” refers to
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[0031] The pores in the circunferential wall of the

hol | ow m crosphere include nacropores, nesopores and

m xtures thereof. According to the definition of the

I nt er nat-i-onal Union of Pure and Applied Chem stry

(1 UPAC) the term "nesopore/ nésoporous" refers to 7

pore size in the range of 2 to 50 nmand this range

enhances the adsorption of contan nants . .
porg sige Hnibe cpngs §())E1m th@%geeﬁhé%‘fes g_le’ adg@@ggn of contaminants

Y | 4@ %y@!%@'dznt}? 17585 FoRnh ESHCColl0i® hndBderface Science,

m‘g&%f@%"z ?’C‘%ccor_ i Ag 10 TOPAC a pore size bel ow 2 nm
vol D84, tred TeedR3. Aconrdipgre IVBAGe 2 patp sizebelamn 3 st isrtempd a micropore

macr.ppo range. l.n e .of e £ ti
ol AR B b QS UL Elnd BEBESS e prosen venton
mad@bsuiés 1200 aishB between 50 et abxa PO ant heanather expengdothe average pore
ize is _about 100 rup and thus lies in the macroporous

s

sizeig At 1PQpmAndiEsdies in B MAROPHGPS BRES cr ospher es

[oogapemi*ﬁe nRienby 10 hbidy MBichRphedds Hégend@MEiagt ot eheanithod of its
c

n therefore be varied over a broad range degjgndi n

mawHactive ahdstane thesgfprei ksavidnd T\ Proad geRsp HeReAEHE; o the desired
appﬂ%ﬁ%g\%@ &xgﬂ be EAMILRE] inH0d:8 }‘I’ettaﬁglrgﬁm)él%.eﬁs AR ed Bhve, the hollow

m crospheres o r_esent | n_vent| on can
midnaspheres off theptesent(ioventipn edn Ipve waliameterdor size)hefveasd abeyg i bm and

20 m or um or.,50 i t Y .
abog} g%(f 1 o iB& &, oF aO prfg%pggg’nag &?‘a@? Sﬁlre&y i er%% t1se1r15ed for its
magdictie 1By diinletdrgan belavemhogdrcn anotimplegamnple thohdltowr microspheres

nm crospheres can have a di angter between abou tg 10
cen iy 3 SHBeiE GRS DNa A G ORe ThitchBsgie g el of the
“mitRREhe?E fshfost biMhetBhe AR PefBdtly)romaiii Ghodld dbavtcd thne when referring

noted that when referring 15 to the "di arresl%fir" i&l [ Sa ”
to theigiemetRe if 4Regsst e (A gesLREIEH iR 9RF BkiogRetherpt 2 “pore”
[00§|§]J?t N e b thikir ?&\El)\% Tircan Qantlal 48 4@ duB e thePREQHS they are hollow

cunferenti a _ 1 due to the fact that they are
the ictospher¢seofithe presptt dnvsstiont haviee gl serfice iarspe ARe SHTaee gisa for the
N oSl NBida0tht BET method
holf gl 8, Fsel ARl RGEh@n i linds 1Bpidht BAT metho
whithtie meineé chcersiling tb HieiBHPentotshBrhnwinrc Amimesttn and deller. For example,

ccording to,their jinventar r r . ~
h‘ﬂ% W?SP%SWS @i‘ﬂﬂ%?é‘f T gﬁﬁ%‘ﬁi‘mﬁ%ﬁgﬁgg& %Zaevl ng A about 50
1568 Heves BRfT salrResof382Gnlien and a pore size between

about 50- 150 nm have_. a BET ,surfac

f 38 n2/ q.
10036 3.4 EPR @aRaHORFRE OIS HIed 0 Tea-agity {pe LY pikrpipperes of the
pre%ée}ﬁ n].\ﬁ%gﬁ%%/‘@e[ﬂ 1 B3R £ rRfteddN8s RG2S Most MéaGitalsayan ®@Hormed into

any material as long as those materials caT f
narfpéildngantse 'hie a0 faments Psadelerain cambe mede of paRgisl aides wgtel sulfide,

erein _can |0 t ' iofomade of
o1 e P s By B R st st
sudlirahefipieints §ind tndiyde prdiceatiinsi nventi on nmade of such

of i nts find mul.tiple.applicat] : I .
g3 o attbretopind no T RREnG R aBE cul B0 i Rir e, in
cothPésiteX AMiPbitactiB FEANERS teRnpslthppiicdtings.iRud oaheif goodmobility and

vari ety of applications., Due to their, good nobili tc¥
thip pwglls, which permit deformation in response to sound gressure, such mictospheres can
be used in the production of carbon microphomes. Also, specially processed piich carbon
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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thin walls, which permt deformation in response to
sound pressure, such m crospheres can 30 be used in

t he production of carbon m crophones. Al so, specially
processed pitch carbon m crosphere conposites are

sui table for use as honeycoﬁb fillers for

hi gh-tenperature or ionizing radiation flelds

003]Po|yrrers whi.ch qre. su i tab f.or
poly ) IS T TN T (B{W é’ryémhg? eﬁ,l rrat 8‘6‘ egpolyethylene oxide

blen&s %B;éz OWX%&P %%&@ﬂh&?aﬁﬁiy(ﬁﬂﬂlﬁ) pyrrohdone), poly(meﬂ*;yl
o] ? ret anes poI y(si | oxanes) 83| [i

meﬂmmﬂ(‘fe)t hpblyanyl prd¢opo r@VAﬂayrlPQiYﬁa%h%) i po Y(mel ' acetate),

polyjé ijafrﬁ#élt ﬂoig@%}%ﬁ% I?:Xl yf%bﬁ; ﬂaﬁ @ ﬁg&g&rﬁ; orflao 3]; hygfy@¢thacrylic

acid) qio!/}ﬂm'b hayid (W’Emljapcﬂyglmoél): acide I(I}(GIG@: fPﬂY(hb‘@@hQﬂ ylyatidey) (PLGA),

nyl 0%& ig@ ryI %dgcﬁogmg&%w ; el}%’fg Yamgt at 3ohol) (EVOH),

poh@ﬁ’;}rﬂa@tbﬁé";ﬁﬂ‘ﬁvﬂﬂyy a@hate), p@lWtht@ﬁidy pely@tyledy oxide) (PEO) and
lactic acid (PLA),

polggdhgqsteg% i igalse @o@ﬁg@ ysg g]ﬁx S(qud&&I rgnt%(; yaqggé 113%@ dbove.
[OOEPIﬁ’ ﬁﬁﬁgle ?:E%I)ny %ﬁﬁﬁd 88 us@P lindhRich vhe @1%‘ ﬁ@: Minf¥d to collagen,

ycaprol act one, pol y(Vi
polydaipheat espers)p otughi ﬁyl pglmﬂmtqtg eacifg| Wl@&g]lﬁgqogr,;, eaq;c;()i dgglyorthoesters

)%p@%@%%?ﬂ@%%{o” h r?;rﬁré"rﬂ%etrl%xs : @i§§ %) 3%11571&1 Hﬁ'?be used

mcl@&é eemilsseMathet Cﬂl‘lllt’me acetedie, i padluinge,, cbimlow estﬁrotchltosan gelatm

ﬂuoﬁaﬁtﬁ‘% Iegcé G@Yg%}%g)e " pﬁé{oy P&%e]n ha eStlygéngbnﬁﬁll%h APolyamide,

polﬁﬁh&éiﬁdéoe%waanyldwl ypslityeiedaesle; anﬂol’g’hﬂbwnatﬂppqicﬂlyvsam)arylether
Furt her exan‘pl es of poly rs whi ¢ &’%Eel b%egsed |nc y enrmde
polyesters | Gy icHrbongis) | | PBREDSE ot AODCHER Giye
&l tpolyflubtdeein de, polyolefin,
A A ot i,
polmh@aamldepolme;lﬂml@ @Wﬂﬁd @olyplew Bf ngifis polyfropylene, polystyrene,
pol%g ﬁﬁ%et}(ﬁ?f&ﬁﬁﬁk,y%d?%r g@%@%&tﬁ% BQB’H&éﬂ% Oad1¥irRFd16 polhRethane,

et her
pol}ﬁﬁﬂlﬂ,ephbwmyhéaﬂeeﬂM@e pegewauaé raethilase, SﬂmO%tlﬁé?t'ﬁ(é‘P’éWéh}'de or

th | f |
oS R ARS8 o
maPie iﬂ\ﬂ)regﬁ{eﬂﬁhﬁfmﬁtﬁme aﬁmm&m]b@l apaits/ pr opy| ene,

| ystyrene, sul pol ysul.f one
(005 ¢ bt et G PRPBHE T BR A Gt R Of 557 g sngsondcton
Ex&gdlé’st!ﬂ‘o%aﬁe&due@ryiﬁbmb ,bupedeytot Mynited enBid,] T, zﬂo Fe; 05, Wo0s,
enerated cellul ose, silicone, urea-fornmalde

SYTI0s, CiPoryiERSs TS HEPesncR Each RS b Db i Fetudéa codox
pro%?e%% c?thgﬂ tdifbic 3P RlrhE Al kiR st dAra BRI 13 a G YaRnce band and

npregnat e sui tabl e anti m crobi al agents,

an bﬁﬁ@%cﬁductmndmuﬂewheh@ plaoiert Mithrasnensreyael &t matabes g eeseeds the

at | ea f i
S e e RSS9 Y 5 s g o i
bandl 028, &6 thé-edRductiéB0BandSrOB,CBavifg St émbb ns. bﬂug@eExcﬁed state

sem conductors can.act as itizers f
confugse e AeREop s Vo RO e pingpd disipete the fuput
ene?éf%‘ la t Skapp&d H Bretadiable Quff&ceCitﬁés’;lQi' aedct edthbsledron donors and

val ence band and an enpty conductj on band. %ggnl al
cleetrqurorepioniadiorbad asrfhe gymigendyetontirfare er wihi, e aouptias electric

p.cene t he sem conductor, an el ectron,
do@i%ggmg%l st edgg]fu{ragrsnthe val ence band, VB, into t he
[0039Ndu alhlu@,nhésa aetmcma;uctogmamgrva forsheremedistiop efi¢ongpminants, such as

ﬂk@%%le%}%a’g%%]ae@]cg P AP atéilﬁocn bkn))aﬁl,g(f ﬁ%gscﬁlg(gg fl?églg%sé aIiO atic carboxylic

i nput 30 energy as heat, get trapped in netastable
surface states, or react with el ectron donors and
el ectron acceptors adsorbed on the sem conduct or
surface or within the surrounding el ectrical double
| ayer of t he charged partl cI es. [0039] Thus t hese

P T L L 2 . D L . r
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al kanes, aliphatic alcohols, aliphatic carboxylic

aci ds, al kenes, phenols, aromatic carboxylic 9 acids,
dyes, PCB's, sinple aromatics, hal ogenated al kanes and
“al kenes, surfactants, and pesticides as well as for
the reductive deposition of9heavy netals (e.g., Pt",
Au3+ ‘M, G (Vl)) fromaqueous solution to surfaces.

sk R B, FAFGALI AR B AR s,

pestREIEs GRNAME hP bk the rt RGN Melodikion Ldffﬁeaqsmems @de, PBitAu*, Rh®
are not limted to CdS, 1n2S3 and ZnS. és for _exanpl e

Cr(\&i frem|agutous selusrciosatresh [Bymary casrs opplaoRmesliZ gt organic

comgglg}dg%aggéehqgﬁo%e& %@E{]ﬁﬁgﬁle% delhiRABRbkament s of ZnS

creens and cat hode ray tubes
[004691 | oMictal csnh‘s]ph mcdmiewbuh aranaf litnited o Ld% Imfs adnZpe ZuS for

used, one ot [
exagBieditsaigHE S FIRE By GrBb HoPEardn e Bt EBlrn R pheres
wittZBiAoRMindnl? 5B Zas leéﬁl e @.g0 Sx-tdyi gordent med fcamhode ray tubes Hollow
phot ovol tai c applicati ons (Pau

micBRppes, WHBOBORBASHE OBaBt 8| By bty (o SRATEIE o GopPotents in
pho re%?s?&rs ag[ §‘J1&fc%ﬂ§ Ho%&hniéﬂfsﬁﬁ&eéwitﬁ SOl ERAITANCS @R, S; are

used manuf acture of solar cells and/or
used Iasattlune‘:'dmtfgr 9hotpmwlc] anpligatinas (Bppvaj, Mt | Ragakumg, B.ot al., 2005,

JOUlglé_ﬁé%? her %SIV\MVBﬁﬁaHS)fI %@@nﬁ“ﬁergfo %\Q&l ﬁd’r&:lsuﬁc%wﬂﬁwrospheres

Taterial for gas’ ction
can ® ugdd for 2@ dfanufhcfebe/sl sGlae nells BndMDphOIQI@SIStQE no. 47,

[OO{)]\}a éc%]tgor aa at al}éggwgﬁpo& Se?éjs \Vﬂ? ﬁa&gigad%\@nuqoﬂvo& are used

as st hia&dril fob gay@éte&ﬁﬁ (WagAG., b, Y2,1e)t al. 39106 oiPhys Chern B, vol.110,
m crospheres wi th_ nanofil anen

10.47gr TR 3EH) £ 91 @S L3St aW‘?e&ngsqdnt“?ﬂ& fe’é,f‘%’nﬁgrgdpunw § Q%ikq??'k C,

Spat4¢Rab! et 5T @0@@' ﬂﬁpﬁe@%ﬁlﬁiéﬂﬁﬁ vwUPST, 3120yl ) Gollow microspheres
m Crowave filters. Like Ti02, a- Fe203 is used for

t he
with aaofilsrasmimefstiopiem & aHelel ST PR ST Yapigiors or are sed in

tfg i-ﬁ]rﬁé( Y %@ﬂdk%gg %\{}yé&‘@ﬂnﬁ actﬁ'%) Eﬁl%ﬁrg@ Tﬁltezzﬂcs) 8%14(33’110&%@-&203 is

useﬂlébﬁthe 1Boofilaments. cfahe hollow micaspherasaafcthe W@tﬂﬁﬁ@t@f‘ for water
?%204 Fe304, Pb(ZrosTi 0.4003, MTi O3, N Ti G3,
‘IeaEP 3. B203, Ce02, Zr02, Al 203, Ge02, Nh203-Mh304,

0089304 1n Ni)aﬂﬁ:le Ft Sigmubdl ONZri0sh, BYR: . QZQOésiﬁon Cam@u§we., vol.89,

o Zurni CeneonG e SN B R er e heeBs MEE e N{Hi0s ALO:
Bgdisl{ @%@)Qtzl’o\%\\llmaog (E’GOZL M@ogm@m,momlmzoaermm@m@; PVP-TiO,,

S 61Sbs SUhete Mo 205 oo SCk GG £ Tgoch fing bollow
mléfpéﬁlla&gf QL oERRP Rk $Restiit 1hiRiRh. SR @Rbtht ieOthe whizteeof Sigmund,

anent s” conpri se such coated nanofi

W.Li€ulg i, et alp (2996 rape) Telsrs th aangibses madernd ﬁl@m‘f’@h i %Oafeg with AIN.
Ho %\%C” be%]‘nf':rgs % %e%r&eﬁ# vgx];tlo‘?t' ngéq} %ﬁﬁlam&%@ coﬂlpnseeﬁuch coated

are ers ma erroelectric
naﬂmafslcah Be lideddn Qlﬂthhﬁ'seﬂI&plﬂlcaﬁm(SZDIheTnmalsMembed in the article of

b el £ P, 08 e B MR it e

Baﬁma%f%(mc THOPNEKS Besefibdd e magﬁmtnanmm inade ofl MiF€(D4nd Fe;O4
for exanpie’is one of the potential materials,for

whishneasy be aised o1 dhe menwpstpsgeh BRI Bogws RiGFosPRHEY, of the present

mV(lBthlon. La,CuO4 for example is one of the potential materials for commercialization as

nitrogen monoxide (NO) sensor.
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[0043] A material of particular interest for
nanofilanments is titani umdioxide (Ti02). Titanium

di oxide (Ti02) is one of the npbst used photoactive and
one of the nost practical of the sem conductors for

wi despread applications suchOas water purification,
wast ewat er treatnment, hazardous waste control, air

urification, solar cells S _sensor n 5. .
[oo&gsnefx, @gtegﬁ]d of audrutay gnitqg?sé Bﬁnoqﬁ?@@t? gngﬁBWHi SWéldte (TiOn).
Titalm %Xﬁl'es‘?ﬁj} § 1 ¢l of BcRE LbiSphofablive dMd@Re GO EHRINUR practical of
I Cl enc nontoxicity, |low cost, chem cal stability,
the semlcovmqtqm sforowidesprasd i applietions el rAsnwateh antifiqapn, Wastewater

anosized, Ti O n 0 a
oo S0l S P S SralBRObIREE S, o, igmens
cosByYS| @d lwaadrdiisihfeotiana H‘1(h§zak Emdwn @he tn it physBochenticdbpropetties, e.g.,

at, 2007, Nano Len. 1081 0044
highgiehn TR Gt bdo s ey sibip aty ypligus morpbologies

of Jﬂétdﬂngnsﬁﬁ@t(ﬁﬁ naibdizbd qebLtets, nHaywies ,namjﬂbﬁrsr atidf hamombek, have
anat ase eroleinthe TIQR a|g1)hot ocat

i
beemNadels eropREdcY Wrigus plasical BiLaeil Fietpd BBp2g Sun, D, et a,
gootyeﬁ%rﬂ;tyr 93? 400 C to about 600 C) and is an

hrportant’ cr ne phase of Ti02. Rutile is a
[004;4]ab| ) gtmsaé Efozmamhra@ msjayterysishperatse Ytis gaetagsomdcbrookite.

T e

statddplhasE oﬁfl‘ﬂl)gaﬁdow hasgeratin@QdiEduk #00 SC doebad vaH CEhandds an important

bl O BB S0, UL 3 ISRl s ot 00

to dbEGEIDLAL) TBuN Y 61 asﬁbct of AR SrpeAt idviehthun nam)ﬂlimmﬂ @f @Dy, are in
be regener at ed via otocatal yti c oxidation (PCO
the prbe axdor anatase phase. Sun D.D., et al., 2005, Water

[00 &)enftew&oﬂ_@%hﬂgﬁtggé’ of \4:913111%31 difxife fwhel- ¥s6d- &SQﬂsorﬂ'élﬁ for the

process 20 has been reported as a possib
renmivik off adontamifants thatdt inay adigampeensrative r@tW%hE@t H5nf titanium

dm%% Bhn béﬁ'ég%ﬁl&éteg Q%‘a. ﬂhg{bgﬁgl;m%hdat : e?&ﬂ &)%’cehg‘(FﬁnéD HE&un, D.D.,

rocess i‘ze organi ¢ ma sterilize
et eb@@t)% |Wa&d§<arebefd Sa)?ﬁedhhelognrtfcaéé 04.67h @.37B 386 dtbgl B process

nto car a t
hasp%qﬁ‘lorgg?lg?@ O %DSFll %ge %)r T @gsoggéﬂég Qr{hgﬁséﬁsa PI;I/I potable
waﬂgﬁ'/ A lrgi‘dx) er\i/%toﬁm@@@viﬂrhm%&ﬁed ﬁﬁa FOOéhﬁ"])Mas ttain]hgpretllle arganin matter

i oxi de powders are used a of gca
and PSP EIAACAROE Oalet SRR of BropRubeassiyly mi] slipop loxide
and"QRFEVWRE&] 18 E&ﬁlc&&ﬁﬁcﬁr 9ﬁ8i?6bﬁﬂtyét01l ithmiria¢dd @NHght source (usually

nmenbrane filtration. The nmenbrane conprises small

UViéghésiniadtCPirecess- ng wast ewat er in which Ti Q2 particles
[oo%f d'l\ftﬁﬁél\ﬁ? ‘{jltaéxk‘m v\%ﬁﬂkaéc?dr&érs hRCWel | RphdRdathiSHS Sudbdrial for the
a powder

ni um di oxi an exi sting problem
cleprng bf whstewstess @peesses b cbfaningtveastayratariosten gee p sombination of TiO,

30 r treated
J; :n:q[b evﬁﬁﬁtﬂqn S'II% ?necizog%ﬂrggg(?lﬁgﬁ% J&% gg?{gﬁvggs ewater in
Whﬂ'jlt'ﬁmz PhAldshee ﬂﬁﬁcﬂﬁedoﬁnfdiﬁmﬁtelyf, rratychng mimauaﬂ ef tltamum dioxide
[ 0047] Mor eover, ani um di oxi de such
PoNAG 1 [BGTRHE roLloth et iePrRlPD o RS HIORAE BBder from
waS¥wh@Mrelel HAERSIPIE S RINGhGAhd Yeabiidst SRAIE ’I‘B(O{fpzltrﬁxle@bf the TiO,
pri rm@%pﬁwregates ranging from25 nmto 0.1 nm These

powﬁgrsas dlng thetiozesod it Rlratigymegiras:

[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 um. These physically unstable complex aggregates
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11 reduce the surface areal/active sites and
subsequently affect its photocatalytic activity (Q ao,
s., Sun, D.D., et at, 2002, Water Science Technol ogy,
vol . 147, no.1, p.211-217). 50048]Therefore in one
aspect of the present inventlon the at |east one netal
oxide or netal sulfide which is used for manufacturing

nanofllarrent3|sa hot pcat al ytj c ri .. 1n.,5 one .
redigg apppvstars exsoiaecules Bad pRstPR Lt B piviaradys Sy (Qlao.
5.y sﬁg'b@w Ll ARRhenes seifen&eh?ecﬁﬁﬁﬁgﬁwo1 W7e b, uggzmamﬁ)of a

otocatal ytic material, such Ti 2 avoi t he
[00@3 obl Bregefote, shoemaspagrafhe presgn m@nsﬂwé deagtisonggnetplgpxide or

met @ kb %ntk Eﬁnf&' Db 2ERANIB Lot ﬁ%&!ﬂs &a Eﬁtﬁt %?alytlc material. In

e previ ous paragra
onesd&hﬁplecfaiozsisaned as (phptoratalytic ﬁ:an:tma]ahfmgg lmﬂlom iniarespheres of the

nmenbr anes i ran eact ar, ca VOI d
presaR e PiAde 1 A BRgP ergyHe Batofl, SRR o T €oiine b3bleRY which
one ua%ﬁﬂalt}oe@ts@m&slwrrea\mfngl hir%xmplfb Iti#dtGurh @idxidegpdveten uaeh as P25 as

i'nhi bit, for exarrBu%F t hat snal.l Eartl cles
e

descmbgé 1 (he PTEROURRSTASHRD otfjeir pehepigel shansrandsize suifpcs famage of
filtratioht a B inC A% Bk Qe&ﬁﬁ‘ hibe %véiﬁ@d’rq{cﬂprﬁno@osﬁ)ﬁé@’es made of

nanoneters up t gm Ti G2 m crospheres of
TiO; mengfilementt cimeleniicatsed itct avomd frreysrsitle membrang feuling becayse theY

b 2 PILE R R Y TR e L5 o v

melﬁblﬁmt\?\ﬂilﬂ’l Baiehin Eemallanlameienﬁpf@wdmndtedlnlamaMt@wp to 2 pm. TiO,

iR e B AR o b SRR 851 rrane an
avoldl SiMePHRiElss Bfcldd P HESE Dueitt iriliollowansd pmmuh sthtugesuch TiO,

than comonly used parti cl eﬁr&nghd {,] Ti 02 I|ke Pr%a |
microaheaeT st AHa PAPEEs Of AAE DTSN (hy fifieat \previously

desGiel Cdvidh Bho %%ollawq‘ﬁli@fﬁ er RO prbdest ﬁﬁ@ﬁl@fi fare much larger than
invention réfers to a od of manufacturln

confraerdy veetepatblen wade ﬁd&@mehl@ BRboheiBd sfacn & fﬁt@g%f‘“e to its
por \ﬁ%ﬂbﬁr‘%ﬂn fﬁf{é rein said nmethod conprises: spray
u

ying a m xture of a surfactant and nanofil anents.
[OOMJOSOLUam)tMr mpent thaipesof isventior refers taridmathad fof Inavefeciring at

leasﬁ]! \S@OA gv: géhm%ées%?gpl{{ﬁg 20 etﬂ? %&J%sféﬁ&t Tﬁﬁrgntﬂﬁl l“gl e%? %gsme’rhod

confjded:i | anents and not a |ayered m)re contl nuous
circunferentjal wall as |n 23 ay ] sald, Y.
at al ® (SPOOAryIBgAmpyturg of a syrigctant g E?‘l? ﬁ!i“e 5003,

[oo§§1pf a}7s@n d-ttstu of mctai% Bhd QhncHlamétd Qifows GRY ) firktntime to

dition the mcrospheres referred to i n Nagaoka, S.
matifaeiisrgl dollyw @progs (rg@g:gahe@g, pwgpse qurcule%enhgh dwg];l ulS ,Ipade of

an%ﬁig SntsSHRY 2 ep%ggreﬁ‘ éxi%c}la cgn oﬁs ‘eﬁ?ﬁrﬁfefgéﬁﬁalhﬁbﬂ Q¥in Nagaoka, S.,

FoSpheres referre D.
Hath2QRi7 Y. $Upir 008 nsmpra)sk, aizmnldch@,d{c@ﬂ@% e A Lﬂﬂs Z Sun, D.D.

o . SRS SRS AR B s .«

al. WioDOSkg» @Y, THRNUE. agliuriu g, 2000f nsmmenm sualil ase whﬂe the hollow

nanow r es, nanofibers and nan 15ubes nown | 1id
miiphETRE TBHIPRSLO. WakBh UbeSUBnd RaitbalbZo0 7k Gombiise a so
cir&BIRhS vAR.

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

nanotubes are known in the art. Nanowires, nanotubes and nanofibers can, for example, be
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12 manuf actured by any nethod known in the art. Such
nmet hods i nclude, but are not limted to hydrothernal
reacti on, electrospinning or a sol-gel method.
[0052]Nhnufactur|ng of nanowi res and nanofibers using
the hydrothermal method or 12hydrothermal synthesis is
descri bed, for exanple, by Hi dalgo et al. (2007

| d |, 129, d
axgaigc?lgg Stﬁ a%;g@g %B%’/‘f%% iu?]ﬂ- X Efﬁ‘ﬁ S%g'r %‘ nlﬂclgg;h GEF %rs @Rgmmted to
o, elé’@llosﬁﬂl%ng Br é—gcﬁ-)%el hef@sd] An overvi ew over

rot hermal’ met hod of "crystallizing substances IS

[Ooiﬁ]ow Maduﬂaytudm of nxpoveirey dwelolengfilsrs (-1219@6 e hyduptheuesl method or
hydﬁl\cﬁf;erma syng}ems (‘%ﬁgﬁb%ﬁa‘fdf ermE%6§y et aY (%O(?ﬁrdﬁtalysm Today,

val. tm ,8.50- 58)&nbymﬁ:raﬂ,the*f1;rﬁh, BeLh@ao4, l(h:llllodissami (Suxf@sres @y Shysicochem.
chnlq g fjé,%stalllzmg materials from

Eng‘] Seﬁ‘g‘e% t{ir €’aqueous sol utions at hi gh vapor

[oop)€s SlAhQﬁeeroﬁﬁ‘ Yi§drethefhQ WdhddsofReystatiiimgsubstamues is provided by
appar at us consi sting of a_steel pres re Ves@%hcﬁﬂegf’k

Cheay Ko anchlYlsoob-S p@RBO, (saonsi dipngtegsng), vo o Mpnt - Par

1§ 'epﬁft g?f]') S;ﬂ%ﬁ Vﬁltﬁrﬂoaﬁ 'ZQT' Ihsbréf‘ Rﬂ@ﬁ?ﬂofh@nnal method includes

ze “al ong

'S su pI|e wi th water or another
vamu:k teelmiiqued of ewyp@}lmatgna—hjﬁgmmi glgtena@pmq: AEYORY Sofytiens at high

vapaf %g%lfl%gss Zcrlxs fxlt oy Sig‘ e{fﬁﬁnédh ggﬁ%é %an‘?sﬁﬁ‘lgltﬁ' a steel

ent causes
pregupestesdes cllzd gumalave ot bmnls &eel §‘1gmr®1/2!d)sd vhich deutvient Cwicluding the
mber anofil a

| ar e n 0 s can
ma@yﬂm%@il BEREFo FRERGh RETPLBD AITE Moy R 8 pgpper solvent. A
tempErARAS gﬁﬂﬂm@ RNRhiaained il @, ofpdsigsérts ®$‘ the!mésséb dattles the hotter end
carbonates, silicates, gerrnanate E etc. For, exa

dissolies She R ERaRS ot R CEIRh BT GBSt o0 B SRR Bgtided in the

vesk®l enlo, Y. V., Churagulov, B.R, et al. (2004, Appl.
ta. B Environ., vol. 54, p. 51) descri be the 1
[00Adnuf a\cﬂa;g@ Imfnbﬁramésltangﬁ]tﬂ@ﬁéfa ohat Reenafynifigsiged fander hydrotherma

conéht{o%g'l Ui Rawd EO%Sbgﬁﬁngrémﬂ&f |tH1?§%Pdté&9 hdlfbdates, carbonates,

anmeter o han | anment s* durin rot her mal reactlon

silicaney geendnetep ertat Enregxasipls, tthe grtm‘se@ﬁ Hlldagﬁ’detr da 2903 supra) and

ol 5, . SASER A%, K08, PR E e PBT BG5S, Wi, p5

desbﬁlﬁ@tﬁé atadhRctofe &ﬁiamlcmfnduﬁat&ﬁl ilﬁlﬁe ar mianlaimmmdﬁﬂo C.

Basi c _subst ances, as sod rOXI can.for :
(0083 b vp Fecte indecheing Fgﬂn’r“?ﬁn‘ﬁ e gy, §adroticrpg] reaction

inchde T&Hﬁeraﬂfée stafffpl heriill 47 ﬁe@ctﬁh&uﬁe Fok @xﬁnﬂa,y&r thensynthesis of
case e tenperature is lower, for ex

nenetyots VithoH OE® CSBOR: 055 SbiS TN PEARMRTEAR I oRfepn abost
15 (5 Q} 9) b%g @?s%"'sﬁﬂ%taﬂcéseﬁﬂh Rs BedR gpdtﬂﬁiﬂbl tanlfdr bxiaplObe used

he starting materi is replaced
as mmlhg pmﬂtasﬂ; mdrmhsidi; onchcre Ti@s {ldgacastion gmeuﬁﬁb%%g(ﬁ days. In case

the| [arrien t%rg&‘%eulgwegbg' OEfl) S LA Bk NBACYE TS Wil 180 °C, the
nm{o@@éﬁan{\mmw torietahadotabe w&nuflargthmetwgemmf 10 mrgmebout 15 nm. If
e SRRl S RARSYAS 5SRO g, e
pro]luctl\@t;u% be g‘ﬁﬁi‘athlﬂ/ﬂno%ﬁe WQﬂJﬁ@ﬂEgth Eét@rﬁﬂﬂﬁbouw 0 no( lﬂdﬂ abodit 15 nm.

al . (2006, supra), Bender Katt a,

, al
[00(5@06 At . mefhodr ph cmanfaituring, man@@amﬁmizw§1 a5’ nafofibers and
nany BN YL eotrdpinai as Beseribda £ Mdc841.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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13 M croporous and Mesoporous Materials, vol.69, p.77)
and Subbiah, T. and Bhat, G S. et al. (2005, Journa

of Applied Polymer Science, vol.96, p.557). [0057] The
formation of a thin fiber for a scaffold via

rel ectrospi nningt is based bh the uniaxial stretchi ng
(or elongation) of a viscoelastic jet derived froma

. pol ynmer ution aqr, 5.nelt hi s..te ' j =7
g el St i Sl ool SR S P st
(200551 ekl 6{@;@&&%{@@&1@@, 06198, ps5TPSt ati ¢ repul si ons

bet ween surface charges (rather Egan,%enechanjcal or th
[0055 hear Theologegtionofeothin HRmsY § Srastl B RECsBnBg, 1Sgyisy! on the
uniaXlab %Qgclzlﬁﬁé '(63: él@ﬁgﬁl%n)"’lifgd FR&61:lit FTRREvedCRERA Sslymbt Slution or
nmechani caf “drawinhg, “el ectrostatiT spinning is befter
melts Thisettclimquegie rsémiri ta ¢hé icormmeraidl trmogessen femgrayying microscale fibers

di ters, since . the el ' b i
et 355, 156 a et Beet ORHE EPERbLE hebitn "SRl et el tuen o
mecBli6dl 2! shedreotde) o totinloudly keimoe chmadianater df avwisgpelastic jet or a
el ectrospinning is alsp a conti.nuoys process and. .
elase, Bl1eah CURRLTHB TR LT RB TP ﬁ%%?‘%%&g 5 Pejfer suited

for %énieratiﬁ)g fiferSivth Dol thinhBOdiaméeaBigesthiRIc@EhtRinscan be lacdoplished
. 1151 1170). [0058]In electrospinning, a,f q r.js .

via geersaciiewschobame fheough dis apbHeatign jogan %Wﬁ@&“o#e g Iﬂi‘%‘f'ﬁeﬁi‘m"al

dra%igxﬁ Vélg&f)olééilngﬂ;g%/igg%sgﬁag g&’:gfnﬁ&s 5:88esh Uhll NEdrefBR) Mtild work well for

t I nuou ue to the electrostatic
high-eqluis i productien ke .t & eXigL¥iNe @08 ab deacashiatepials, vol.16, p.1151-
vaporation of solvent. As the fiber travels toward
N70he surface of the collector (conductive plate), ]
[0053] apornaéléanttsspaﬁm_tlglea mmeﬂlated\éah ithsheledinifigigkt (eempeped of 2 highly
. precursor material, i,s dissolved.occurs, an :
visqous pFmELIONYHOgy SPO T gPlPW\S;?SnCé’HB{‘“‘{“ﬁé[ eBifed 1% 0 WRcctrostatic
repﬂﬁbﬂﬁﬁgétﬁéerﬂﬂx@%dﬁﬁdei dkergek ahe the Faparationy obDsflvenhisss the fiber travels
nmet hod, a

o e S5 BT S SRR i
polﬂg&tog%%%: f&h)r m@hiank dRseaihRuiing Mo itser & hiaaIBE & vifen arriving

n. By varying the diameter of the openjn

at tlof surface ofbel cellactns (ehindneiveplase)- Thearrameiis matod, pump is
ask Ly controll & io B ariSsol t
s BRI s a3 SHRIR B R SRRSPuioten) o

of amdelilagehistohascaadianétaeof ypds 109 war. By vaaieg the diamsie of &eppening of
a hj vol t age bet ween, about t Q.. T
the it g it el SRSl en b SrRnf ey PP ABBlo  auee

neelileSis f@édN B 1B etallicatedle Vo bttabed s adpgh velthge sourael dither qositive or

to the surface tension and avi,t no
nogaifen GresNamE gL SO pErv e Ao o DRy T gpict gt fgpms o the
end° @M fhe) nccdlE RANNNRELOR: Fi AXRAREI RBNVEltage anapliednk dddétion to the
jet then starts to whip close to the collectgr that "Tavl
surfaae seasiontand @ravity rforce naws additionalifosess abiRGAetaRr Sthy;spfalled Taylor
| |t s, i iti ; [PRRR db& to the
congnElens e, Sy G hEl So g 1ATR R sl Lo,
collots iimt cakesintd thimmdeftwpvingred magerheters ovith lower liggids in the tenths of
systens, or nanoparticle slurries. [0060] For exanpl e,
Fsor materials for the manufacture of
[00890f iTh@rdfipSexOfluidi doBtairiip the precuabdrimatefiH axh dessigrof salt loaded
organonetal I'j c precursors. Ex bes of titanium
polamgosalefioss.eahgel SRS OO ARCPHHCCA BIHbt |imited to
[O(J.téb an'%@eﬁ%ﬁﬂ@% M&ursdri thaBkAENGL A8 Khh@fackkd ahhativfilaments of TiO;
I de;

I SOpr opox tani um pr opoxi de and titanLun1butn5Ee”
can be metallic alkoxides or organometallic precursors, Examples of fitanium alkoxides can

n
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[ 0061] Such precursors can be supplenmented with
conpositions which increase their viscosity to ensure
that during electrospinning a fiber or wire is

el ectrospun and not spheric?I 5 nanoparticles. Such .
conposi tions which enhance he viscosity are known in
the art of electrospinning. For exanple when TiQ2 is

._.used pol [ | utions such a IRYAVA Lol k.doE .
g B a8 Neproporie
titark @R BRI G Bed filkiem Budexig ecur sors can be treated to
reduce the rate of hydrolysis, . e..q., by ..ligand . .
[006d% c hatigh . PregPreoss ealbﬂ)e Topplemented c‘,’“&'c Pcan%qsmons %ﬁu& increase their
viscﬁ{iﬁft% leRGRd ﬂfé@&ﬁjﬂgselééﬁﬁébiﬁlﬁng £ QU6 rtvies ik atettré¥pud Bnd not spherical
ydrolysis by |igand exchange of the acetate group
nanopiatthelash Suel kpmpgsiters wtnchr@%awp@@twwsw @Esx kppwn in the art of

elec{r&%ﬁs_'AnOt er Jehhed »Q{en”ﬂﬂﬁ{za% uﬁbcﬁy ?@ﬁﬁ&‘ | @uRdhS Qhch as

ent” i nv I'on,” even thoug s not used in
polivit@lBiiolidsne PV casbd tsed tyidesededherebcosity.hod and

el ectrogpinning, is the sol-gel . neth " " S
10063 o bR, Sopreaupar ert pe et Pty e R s . by
igahd) Ex REA 1R Basb DF MTHO) SRGc SbidRE Adetilacctorind dsalsabto rédiogehd rate of
I's a state where both |liquid and sotLi d di slpe{.aled cctive
hydfolyséisaleh listeexchapgec (B assife SIS 4y ?&ﬁ‘ﬂ“ ol the resp
alko%’c{%t aining liquid conponents. In general, the sol gel

method is based on the phase transformation of a,sol, .
[00683t ai Arathérr wathed of|mansfasturigingeelilamerip 94 fmessnf ipyention, cven
ecursprs...T. I ' ' | ABHACRA eRERsRhning, is th
e T W m———
sol-b€lEkial, W ol ds haispemionaif sglid parfitles ine lignid where galyiihe Bgpwnian

be- densi fi.ed 20.thrqugh .a_ther ' t Qu: 6L \.Es: .
oS R U R i 4 PR se BONRN thd' 8118 ¥iGred i
eacﬁ S{éler, llwhic_slﬁﬁtéieg{s,a goge néwtork) eéntﬁinmg_éﬁlaidomnajosﬁssl. &if general, the sol-

ydrol ysi s_and cqndensation.reagctigns, . wWqi.c -t ,
el oo hesed G Ut PRPHE SO A 411D CBl5T o] oG orides or
org%ﬁle?ﬂﬂi@ b6 T8 ITIRCHP FillifiDist Dsoithonotfabiiy parfldles in suspension, is

nanofi | a

nts, such as titani um oxide nanq?f.i | ame t% densificd
polyragrisd ot dpWHEmPEBWFRP BrBahovRb(Eal | ThE WS 85l (% gpiE o be densific

thro%lrgﬁqa%érg{akxa{nﬁa}iﬁ% ﬁﬁg‘vs ah Bnctidric PodhOQikeNegIbRAFE@Pstals or a dry

prfocess. ampl es of such organonetallic titanium )

gel Pinegeneral tise sui-eet process umséﬁtwghﬂi@@yw pndh condlpnsafien tragtions, which

1 &H agengtl%'gﬁdto titani um net hoxi de, titanium

cad {O % FFa1T LAY 8 i sopr opoxi de, titani um propoxi de

rooasd t iThanialsgeb uproxdsslecan] @6 PrFamedx anpsirding ntot tagy protocol. The
article of Mao, .Z., Xu, D_. et al. (2 :

BB Brch o g oxige g laensE ey 8 Bfied fiom g gregnometaltic

ﬁtaﬂﬁﬁ#{p?é’éﬁl‘ébﬁdfoﬂ%'xﬁkﬁpﬁoirr gel dahhak rédation process. Examples of such
el ectrochem cal ly 1 nduced, sol -gae]% rrgt hod. i s use Ot are not

orgprasmeipllic THitayium| RYEUEIoEy §iot WPMPRealkOrHAG FalCh PR R UG5, oY

i gﬁﬁﬂﬂplél fuf . #h dpfbuexill€ tidium propoxide

hn%%éﬁa Icre %@?*@%9§h u?ﬁgﬁbéﬂgﬁggaerat?%ﬁ of Of iorlljsp

and tikeniemseoxtidke | ocal pH at the el ectrode surface,

It i i i. d i d )
[00{65 tj h ogngéé‘gplgfntl Igﬁaa:ﬁhag].o@%{ég 7 OX0 0%, %%ég?‘i(gq@’aﬁﬂét@%, vol.2,

D,
o

anodi € “al um i ufm oXx _
no JEFRI B BO, Aahowiats reatannfetirabnting edeged siethodadn slgotrgchemically
of Ti 2 nanow_res. [0066]Caq,.-H O . Yu, .X, . :
indRprDaT SRR 5 e Gopronse 104 350 gyl amays. In i

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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exanpl e the manufacture of CdS nanow res; Lakshm ,
B.B., Patrisii, CJ., et al. (1997, Chem 5 Mater.,
vol . 9, p.2544) describes the manufacture of Si02
nanowi res, while Cheng, B. and Samul ski, E. T. (2001,
J. Mater. Chem, vol.11, p.¥D01) describe the

rmnuf acture of In203 nanow res. [0067] Before spray

yi ng t he nanofi I anents, t he nanofil X
gel GEPRIh & Thea0gh or 28 RS, AaRag iRl G ), Rl <& el heat
treatﬂ{eﬁtfégﬂts"?ﬁﬁﬂﬁﬂé)n&"h@zhﬁtﬁmﬁﬁ@erSt anding of a person 10
ed in the art, the term "suspensio

[006bni Gs G0 Pafier ot 8. d2Hib AR URermBoSkibat LAl deseribes for

exam\é\@g 't}f‘e' mﬂﬁ}fcnﬁ? Bf £asg S&%ﬁ%%&l@ﬁnﬁ’ ®pdpahase.fidal 997 Chem
€ nano ment s iTes the ofher one 1s in th

Matén,qml@ pRase c(mmlfeactheaman(lfapmteorvfa&@ nghegiresn while Cheng, B. and

S 0T L TR b L RO BT e o o

nandwirddl xed wth the surfact ant is al so p033| bl e that
t he nanofil anments, an the urfact nt ar m xed
[0067] r st Befpig Flﬁéyé{ﬂ’ﬂ?é ﬁ‘a@&ﬂff- % ﬁlémc?ﬁ i T8 B & with 2

surfadiny ?f&btﬁﬁ&%ﬁ%ﬂﬁﬂn T&%pﬂﬁbﬂﬂ%nﬁ’é Ab@ﬁlﬂfﬂé tamenindestagding 604 person
exa some terials Should not get intq cont

skillwi umthmrteﬂle(tm@r “%lﬁﬁﬁlﬁloé lﬁ @Slﬁ%ﬁ%tq BE QA Fftlhmtes"fafw" substances
wheZi§ §he gfvgﬁﬂc@ﬁqn hRS s ﬁ-ﬁs“e&@lﬂfe‘ r[bﬁgﬁlamgﬁlﬁ) Whigdd the other
ﬁ%?erla c

organi c So nts as et hanol
one aCiatiorliquid pleaso (sua[‘aetamt(ept(m@ﬂhalwé awpddjtionat giyent)).

Ius atlv exa are pr.ef I  before it
ool AR 5 ol o B ey beore s
mix6® vth the @arfmmsttrw also r;@dmhlatthntlthé nmﬁdﬂmﬂwm@dthb;surfactant are

misg DR WSROI B HIDALS CapiC e (L Py B the tind of

nanFﬁlfafn@ﬁtg R5ed®bE é}kﬁi{p?e \Wbing naddriiskdhowid Hob géthﬂtoa:tontact with water (for
A "surfactant"” as used her e nis a

exatples Tyt navabiben Hh R lsciomsnd b e Yet";}%e‘?rﬁ?t?@&% Hor suct
matglttcft@ Gk e @S E’sare&‘éﬁtﬁr h&dibfigil®br AciSd @Inadleseonly a few

as sur?ace active 25 agent. In a two-phase
illustyesive pxarfpes) exapysfesed) hmjh@ qpplq@ﬁttgn%,e S0V ateL qap_d)@ltged gs solvent

{
B L

skﬂtuatmmﬂ Wil knwey wthiifléudeolsohvebieran ét)le sised fopthg)differgmt rm@qt%nals which
i#rfa nts are divided into four classes: anphoteric,
ae f&eri oni c head groups; anionic, with

[00BF0at Avelyaahar @8 dsddgrecig isou psmbenst the lckass ofl thiterials that, in small
p03|t|vel charged 30 head grou and no
quaﬁlﬁb’hﬁlﬁ@@ btg syrface ﬁgzgactapsgaggf a SyS(ETs GE ?qx Wi as- satrﬂce—actwe

agegt X Y555 phhsel Can &%nﬂﬁeﬂqmmhtlﬁm R EGISBAduid, rwmtacm tends to
the purposes of the present invention any Kind o

Jocatant thotiatinesonf the Cwe et WHEES BERFDOBEATSH B FORUY betwecn
nent s, de crlbed further below in the

megﬁggﬁﬁ?ﬁ%teq?gctl on. It has been exam ned whet her

[00dOF f eﬁt@génekalnsiﬁfaotfan’s ward dwidadmrge tﬁan@I?aseat dopphotamic, with gwitterionic

hea%ngngt%%, Im%nrlr? ttilmgt)l'?nggf nvéiy cﬁargg pg rc%figﬂgr»@ﬂl positively charged

head groups; and nonionic, with uncharged hydrophthc 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
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16 during spray drying. Therefore, three different

ki nds of surfactants have been exam ned. Wen
conparing the effect of a nonionic surfactant, an
anioni c surfactant and a cationic surfactant on the

f onmati on of hol | ow porous K crospheres now difference
has been observed. 5[0071] 1l lustrative exanples of an
ani oni c_ surf [

ctant inclu t. are.no i ‘
duriag §p5am %gcﬁherg{t}rq,é e ( ?I?[U]ga%i g’fﬁ;\gtz‘;f ag ﬁeﬁaqlg HeBn examined.
Whétbd thél eTuslr FC Bbiii6nid Ghefactgtity &0 hiithio cbrfhdtant aamil ch cationic

et hyl” ester, ammonium | auryl sulfate and othet .al kyl
surfaatit care (o FoEI28D /PGl ROE 9SS R BRSTeR 10 HEgehas been

obs éd‘onate, soaps, fatty acid salts or m xtures

ereof . [0072]Illustrative exanples of a nonionic
[00AQr f alifusiritive i exeinplie, ofbart asipwic rryrfabtanti inekide,obutoare not limited to

pol oax rs k ly(ethyl [ ie . .
sodlfy, cBp oty i ) B of Slouels Chiafolic  acie
s o o] ol e i
sodiym ipmoty el ! byt iieBeoREs SRt B e ot
[00’%%%’;%113%9 Qﬁﬁgpﬁ:& hgra n6A6RE AefadvBAs iSDERboE afebfot limited to

e TEA ty al cohols (such as cetyl al cohoh,
polwixepers aalsy ipoly(etbylens fxidele dieflrydans glycol moppfiexyl ether, copolymers of

polsi((lgtll'nﬁl%)té% aikégﬂ%ﬁ’ gﬂ:ﬁe BQﬂEan %Engag 1688 | PRI PABhoNER RTbcy] ether,

axaners s 127 "are

alkydi golyphidosided (sobloak ooty alyavside,sdachhorketide): digipmas Ftagene slycol
in pripary hyd [ Oups.. y.are.conpes

wonfb ] 4 AR SRR TERY o R FOTBR B Phcdhols ouch o

cetyl RUHOIRT 20 | stdddol) or deijduréd theteofl Ihyonkilustmptive pemiple the nonionic

chai ns of_poléoxyethylene (pol y(et hyl ene oxide)).
polggamecsed id 12éngt hs of the pol ymer bl ocks can be 20

[oo‘;‘%i?t gg{n%@%&n%e]gga n:wc?i hd GF]QUE _aﬁ0|c@5éﬂ:§fﬁith§] ebtockt cqapoxjtnngr surfactants
Sl | Yy ! | eren properties. or ener.|l r , .
tenmipeinpdarmeimary byegeyldBpeTy Farkirs RO |ayeﬁ%ai@§3‘ﬁ9@° chain
el X alikoveyd iy hbdephilic chains of
o P e 4100 00mD) Ao s Wi s «
polppiyeiyiena(mlytethglsnt axidens Beetise s lpeatironty e delymss dlocks can be

or.e,, and_t | el ; i . s, h
cusfiig oy el boflhir b nfE 9ilieG REEKRLLRGALs. For e
genRfib Yenty folpyinerte thesd ecpdlymersmss cadnodly 212000 wifnibe letia "P" (for

a 70% pal yoxyet hyl en ont e . For..t.he, Pldar oni :
P0197Faé‘3f‘éi1 gﬂ&é’?{”eéoﬁﬁ' :%‘681‘ fﬁg‘ﬁse g%e ng)f)to f'-villorns\dr1 égs%( airdtés Q%Et © Zpproximate
mo%e@ﬁlﬁﬁfrm%soom% E)B@Ok?ﬁt&pﬁ&ﬂésd:@al anfitherizat digiorml 0 gives the percentage

enper at ur e

= ligquid, P = paste, F = flake. (soli,d
polyeysetuieae gateRtd e gy P?lﬁ? ?eP@P&I'E)‘g,W’ﬁh% pﬂypgjfpr%ﬁyéﬁ(n[e (%31e2u)iar mass
\EF ol Th i , coding of
o LE0TEPE ekl W) Bovb g Sl emamioniang, cois o
thebeasdpolbinggirs starts §/itfi  kegten deé%P%@%Wy%@Hﬁ%%amw (L=
. G ent . i ' ' . L
o) b5 D O 0pP Ui Bt it et
the AGfeRMAr XY &Ifthé polyoxyambmidne. cotan(deteemingd fisime BiSFisEluronic grid)

| = [ _ .
TS TR T v

with"§ L%m%xrﬁ%yl&ﬁ@ ifdbculdr NMnbRdof @,000t ¢l and a 70% polyoxyethylene
tri met’"hyl‘anmmoni um brom de

corderd &y thetehgmele Sister RoAeHRDIE E&ZT @’?‘b’r’ﬂ B enis 12y r i di ni um
10 O SRR exAYIUEEN QR Gerabiahd PUREE, ok REREA: limBa to cetyl

trimethylammonium  bromide (CTAB), dodecylethyldimethylammonivm  bromide,

cetylpyridinium  chloride ~ (CPC),  polyethoxylated tallow  amine (POEA),
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hexadecyl tri met hyl ammoni um p-t ol uenesul f onat e,

benzal koni um chl ori de (BAC), benzethoni um chl ori de
(BZT) or mixtures thereof. [0075] Exanpl es for
anphoteric surfactants include, but are not Iimted to
dodecyl bet ai ne, sodium 17

2, 3-di mer capt opr opanesul f onat e nonohydrate, dodecyl

di nret hyl am ne 5 oxi de, . cocam dopr opyl hetaine, .
hex@ﬂ?ﬂﬁwye@%?rﬂ%’ﬂml’l{l@- pd-iYessuLAR gpr %%Qﬁ%m ol %]rl(glﬁiaen o{BAC),

SRAB Zq-?‘g A6 tHagdo® Or m xtures thereof.
ben%ég%’g%?érﬁleloconcen rgl?lilﬁ of the surfactant is ﬁ,et_ﬁen
[007%shout Bxgn@dest or anghaisvichsustagtapts npiade, oyud| argiol Himitsd o dodecyl

resul tin 1 Qr r t imethviamine
betal gt ey S5 ARt BeRRRIE nEH G, Wecy, dimatylm
oxide] tdocarhidbgbpyiei ghitinef BHE, Nekmbthilidpalmitowlaminnpropyhammonio]-

[007@ The suspensi.on of nan%@j I@rren#s and surfact ant
progapesyHPRate, cASHFRPHOFRGRAS Tk &FTati on bet ween

[00APOUL Ti%e doRcekiralibn of thit SREIctMORARAIFeAaboND.05fto 0.2 wite based on the
nanofilaments result in disappearance of the Cav"}rklﬁ £ the
tota} mesighé afhieraeswiting wesrensin Hhapolaer examiht dhe cRpeentration o
h Pds B tRAQH; Sthd réDitfig FhsheMion
surff Gt HHHod &8 dndfb iy ol 1. F 0078 M xi ng of the _
[00ZAr f atheamuspesibnt b narzofidsrig surgagtanp ompHses \wgolpments n a
using a 15 t had, k j . £l t It 3
colfB el 50 A2 T, B SpRH D oo e
disappehrinee of ttef @aeity itsidesha micrespherei tradnotheansmBedhe gencgutration 1s

magnet i c ir . ,0f rotati he fask in which the

betwgeRa ?gﬁéf@éﬁgﬁ?@{feef@g%?%@g% @bt ai ning the
00THXt UNExigE ofan® bhdramentaad and nawfilandnsntan beechieved hyeusing any
[ Jbgd ke, b g&;ﬁ% i on el Srsomta gedartals stk A tF SEPRRIRARnd e
methe e § oian | i

IR Bt Qlici hyh RiagRetlcl sies of eratidghthe figik ia which
Suﬂ%gc galsn?éﬂjl'ﬁ%gltnenperat’urg of thgﬁeggs depgnds on the
the anicturetis eendaingde ki nd of |iquid content in the

SPeR%OPuth; t.84 s@REHRhS Mtk to b
[00 ééadi ? eﬁ@?té??ﬁfgntggﬁggh%@%ﬁéﬁggﬁﬁgﬁll Iaggsi'n tt he art. In ,S 0_ ©
sprdndriix@ngiitsin tthe hokowp enigtospleresf oft e perssnt igvesdippedpray drying is a

aboyt 180 t out  190. ' I
corgpy aaanetayfof BB s ekl oy P T8 ooy of the g
depkias. or? HeOME&nT aad Pk softliaid takes ipliac eusgersiangthsipneegs to be

drying is illustrated . in Fi e 8. The .jnjti
cvapeiaise Faf 6on thus Be Ry, Sp{Ringh Y 2 BREOF ?‘ai&?ddmctg‘lﬁ%“é'nlf‘ ogp example
the ttmBUARRY MBS gudist BdwetARLAL 8 PC tislBBow 190 RE wiitetpe pressure of
ryer. Once the entire liquid content of the
comgresseair srpefviceaphpd7REa 19 AROVHSTIRA i cr ospheres of
P . . i 5 YiRhstiabsdG Frigure 8. The
rooglE C;@?%ﬁ%ﬁ%&?ﬁﬂﬁ{ﬂ;ﬁgﬁﬁi o 2B, 30[0081] In .
initipt sespahsiont dreplebshripds when dlier lignid censers iof iheyapraties § evaporation
su as_sol.vents |i ! I I =¥
mb&"% E%Spé%dﬁ'ﬁr'i P ttﬁgglgfglja?@cﬂkd g@%r{ﬁlt to?ogen agl,c’hiqg eﬁ%pg]éated the
holld¥ hB@8sphBep e dianpressnt ientol leavd thesspriyf drperdbroaighitieycyclone as
__the suspension of nanofilanments and surfactant air or
ilugtratedioiigggd2Bsuch as nitrogen (N2), is used. The
[008YP PenS icBibralSTHRUEP 88k {shiOobg Remiti Rl RitbEA¢ swih\ds celveitalike ethanol
produces fine droplets which are di spensed or euggel lf)d &
require oxygendiassizving anthamineHEas, SaChes o Sari 2oh 18 Bisd igiiead: Depending

B . At i ; ant ai
ool X ¥R, A2l T o i o

rotary, g .
ineft0£82 hohr asendaropne (N7) nisrwsedr Yheasuspensionsis j pwrmped (thigpghp gn atomizer

de\gge %gts Fr%ggc!eg g rdl@opge%é %%fjchbge Hi'sl%ﬁsed or expelled through a nozzle into the



10

15

20

25

30

speed rotary. Using rotary atom zers all ows obtaining

m crospheres with a narrower size 5 distribution. Wth
single fluid atom zers only one kind of suspension or

solution is sprayed fromthe_atom zer. [0083] The size

of the hollow microspheres pfoduced can be easily

defi ned by adapting the size of the nozzle through

whi ch the suspension is_aton.zed, bef.ore bei f [ :
cvssPRRE SO A S SUBLCHT PN 2By gt v i o6Ey bl mic
and ditABER deSighs. be in the range of about 1 nm 10 to about

500 mm Smal] spray dryers have in geiperal a nozzl.e 4 by hi
[0082] aelas rexpiplfe ih T WOMZe, ial.@rent O ISRFITIORATe gained by high

: iHbBREES Wwithed Waeswer si
speéga%%.lgﬁﬁ%@lﬁgy g%gﬁ% Qﬁﬁoﬁg@_ﬁ?n%f %@?ﬁe di1 aneter, o s
distdtfutivhe Whtbzsihgle iflvidaiomize only of@RiBd joSenipentien ofsyshationds sprayed
& njgbgh r.equi re a specific thermal treatnent, for
o r?'tﬂném?o obtain a desired crystal structure or .
[Ol)@li’gn'm ’Fhe{] Sizd @m‘?\t GoHoY mi$fm1bhe$esgarbdlmﬁd de;]mﬁ‘mnsﬂg defined hytadapting
5 as the surfactant,. erefore, the hol l.qw . .
tho e P disraneals (aEh &M icib{HBCLRRFREn 5 ERENTH Do ReRg e o the
evaébﬁﬁﬂ’éﬁecﬂb@@l@&lé sﬁg¥ GryRE. T3 rozt1es dbaeter @beGn theYafgse about 1 mm

ermal treatnenl i's also used to obtain a certain

to aboup §0@ e St snrey. dayes have rgsasat LReAzle BERFRREEH dpgut 1 mm
to il AN Ofle PRRE ShAY Guyek QufificASRAAe @mdihdNAILOM0 mm

rises the step of drying and/or
and 50 oinm &t ionaexsmpldh shehdiimneter of the vozzlstieplosit Ammer  spr ay

ying. 20 .[0085]1n ¥ i i on'
00f0%1 Rt et cull e o GRUERGHAD FpARRRE for cnamplo to
obtdih & degfudetws]l stractarehir ghmle teematvarasy (énminjeg tirell catyporent, such
300 O). but, bel ow [tin r fusi.ng pain '
ss oG Therotae ke et o heBren ity PP o # At catment
betddER bt ) °@ et 58/°60t0HbHEAI0L I M @aseexihamial aRatnteneis also vsed to
deconposi tion of carbonates and other co our;ﬂqsé O B eref
obtgim aseriain grstal BRI SpAba SmpRTae dregineat © np‘é‘h“* iy Lherefore,
in dHe g& g&eﬂ.%l SivaltfonS el Qethsd fhdhes aogipads M8, stég o Jrying and/or

I'ncl'tdes t conversion of the netal 'into its oxides

calcisation péthelhpllow nhiewsphesestagenspsyygiyi8nper at ure. The
yst gl € «OficiRANASt tsfhed, Sn@hROcase the holl

[Ooggdr msg1 &grl ny gzg?lgia%glt i]%%b.%g%%%l I%%:isna(t: Pon is .0 o
micusphdrky) toar highdemperafuoy (ineseaeral abryar3P0 YCgrbuébalepl the melting or

2, 3,.,4, 5, 6 _hours even . [ A '
fosigl it Gegingr PP Jont P PR RAE rgbRule e fmbfSture) bt also o
redéGRARY | SXREtioef fe rdedotypositionkefl cashonetes wad othes caepigds, or a phase

i ncludi ng shaft furnaces,_ rotary kil mul t.i pl e e
a8 HespoPaaRgR: her Uiy il RS, sty 1R eppded o celonation, it
inclu388 fle! BofRRSIAbE 1R InfdtA) fnkOhts | Skidedr 49 @ CeQil ofithesting to a high

tenper ature between about 300 C to about 700 ﬁor 40Q .
tem@etabira HdwterEid pimse cinasonestRd aaieral 1§ glsp dormgd dpgs ealpination.

a i Doith AO9 (&evégloh&rs, Fa0¢ vells 4 5,6
[003@ at bgﬁu%@.gﬁﬁg%@wgnper aot ur%‘rs are only exa’r%p@ges 197 7
hours 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 exarnples
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and a person skilled in the art will know that the
tenperature for cal cination depends on the kind of
materi al which has been used for manufacturing the
hol | ow m crospheres. [0088] Different materials my
require different tenperat ut®s for calcination. For
exanpl e, when hol | ow m crospheres made of TiQ2 are to
be manuf act ured u3| n hod 5 of

and p poseR sliHed Huthe e WatP%}l ¢ feensragpe ‘Efu gt r%ﬁ"‘%d@‘m‘is on the
lnndan‘?nd?&Fa‘ij G8lichfas bo Uséd £ nPRViabGARS 98 hollé® miérbkpheres.

nano anents of the hollow m crosphere shoul be in
[ooasthe rIiffereat anatamisamy mq@s@ dﬁéer% ntemﬁ’@alr@eff%fr &aloppatign. For

S ﬂe&ekiolfg) & ﬁér%@lna&% Hﬁéﬂu?acuﬁ&%s?ﬁﬁthe method

ver anat ase
of tlﬁehpreﬁ@ﬂt énvieitibh and’ ﬂ@zphmlmtamc aﬂrmtms ofriEiOa see pmgb f¢rsthe later

S TEEN ST = N T T e SR

anath s A sTinBetionBd fobfole, TBOR had ﬂfﬂe&nﬂbﬁ&@st@]f su‘[icﬁﬁi!esat'utﬂe anatase
i

erature about 600C t o _abqut OOO C)
and [hm«mqeﬁ%weam orﬂm witil end qpatash plesh el theobifhappetagptalysis.

Anafta*ég pﬂ%s%%? Qtstffbﬂ-%’gﬂts% 8P TiS, 96 Gféinﬁééﬁ E&lt qnom 'thﬁbout 600 °C)

e in the rang out G/ mn
and up anoingivotabt a’y@h}hmn phasepef Tifpe. Mﬁlq @da |Sﬁib¥eh§ha§? of\fip at high

know t hat ends on the kind of 15
temperptar @€°%§E§ ¢gn&f€hgi§0ag%$l | aments. In general, a
[oogqwer Tlﬁ@mmprrateemﬂewhicha Hotlow eitmesphpteyefi thapresnt istventiareip heated
properties, like for ex an | y
ol BT B OF G PO B GPRat Ly § Uk i P bout s

oC/afS A PBRLS GRlIaH Yi |t1€e A vl i 1@l e, thhi ihe ram@&ammpasieobn Ihn kind of
case of Ti 2, the objective of_calcination i

rtRamsRor HiFGiepHOATTE OB BeRETY. & HEh ks B ip Beter physical o
che%m@ggro Aries ) IhQVRE e{tﬁﬁrﬁa raﬁtn% £ kA& Bhd¥BRshich can result in better

eous crysta |ch results in hig

hogrivettytiataativity in cge pmtpgﬂtalm mgigrEp| 1k HOp 3E° gsgge@t cage of TiO,
the oﬁganre%fecafénaaoﬂﬂorhdnﬁey Eﬁgﬁph&g‘oﬂ@l]z Fiktd Wianhibse or rutile phase. A

FUStrates a specl fic exa how t o obtain hol | qw
(s)lower mﬂ:@hmteesamd,‘mrm d.mgettmmdgenm wmtabfphMewbpbgé?wts in higher

t hi l.ust
s S bR PRt
[ooo@nof Figarent Sll@tt@teﬁ&d@eaﬁc'lémﬁkﬁple[dmﬁﬂn] kn obihmshtdloat-hpll@ospheres

TiO2 nanowires are obtained by tre
socpigih oo ke PF Gl LA EVRIFT o s J RGeS Sidble hollow
mi RardBh £ 1RELP mERIRENEd hhobSd Hanafilaiehis lafe rihdealf TWD@S sure
vesSsel s autocl ave (see for exanple gure 12_1;6;

[008Hint r & thiviexaamie rHPw nanagrites GFe phtaia %ﬁF‘W”& bﬁ é’oﬁggris {such as
P25 V%tﬁéﬁ?gfgﬂcﬁ%e g%lgg'ﬂg anb 'Mﬁtghﬁs @%ﬁ@aﬁ%} B fvithiOfee] pressure

up to nmg can used) is m xed
vesmls nit@ave (seeldr mmmeWé 23 Wstrﬁlileﬁfemp@ﬁturq Hwifpr pressure

aut ocl ave .cont ai n
in W&g %Pﬂ% F?}Hﬁoq, ég Sglofr[ @E&S%s? H@O?%Ieﬁdg ggJéier (P25, Degussa)
(upttBaI gdﬂdﬁlbﬁgasbdl)di’s%kecﬂ weith 3Gt tI0AVI, Naiiresobition lire 4$|m1cjl“qflon-11ned
bonds are broken and, Ti - 9 Nahadgq g—l q:?nds are
antpQYeccaIaeF h 15 LePiRd 0 hy b ieecon
oW BSwdll" 2Bt thald kdtherdhal reXeiidd, kaneof fhe, Ti-O-Ti bonds
[Ooggg Isuswrmgtl Cﬁﬁt a. ,unn%bwds S.,. 200 Chem ?
are\bmdikeﬁ(aﬁd Tp-OgHg apd T1-m1 bonds are formed, which results in the formation of TiOz
nanowires (Yoshida, R., Suzuki, Y., Yoshikawa, S., 2005, supra; Chen, X., Mao, S.5., 2007,

Chem. Rev., vol.107, p.2891).
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[0093] After the hydrothermal reaction in an furnace
for 2 days at 180 C, a white pul p suspension

consi sting of nanowires can be collected which is
washed with distilled water and diluted with
hydrochl oric acid solution #pH 2) for 3 tines (HNCB
can al so be used). Subsequent'ly O 1 w.-%surfactant

00 e e S A G 4P ARRLATARIE S i

susp%ﬁ’srl&y cdﬁ%i\éﬁﬁ?oitﬂhﬁo%%dh%%om ﬁﬁiﬂh heyhttdwith dﬁﬁllett water and

o about 1.1 nB/mn. The feedﬂ_{#&w raf; can
d11ut3é M\Méwcubugtaml selutiem (013 Dbfat3 Heney cath @lsgalke used).

-84 Il gL & R YhE 'MhRSwiEe Busnsion bef:
Sub%eggg\/\gl&aé fijlbvgtuta/I f%%té{ng (gbl(% 181%1&18 antg t he prv(vassulrl% %stmn o
subjedigiintbepragkirting spray dryer can be between about 7

T N S P T T

to aiftgié gg}/‘.{?ﬂﬁlﬁxﬁ %e%ﬁ?&@halﬁf e Iﬁﬁ‘bdﬂg&nm‘ngaem tnl/lrmn émbbomn 16 ml/min.
nteexarrpel ustrate I n |

Thegay itrigparaiuieatty e dulgiuet Wtﬁﬁraad#%?fe%’%é’& iy atigef BARE to abont

195RE E&ds%% ? &ge*a% ik &R aR4y 86r GADEREwdAYbAG T 1Pa to 14 kPa.

out 190C. The blower flowrate is aboutt?P
Tho@e valn®y ernnchangsé dependingeddbe Fyay dies madeh Bisd: fop manpizeiyring the

hou@%@%"ﬁ% 811%8%132% gr0¥ 't]:ré éé@fft 1%%'11{1 gy Ti @2 m crospheres

een c cined at about 600 C to obtain _
[0096]O2 Inn thehexanpit aflestpites én  {ig@® 61 Duspreo drvieg is carried out with

phot ocatal ytic praoperti of ot oc o

conRh S8 i nR ER b FEa iR COL B € pERLEE b n00 .

ThelfoRerRiviede af amhaeanimymgmhmﬁmamﬁﬂmme icatopt Bsm]r’rgm After
filtering the contam na

ed t.e u 0 [t o
sorasigRE SHPIY i FIEFBURLF Being b5 HERE CRESLAL sbouE 600 °C to
obtdlﬁ‘fﬁﬁktlh%ﬁ%ta i-Q¥ m crospheres obt ai ned accordi ng to

net hod the present invention wherein t
[0096]cr oBphty s pb@toaatnlerac yPPERiEs ﬁ%fﬂmi@;ca&\lséwn%én%?» Sagh as"140, the

1nv§1lﬁ8£ ¢ ?ﬁ‘@cltéﬁt fn sfdt % ﬁsclééng?g cdntipBhdtdd Q.rater comprising

Feséen |nvent| on so refers to the use of hollo
ﬁlta:ning rtioes ingameinated waltﬁe tinouglea comparapant AmpYising holiay mlcrospheres of

the PW%EFF gﬁtrngiorghil %ro%élée? srs%tteﬁfe% b ortily ﬁ{}‘f‘éﬁ&ﬁod of the present

Onatogr pnic mat eri al
inv@itioh| @héreine Itlgahﬂ:loﬂbwumﬁdw@hemmtcéltauﬁd, byr thehawethol are made of a

i nsul ators, . or coufbgc i nsul ators or electrical
photocatalylie gpater] Sﬁ%aso he other applications mentioned
[000HT t N@he BROMR inveBtiSH A s@reieFP tethe hblﬁoﬂltc&]ﬁﬁnmc'rospmed mfrthe present
refers to the use of catalysts ngrigﬁ t he, t1 talvst
inverition oz ﬂanléwwn’ﬁ@ﬁpl@reémqa@eddw&gﬁﬁﬂ Pt ’6‘?""‘1 on s catalyst
or ¢ 013 &Bﬁﬁ%ﬂﬁgﬁﬂo Br Yehhaiek fehchirdl DhteRAIC bﬂ){hermal insulators, or

n or the rmnuf acture of solar cells.
acoﬁﬂ&qﬂiﬁl'dtersug rdnctrmhmamiﬂ@m ey dpe other %’P@C%“Sﬂs meﬂ“"ned further

above. tonve\zlaéx%rnple, f’gaén? veg{lon SEYWRYS the use of catalysts comprising the

hollow microspheres for cleaning contaminated water or hydrogen production or cracking oil

or energy production ot the manufacture of solar cells.

[0098]  The term “contaminated water” refers to “wastewater” “raw water” or “sewage”
Whiéh ineludes 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/l.
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whi ch includes nunicipal, agricultural, industrial and
ot her kinds of contam nated water. In general, any

ki nd of contam nated water can be treated using the
hol'l ow mi crospheres obtai ned_by the nmethod of the
present invention. In one efhnple, the contaninated
wat er has a total organic carbon content (TCC) of

about_20 /I.. 1]0 con ti of ' i
roodfor uB nepriatie of s peg tis i, 00 Lt by Sharel PR o pheese
"considing bt TH@S ﬂ:fe ‘phrabB Ugonsik e mﬁrﬂﬁ@tesﬁmmeﬂtstddgﬂmﬁéhts are required
i ndi cates that the |isted el ements are required or
or lmﬂ@tamm;d ﬂl&‘mP qthertelamepnit ARy beressBht s may be present.
[Ooé&ﬁ‘}oﬁg l_(-:)II]_Pj_l i P elit/zdr fﬁ%m}t IECIﬁ(ﬁn%Qﬁlgqlot ﬁﬁﬁth‘&j 't@ gﬁhﬂ%r ﬂﬂ?lbws the

risi ng
worIHuanpmmtEg"oThmd;1 esd eff the teroriiopmpiising” mdildﬁlt@%ﬂlé"s 9 highed @}?@ems are

reqla{eﬁt@? %@Slg t tlutéﬁr eg%el %I ¢ etd alp aop%ﬁlaq g}rﬁ)ﬁ% s y E&Eﬂe present.

[00R¥1gSente idveRdh] 111ﬁ£tﬁ1t1hrayaiﬁ¢rm& hel‘dnu sﬁaymmlﬂl;f)be practiced in the

abs%}egggflczgggp glgrﬁxge,tl gq g]l%ﬁgtlé” ilablié A% 1%%0 %)ﬁ(fste 31'_0% 8?180 cally disclosed

herdih HThR! r&rb% ?l%t tRPRGhS " CoMdrikind! s'%&&ﬁ@lg"heé@ummghm shall be
or exanpl e, ternms "conprising "i ncl udi ng
read expansivell mgﬂ withogt limfafion. d!lt@ﬂﬁlé)édhee%ﬁaﬁ and, é’ﬂ’}esé’r?&s f’11113’103""‘1
I I
e 0 o R 1 S i
in the g dfsutio teran dnd) a:tpr@a‘s,lohs of exeiiding anyrrguivhisnie of sheyfatures shown
tion in th suc
s g 8 gLt 98 o S o T M PARERLARS, B possiv
withla B¢ kdvpe ofthe fivbitivascliined eDius, Bushobll Hesindestwgdithasdlthough the

pressgogreBion HES PrRAHEF R Aienetr BBt GRS and options

feathPACMa&iGeatidn Al valikiading Hﬁeﬂtﬁ)n@ E—:ﬁb?@diéd ﬂmeﬁnheran dmh)sed may
been specifically disclosed pr ef en‘oodl
be sasdrteshta bridhospeskilledda thengt fﬂﬁl% hat she kﬁgﬁﬁ%ﬁ. Watmﬂs are

conkidrell Y {&gﬁmhgmgﬁbﬁﬂmm%ﬁw herein dl scl osed may

e resor ose skilled in the art, and that
[0030a3h ﬁ’heluﬁvecuaom dms baerd desaribest bioadly and geapE¢aliz heirin.oEqh of the

W thin the t
nerf AR PrR b Bty bl b s B Pebuad DRl o fom
parh€f 1Bk mvelrdah "Bhis 1hbiadéé0hm gerecndescaipéa efthamyestissgeitle p proviso or

al | n thi.n.th nerjc di I [
nedb A OGN Y R e o e PSS f iftper orno
ﬂw@ﬁ@i‘&é& MRite4] i9fpctificallyneeindd Hreiti t h a pr ov. so or

negative limtation renpyi r.from
[00LAE] o ¥y enpogEnepicass SR B it clh mp Bok iy s Remmples. In

add] £ Wbl thauh 8F hdpbGabt e hShiihrb @éeiibed ih @AA3F MaAhsh groups,
ddi ments are wthin the follow ng clains and

ﬂlomskllleadmtthﬁ ot il mpslognize that ts invration Sralsq fagiely fessribedeiy terms of
f
o R Genpr Bl FrHEREHER G, fer e ©

recognlze that the invention is also thereby descri bed
in ternms of any individual nenber or subgroup of
menbers of the Markush group. 22 EXPERI MENTAL SECTI ON
[00104] Fabrication of Ti0O2nanow re m crospheres

[ 00105] As previously nentioned, fabrication of
nanowire is known in the art (Yuan, Z - 5 Y., Su,
B.-L., et al., 2004, Colloids Surf A, vol.?241, p.173;
Du, GH, Chen, Q, et al., 2003, Phys. Rev. B

vol . 67, 035323). In one exanple described herein, TiQ2
powder (Degussa, P25) has been nmixed with 10 M NaCH
solution in a Teflon-1lined autocl ave contai ner and

pl aced in the oven at 180 C for 2 days to undergo a
hydr ot hermal reaction. The white pul p-1ike product in
t he aut ocl ave has been washed with 0.1 MHCL, with the
assi st ance of

:U
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10 ul trasound. Subsequently, pH has been neutralized
by repeated washing with deionized water. Unless

ot herwi se stated, the as-synthesized nanow re powders
have been added into 0.1 (w) % surfactant (Pluronic
F127) aqueous solutions to &ptain 8 g/1 Ti A2
suspensi on feed for spray-drying. Then, the suspension
has been sprayed using a YELA SD- 1000)
to produce the pHEK#@hﬂ%ﬁﬁ&ﬁﬁegﬁ¥iﬁ9 pheres. The
tenperature of the gas for drying of the 15 TiO2

suspensi on which is expelled into the evaporation tube
[0016#] t Healgfnatipn of YiQ): Hanowde ngeropphergs essure wit h whi ch

T P su . . C . _ )

0035, ' CBTHTHS T R BRIRRIECLS e, 2

Y., S, BB/ etiah, 2004] Colidids SwE A, Mobd4T, pt153| BuaBGlit Clgenaly, st al,, 2003,
After col t] he hol | [ ] h J 1

Pro L S ST B 50 3% ey e o8 BRI, PO Do

P25hed BeRNERES VARVR) RERBOBRdoRitRdnal TEA-1Ge aicilave whrithiner and
a heating ranp of 2 20 Cnin to qgbtain final Ti

placed ot 0¥ pichOS bHior & dayy 9opdeEo e T Pt P
like WrS%uch 30 e raﬁtoﬁfa%g DBELESaiRA 10 0A JERCIOIAD fhicedssistance of

m ssi on scanning el ectron m croscopy (FESEI\/D .and, a,
ultrab&Bld. S0UBquentlyspH bas tsan apwelizetbitersatasiomsing Vil dejpaized water.

been used opser oqi .
Ul kAP e ey SR BRI R inP el Rkl g 0.1 ()
% spffacentc@posicti1ams apfeosanphtimshavabidiedng/l Tt shspersion feed for

usj ng a _Bruker AXS.D8, Advance X-ray diffra )
speay S Fon G PAREGE T BAF-TERE S 2iag et iy BT sp-1000)
to pldute hegABRarPhaiwift BiRssPhdres. Tab eerferatacrof tHehgasNar drying of the
“adsorption-desorption isotherns _haél/JE bﬁ n obt 3} ned 13b °C. Th
TiOp puppFepion Vs aTFxPelfddniaihs /eperatied e Phiye pray dryeris - e

presSBRLHRE W an &I @S Fendioh 18 iispdRE intPeieQvapdritton tube is about 10
measurement, the 'sanples 30 have been outgassed ynder .
kPay Zhe bloweoflod tateais abow &7 iWhile thefeedciows e ds ayes mi/min.

Aﬂ%g(‘t%ﬂ%%%l@cﬁ{g ﬂ)@%@ qg(at glr?crgp'ﬁ&%y foxd d spl8) fi§Er GRRkh the cyclone,

s hg pti'on data at the range from
the RARBvE: Mfcrogphlres hayellsden ralcinad tah 60¢ 3@ for Afywith a heating ramp of 2

o condensat on,.and the por i ameter distribution curve
C/‘HH’stolﬁ’B%h“Jﬂ’éﬁﬁ@ﬁnwg}ﬁe?ﬂg%?glse%r&pti on branch by the BJH
nmet hod. A thermal gravi neter anal yzer (TGA) has been

used to nonitor, thg degradation of, surfactant in 23
[00{G6d s Sharactenizesion ot et 10z FADRVBE SHPIAK  h
[oof@At | RYH®L 634 fiedd Ghidsion @3 Gl dctrod @oscopy (FESEM) and a JEOL

2010 transmission electron microscopy (TEM) have been used to observe the morphologies
of the TiO, nanowire microspheres. The crystal structures and the phase compositions of
samples have been identified using a Bruker AXS D8 Advance K-ray diffractometer with
monochromated high-intensity Cu Ko irradiation (A= 1.5406 A) at a scanning rate of 2°/min.
The N, adsorption-desorption isotherms have been obtained at liquid nitrogen temperature
(77 K) using a Quantachrome Autosorb 1 instrument. Before the measurement, the samples
have been oﬁtgassed 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/Pg=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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[00108] Eval uation of the photocatalylic activities of
Ti 2 nanowi re m crospheres 5 [00109] Met heyl ene bl ue
(MB) has been used as the nodel chemical to
i nvestigate the photocal ytic activity of the Ti Q2
nanowi re mcropsheres. An Us and 3SC9 Pen-ray | anp
(254 nm has been imersed into solution to provide W
light. Air has been punmped into the sol uti .

the ganene-Mepguremagyts bave: Bren daleq) Yyidh 2RI Felp (0 bGmifrqm 30 to
3¢ to induce oxygen into the systemfor oxidation. The
afueous system cont ai ni ng net hyl ene bl ue (MB) (20
ng/L, 500 10 nmL) and Ti G2 nanow re ni crospheres (0.5

b t.h ' dif)
oo gt SRR LB b b0 Gt
[ootob® ﬂbl@ﬂneﬂaﬁeablm t(MB)afa@ rheed bsedlhd ﬂhanmdehshemeai to investigate the
photg\é\/l@%tgoe%epmggy pf@g Té %qaléta\ggenflg?ro Psuil gﬁ?%ﬁ%&& Pen—ray lamp (254

) MRER GhiRtsed iRBSCRRbL 8 pRividd UV ﬁ@@ AR A bebe gﬁtnped into the
osen to nonitor the concentratl on of _MB dur]j

n
soluphmtcop@@dg drixingfopthe cetalyst ap@o](u{:g@,aqs vmllgaéﬁp &nc{fgeg oxygen into the

systGRIBOBialith, A€ AaRAS urfth USkiidind sRBLURAC Hud AEED QB0 meL, 500

anal'yzer ex eriments [0011]1]

mL)aﬁac’STmzhmowed namsmntesl(ﬁéoe/bhh?ﬂ lesenaived pets @%’Fﬁrrﬁ@dﬂm to

d
reac ytg oillnﬁsqﬁ 3 n%qn%r'om A hfu; w&%ﬁtﬁ? k%%ttgéﬁdl@ before the
UVildmg &has?ﬁeanSv@itﬁhed ba) C@ﬁmhﬂnﬂxl 3’5@5 gmguem P50 hembesineadopted as the

has been found at mcros res hav
releE Dt Ao DO PO R AOFFPHE R s Sl bhgh ghosen (0
moxﬁﬁ‘jlt Ghed&dricORration @RI, duhh%‘ﬂﬂal glﬁﬁodéﬁﬁﬁﬁﬁtﬁldplbbah TOE (total organic

spherical structure of 't ot ocat al ysts retai ned and
carhgia) MSWGQWMUSWMW cPE ftal size

(Figure 1c). A typical FESEMinmage of a single

as-synt hesi zed m crosphere is presented in Figure |b,
[OOIW]\AhRertSthGWBﬂJEEIﬂaSI ly seen that these 25

57 OROSLS d by FESEM, and tt
roo{} 137 STPERFSRallitEs BRTARY Sudbief HVRNCES Sxciifcd by FRSEM, and the
imapeeat cﬁﬁefehtﬁhegryﬁcraanmmobhawd iaFipurolsFremrthe tayy mamﬁcatwn image

been | e behi on.the m her
i 10 Qe P Restis ARG 385 By el haying 3-10
pim 38 ik 12dve Haen proadedlin eblmm ath@mtsa tdict haﬂclphtasleat 600 °c it can
conposi tions of the nanowire mcr Off&ﬁ? ? I ci,ne

be eliserved dhat theospberical giracturg of dhesphgtoga d 6d & apparent
decié& ?Efe IRV HFosIRRCAS s2h Qputd) 180 A gpics® BESERE] nnage of a smgle as-

raction pattern of the as-synthesjzed nanow res h th
synghiesizécamicrosphprgtis eresetedsia Figyre dbotﬂowblchdt b Eapily seen thal these

T | acla
SRR L i SRS SRS e
havet hmn cmmplbtety eemmmdl ardi gpeBs tshmgtury BasTibepn defy hehind on the

| t
i P RFES UGRE 1 o ai aatspCf bneeR gih B ook RehidE.
[00@92]7 The fﬂﬁ%@ str@%@i’@z % afel thé@hlaéeldqmﬁbsﬁbﬁéi pf BevmsoNpire giicrospheres
Suzuki’, VY. ol i

S.,
celgiapd 2 giteping farbperash o, e e GRebeY S0 Bk STRP gghow in
FighfPK ST Heocﬁffgfcﬁé\ﬁpﬂeﬁg of e 3RALRLERE hsseRE M@ﬂiﬁfﬂﬁ‘ t®fhat expected

| sappear e sone new diffraction peaks of
forrmn’mnatﬁd] ititarimteCELIB0S) @Vmﬁmd@@o@m)at@pwgp@émm (JCPDS 47-
dr ati.on .of pr ph d NaCl h
o5 X Rl Bl & R0 bl SRR AEERT 350, and Nacl have
et&dftai Sk‘:hwé esuld atel @hanteﬁtemﬂenl&t revalts. ofbotbiproresenadhetsn@pegy H., Li,

at t he XRD pea t nated ti

Gl??o?qu) et e??y%lcg’ﬁﬁp ﬁﬁa} f’ﬁﬁ HENAS hg"%%&glear( 2005, 1. Solid
positions match vveII with the dlffraction of the
monoclinic TiQ2 (B), indicating that the protonated
ti tanates have been fully dehydrated and converted
into TiO2 (B). Further increase in calcination
tenperatures would result in phase transformati on from

— e~ f ™\ T I T 1 e o o Y P a4 ™ r—rn 7~
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very close to that of Ti @ nanow re powder sanples
obt ai ned wi thout spray drying (39.6 n2 - g 1). As
~shown in Figure | A (b), the interlaced nanow res
constitute the wall of m crospheres and create the
macropores with pore size r&hging from50-150 nm
Moreover, the insert of Figure 3 shows the pore-size

Statgb%;é:,?rgfq@%gpﬁé%%g[%mg S%Ilgﬁ?(glﬁ%mﬁrgﬁ g]f o3 oqig,gf)r eg}? fO{ Hrotonated

titar T Habe BERLR WBKEQH TRRARHRRIIONVHILY sothe Adwediffestibh pels &f fBnoclinic

nanow re m crospheres 1s hi gh enough to prevent the

TiOg &) (ams 315-§O$&)aaopeaa¢de The vshydatioarof pyeipesied Figpateimd thg phase
trani}ﬂ @a( neglé |toalrc€el‘f ?t%d be'mn {;ﬁ%els%aﬁ@?&eit']? e tE&nperr:utures

Upo‘ﬁy@lc@ﬁmbh at sbodg, mmrpea]eajoﬁ)pmmated rijastei tgmtpéetﬂh eilsappeared

o BT R 27T e BEBRILE B g monote T

(B), flﬁfh a%e@r%mﬂ&ﬂﬁ%ﬁt@s Have 6 ff&]njeﬁeﬁjﬂﬁaténlemd converted into
studi e yvar |ng|ts concentration n the
Wan;?

TiOp €BY Fouibpralneticase 19,0@*93‘@@@1 tepeEbEs) rﬁ!@llt 1p e%ansfomahon
frorg_ i['fé@ge 2%11&3 X A0EE %a'{/ﬁt 6[) Rtz 2Bt 2P 598 °C OarldBis@ PHase -whsVBbudd to coexist

_ | utions h usedto%ge pare the nanow re
witlS TR B3 The, puanahatdse PRES AV B2 1) hatlesen aghiexed cthen fhesample

hown_ i n .Fi 4a-d respectively. The 0 wt % F127
has?%%}ﬁl@g *a}'ﬁ‘ﬁ% results 30 show that few

[001"1139 I ONpfed §f5thé th&lrb e2Midatnowane adcroffihgies basdizgen finthee determined

R e L

obtzﬁégﬁzwglggﬁﬁ&g'eﬁtagﬁipﬁcﬁﬁ@dﬁb 1i0n Sothstm Hy sﬁcﬂm o Bigere Se @ET surface
ave been vi Si t of. th

aresiol 100 BRGRC B S ERIPBES e} B TE IO 07 A PLg o hich is
ver{;‘&otc,cﬁ[ ot Rt df“ﬁ ﬂﬁﬂcﬂﬂret deil Safnfiey itathédbiitasnt &p‘ra@dﬂymg (39.6 m*

m cr os el 1 cal roduct s have been noye %
g). As shown in F1gure 1A (b), the mtcrlaced nanowires constitute the wall of microspheres

and create the macropores with pore size ranging from 50-150 nm. Moreover, the insert of
Figure 3 shows the pore-size disiribution plot of TiO, nanowire microspheres exhibiting a
mean pore diameter of 5 nm. Thus, the multi-scale macro/meso-porosity of the resulting TiO,
nanowire microspheres is high enough to prevent the decrease in surface arca cven after
aggregation due to the spray drying process. This greatly benefits the photocatalytic activity
of the microspheres.

[00114] A systematic study was carried out to investigate the formation mechanisms of the
TiO, nanowire microspheres. Firstly, the role of F127 on the formation of TiO, nanowire
microspheres has been studied by varying its concentration in the nanowire feed suspension
prepared for spray-drying. Four different concentrations 0, 0.01, 0.05 and 0.2 wt % F127
solutions have been used to prepare the nanowire suspension, and the FESEM images of their
products are shown in Figure 4a-d respectively. The 0 wt o4 F127 (deionized water) 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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uni formas shown in Figure la. Further increnent of
the F127 concentration to 0.2 w %did not result in
significant difference to the m crospherical size and
structure. However, when F127 concentration is greater
than 0.3 wt % the suspensi®h is nore viscous and nore
difficult to be dried and it is thus difficult to

attain the required cro her i uctu . The or A
i ANSBSGR PR Ko TSBHE HEBHSHane R Patafaucl g we % dd
not 1%?»51@ ﬁlC§1%'ﬁ cart WEferBfeetd il Inforbdphbricafkizé and Bendhas. rmbwaarer when

r

nano e mcrosphere and a very suitable
F12% enoe@ntration tsngmﬁteFﬂgm 9.3 WeYe dhe q0srensign & motg visgous and more

diffi %gé%sé r%rr % tS1s %ﬁ%ﬁtﬁ%ﬁ‘l‘t fo fHald fﬁgg‘éq‘ﬁﬂ@& nﬁér@ﬁ)ﬁ ical struci:ure The

Sur factant ermnating 1 n prinmary rox
abo@® dhd@reatidns comﬂmcledtthatlth’a/lﬂssmgﬁmfea surfacteftf euch a@fFI%Q cntlcal to the

t the 10 .fab
tomfge BB RGPIE 41 AcT At OB Ry TLAT g agded i
2t 00SHS). and cationic surfactant cetyl pyr| di ni um chl ori de
CPCO)_h b d I
o5 b oo oSk Vo ey e AR i
hyd#éﬁcgf] grOQgéL W ordero kP iRRelidaRCGhe GRRE 6F eloic APe sijwnyma on the

there is no apparent difference in the
fabriviationsfthe ngaregitesd ationic syifrianspsiion dopesy] THRRNS (SDS) a8 cationic

sur Eg%i{g gg’t%’ S fh %h&e %C?Cyh%i% bedef Egﬂgﬁeg?écﬁpélﬁr OAE&E 5a-b show the

IS | es .t hat e IS no
FESEM firfapesaof tlmf']hoennmmsphdrdssefa"oumtad iwsimgo.1 nah dei $1¢S and CPC,

mcr her es du ferences. in,i
respeciive 1%5 wal % %gﬁgﬁ L R 8{/3111: di ?J%lée%%% %@g?‘ Tﬂ.f) 1}11crospheres
produeed aﬁﬁ%BDSI & CPOOThRE miérosphiche afe)ﬂlﬁmt;lmlar af those fabncated using
m cr osp

eres. To, investigate the change 8% ﬁurf cta b anowire
F12gy This gnicaos st HhsTRes Wr%@?ﬁ%ﬁﬁ‘f LEFa 87 e Y
r IR GREs inhGRE8ped ofaiRmhdte mcrOSDheres
micRh du%2§aitf%lfes e PEnent of 30, C to 700, C

The
[001]rﬁ]t i &b shewg lboyatthe pesserce of usfaptapioly iFwortantfge the ! Rimation of
mm{cﬁ fi)e%gss ﬁgatﬁ i e&gﬁ A s%rfaﬁént%ﬁﬂﬂ@ alhyalotidHhal tRatment TGA

sur ac mal nl'y renoved at two
has ekt sl tot mnmmlaiha mvesght rehangeyof qamgwgﬁ dnig@epheres Bidh teywraturcs

inolhgt0 i Br Bpked B BOFIY T TR (PRI e suspension

feed B Whhaed. of shoafrnmnrf@gmaﬁptmmuﬁ‘anmns bayterteen orinly repheved at two

25 suspension feed th
wioncsugporeenan g et ol 80 TR PF, PER it e smos
renfoQEE RO R R0 ViR mEPREM@rddsi ng 0.1 Wt % F127 have been

used and t he FESEM i magrﬁs of their products are

(00K 1 Buroeder aton i Bracltibn VHASE HENGP (oReeHiRion in tho
susg g%ﬂ%ﬁi 8{1] tﬂf]dnaﬁ&[‘ Bk Rétes, |fbur0@@péﬁ§mns of different

serve e number of assenble nanow res
namwmelqond:anmsmtwmpaxe@ ugiog O hait % HE2A drwgaibeen used and the FESEM

t.r at |
S BT T 2 PSR bt B0prtc
of & @Emb{vﬂbl sQfpensich.casarbé obsérugd tthat [tlzer gm‘ﬂaan*pﬁ atsemble nanowires is
smg]h gﬂﬁi%gtﬁ%@ﬁéﬁ%tﬁe%%bh%ﬁuggﬁ‘ %&%ﬁi?}g@ gov% E)?‘%he assembly of
lar e?)am%*aeééﬁoﬁ KR S8phERS PAE IR SnANbRird Aohentratich mctdasearto 4 g/L, large
peni ng

amounts of lmcrospheres 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 morphalogy. At a nanowire

concentration of 6 g/L, there has been a further increase in the quantities of microspheres in
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the shell. The shell which consists of nanow res, has

a porous norphol ogy. At a nanowi re concentration of 6

g/L, there has been a further increase in the

quantities of mcrospheres in 26 the products.

However, the one central opé®ing has been absent from

the shell as shown in Figure 7e. H gh nmagnification

i mge (Figure 70 shows however, that the r Ous .
the POFHD I(PBWWG% %enqﬁe@%@mﬂé }E’HBF‘T'“_ SRS o e gl s shown in
Figatd 70 48 LEn Rkt RPHSiEe PRLUREM) HaRenbwes: taltrelpkdewiorphology

structdre i's also clearly visible. At a nanowire

of thomuensrhets shellofengingdiintach bapughdbp et geres beiregpganowires, the

cl ase- ' i : ; Fheh
rfR5E0E 0 BT B0 L SRS LAl ¢ BL o
becani€ cleg@s grained b ehovanineFigmatlidoe) afid (Inthe pas size of theghicrospheres

resulted [ n formation of nore close-grai .
becdfic A PRI RGN FPUPE 7] RV 49, g emsied in
fonﬁzﬁioﬁiﬁ st chdé@-gfﬁiﬁe(ﬁji%ﬁhﬁpﬁﬁed & dhweﬁr‘ﬁ iﬁﬁm@ fg ahdanThédehange in

change in shape and structure., Wth the increase-in ..
sizergfribointlerosiieeesie des iaaaaffmoth%&ey@é?ﬁealﬁo?&fpeﬂ&? grgte. With the
incr3R8Yh n v&iéé-cqn‘agﬂtbﬁti@n HohPttwddh dvdet $%ﬁ?td dbout 10 g/L, only a slight

has b . [00118]

m crospherical size een recor de
incréase g hiorgsphericdh size hprdreenegspnledr esul t s above, the

si Pl e mechani . f ti Ofpe Th&RibNARRW fnfem of th
[Oomr o@a%@g qf)sfh% E%‘%Icﬁm?lg&ﬁ %@gs gwf’ni%eh%%ggf nce of L
forBatichaf a0 nartolvérennivospheres io abiwy indfjgure alrethsiabigenps/of surfactant,

si de .because of their, high,specifi e
e Shi i b s B S BEALL S GUL RS SR B o
Thip TREUEErIaiR fthe aBkente fof Adicrdspherdseinlthe prredeicef 6fwt.% F127. In the

surfactant, the nanowires are djspersed very well wt
presenes olswPelnls SeSPRAVECS A JTREFILYEYS el AT LT

%ll ase1c eﬁ:SlstaII?GG. The
surft%ﬁr&%f ?iEs%l\feQ LG foSfofH showeirRndiag auhdvites, ?lreemmgim@n from
em from aggregating. The suspension feed o
aggregptng. s shspepsion &ediofmenavitss ippymeedgptor e nefrlegf e gerpy dryer
d i8] ad ef b ks@lof droplets of nanowi
AR U oL L5 5 RO Bt gl of i
suspensioen sis aoon As thodropes chme dntoptoatast wdhethe frgng Gt igcthe drying
with the drying.air,in ihedryi s .
chagﬂ,:’gb ép&ﬂxto?}&pg‘%ggn 3 gf.ac%u eue%’fgncga g%t?cglt : onﬁtgrf, %l\?é\}a %ﬁg?l:ets s@
graagmy%a ﬂb@bﬁn@gﬁ‘hﬁdﬁfs @f aelnalikey amhhshrgahmn’fmnthe rdpdets dmpgease. With
_ of nanowi re and surfactant .in.t ropl ets.incr e
incARRE PHICERILION P SOHESH 106 (ORI DRAmP RS gieeo s, it the decrease
in (g{)ﬂ@i! EhichRE GRE RN ifs b RaDUStowds hhé Betellef tisadeplenunder surface
Iropl et diameter, the nanow res assen%h&et wards the . ..
tengiemtNgnopires enccepmalate mdde setace 9f dhe o AOTINR B Ry pagphierica
h i héentl bR BleSiano®Ré BdrtEntration
She?al' ﬁlﬂ%%%p e??@glngg%&gﬁﬁ#ﬁgp%ﬁ% 1§§?§Sc_t lljl re of taﬁg .
in flenmspensioni feed Jph eprey idsyidppBilie mengwire KenagaEsign i very low (for

concent.ration in the syspensi i .
cxblt S AP B RN LD, LB oo B Py 850 oflciet
nar?em?:ée!—ebptehf? tn&d Mog&m@némt?b solbett s ampletely cmdnoeared, frestiliing that far

suf ficjent ue to_insufficient nanow re cante n
lesg Facagplapicat Bérom;,rgﬁ 1§ f?gngq}pci,e/htta ch;v EB‘FFS%QU@P oF exgltnpie 4 g/L), the
shefligt gd?fntéa T&vm{g%ﬁpﬁeﬁﬂ@ 1d PRhofiew idt@ss. At £Bighhelidwisd concentration, a

uc

pro s is fabricated. At a | ow concent rattpil_ﬁ%n.é_;otrm nell. th
shadixwitpfoem befre the solvengeyappratas. Pubseqyientby afteiprghiomol the shell, the
openi he . hol ' sQei | Ghe"BEIPWill Be compressed
dm@geﬁ@gjﬁ%utg?is%rﬁ, réé)%%w%\gl govpgcﬁfis?gg%n e gégﬂe the sol vent . ?
furfheapad anes. ndishsesueill hycumsiaie onf te ndicl,oresaiting Ha a thicker shell.

shell, the droplet, contipues .shri,nking a I :
SuEOB FER reg00a Yo T n Bt TUPRPRES o B ppLbafge Hfflaton end

and nore nanowires will accunul ate on the shell

resulting in a thicker shell. Surfactant can be

renmoved fromthe mcrospheres by subsequent

calcination and 27 crystallization resulted in |ess

el asti c nanowi res, hence retaining the spherical shape

. r 2 . - P | I I Fr /a1 1M1 — D R T TR 2 .
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15 ki nds of nanowi re m crospheres NM4, NMV6 and NWVB
were 0.0639, 0.0632 and 0.0621 mn-1, respectively.
These were better than that for P25 (0.0556 mn-1) In
water, P25 Ti Q2 nanopaiticles coagulate easily to form
subni cron aggregates due to2fheir high surface energy,
and this results in the reduction of contact area wth
UV and or eactants. The total organic c

crysipiieion Gets S e oLy P iR g OB tyepe of te

end%&g&e 9b. In the case 20 of hollow Ti 32 nanowi re

crospheres of the present inventjon, the nanow res
[001do% a’EQ; deprsiratenihe Rhotarstiritynigndsgrading cqrgqamnﬁr@ts from water, three

kin % 91‘1)0%196511’1)!&5%11&6& E%G%Fﬁ FanREatbPhdiyy LQ]’.‘P @%E hga %Sg/L panowire

hesé nacropor ous channel's can serve a t ransf er
suspeasitis feedd |'Ithhy meantied NMhﬁiM@pm M SQSPQC?&W dﬁeﬂ@fhﬂwe been used to
T|Omcro heres.w.l | al.l ow. UV t
invebfigity e, gt cpgrpdiied e otBt b RBOCHAR! habdd in MB
con@éfnfrﬁﬁéd dﬁ.&ing phbiotatdigtlc asgradationdie sﬁmgg BSFlgdrelw Ddéing photogatalytic
., et _al., 25 (2Q05, Langnu ¥o| 21 2552@ these
degmﬁatsorw@@ﬁ? ds diratflesqmpesen 1R A109os AL IEJWIO ol Fradf (RgR thes

small 3o 1D&ER ﬁbﬁ&ﬁ\’éﬁfl &d flﬁﬁﬁ:? ge NRdRPRE taGah dlo¥ide@nd water (Houasa, A
activities NVA, NVB, al t hough they

Lachibeedb et dillf f?éhoémAp@hqu | Cagglysts B Ekﬁgg@lentabo’i%]l ThiS)- For
comé)anson[@:ﬁ]]gvg}‘;{ PiGid @moéteg{/}ﬁ)a ieat h&‘tol}@lsj A with P25 have

ueo dt1 on under gravit oppln air
alsdhdah) cimigd outeMB te;duugtlumngﬂmt;bhssp’msel@as (ﬂnano'ﬁﬂ% of|ap daradiation time

fromthe tre ter
of 98?%]?0%& B i“ﬁ"é‘ ﬁﬁont e Fes pg'g %gwg%h?%oﬁggﬁrg?heres and
P25shavenbiesfiftacHy maﬂofﬁm ondyinaddal. The epparant rade constants for the three

M cr ogr aphs, sho of. s N
mmémlqvgrwwﬁ%ﬁ éﬂ@f’e RSB e 1624 8008 gng 0.0621 i
respBRGRAN | Bifbse Sér8 NGRr Qhar! BRL Mol DA (BIIDGSdE mhﬁwemew,atehll\lﬂﬁ TiO»

retai'ned their sPherlcaI shapes ver

nannjﬂaﬁﬁmoégmlﬂf&@gg y tqi(foma PYbEETON ARETER eﬁéiug tcf ﬂ:@ui—‘e %ﬁu]rﬁafeyenergy,
tibal G h al
T{hlr %{lﬁnmﬁ]ﬁg}&%gﬁ 1 of Q& atehl With WV aA® 6RARIcCRhctants. The tot

een repeatedly used in the MB
orgmhcabmﬂa‘tt rOC) cesuugala@ shavesd simﬂarresel;ts; peghowndp Fagep Ob. In the case
of l%#lpwgr 1pg gaqrﬁwgreoﬁcn P@%kf&f tﬂ@gﬁé?e?]t E?@xgmﬁpﬂfe n%ﬂov@i?éi e assembled

rosphe ave gravity,

by Swieedaiaaotirds Sotan nebuwperds wittlinrtbé she[lle:d' hbllowewwheres These

solution of the sane co ion.., Af I
maRRGIONS, C1Bel T PRI W4 EURRLE eie i Sy BHE 4, macroporous
strucRIESE Tlﬁa %115@5'&]51{&%3-5@ aflow €IOUgHt 16 pér&&aﬂeﬁlts ek, yo thﬁt:ﬂhe interior of

are shown in

10, Th b
s Syahoun n ELoure A0 qhete s been R Shant S8, e
(2ob dﬁa%ga t@@&@gsﬁj Vi@ %Ll Ai@0esplAD Rt Bb eleaiiRinal difference has

ty an cal strength, "which is pertinent
beaurdmosdredeﬁmm theephetughialytie inptiyitigsfiNDdt MG, and M, alfhopeh they

e ng a holl ow space inside said
Posﬁfsé?dcﬁ‘ {; ig5‘1’aglq‘{a‘ﬁr%n{:%er%%’)sphere consi sting of a
[00TBSIOPahe uﬁoanﬁh@mrmr:mspitemsssetﬂer cpidleiethd agueass solution under
gravity after stopping air bubbling, resulting in good separation of catalyst from the treated

water, After 90 min of photocatalytic reaction, the respective photocatalysts have been
recovered for SEM characterization. Micrographs showed collapse of some NM4 and NM6
nanowire microsphere, most probably due to a lower mechanical strength of their thin shell.
However, NMS retained their spherical shapes very well, with minimum collapse. To further

investigate the stability of NMS8 on photocatalytic activity and mechanical strength, NM8



wherein said circunferential wall is surrounding the
entire holl ow space of said mcrosphere; wherein the
circunferential wall consists of nanofil anents;

wherei n sai d nesopores have a di aneter between about 2
to about 50 nm and wherein %&id macr opor es have a

di anet er between about 50 to about 200 nm 10 2.

haveslieen %espeateély usgg in thg MB %I?otgéatalytzd degl%(aation for 7 eycles. For each cycle,
90 min of irradiation has been applied and after the microspheres have settled by gravity, the
supernatant has been dumped and refilled by new MB solution of the same concentration.
After 7 cycles, very little broken nanowire microspheres have been found. The MB and TOC
removal rates in every cycle are shown in Figure 10. There has been no significant decrease
in the MB removal rates. These results indicate that the NM8 exhibited stable photocatalytic
activity and mechanical strength, which is pertinent in cost-effective engineering

applications.
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2

3

8. The hol | ow m crosphere according to claim1,

havi ng a di aneter between about 1 jimto about 200 gm
The hol | ow m crosphere according to claim1 or 2,
wherein the nano filanments Ze conprised of a materi al
selected fromthe group consisting of netal oxide,
nmetal sulfide, carbon, polynmer and m xtures thereof
The hol | ow microsphere a&dexlMBg to any of clains 1 to
3, wherein said nanofilaments are aligned randoniy.

The hol l.ow mi crosphere according to any.of the . o
or ecRaRTgORhs e HRsg, 3P naRGF, Phien s4dqmierosphere;  said
sel aalashphé@RohdiRind! Fain&RPSioRs hﬁtgoplfna&ag@%up@mmferenﬁa1 wall,
nanow res, nanotubes and m xtures thereot The holl ow

m crekepiarseidcicamferegtitlovalhys sraundingrtbe egtinedhodlowi space of said
wherein said mcrospheres have. di,anet.er bet n .
t et PR BhERomE Rl i ST of Bt inents; wherein
accogaili MesdporedMiveh diahtdRESsNNBoe RiodbouVdBhMiand Sdetbin said
nanofi |l aments have a di aneter between about 10 to
abouta@oprrasdavefclipeteobetvee dwghed to herb?M 18 t o

claim7, wherein said nanofilanents have a di aneter

bet ween about 10 to about 200 nm 30 9. The hol | ow

m crQspheye according to claim8 erein said

manch i Sl Sk et dapdtiedp S BAv 3 duRupgier hetween about 1
aboutm 19 Gdiieod 4. The hol | ow mi crosphere according to

any of clains 3to 9, wherein said at |east one netal

oxide or netal sulfide is a photocatalytic material.

11. The hol |l ow m crosphere according to any of clains

.3 t oIl hoMoer miclosphbd avedrdingasiotiémi ISoisE | veledreidl the memofituenents are
group consisting of Ti02, Si02, ZnO Fe203, 03, .10,

Sr Ti OEPTiEEeD o Aateriat Galectp oy thy rpup aenseaing pf feksd oxide, metal
N T SRR B e G Bk Qe 203, 0002,

20 e o Bt er g e At B N O Zna

PVP-Ti 02, Sn02, La2Cu04, BaTi G3 and m xtures thereof

The hollow microsphere according to any of claims 1 to 3, wherein said

nanofilaments are aligned randomly.

The hollow microsphere according to any of the preceding claims, wherein said
nanofilaments are selected from the group consisting of nanofibers, nanowires,

nanotubes and mixtures thereof

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

microspheres have a diameter between about 2 to about 10 pm.,

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

nanofilaments have a diameter between about 10 to about 500 nm.

The hollow microsphere according to claim 7, wherein said nanofilaments have a

diameter between about 10 to about 200 nm.
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12. The hol |l ow m crosphere according to any of clains
3to 9, wherein said netal 15sulfide is selected from
the group consisting of CdS, 1n2S3 and ZnS. 13. The
hol | ow nmi crosphere according)to any of clains 3 to 9,
wherein said polyner is selected fromthe group
consisting of 1,1,1, 3,3, 3-hexaf! uoroi sopr opanol

(HFI e ( R
’F @g}ovyn gedsf Sgﬂ'}@fk %E?Iﬁi‘ﬂfﬂe% ?él qgl‘fe\?%lﬁ };S,F1d218noﬁlaments have a
pyrrmhm@mnbawmﬂmmyamQDmme%nwﬂQ@hﬂwlene oxi de bl ends,
pol y(2-hydroxy ethyl nethacrylate), poly(N-vinyl
pyrrolidone), poly(methyl nethacrylate), poly(vinyl
al cohol %PVA) poly(acrylic acid), poly(vinyl
1Gcet Bhehol qo’omy@r@smem@erdlmﬁq/e@t ol tlaies. & to O wherein said at least

tate t h I
oo bR LM PR A5 B TR BT
(P&, poly(lactide-co-glycolides) 25(PLGA), nylons,
polyanides pol yanhydri des, pol y(ethyl ene-co-vinyl

116‘I Cg_‘sﬂi oW mlcros here accordlrl to .any of claims 3 to 9 wheremI %aid metal
ycapro ctone, po %(w |'acet at €), pol yvi ny

dr oxmdée ipedletet Fyhethe muﬂ&)ms(d?lﬁ@)qf Pichy Sidh das, d?r&603, W,0s,

Ccov iy Naoil Ffor PaZres HordOs, MeRie il £ 41:0>-B:0s, Ce0;

pol yyRs, 3016, Sekes! 8h, It;mstjze Pgmupm@psc% ,nq\ngbs, NiO/ZnO,
collagen pofy(alpha esters), such as” pol y(lactate

aci dfYPpG0Oy,(S§9102c btaiCeOadBal)iOs pm‘l mituies derends,

pol yanhydri des; cellul ose ether, cellul ose acetate,
cel | ul ose, ceIIquse ester, chitosan, gelatin,
fluorjnat ed

1ol yEbhfelkare HHSIO;?PIAPIWPW@’EE 10 S gl lajme 3 fo i Wheneln gpdd metal

| yany ggq de1s selgcted from the foup oons1t of CdS, In2F3 and ZnS.
pol yam dei m de, pol yacr)% e, po y enzoxazol e, pol ycar bon

ate, polycyano
aryl et her, pol yest er, pol yest er car bonat e, pol yet her,

10! YEROBS RS ﬁﬁ&*@!&p}ﬁ&s adeetdned faeknyd fgaife|3ytet J) ertepdi® BAd polymer
pol yet her sul fone, pol yet hyl ene, pol quorooIefln

pol yisielgeted ﬁ@my@mmw cows%s(%li big.3 h%’«zﬂlvw@wmael (HFIP),

oxi d yl

0ol y]gt%l @gér%m ng%lﬁglalgésg lpo@ﬁ% %’lg(?]ﬁéé@f Pfxethylene), poly(vinyl

pol yp;etdlﬁlbhe}pr pelyhlylllmﬂpolypthbf},chhl orkihelends| yialy(@Zznddenxy ethyl

polyur Vi n ol, vi ylidene fluoride

r egefié Fagaliae ot érYylsﬂ oulione). o BEmABY P erTy ) apely(viny]

COPOLYIWTS @VR)Y PofRhorPhiENESa), NYo8RTinyll Oacetate), polyacrylamide,
poly(ethylene-co-vinyl acetate), poly(ethylene glycol), poly(methacrylic acid),
polylactic acid (PLA), polyglycolic acids (PGA), poly(lactide-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.

14.  The hollow microsphere according to any of claims 3 to 9, wherein said polymer
is selected from the group consisting 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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15. The hol |l ow m crospheres according to claim 10
wherein said photocatalytic material is Ti02. 16. The
hol | ow m crospheres according to claim 15, wherein
said TIQ2 is in anatase 15add/or rutil phase. 17. A

et

et hgsly@hylBR)uf achdlyidngiedllpeRdss, onepdlQhdroMnitrile,
m crosphere according to any of the preceding cl ai ns,

polyamide,

wherpdlyamideinidet hod rodyasrylaes:  polybenzexnzale, dryi peglyearbonate,

sus
sai

p .on of urfac d nangfil . \wherein
dg ‘Qg?]us%%ﬁgﬁlg?i con‘p&’?@egg};ai dn %lg?sl?%g%‘éﬁ L% a polyether,

concgilyéthéreidbrkefonget Weavethdrtnide2 tdlidhdkétone, 1§olyttRrsulfone,
nmet hod according tq claim 17, wherein the )
nanafdlyethdeme apelydlspgooleding opolyinideer i palyodefitact @glyoxadiazole,

fro
sul

R ALRHE 5908 S REAAE, R, CRonEbRleng polystyrens

The potysudfiiencpoiyslilfvet gotytairaflibfodhyldft, polythiether, polytriazole,
conpri_si n& t he st epﬁof dryi ng and/ or. cal cination_after

spr aBPly

neelreinhlideng duoridentpeereratedicailulose, silicone,

wher el ' ' i . S| i¢ anment s
s R A PO BRI B AR RERRL 52
21. The nmet hod according to any of clains 17 to 20
wherein said nanofilaments are manufactured by a
13ret hogk %616t @ebrésphetet R cai@igP td @SS 1 O R"Ehepéin said photocatalytic
hydr ot hermal reaction, electrospinning and sol -gel.
522. Wierighis A§k- according to claim 21 wherein said
nanofil aments are manufactured

16.

17.

18.

19.

20.

The hollow microspheres according to claim 15, wherein said Ti0; is in anatase

and/or rutil phase.

A method of manufacturing at least one hollow microsphere according to any of

the preceding claims, wherein said method comprises:

« spray drying a suspension of a surfactant and nanofilaments; wherein said
suspension comprises said nanofilaments in a concentration of between about

2to 10 g/l.

The method according to claim 17, wherein the nanofilaments are comprised of a
material selected from the group consisting of metal oxide, metal sulfide, carbon,

polymer and mixtures thereof.

The method according to claim 17 or 18, further comprising the step of drying

and/or calcination after spray drying.

The method according to claim 17, wherein said suspension comprises said

nanofilaments in a concentration between about 4 to 8 g/1.
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in a hydrothermal reaction. 23. The nethod according
to any of clains 19 to 22, wherein said calcination is
carried out at a tenperature between about 300C to
about 700C. 10 24. The neth@d according to any of

21| ai The théthb@ adcbrdivBad @hi of kRGO NG eh 20 he@sin RhidS@ind filaments are
surfactant is between about 0.05 to about 0.2 wt%
bas emamraqtwed tot amstadysrlecttd Samotheegrapp icpgpsisting of hydrothermal

sus according to claim 24,
V\hefrg?cﬁ %le%tgoﬁg Flge#lﬁtgﬁpg?l said surfactant is about

0.1 wt % based on the total weight of said resulting
suspensi on. 26. The nethod according to any of clains

2017 tPhelpiethill %E@drﬂmg% A3 d125ha8h dad R&lo%EdEht{ Eﬁ%ﬁﬂﬁ?actured
group consisting o oteric surfactants, anionic
surflacatlardtcetherﬁﬂbmwtmu c surfactants, nonionic
surfactants and m xtures thereof 27. The nethod
according to claim 26, wherein said anionic surfactant
can be selected fromthe group consisting of sodi um

23dod el msthoflgacsordassio agy @if whaipe nidatve 23.uvheissr gaid calcination is

SRRl b Rl 0 ek OB AC AP oot

salts, sodiumlaureth sulfate, alkyl benzene
sul fonate, soaps, fatty acid salts and m xtures

24 herppf méBod 38R rdiRE RPshyaCRsids 19 td 93, GhiRréh 2 cob&ftkiBn of said

sai d nonionic surfactant is selected fromthe

con§usﬁactn@t @fbepmeaa@ban‘eﬂéﬁ tal dogit @alw/ebhqﬁﬂeqmqmﬁp@é)welght of
di et hgdl[ u?osqlé ¢ rlm)nohexyl et her, copolymers of

pol )/S(i rﬁ?/lf et ?3& and pol y(pr opyI ene oxi de),

hexaet hyl ene gl ycol nonohexadecyl ether, alkyl

pol ygl ucosi des, digitonin, 33 ethylene glycol

25”0 NoARCYKLhEd Q&rorchﬁg ?@Eihﬁil? ZMergﬁqm&ﬁe%onQﬁ%Qﬁl sHEFactant is

fatty alcohols and m xtures thereof 29.
mst mbdua@t ovtti mged on tledotal R 8ightiensl ms@amgisuspmsmm c
surfactant is a 5pol oaxanmer or a mxture of different
pol oaxaners. 30. The nethod according to cl ai m 26,
wherein said cationic surfactant is selected
26.  The method according to any of claims 17 to 25, whereln said surfactant is
selected from the group consisting of amphoteric surfactants, anionic surfactants,

cationic surfactants, nonionic surfactants and mixtures thereof.

27. The method according to claim 26, wherein said anionic surfactant can be selected
from the group consisting of sodium dodecyl 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.

28.  The method according to claim 26, 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,
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30

31

32.

33.

fromthe group consisting of cetyl trinethylamoni um

brom de (CTAB), dodecyl et hyl di net hyl ammoni um br om de,

cetyl pyridiniumchloride (CPC), 10 pol yethoxyl ated

tall ow am ne (PCEA), hexadédyl tri met hyl ammoni um

Pt Oleth9RES WiyE A AdinBdecPEiieR| dRamii® BIFAQ doBnidiBAHA, cocamide TEA,
benzet honi um chl ori de éyBZT and m xtures thereof 31.

The fatist Heahodcandrdixiiges Beephi m 26, wherein said

anphoteric surfactant is selected 15 fromthe group

consi sting of dodecyl betaine, sodium 2, 3-

di capt gpr.opanesul fonat e ohydr at e,. dodecy. :

di thﬁym_aﬁioﬁeawr@%g, tEpg]éﬁ’Fri _pwﬁffﬁ}n Bﬁfiafl?fé?glc surfactant is a
3- [ NolafiBtdid dnReb by Bbiagiuagy! ) amoni of -

propanesul fonate, coco anpho”glycinate and m xtures

t hereof 2032. A nethod of cl eaning contam nated water

conprising filtering said contam nated water through a

CoMTet HEAbd @6dRding ito G4l 26)Vewhdreinosh eat@mic@s@tictinngs selected
to claim10, or hollow m crospheres aobtai ned accor di n%
to e e h&@uBf convisting of gichd trmethylampmpname brogyde (CTAB),

a pits RO ARL AP ToBinilg SelfibRih IRSA (cPO)
m ChpoBetekektedc calsh ngirtiae affOBRA) C| héxadedylttimelif/lanmonium  p-

obt ai ned by a nethod according. t ny of clains 17 t
31 é%lu@ww%wf% bspzalkemdwat r&’aqﬁ%gﬁit Yenzefhonigm SHorie (BZT)

| gRha Wekdhds ifdekygct ural material, or thermal

insulators, or acoustic insulators or electrical
insulators. 34 34.The use according to claim 33
wherei n said catal yst conprising said hollow

M CripgRhah&BabRIINSRACIAIT 26; valfenéin Gaid eiiphiatoiidtsaclasartds selected
or hydrogen production or, cracki ng oi | or energy .
pro i otheor greep masripibingr eobr dodogyl cebgtane,53sodwm  2,3-

use | P 3 Ly S | | @¥ethylami id
o ARERLBHTLT SR pbe il g orte
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
10, or hollow microspheres obtained according to the method of any of claims 17
to 31 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 16 or obtained by a
method according to any of claims 17 to 31 as catalyst, or chromatographic
material, or light-weight structural material, or thermal insulators, or acoustic

insulators or electrical insulators.



34.

35.

34
The use according to claim 33 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 34 wherein said hollow microspheres are used to filter

contaminated water.



