Mesoceffutr Foam Particles The present invention

relates to nmesocel lular foam particles, processes for
weyenicesi3zi ng t hem and applications for using POBSG2005/000194
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Summary of the Invention

In a first aspect of the invention there is provided a process for making regular shaped
particles of solid foam comprising:

- preparing a first mixture comprising water, an acid, a surfactant and a
hydrophobic material;

- combining a hydrolysable silicon species with the first mixture to form a second
mixture;

- maintaining the second mixture under conditions and for a sufficient time to
form regular shaped precursor particles; and

- aging the second mixturc at a temperature and for a time effective to produce

the regular shaped particles of solid foam.



the regul ar shaped particles of solid foam The first

m xture may be a solution, or it nmay be an enul sion, a
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precursor particles may have a particle size between

about 1 and about 20 m crons sor between about 2 and
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a sﬁﬂablb einfl Wdfbre, agfily. BRYorb ehdRhintdidiag, theGbediid thix@ste Bl be briefly
mixed, stirred, swirled, shaken, sonicated or otherwise agitated, for example for between
about 1 and about 10 minutes. The conditions of the maintaining may be without
agitation, or without externally applied agitation, or may be with sufficiently mild
agitation as to allow formation of the regular shaped precursor particles. During said
maintaining, the second mixture may be static, or may be not mixed, not stirred, not
swirled, not shaken and not sonicated. The particular temperature and suitable time may
be sufficient for formation of the regular shaped precursor particles. The regular shaped
precursor particles may be between about 1 and about 20 microns, or between about 2 and



swirled, not shaken and not sonicated. The particul ar

tenperature and suitable tinme may be sufficient for
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The regul ar shaped precursor particles my be between

about 1 and about 20 mcrons, or between about 2
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species, for example a metal alkoxide such as a metal methoxide, metal ethoxide, metal
isopropoxide or metal t-butoxide. The metal may be for example aluminium, titaniuom,
vanadium, tin or lead. The total amount of hydrolysable silicon species and hydrolysable
metal species may be between about 1 and about 25% w/v or v/v. The ratio of
hydrolysable metal species (if present) to hydrolysable silicon species may be between
about 1:100 and about 1:1 on a weight or molar basis. If a hydrolysable metal species is



vanadium tin or |ead. The total amount of

hydr ol ysabl e silicon species and hydrol ysabl e net al
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v/iv. The ratio of hydrol ysable netal species (if
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- adding a hydrophobic material to the acidic solution of the surfactant to form a

first mixture;

- -combining a hydrolysable silicon species with the first mixture to form a second
mixture;

- mpintaining the second mixture under conditions and for a sufficient- time to

form spherical precursor particles in the second mixture; and



first mxture; - conbining a hydrotysable silicon

species with the first mxture to forma second
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conditions and for a sufficient tine to form spheri cal

precursor particles in the sgcond m xture; andagi ng

the second m xture at a tenperature and for a tine

effective to produce the spherical particles of silica
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par t il Bﬂictr&ﬁeﬁtﬁfond m xture; aging the second

m xture dt a tenperature and for a tinme effective to

pr eduombinieg ¢ fiydrolysable silicon epasies avithsthe fisy migtwse to form a second
- di sperig‘gmj n aliquid; - separating the spherical

parti’m Sof silica foamfromthe liquid; and -

heat imagintaivéing pivesdcond npatutd ohdes cohditivhs end faramsulficint time to
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si Fi cepmitoning a hydrolysable silicon species with the first mixture to form a second

mixture;
- maintaining the second mixture under conditions and for a sufficient time to
form spherical precursor particles in the second mixture;
- aging the second mixture at a ternperature and for a time effective to produce
the spherical particles of silica foam dispersed in a liquid;
- separating the spherical particles of silica foam from the liquid;
- heating the spherical particles of silica foam to at least about 500°C;
- cooling the spherical particles of silica foam;
- forming a third mixture comprising an alkoxide of an additional metal and the
spherical particles of silica foam in absolute ethanol; and
_  heating the third mixture for sufficient time to incorporate an oxide of the
additional metal into the regular shaped particles.
The regular shaped particles having the oxide of the additional metal incorporated therein
may then be filtered and dried.



- formng a third m xture conprising an al koxi de of an
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time sufficient for formation of spherical precursor particles in the mixture;

- adding a pore size control agent to the second mixture;

- aging the second mixture at a temperature and for a time effective to produce
the spherical particles of silica foam dispersed in a liquid;

- separating the spherical particles of silica foam from the liquid;

- heating the spherical particles of silica foam to at least about 500°C; and

- hydrophobing the spherical particles of silica foam.

In a second aspect of the invention there is provided regular shaped particles of solid
foam, said foam having a pore size such as to be suitable for use as an HPLC or GPC
packing material. The foam rhay comprise cell-like mesopores connected by windows of
a smaller size. The mean pore size of the foam may be greater than about 5nm, or greater
than about 10nm. It may be between about 5 and about 100nm or between about 10 and
about 100nm or between about 20 and about 50nm. It may be mesoporous. The foam may |

comprise silica, aluminosilicate or silica doped with a metal such as aluminium, tin or



- hydr ophobi ng the spherical particles of silica foam

In a second aspect of the invention there is provided
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havi ng a pore size such as to be suitable for use as
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rrocb RO R SR B sptE when rmde by the o o

In a fourth aspect of the invention there is provided a method for separating a mixture
of compounds comprising the step of applying the mixture of compounds to an HPLC or
GPC column comprising regular shaped, for example spherical, particles of solid foam
according to the invention. The column may be prepared by the process of the third aspect
of the invention. ‘

In a fifth aspect of the invention there is provided the use of regular shaped particles
of solid foam as a catalytic support. The catalytic support may be for example used in a
packed bed reactor. The particles may be regular shaped particles of solid foam, for

example silica foam, according to the present invention.
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conprising the step of applying the m xture of
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foam In a seventh aspect of the invention there is
catglhyst/freradhasaleahod for catal yzing a reaction of a
starting material to a product conprising exposing the

starting nmateri aﬁ,ﬁge@%v‘zﬁtfdg,ngpmb%wgwrdi ng to the

si xth aspect of t starting materi al

MR, ?;@fdrﬂ%dfféﬂnubftﬁ@ pheRet ifRinGon will hoe veRlchaibed®y way of example
additional Ly conprise the step, of ;separating the

widaretargnee t9 figFrempagyingdiivings MaereBscr i pt ion of the
Fi%r?}l“ii‘@&a@éiﬂg eleRlbif Qxé&%ét%ﬂ(&iﬁm opécﬁfvlgﬁ‘ioﬂam‘(/ﬁl'li @ficles made

now descr1 be y way of “exanple with reference
without #lditicod Ay i ng drawi ngs wherein; Figure 1 is a

FigiE PN RES Nk o G BARRMMOE el AR UERLDET A 1 Eample;

Fi%ﬂftNB i agr %@Maphhnugraﬁmf@:gmbtemmgpwmd %ﬂé&abs as described in
escribed.in.the ' ure 3 is an

thene,xgp@ %ﬁ@ﬁ%}tﬁ%a%gg?@gl‘%g ’gri cal MCF-2 particles as

Figes & chARgIs I rhf&ﬁ)%é’}ﬁﬁmf yEpR&oal MUIUS padidics (Ado¥ithout NHLF)

KLj F; Figure 4 shows SEM m_crographs of (.a) .spherical
saﬁfmﬁa?ml*é@ peiziglea (ged R th NNebdrgs iﬁﬁ@k@&)m %qu
Fi%ﬁs {%ﬁm&% @t&hﬁﬁic@@s@ ol N‘kgﬁkﬁ@%éﬁ%ﬁk@é& (o 'diHR and (b)

_exanple; Figure 5 shows optical mcroscope | nmages of
aftendping a8 A00NORith NXhal redassriped) inttled evampdgid (b) after
Fig%% 8% £ éra%g %)o%i\r’x\ng %Hro@'éﬁ gdso@ﬁio%g&%&b%g iéoﬁle}xﬂ? of (5§ gﬁle?i'cal
MCF-3 particles (aged without NH4F), and (b) spherical MCF-4 particles (aged with
NH4F);
Figure 7 is an FTIR spectrum of C8-MCF-3, as described in the example;

Figure 8 is a diagrammatic representation of a set-up for the TMS capping of C8-MCF

samples as described in the example; and

Figure 9 is a graph illustrating separation of uracil, benzene, naphthalene and biphenyl
over reverse columns of (a) TMS-capped C8-MCF-3, (b) TMS-capped C8-MCF-4, and
(c) Adsorbosphere XL, as described in the example.

Figure 10 is a graph illustrating separation of 2’-deoxyguanosin (dG), 2’-deoxyadenosine
(dA), 2’-deoxycytidine (dC), and 3’-deoxythymidine (dT) using reverse phase columns
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M Xt UfoBm 488l Rkr el rb&ﬁs%r@&@icfe@*mﬂ sufficient tine to
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t he stmem theneke fcaﬂt cmpeemivie and fer 1 arneapfchﬁ@ f produce
effe%%\l%‘ﬁi&-fﬁw%%ﬁ A EQ oy, Shaped particles of

solid m xture may be stirred, shaken,
atih¢ fivsd dpixbwe mhaydhe stimdds ahalainf agitateds @ivirkdsl] eonicated force suitable

tingR A SHPHAE LR ot S Pinfg P il el #ifion species
(e g-hﬁ’[ﬁh hddlﬁgﬁ] @b the H}iﬂf@hbﬁb )natéFhﬂ%) SBB hﬂlbﬂ)& ﬁmmﬂy&% H@ﬁ)veen about
en a

bet b 10. h
0.5 Hihbogt FIUBeES, d anal Tero e MAYIER 1t BRBHF 1o bAREepabou 1 and
ma@%&% §aﬁd’@01@5 aﬁd% ersdanal Q. a'ildasﬂci dnd $0ANG a§1d12 $R6urs, and

3 or 1. .5 hours, ¥ e for about 0.
ma\yk@fozab@tQS 3,13,%251.3 3554 43, 5.5%5, 6665, ,775,78§5§,,950r10

ho@r 5’6‘% a\%éanilé; E ug})t%rig\glé Hay ﬂ%out E‘E%?;b‘?‘ ﬂ@%ﬁﬁ?&?&u\‘ '68°CTEOr between
about 20 and 50, 2 and 40, 30 and 60, 40 and 60, 30 and 50 or 35 and 45°C, and may be
about 20, 25, 30, 35, 40, 45, 50, 55 or 60°C, or may be some other temperature, e.g.
greater than about 60°C. It will be understood that the step of preparing the first mixture
may comprise adding the components in many different orders. For example the
hydrophobic material may be added to a mixture of water, the acid and the surfactant. The
surfactant may be dissolved or dispersed in water, the acid added, and then the
hydrophobic material addéd, or water, the acid and the hydrophobic material may be
combined and the surfactant added, or the water and acid may be combiried, the surfactant -
dissolved or dispersed in this combination and the hydrophobic material added to the
solution or dispersion. The present invention encompasses all of the different orders of

addition for preparing the first mixture.
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chamber, or some other convenient device for maintaining a constant er approximately

temperature.
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stirrer, the shape of the stirrer, the viscosity of
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particles. The second mixture may be aged without external y apphed agitation.

The surfactant may be a non-ionic surfactant. It may be for example a polymeric non-

ionic surfactant. It may comprise alkylene oxide groups, for example ethylene oxide
and/or propylene oxide groups. It may comprise an ethylene oxide/propylene oxide
(EO/PO) copolymer, for example a random copolymer or a block copolymer. EQ/PO
copolymers that may be used include those with a PO:EO ratio of greater than about 0.6.



descri bed above, may be used, and may result in tines
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The concentration of the hydrophobic material in the first mixture may be between
about 1 and about 10% w/v or v/v, or may be between about 1 and 5, 1 and 2, 2 and 10, 5
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h%? ghypabl ﬁﬁ ISP 4Pecies, Ak bg paEpistinkabl, sifigen smczes It may be a

t I

hyARFRIEIR! Sifincos” © PRABEARL REIL hPGoRKAIE YoRls (fyp, example

heg@netBoxyd®iloxdr@) ovrt Mapbe anoligosilotmediaving 15)@11'01@@;,‘015 @roups (for
1 30 14 15 6 70, 18

exeggf® s abyeiegie) TF My nGpe et dniVsatlf ot molecule,
and QAgEeMaratd, ofy Bf 6t bﬁrﬂmermmhoﬁlhgrdﬂnysabieagmugs tgee ihokesile. The

m Xt ure y b ween about 1 and abé)ut 10%
coggeptraiipn @Vdﬂgﬂﬁ‘gi GRRGONABB TIPS I tﬁ%e%n XHE ‘?ay ¢ g‘?ﬁi’ een about
1 ala@ abé@m:*s%%/v &r 30d of beﬁlveeﬁl abefut Mﬂﬁs g fﬁﬁ 1‘3 %nﬂ:dﬁ% 9 apd 11, 1

be about

an@zg, 16and61051 and 5758nd g5, E)@dfb? 95511625,1-’0%(1/\2%5 mdel5 5 and 10 or

loraﬂ{i 19‘V°€v/xhé! Np!z}gpﬁﬁ%%@tgg{)hktat& 229 %Lg fegt @% 1'6%1,2?% 13, 14, 1,5

16017, nm/ ll,eZ(h;éll\;v@énzabMDr 25% wifvdorlv/s, The hydmﬂysablﬁ grdup]s may be

and 1:1.5, Il.i and_1:1. 1:1.1 a 1:1, 2, 1:2 and,, - .
AGRS gras: syl BRIpS il drodos; ABRY etofiiseor Sl Sther suitable
hydml]l?zséble Liolpl b miktdsedf hgrdﬂ)l)&ﬁhi].e Zgi'%q@ Sli:tablea@{dédlyéhble groups may
CORgRIISE W@fnﬂi? Mé%‘sys eﬂmxyn&m@% rPeb‘HPJFPér’S?%‘PP%"Y’ vmémtoxy,

phél%si&%éféa{a ® o?hédpﬁdiﬁnﬁ@ﬁ | B parB] &onﬁmp@ét@ﬁ?«hﬂo%ﬁbhﬁ silane may

| i'con %g’am es. e a hydr ol ysabl e Si |l ane,
gemﬁr@p pdye: Wpﬁ@ctwymmwgam ol gravppsTherhyid r@xaﬁproe:iuct may also

co:ﬂgw ki %gﬁgé@ se silmy%agm%ﬁ 'th%ﬁﬁlg/s%ﬁré?oups The

ratmaifygldm]wbb)sﬂldon spayesha\serfmm mdyehe Betgehr aiio;ash:ﬂlaad about 1:1

I |
ondniiPE B helRyed i b Beipe it Sncingt, 2rivd o 721 and 1,
2. 56105‘6‘@!!"[5“135? Qﬂ @fd hydr Qﬂldﬁf&?“ﬁ iﬁ)loht 3‘Qn2$@ECZ 8—‘3 277 It '235 1, 2.5:1,
econd mi xtu bet ween abou
24\1\}/ B %P3, er t?ei/v%e%ﬂl EBdud 7l dn@1,1155 1714nb 113}1 !}Zdné I:1or
1: 11(?11 a %v/@n:g vl‘wl bls@rtg 1138' bd s o&l@g n%l i‘gﬁe gatgﬁ%ﬁfi‘%argl?sab;@mhcon

and and 20,
spe(:les to hydrophoblc matenal may be between about 5:1 and about 1:1, or between

about 5:1 and 2:1, 5:1 and 3:1, 5:1 and 4:1, 4.1 and 1:1, 4:1 and 2:1, 4:1 and 3:1, 3:1 and
1:1, 3:1 and 2:1 or 2:1 and 1:1, and may be about 5:1, 4.5:1, 4:1, 3.5:1, 3:1, 2.5:1, 2:1,
1.5:1 or 1:1 on a w/w or v/v basis, or may be some other ratio.

The pore size control agent may comprise fluoride, and may be an alkali fluoride, for

example sodium fluoride, potassium fluoride, ammonium fluoride or tetraalkylammonium



10 and 15% w v or v/v, and may be about 1 2 3, 4 5, 6,

7, 8, 9, 10, 11, 12, 13, 14, 1,5 16, 17, 18, 19, 20,
wa2p0622353323, 24 or 25% w v or v/v. The hydrol yeabise2005/000194

groups may be al koxy groups, aryloxy groups, am do

groups, enol oxy groups or song other suitable

hydrol ysabl e group, or m xture of hydrol ysable groups.

Sui t abl e hydrol ysabl e groups nay conprise for exanple

e e T

Orpaleaﬂealbrmchecbwpls@'alghhyctlaml lkylssuchives miethah ecthply propyl butyl or a

S B N 1A bR O sSDAL Bl B v soluson, and

the kogeaesttondtl thd scﬂmyorpma;a bé Eﬁv@blh abek 091 dRboai Y, GWV, or between

vt 2l B, Sarimd e vl Bl S Xz‘?ra‘éia 181 g, 63 maz, 1
ar@DRULS find 1) 085 Mo 2024 2o 102 Bnd BCr"RY oRE 0% WFENand may be

. abdut

abati0.1, @?;L()ér 025;10 anem:; @4@ 0. msw w acbsm.o 31, 1 1 1. z 1.3, 1.4,
1.5 56,117,819 of 246 Wiy, 310 pidte Gaeloohyrofagint o b abifed,toythe second
miktute bt bétvae, about2t 0D, antl. dbiodt 0000bpin (WivﬁoﬂMVW),Obr yétween about 300

sof o g an B0 0% edhend 008, a0 20Gnst 100, 500 ang

100@,\/2@%&?3@@ 8h 4@@%& 660 iapﬁngv/@b&uwv; ahd xﬁﬁy Bstaw&ﬁatdabout 100,

159, 200 4259 é@ﬂi ﬁ0140Q1 @Oaﬁ@p, $59, 680, ﬁSQnZOOL 7§0 8001 84R.0900, 950 or

I 1:1, and nay be about 5:1, 4.5:1, 4:1,
I@Oéprg(wéﬂg?r@ .5: 1, 2:1, 1.5: 1 or 1:1 on a wwor v/v

bdbe proass may ddditpoally oompriser ‘dntzlstbsp d"ﬁmppmltlagsthcz partxcles of solid

SRR R e PR R fomertf i proR S L2158 oBfprise heating

the phaie s WA dollidofolstie Thatepiiig) Mak/| dd)@dprii@ (@Iclmng the particles of solid

fofy B BREOE GO Bk SPRIVTE P ook o A o o g sbgut 550,

600! 650, eRbeROE rs%ome)@o% o%ttfew«&latab%aﬁs@n hdXlous Liodm"@s ot between
met hyl, et hyl or a mxture of

abeicisind 800, ma/arwe%ae@an o) 650 5 Bhoor uoms 400°C, and may
be?@?ﬁ?“@%a%é’ b b 306 3107550156556 Y 576380, 590, 600, 650,
70D 8002 850 élﬁ)ﬁu@s (Dor21 0QAYC, ®r Bray(he3o grited tan 1008°G ﬂdlemeﬁmg may be

0.1 a 0.5 a
foppbélwBRiainE 1 g gBR T nolgs. ST Raveeh 90 L AR 6.1 anf A i 12, 6
angﬂ%, leﬁi’/f?wf#,andladwﬁlﬁshlkzﬁrggpegtfo&bbut 0125, 2923 303 354 45,5,5.5,
6, -5, 7, 1'52% §.539, %5,410 105, 1, $1.5 pr2 h_pugs, 011”(9' gpatgo@w\ﬂ hours.
i
e L R
SOWﬁ))am or between about 300 and 700, 400 and 600, 450

an g %g%)f]a%(%‘ ggﬁgglgtg%t&%x?&)& ggg a ng)%gﬁ%‘? pp mﬂ%vf/% g‘ig %ﬁr Sh\Aﬁ e\% particles

of ﬂmcbraﬁpt hﬁleﬁmeaﬂatthﬁmgular m.ed ﬁﬂlcleﬁ({eg §ilieg p@€ifles) have been
fo 22 T80 4%@%&)55 étwgp hea7h%cg) (e.g %hlo?n?r?g) tgg c;)farticles.
After the step of heating, the particles should be cooled before the oxide of the additional
metal is incorporated. They may be cooled to below about 100°C, or below about 90, 80,
70 or 60°C, and may be cooled to about 20, 30, 40, 50, 60, 70, 80, 90 or 100°C, or to
room temperature or to some other temperature. The incorporation of the oxide of the

additional metal may be performed before the step of hydrophobing (if the step of



The process may additionally conprise the step of

separating the particles of solid foamfroma liquid
wonoshiBdsetot hey are di spersed. The process may BCESG2005/000194

conprise heating the particles of solid foam The

heating may conprise calcinipyg the particles of solid

foam The heating may be to a tenperature of at | east

about 5000C or at |east about 550, 600, 650, 700,

800 .0 0C bhet ween.. ab 50Q an ab i. .
ek if Pertnthosh oSG RS e 80 dsb B i Fdiignal spgat may
beamioﬁﬁﬂﬂxedﬁ@ofc&ﬂﬁhg%%nﬁmé %1 3) aﬂmﬂcxﬁ‘ﬂ{b & ﬂﬁ%ddﬂibnﬁﬁnie&l and the

te eratur of ab ut 500, 510, 30, 540, 550,
g @9, algahl ?ig I' o be gpethanpd ethanol,

preﬁanapmg m%)aﬂbl Hwnmﬂs&n% ﬁf:tabﬁgﬁg}n Qp&a{gg %bso:ute ethanol.

heat i ng for bet ween about bout
Thermiyguraaeay tam)be heatethtp ®temperatue detwienpbowt230 mchahﬂmtl P50°C, or

by bt a6, o JLT o s SPOGnD 150 Mo g0 nd 150,

60%nd9.08, 60.and 90001570 4nld, 900C, mdanayl Be hentdsty aboutf 30, 567 &R6S] 70, 75,

{ ho t f ' d at
50, Bt 8507 00,401 H2neiD. 187 BT S heon Rineabes emperage. f may be
hedtell it6l thOBeTlingd\poit o hed Eolfdht. al Ghhdlyl BNAHIUBY & HEPI6IRG, t. It may be

incorporated into the regul ar shag);ed particles of

maitgined et theemperaRrates at tafbug E,cglh eeptehpeldl prad abaokt ég hours, or
be(»?ecg -abGit dl & Pt @ﬁ'%?)é ah&;iﬁ 180 (ZHEaﬂd 4§h§é aﬁ'ﬂs bl‘% and 36

pertorne er t ’heat
or t1 A eng A thoutsesnd Way de mmmasméptmﬁtmwmg: fotr Iaboutl 6 12 18, 24,

so23 FL BRI R e bEaS M By e B orporc

anbﬁid@vmfab@ ak!dxﬁ&ﬁﬂ) et intdahopartitles TTHR Gart@des My ﬂfenﬁmered, for

be .cool ed to .about .20, 30, 40, .50, 6 70, 80,
exapplg _Ymdbﬁﬁ@’r P‘{P&raraoﬁimef"z‘n%%‘isaf%‘i‘% el GiheE gader pa@m or under

gratvﬁgp m@fda ﬁeelyRH@ ﬂaﬂﬁ%sﬁﬁéﬁbb QBpaRhted '&mn@’@eﬁﬁifﬁéaﬁoﬂe settling and

tiona be performed before the

deenpting 91’1 gone gtb@r fneﬂwé Thespmay thearbesiniedi Reey way be ded by heating
to Qﬁ%ﬁ tJ{},-‘r’; a'bBﬁt‘EooeH{d%b&”l sp‘ ol?ge G50l 50'048 120, 50 and
onal ormng a

acco
1004 S(ImdeS(beOamtl léDktﬁ(] ami 10, ﬂﬁbamﬂwﬁ, |66raald 106tca|70zand 90°C, and

i R B pSBine e CRAAS 351 Ay 7Enr S ansr, o8 5. 166 110, 120,

130,S10r @IB0AC or Botha Réter WmmRaRre0ThHEr may robabiee bg'l Isa@éiﬁg a gas, e.g.
ure

It. may be absgl ute et hanol
auh@gpgep, tcarbant%%éﬁm%(%g?wl&#@éi gversmd dh%ahtthe particles.

T

inchgle ahgmipdnna tig Jeas HitapooCand Mahadiyn, e ddditional mctahbmdes such as
.6 ; Q
oo, Whopis ey veltgin Aty bedncofforatifond the pdiiclds B dedelbed Sl
Hﬁﬂmdcdésm of the ﬁbmdtlrm grayadditiondliyt deenpsisk hgzdrbph%mn?’mw ;iaﬁxcles of
I n.,the ol V. a a
sl ot G, pebaprine, B Bidroptobicl et R SRR eine g Agrtiles of

solgbfoin sy boteded @ithREkeans abia Wondmadly s3&ongd ae”]'di%ug foid {e.g an

and 12, 12 dﬁd 48, 24 and 48, 36 and 48, 12 and
aqueous mineral acid) such as hydrochloric acid, sulfuric acid, mtric acld or phosphoric

acid. This may increase the number of silanol groups on the particles of solid foam that

are available to be hydrophobed, or reacted with a hydrophobing agent. The step of
hydrophobing may comprise exposing the particles of solid foam to a hydrophobing
agent, and may comprise reacting the particles of solid foam with the hydrophobing
agent. The hydrophobing agent may be an alkyl alkoxysilane, an alkylhalosilane, a



or 12 and 24 hours, and nmay be nmaintained at the

tenperature for about 1, 6, 12, 18, 24, 30, 3, 42 or
woaotsnass9 (e. g. overnight). It may be heated f®BCT/SG2005/000194

sufficient tinme to incorporate an oxide of the

additional netal into the paél cles. The particles may

then be filtered, for exanple using a filter paper, a

sintered gl ass ft mel etc., either under vacuum or

.under r ity. Ate eI ar,ticle
aifiihe B s ergmeliidalugte B SbSafe o S R aliprang such as
heéxameDiyRiiAloRede, 6BA bpdic sibRhe) Bt ina§Be BEmE bitRet Efmmymhobmg
be dried by heat i ng to a terrperature betvveen about

agentl Swable hsloarhobing aeus cire arduknen &mdbel 20, 28 jwamblmclude for

, e”é@ﬁ?ﬂngolggdog%ﬁnwg}}%@& ?r%%onggdbf‘ﬁr, ﬁ%ﬁzﬁ ?ﬁOrosﬂane

dlmﬂwhﬂl&nylﬂdproﬁﬂan% 0, 6 RﬂHMyldhﬁqroﬁmeﬁ 5 9 mmeﬁlylmﬂboxysxlane

g{)'l thﬁé):; glpnégobgr%égg%ﬂ%tﬁ ma ot herogh%ngﬁ&méﬂw}.ysﬂane,

hdxamemgmimlogmebomcﬂamethyleyclmmsﬁioﬁm; | areahmyt grcyeldi)entasﬂoxane,
over ,and/or thr h the parti S. Th%ﬁ%/ e dried

he3 eI OIAEnS P dUATLoL RS ob i ISR GEasng may bo for a
perfddiof hbutRh A8 BB 24 BelMOs @ Uéﬂv@é:#z!ﬁouE { Bnd 1 2a0an 5 6 and 24, 12

t| tani um and vanadi um i e additi onal netal ‘oxi

amldaﬁhl&snda%rﬁml&mt@mrdlc&mvhmaﬂbafqm)oowel 2,3,4, 5 6,9, 12, 15,
,ldrrflogno %4%&9‘5 o ort R:%reo | gllo%? ﬁsg(gﬁ? C’ﬂn? leeg %g%’rp ay, be at a

Heé process Of 't I‘nvention i Oha
telnpelampdbdrivaen dtvet mland #Hoes SQS’C edbsmlcérmm( 20 md 60, 20 and 40, 40

wBSO5 P BT RE e B0 2D B B

hy@ﬂipﬁ@bh%gaé?geﬁ*b a9 BEaded ﬁnﬁmg aﬁﬂtﬂi@ $6lufi6h dméye atoagbmprise a
gueous m neral acid) such as chloric acid

cotalySh dot s Gfan g F%ta‘é’é‘i chps ﬁmﬁw jn¢ er soppeotharfprtiary amine.

o AR ol SRbLE oA BRI fricls o sl
folmpdsaip particlds having e poresiizosuch antorbecsuisphlo Eomigse ag @ntHP G packing

w3, She B TP B 90 P Vo s o o

gremyr thangiyous E0nne.dctuan ge bbvepa nboud Sead abog dDDdmf adetweeh mbout 5

w50 P i OB A RIS b IS o PP 4l IS A% B 30, 27

ana%hzmndwmowa dis| THSHEe size%ldy%%eut 5,a10, ezampmf 22, 23,
I si |l oxane such_as hexanet hyl di si | oxane, or a cycli

243215 R6aRd, 28@29,|3[0, Ay 0p85,SGnes: he 70y F% 861 8398 SHAOHING:. The
&tma gaohsu%wﬂ& B G Rt g&%i{es afiR difblenk PR iR may be

ar t may | nc ude
bcdwmtabyilto‘icmdl abobioy0fsin. The partxcles Wlth a distribution of different pore sizes
I chl org

| d
il Bt B raRP R 5P Ko S mHOBIRL 5o 1 an
t Thephhiddxeifexylat kisiped solidrdbany gty litﬁiefwmnhﬁﬁﬁzle diameter of

S s Bt B PO PR e .

anf 302 RN, QY&HQDGPWS | pasmez ahamnrmimlssanh%z angd an4 and 6,
m xtures of hydrophobi ng ag gents, The exposing rmay be

5 pust 20, Heend@0of fevdolﬁ of Sa Mbaierons, apgumnay bgye fagiean particle
diBRLESILAROUY, § Ands1P .5 & ANd1612,43804 13%416,47, 18, 19, 20, 25, 30,

35, 40, 45 or 50 microns, or may be less than 1 micron or greater than 50 microns. The

~ particles of solid foam may have a narrow particle size distribution. There may be less
than about 50% of particles having a particle size more than 10% different from (greater
than or less than) the mean particle size, or there may be less than about 43, 40, 35, 30,



and 24, 18 and 24, 6 and 18 or 12 and 18, and may be

for about 1, 2, 3, 4, 5 6, 9, 12, 15, 18, 2 1 or 24
waawes3ssy for nore than about 24 hours. The eRpOSGRES/000194

may be at a tenperature between about 20 and about

800C1 , or between about 20 gnd 60, 20 and 40, 40 and

80, 40 and 60 or 30 and 500C5 and nay be at about 20,

30, 40, 5060, 70 or 80 C. The hydrophobi ng agent may

25080355 80 B 20 80es B IaRle U B 15% et from the
mean Partade tirs, amynagzrbermor 1,081, 61 biar1 5t 20,t35a89, FHH0S45 or 50% of
peco e a P St GG SRR B b i sz, e

paﬁ%rds oSS foami mg{ee Qﬂ[c@lcﬁll SEtheY Grthyde sbiheRfhed YhdRbhRh as ovoid,
for use as an H pac I Ng mat eri al The nean pore

ellipsoid, (cubig, thempoidsh eP%ﬁ"&ftW ity Piellejpined r(farh sxample utectangular

P P e el TR e oreb o the Py B M. 1ty are

hydmphatds, they amy ey goupsi(or e2tnple drodo alkebilghgroRps) or aryl

gr0§\8§ E?or%‘}s%? §$ %&V‘?}@anguégo ¢ and a%ﬁ%ohfoglkgg £roups may

cord@rise281 t@42023%migh6 chadd or BfancR& alﬁgl- E?s 46k c:éﬁmpl@ﬂ»eﬂ)yl ethyl,
5,6 .70, 75, 80, 85, 90, 9

55, 60,
octpslapptaép oxasPPRRRIL Ehesiny Sflvbaop%nw CQTODFISs &rtexa@pba phenyl or
tolsAl g%&g, s. T Fﬂhf:fe@ b?mnmgﬁlgl )é@ﬁ&'?tﬁﬁxeﬁ@ dshgr %Eﬂ% @g@,ufr fsézfaces.
Th@l Eolic feam npﬂyr@rspm@sceﬁd;keb@esmmfmmm avindoves giea smaller

sxzr? Xﬁie‘ﬁﬁ@ B tﬂgé ﬁféﬁ%frﬁ%@zgﬁe %ﬁé \9111?9}7118 may be between

gul ar s Vé a
abmllt dﬂﬂt:md ulfoubdeﬁmlaem batvwageh aboutnm hlandi@: 12(10111 mdon$, 5:0rand 1.5:1,

g B6T g S0 3 CR ey B8 g o g B, 5, 511,
4.540 4: 3 3800, B1, 245:a08:1%r4 . ANbrénaybestinMherRti@The2lid Zoam may

and 10 or 5 and 10 mi crong and may have a_nean
haVﬁam% ptheg siiieies: 13e sifoat the wndows {f.es window pgre gize)omay be

gre%t% i %&xt% #écat haﬁlg ]tﬁ' gréa%cr tﬁg}x alfont Iérgn I%?ﬂaydbg 'between

mcro or ma I"ess mcro
abogt 2 and abaid A0B0 onrbetwses abdtﬁé er30; 2!@&1@1‘5 a;xdlﬁodsmaﬁ) 10 and

20,@#@%%6%{‘% 501 r%d gggnéflé,par ﬂH 8%%@?)%% 100 or 10

I ess
andpfiinin. §the veindowrsize nidyde aboéb 2Ji3f ﬂ,eﬁ,dm' lf rldm:{,gﬂeaj €6, 17, 18, 19,

20, 2855055 a8, KT o0, 28 500, 85, 96585 € oo, 1B paetes may

havely cﬂ%ra&ucmadﬂmﬁh@ﬁt WikdbWGizks. pﬁfédxﬁb&nﬁdvﬁﬁoﬁ%ﬁ&s ¥ be between
10% different fromthe nean particle size, and may be

abogbdaed 100mm. 3 4 5 10, 15, 20, 25, 30, 35, 40, 45 or

TR bt 139 DU GoRuRH HeRhEerPhcs B nd DR 1000, or

e "‘nean arti e Sl ze
bemeetsﬁliouUOfScaadﬂnﬁ;ﬁ m»stﬁhiemd&all andrs, tzraagt S;Tﬁyncbé bas, 1and2,

e
2 o3 BRARC1 S3E 102 MY 52 £ ind A P Gnd e, @ pore
volllti:ﬁﬁhbtnﬁlﬂ L R10. Garplogloayiped) 1. 2ghe pa{) 1.6¢ct. IG?] m;ﬁys,bleg 2,2.1,2.2,
ro 0 ydr.o iC. they are

2.3 rz%r%%h% i" ém?%{,‘? ﬁag gmﬁp Sofipwops than @ %mpﬁcel’/g The
parfidleingy S h bydeifd QHRRE afia TBétween about 100 and about 1000m”/g, or
between about 100 and 500, 100 and 200, 200 and 1000, 500 and 1000, 200 and 800, 200
and 500, 500 and 800, 500 and 700, 500 and 600, 550 and 600, 550 and 570, 600 and 800,
650 and 750, 670 and 730 or 690 and 710 m%g, and may have a specific surface area of
about 100, 150, 200, 250, 300, 350, 400, 450, 500, 510, 520, 530, 540, 550, 560, 570,



groups (for exanple fromarylsilyl groups) on their

surfaces. The al kyl groups may conprise G to C20
werowiighizo chai n or branched al kyl groups, for egaspl@s/000194

nmet hyl , ethyl, octyl, octadecyl or isopropyl. The

aryl silyl groups may conprisg%for exanpl e phenyl or

tolyl groups. The particles solid Foam may have

trlnEthyIS|IyI groups on their surfaces. The solid

90400008, 610 BP0 53 SOty BED0: T0hg 105 120, G40, 750, 750,
oI TBPE P L5 e e o o
loaﬁrgreandtlﬁnhboﬂﬂ@ .5:1, 5:1 and 1.5:1, 3:1 and

lﬁhelmvgntlon gﬂ‘,? prgv@oes & Rrjécgsg dfor g}e‘é}aﬁﬂg ﬁﬁP@%@z@ﬁfﬁ% T a GPC
coldm2 domphisingdht Ilaaﬁ Partidlly ﬁliij\gkwhmi@ with eeg\ﬂat shaped, rfer example

solid foam maf_y %V(%l soma oLher 'F}?r uct u S'héerh
sphemisalypaRisies qf sadl OB 1% eﬁref*F&y nb"@nap% ousing may
ha@égﬁa@m%bn@ re?é?ﬂwx& SAERS flohRexiEn he,onm@{r@,atme Thdd88 may comprise

be bet ween about and about | OOnm
fomxammeﬁhc:awut oxzsoamotb@r pogousraaterial. ‘Sh%mmmnash%w pore size

e 1 ) A b, 0 R e 1

ofﬁreq)amdwﬁme of the sofig flven avabout20, 30,410, 50, G070 v 30%2f the particle

sk hpioanS B S dmogcan, T gioeg B, For ok o e
aﬁﬁfet shesr MRy dofuefianfll Fhe irhstink Odhdo thed hbhieing ndaj Hbdw)bab]e of
sizes. The different w ndow sizes nay be between_ a

withsianding tigh pressres paad: incthe solwmp. HAgY 3BT &2 qj?,%wggstandmg a
pr%ﬁg‘%?gt 1%9.:8 BKB%& @é\é‘@a@ of QPMBSt %b&m%fsg 2095, hﬁti*/ﬁem &d)&USOMPa, or

greate than aboah S0R(Pal Theat lzast @aﬁmﬂy:ﬁlnnénnmompnie @ramg a mixture,

for, ex&@pé %gd g: a? %\Eéﬁﬁzsugln% 2‘6‘%%5?818’%'}&“% éré%lc%@ﬂ& thgﬁﬁmd and

lochting thk-mixtuke #n the Housihg SThelprdcesd may alsoSonmipris@. 1, 2 2,

2.3, 2.4, 2.5, 2.6, 2.

oo goshsiig e TresthrenElin Chsc BpsRipE e A ST RRRES oy

gave ﬁasﬁﬁ%ﬁ's&écﬁld%&hﬁcﬁﬁﬁo@)%e Bdus aammh@pfesaxﬁe a'ilﬂd

about™ 100 or between about 100 and 500, 100 and

200, rz@umwﬂlem@ﬂw%‘w B¢ hoeive to pObERHEPEEWIC 200 and

OB GE Az ey BEH3REh At 17Ha 60 SHYP2BEbAREen about 10
and 30, mmﬁgm a0 dnd 50, 3ﬁzarg1 50230 and $0, i vandd T aid G0MPa, and may

R SRR 00195y P25 R e

th&ﬁ%gflﬁﬁld 60@. m&yt Be d¥PfentGRfin ﬂ@&poxﬁf)ﬂqmﬁ 6’Ehe filliag ]ﬂﬁﬁl and the
690, 700 710 ﬁg 730, 750, ,750, %gp %&g Jiquid,
secondiligaxdpyy be sniseibly- KRGE™2Ysisdarepienify bp 408 Sufp rgsnic iqwi
foxl_lsﬁcaﬁxpn ent 180N H}QQO&H)(Q{ 8 kbR o, lAnARteA BPM haldEXHEn. Wlitable liquids
v

on ‘al So provi des a process for_preparing an
indiRleCmetiianoly athangl,Gsgpropanol, acetone, butanone, hexane, heptane, toluene,

xylene, chloroform, dicholoromethane and dichloroethane, or mixtures of liquids. The

steps of increasing and reducing the pressure may be conducted rapidly or slowly.

The invention also provides the use of regular shaped, for example spherical, particles
of solid foam for separating a mixture of compounds. The use may comprise applying the
mixture of compounds to an HPLC column comprising the particles of solid foam. The
HPLC column may be prepared by the process of the third aspect of the invention.
Separation of compounds using column chromatography is well known in the art. The



col um conprising at least partially filling a housing

Wi th regul ar shaped, for exanple spherical, particles
woRoeaBsad9 f oam accordi ng to the present i nvent POWSGI#NE/000194

housi ng may have nmeans to prevent the particles from

exiting the housing. The neajy rnay conprise for

exanple a filter, a frit or sonme other porous

mat erial. The neans nay have a pore size snaller than

) : ! o oy '
soSIPALY S5 05 130 8 00N P8 ISR D gl U i o
maledulat sizzamhydrodgironic valimE0r o4 8omb 0thefbgsist0 or 80% of

e R T SR B B Bt s S oot a
a GHdIHiC ls@pporiZ erifef cétﬁlg}ig %gjf)ﬁbrf AR bd 6 BRMile ARED 09 packed bed

housj ng. nmay_be capa ) wi t hSt andi ng the pressures
reagtaxdln this applieasiognibe prricjesiafyolid fessp agsiowding to the reaction may have

o AR BRANpBoRlERS! YRy bR IRbTRP e RIS, Bcalyzing a
reagtiempta staftbug nedsowal 16 @ pRalucTerinmthelcetbyticpuppart; theystarting material
fid )i C ri f,or.m I X1 ur f e le a.
may b, Ppesdi it ol sellyes poodrding o A ipkertign. (e SiaiE wptbgal may
be \Wh lsbludiof it hisolehi. JlieGobmet Inag deidng dofiveniént isolvent, Forl &&mple an
housi ng. Trlg process rm)(l al so conprise:_ - increasi gl% .
orgaie solvegb otachFanfEsol vrehp ssinggnatsrial, and prefrgaliy can albe dissolve
- I I > 9 - .
the pRASS e SXRRRRT Mk (Hiefish chRbalig 1€ Ul Erehl e stating
matérial,aplishally mconisneand mey sompase fheng, switling, pritdiogr wnicating

or JRAGHE 187 A GO ook dnd Br P il R SRR PR, comprise

passings the staBBpanate’al, or a 3¢lvtonwthétiwahfHugh thensidvatadyst for example

.10, .15, 20, 25, 30,.35, .40, 45 or 50MPa. .The second
in SRS R Poa5 8% - lecntdl94 S PP SPRRISIER i, i SOlpnt afer the
expiRihgd T dchSiafing nhdy0 Bbiphses 66O BE thordUilsettding, filtbling)decanting,
l'iquid and the second |1 quid may be m scible. They
centri{pging, yirsceniafaing, dpbyzngorsememhe formy ahieparatigsi d,
Exhfiioigéxanpl e an al cohol, a hydrocarbon, a ketone, an
eStefr or a hal ocarbon. Suitable |i qui ds i ncl ude
Symthesisoms] Furstivaiizhition gb$mhepeslM CFdttiolae, but anone,

o SHFisD RRCR Heni ek MR GBI moBliing B copveppional MCF
syrthagis misthodhel % té)é Eﬁb]oék fmmﬂ?gm ﬂ?fﬁaugfke;cﬁs:\?\dbjed dn mkelmcidic solution
(RS R A o PE PR 56 BB i CBD Sigre g added

an® ¥R MR 1ifP BEILHER hvas RRElel b 8F-d°CS@Ith difdaadsd §iRfing. After 2 hr of
separating a m xture_ of caonpounds. The use pmay

stirgiggp Pi2sml Hfgryaatzpypibane (EQD werecwifsd mdgiresd fon g The
sl RN 8 S, P ol L B2 T s o s
cortditiond Hspacthewfagedet 1007€nfor 84 hr Séiiwr msilting pfecgutarowas filtered,

Si,nag..col um omat ogr Y S [l _known.i.n the ant.. .. .
wall g SE R T En T 28 PR ThE o o B hitiBer s Bigiped in v
at JBAPC sl or it may be on the basis of nolecular size

O e T o WA R R (B meP TE (3 A of ot was added to the
soluation prior to aging at 100°C. The other procedures remained the same as described

above,

Dimethyloctylchlorosilane was used to obtain C8-functionalized spherical MCF
particles. Triethylamine (0.418 ml, 3 mmol) was added to MCF (1.0 g) dispersed in 10
ml of toluene. Dimethyloctylchlorosilane (0.473 ml, 2 mmol) was then added to the



The regul ar shaped, for exanple spherical, particles

of solid foam may al so be used as a catal ytic support.
woherotiaszabyti ¢ support may be for exanpl e usedPCW/S&2005/000194

packed bed reactor. In this application, the particles

of solid foamaccording to thg reaction may have a

catalytic material adsorbed or inmobilised on and/ or

in the particles. In catalyzing reaction of a starting

TR b 8 PG PG By TA0L R o o
owmnglntdl mge tCtS ﬁimenmainmtt MOF wizecallcatet i byg fitmition] ahd Wayhed with

tﬁx n in a solvent. The solvent nmay be any
0 8% Ivent for exanple an organic sol vent,

cmkz@:enamndwﬁpéry@zwa&éfdésng material, and
preferably can al so dissolve the product. The exposing

naySceBmbE eg@:t@anwmoﬁﬁgpx KSENB| wes patformyest witht - JEQE JSM-7400F
ﬁlébh%fxtrﬁx@%s%ee%@hm (?H%ﬁltl&ﬁ-dcg?%gw §do %{ ned using a

ri'se stirring, agi ng,
Ms:ltmhem\tg:st ABAROROZOM asyablylstthwvsazhplteh ovest aiegmgi et w |hnl at 150°C

b priaie” b slbo ik F e BnSmah A R ofis g witn CRado

Cmtmlﬂyﬁter(}_{mcre\zmmcgl)l n a colum or reactor bed. The
cat al yst mé}y be separated fromthe solvent after

W dPLehBevesisa Calurmy Bagfedt otifh i(Sel wisonrliasdr %oh@rzcal MCF
Pa?fx‘f: _l.l ng, filtering, decanting, centrifuging,
ultracentrifugng, dialyzing or sone other form of
s e peheaC8-fupctidxadizpd MCISW;V I ovas daspebrdedne usoprca:lahczlaauddhen poured

i BB, ERLLEABERC 1,500 RS 15 R R i orenen

sleyiptib |690($ pﬂEﬂquﬁopagogwaé 1m1?ﬁh¢addhrcmgb mlhwmﬁmﬁlzagmg?uﬁi‘y at that
.Ql ssol ve a agcl, i O 1 ONn

high PRERS 105 Zpryps oop frs ook Ao oy ey depseditadiosh, NHAF-

treaftd §phaidl MGF pasidies Wit sSRkdék poft BSwheahe fublj &t@dﬁﬁ@&%lum

wi th vigorous stirrin After 2 hr of stlrrlng, 9,2 m
paghing drpEavgoiy Sive ahEPgﬁ?E@syrswauma ddieapagked coluamsgore used

dirgolYor 1HE sl ioh 4T i) S PRBHEHE SOt B HBhhalene and
blﬂhenyhsn taﬁé?L@gEﬁB!at(Mm!@QZZﬁ%i Wateg). Whter/meguahol (3§/65 v/v) was

o] FEHE AR o 5 T a3 oo
Re@ﬂltﬁhmmgcnsmﬂ at 55(})C for hr. To increase the
re size, NH in 10n1 of water was added to
Sy‘?’%@’%&‘ﬁfﬁfﬁ&F&?"(@ 4bi ng at 100C. The ot her
Pr QgEH a8 BRIMEMSShal, \@nEaERusASord8s Giradi@d @R ftralarge, cell-like
Di et hyl octél chl orosi’l ane was used to obtain

megepdreh eennspiaf i withy caphretherchy windowsaeth 2 smaler opening. The cell and
m%«idvgwgél gt B o cé‘sﬁt?'%ﬁ@a byt MRl obntdet 88580 MM Hded, and the

I'sperse
aging time.
Figure 1 shows the irregular morphology of MCF particles of > 10 pn prepared by

the conventional method (Scheme 1).



m of toluene. D nethyloctylchlorosilane (0.473 m, 2

mol ) was then added to them xture. After stirring at
woawwBssper ature for 4 hr, the m xture was helRCEM8G2a405/000194

60 C overnight. The C8-functionalized MCF was

collected by filtration, and mpshed with toluene and

nmet hanol . Characteri zati on of Spherical MCF Particl es

Scanni ng el ectron m croscopy (SEI\/p was performed with

a JHfdpedralyt GeERARE. The nitrogen

adsor ption-de orprlon | erns wer e obtained using a

M croneritics ASAP 2020M syst em the sanples were

degqdB$23=#Hdyg0 hr at|1 SO C bef qrgamatysgs] The 1]
conttenO+m3a ke ftinctionah' zed I%Fé%%%th‘:@o@c ‘l‘ﬂ?ﬂgzé(i)t:r@’c
CEA4 Q@ qOHtY fuaty2 86 ol yti el Teqti f 1tor
HPL(L&@M@L@@M%W&“@R h~C8-FuncT orgl

Spherical MCF Panicles The C8-functionalized MCF (0.7

g) was dlape S Eji'sopro pol an thelg o‘b. nto an
en‘pw——bﬁi %Rﬁ P&—ms Pilithtibn - essure
was incr¢asdtf &1 b y| t o 5B66—ps | sop} s

i ntrpoduced through .the col um, conti nuous at )
i IS eRTBL SRR RSIRS Sireiviricd i ARABHEL 1 PRlesLRbevigd paricle
BorpHb ¥z €ThE AfRAtorOobserRaithat '\H"rﬁf)ét%k%dstﬁﬂhgﬁlgj % o c?% condition

particles with a |arger pore size was al so
with tqepalyesr uW%aB#@WpﬁW@mr@gNga@dv @aricl4pL C Consequently in

spﬁs\éﬁ{xﬁg eg]gémﬂents-r B ?8&%101&%& B%lr & b %etg% gé)non aﬁég of particles.

aration of uracrl
Fﬁﬁsem@nammapdsmmmmdafwr bHimeh emre H(l‘lnwac HigedCts Yadr@de the P123

b OB RS e P Stin SOME G0 RSB ATES agine bt 40°C for 20

hel Irfdpulag MCRpatitles (ddsiamed MOF-2) %re?&%wﬁﬁgﬂr& $).and

o

Di scu33| n Syr]t eS| S of S herl cal MCF Particles has -

a 3Nfrhe fg\gu %?%11 | percsuigations eergr employed, and a static

cHﬁJlﬁ@ﬂ Wagea ﬁ&i 'tovlr:ir&se aé‘iﬁ %@Wﬁ? 520 9! ?ﬂxé"M{Fﬁ 'Eﬁ'x‘fi les obtained
yvvlnowso ler eni ng e ce

(ﬁiﬁsméﬁﬁﬂ FMCE“%)l Wé@ W@Blbbutcmns whgg@g&u?d (M)J nt'I&xey have a

dded, and the aging tinme. Figure 1
pg lcil::I\@ﬁhe |rreg'Jl ar m)rphol ogy of MCF particles of >

10 fzastiy e}htgheliil mwohbmtnanmvard a sinaler mhﬁwbﬂ}mM&e employed, and

a AR GORATEoR s B i gy R o 1t Spgtifiont, pgcemount

oBeMbiraldded Rédseddcteata tok PG MBS ma:hLeGna Theét Bgidob€ TREL (32%)
t.o. obtain spherical particle
solution added was decreased from 20 mlL toe 10 mL, while the amount of P123

introduced (4.0 g) remained unchanged (see Scheme 2).

Scheme 2. Modified procedure for the synthesis of spherical MCF particles.

ﬁ 1223 _= gSO nfl,'l Stirring at 40°C Static reaction
- ' t 40°C for 20
Ad.HCl(32%)=10mi]  TMB forahr | ppog (240 Clor20hr
| Aging at 100°C e Calcination
. | for24hr | Filtration "l at 550°C
4

Spherical MCF particles were obtained without NH4F (designated MCE-3), and
aggregation of particles was reduced (see Figure 4(a)). Their BET surface areas and pore



nmor phol ogy. The inventors observed that, in nost
cases, stirring under acidic condition with copol yner
we 200335339 ovi ded severely aggregated particl esPCT/SG2005/000194
Consequently in subsequent experinments static
condi tions were applied beforg the formation of
particles. First, eight tinmes nore water and four
times nore HO were used to decrease the P123 and TEOS

t t t pp
s%\?\gféégaggc% Qgﬁeg? %b% t(?gi} dg@v@%ﬂ%\lrﬁrflg? lﬂ‘ﬁﬁfcl very small amount
of anitrafihe paftibbsi hdt ech) MRS rdmovexdebyp biealrlf@ng Fitgunew 2gpeed after
L@E%‘SIO @g original P123 and HO concentrati ons were

8&/ "and a static condition was applied towards
ag| ng at 40Q0C for 20 hr. The MCF particles obtained
desi gn ted MCE-2) were spherical, but nostly

¢ dykt C{*’PP‘g‘iﬁr%f sphericph M Frd partiglep fased @{x@ogt BHBfand spherical
mépu; a}uagg h@@%t}i’N LF)i gh P123 concentration and a

snal | were enployed, and a static

condl t| on was appl [ ed t(&phcmtsal Mﬁﬁq@ at 4CDS}3Hem:a]2(ZICFM

Wﬁﬂﬁwwes% {Nas decreasedifrom 20 nL to 10 Mg
whil e the anpunt of P123 introduced (4.0 g) renal ned

Celldtoan§iag [iske Scheme 2). ScRenme 2. Modified pr2fkedure
S i s,of spheric MCF particles. P123
Avfraﬁegjeagider$' 9”31 400C St at |a§c reacti on H20 = 68
PoRY Valulfe 8k’ APO0C for 20 hr Agg HCH32% = 10m Tlﬂ-}?’ TECS
Aging at_100 Calcinatign Flltratlonfor 24 hr
5500C NH F Spherical MCF particles were obtai ned
wi t hout NHAF (desi gnated MCF-3), and aggregation of
par NHxFelsasvissn md\dmmﬂy @s&ietoﬁngm thegjore sikbaiffMBET and the final

M PRGOSO e RS PR BB ASTy Fofee TRahg abe R0 hliover, e

inventord fmﬁldrlaauoﬁfet MEgax(tlélelmB?-l s wATBMBENiRY] prior to aging at
tr ug at .a | .ow after uItrasonl cat i on.

I@@r l“i ?:ﬁ%*‘é?&t‘%‘il%lsffl? od,oNHat yeasi addpd woior Jo siigting pb40°C (see

séiraes 1) wnﬁﬁtrem%ﬁ) nod Piae&élﬁi%hs WEE

(aged Wi th NH4F) aﬁ;herl ca eri CW jl"i“e formation of

1@@%@\40&1@&1@@5‘ | perpforesmlthe prescnt synthesis, NH4F was added to the
solution only after aging at 40°C and just before aging at 100°C (see Scheme 2). The

resultant particles are shown in Fig. 4(b). Optical microscope images of MCF samples
before and after aging at 100°C with NHJF (see Figure 5) confirmed that their particle
morphology remained essentially wnchanged by this step. Adding NH4F at the later stage
of aging (i.e. at 100°C) produced a similar pore size enlargement effect as adding NI—L;F'
prior to aging at 40°C.

Figure 4(b) shows the spherical MCF samples obtained with NHsF (designated
MCF-4) following Scheme 2. The nitrogen adsorption-desorption isotherms of spherical
MCF samples obtained with and without NH4F are shown in Figure 6. Table 1 indicates
that lower BET surface areas, and larger pore sizes and pore volume were obtained with

- NH4F (MCF-4).
Surface modification of Spherical MCF

The spherical MCF was modified with octyldimethylchlorosilane or
octadecyldimethylchlorosilane, The Fourier-transform infrared (FTIR) spectra of C8-



W ndow Pore Size [nnml 11 16 Cell Pore Size [nm] 2 1 28
Average Particle Size [rmm] 5 5 Pore Volunme [cnVg] 1.6
wa.2806NBEB9 has been previously used to increasePCISGR@SA00194
size of MCF, and the final MCF particle norphol ogy was
reportedly fornmed during agi ngg at 1000C. However, the
inventors found that the MCF particle norphol ogy was
determined prior to aging at 1000C. n the conventional.
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rical MCF The spheri cal
T@(ﬂngl off Ky Revaren é’gpxea@lmns Packed with C‘S-Modzﬁed Spherzcal MCF

f
PORER YT P X T CRTE | 26 Spnr | cal

MCFTMB cAfped QEMGF-BCIﬁdnﬁMS—c@ed pE8NCEM MaRiclS! wire packed

SR Ao LELEBTAE 4o e a8 Ll v

pﬁlb]?ﬂ&betﬁegé@]}cad 1?%0%?21 HPLG ;U)dvhﬂﬂﬁsl 1) 461&11%205?#&1% using 2
surt a IT1catl O ure or was

cqrﬂ@ﬁrcefigﬁ@yé@adg% o TMRscRRRed ‘aﬁ@éﬁ TgMese pBimms successtully
sepakikdll Biacit qsua@ehe%sﬁhtﬁmﬁee&mlﬁhé M}\/{%}nép&rﬂbﬁﬁg ¥ymmetrical

|ntrodu0|ng hexanet'hyl di si | azane MDS) under vacuu
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ehoved under vacu cappi ng ¢
X ﬂer)fxmnl;rwdltwh) hlespith S ehicetet cobtmmifengfh. gThie d@pld be attributed to the

much higher sorface area of MCF-3 compared to commercial silica. TMS-capped C8-

MCF-3 reverse column gave rise to slightly broader peaks compared to the commercial
reverse column. Sharper peaks with Jess tailing could be obtained by optimizing the
| reaction conditions and the packing parameters of spherical MCF particles.

The TMS-capped C8-MCF-4 reverse column also showed four completely
separated, symmetrical peaks. It gave rise to shorter peak retention times than TMS-
capped C8-MCF-3 reverse colummn (Figure 9), due to the larger pore sizes and lower
surface arca of MCF-4.

The TMS—cappéd C18-MCF-4 reverse column successfully separated 27°-
deoxyguanosin (dG), 2’-deoxyadenosine (dA), 2’-deoxycytidine (dC), and 3°-
deoxythymidine (dT); four non-overlapping, symmetrical peaks were obtained in the



TVS- capped C8- MCF-3 and TMs- capped C8- MCF-4 showed

carbon contents of 15% and 13.4% respectively. The
wdizbdeassaiges i n carbon | oadi ng coul d be attri bBRCESGRL@5/000194

the differences in the BET surface areas between

spherical MCF-3 and MCF-4 paggicles (701 n2/g vs. 561

n2/g) (see Table 1). h contrast, commercial C8-silica

usual ly has a carbon | oading of < 10% TMs-O 8- MCF-4
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precursor particles between about 2 and about 50 microns in diameter therein.

6. The process of claim 1 wherein the regular shaped particles of solid foam are
spherical.
7 The process of claim 1 comprising adding a pore size control agent to the

second mixtare before aging the second mixture.

8. The process of claim 7 wherein the pore size control agent comprises a
fluoride.
9. The process of claim 1 additionally comprising the step of separating the

particles of solid foam from a liquid in which they are dispersed.
- 10. The process of claim 9 additionally comprising forming a mixture of an
alkoxide of an additional metal and the regular shaped particles of solid foam in a solvent
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22, The regular shaped particles of claim 15 wherein the particles are
hydrophobic.

23.  Regular shaped particles of solid foam when made by the process of claim 1.

24, A process for preparing ap HPLC column or 3 GPC column comprising at
least partially filling a housing with regular shaped particles of solid foam, said particles
being made by the process of claim 1.

25. An HPLC column or a GPC column when made by the process of claim 24,

26. A method for separating a mixture of compounds comprising applying the
mixture of compounds to an HPLC or GPC column comprising regular shaped particles
of solid foam, said particles being made by the process of claim 1.

27. A packed bed reactor comprising regular shaped particles of solid foam, said

particles being made by the process of claim 1-



is selected fromthe group consisting of silica foam
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particles are spherical. 8. The regul ar shaped

particles of claim15 whereigy the foamis nesoporous.

19 The regul ar shaped particles of claim15 wherein

the foam conprises cell-like mesopores connected
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claiml. 24. A process for preparing an HPLC col um or

GPC col um conprising at |east partially filling a

housing with regul ar shaped particles of solid foam

said particles being nade by the process of claiml.

25. Ah HPLC col umm or a GPC col um when nade by the

process of claim24. 26. A nmethod for separating a

m xture of conpounds conprising applying the m xture

of conpounds to an HPLC or GPC col utm conpri si ng

regul ar shaped particles of solid foam said particles

bei ng made by the process of claim1l. 27. A packed bed

reactor conprising regular shaped particles of solid

foam said particles being made by the process of

claiml -28. A solid catal yst conprising regular

shaped particles of solid foamand a catal ytic

mat eri al adsorbed or inmmobilised in said foam said

particles being nmade by the process of claim1. 29. A

nmet hod for catalyzing a reaction of a starting

material to a product conprising exposing the starting

material to the solid catal yst of claim 28.



