Mbsocel | ul ar Foam Parti.cles The present invention
relates to nmesocel lular foam particles, processes for
.synt hesi zing them and applications for using them
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Summary of the Invention
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In a first aspect, there i-s provided a process for making regular shaped particles of solid foam

comprising:

preparing a first mixture comprlsmg water, an acid, a surfactant and a hydrophoblc

material;

- combining a hydrolysable silicon species having 4 hydrolysable groups per

molecule with the first mixture to form a second mixture;

" maintaining the second mixture without ekternally applied' agitation uader

conditions and for a sufficient time to form regular shaped precursor particles; and

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

regular shaped particles of solid foam.



. I'n one enbodi nent there is provided a process for
meking regul ar shaped particles of solid foam
conprising: preparing a first mxture conprising
water, an acid, a surfactant and a hydrophobic
niaterial: conbining—a hydlol ysabl e silicon species
wth the first mxture to forma second m xture,
mai nt ai ni ng the second m xture under conditions and

- for a sufficient time to formregular shaped
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tenperature and for a tine effective to produce the
mnm&umﬁmﬂﬁﬁa@@dxaﬁﬁﬂﬁcles of solid foam 2 The
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emul S5 m croemul sion or a dispersion. The _ :
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partigles sHBpeclesanidl fichfirstt mAGreriodiorans seoond
. between a 2 and about 50 microns. The regul ar

shapsumpmacursor particles may be porous (for exanple
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sane. e as the partlg&%@% solid foam The shape

of thbetegg‘mséﬂpe@ﬁ’a’ﬁ‘él&s 8% particles, and,
I ndependent |y, of the particles of solid foan1 may be
spherical, or may be sone other shape. The precursor .
particles may conprise silica particles,
alum nosilicate particles or sone other S|I|con
cont ai ni ng, pani-cles. The solid foam may conprise.
" silica foam aluminosilicate foam or sone ot her
silicon contalnlng foam and may conprise nesoporous
'silica or aluminosilicate foam -~ The process may
conpri se the step- of adding a pore 'size control:
agent. The pore size control agent may be added-
~before, during or after the step of maintaining the
second m xture to formthe precursor particles.
The step of preparing the first mxture may conprise
preparing an acidic solution of the surfactant, and
conbi ni ng*"t he hydrophobic material with the acidic
solution of the surfactant to-formthe first mxture.
“Alternatively it may conprise preparing a nixture of
the surfactant and the hydrophobic material and then
adding the acid, or it may conprise preparing a
m xture of the acid and the hydr ophobi ¢ materi al and

then adding the surfactant. After formation of the
first mxture, it .may be mxed, stirred, swrled, 7
shaken, sonicated or otherw se agitated. After the

step of adding the hydrolysable silicon species to
the first mxture.to font the second m xture, the
second m xture may be maintained at a particul ar
‘tenperature for a suitable tinme before aging. Before
the mai ntaining, the second nmixture nmay be briefly

m xed, stirred, swirled, shaken, sonicated or

ot herw se agitated, for exanple for between about I
and about 10 m nutes. The conditions of the

.mai ntaining may be without agitation, or wthout
externally applied agitation, or may be with
sufficiently mld agitation as to allow formation of
the regul ar shaped precursor particles. During said
mai nt ai ni ng, the second m xture may be static, or may
-be not m xed, not stirred, not swirled, not shaken
and not sonicated. The particular tenperature and
suitable tinme may be sufficient for formati on of the
regul ar shaped precursor particles. The regul ar
shaped precursor particles may be between about- 1 and
-about 20 microns, or between about 2 and :



3 about 50 mcrons, in dianmeter. They may be

spherical or sonme other regular shape. The particul ar

tenperature nmay be between about 20 and about 60C.

The suitable tinme may be between about 5 and about 50
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m xture to formthe precursor particles, the second

m xture is aged at a tenperature and for a time

effective to produce the regul ar shaped particles of

solid foam The tenperature may be above anbi ent
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added neat. If it is added in solution, the
concentration of the solution maybe between about 0.1
and about 2% w w. The pore size control agent nay be
added to the second m xture at between about 100 and
about 1000ppm (W w or viriv). The process nay
additionally conprise the step of separating the



conmbi ning a hydrol ysable silicon species with the

first mxture to forma second m xture; naintaining

t he second m xture under conditions and for a

sufficient tinme to form spherical precursor particles
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m xture at a tenperature and for a tine effective to

produce the spherical partiixles of silica foam In

anot her enbodi nent there is provided a process for

maki ng spherical particles of silica foam conprising;
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The surfactant may be non-ionic, and may be polymeric. It may comprise a block

copolymer. The concentration of the surfactant in the first mixture may be between about
1 and about 10% wiv, .
The acid may be & stropg acid. It may be a mineral acid or an organic acid. The
. concentration of the acid in the first mxxture may be between about 1 and about 10% w/v.
The hydrophobic material may be a hydrophobic liquid. It may be a swelling agent,
The concentration of the hydrophobic material in the first mixture may be between about

1 and about 10% w/v or v/iv.

The hydrolysable silicon speci¢s may be a hydrolysable silage, a disiloxane having
hiydro}ysable groups or it may be an oligosiloxane having hydrolysable groups. It may
have more than 2 hydrelysable groups per molecule. The concentration of hydrolysable
silicon species in the second mixture may be between about 1 and about 25% wiv or viv.
The hydrolysable silicon species may optionally be combined with a hydrolysable metal
species, for example a metal allcoxide such as a metal methoxide, metal ethoxide, metal
isopropoxide or metal t-butoxide. The metal may be for example alvminium, titanium,
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



aging the second mxture at a tenperature and for a
time effective to produce the spherical particles of
silica foamdispersed in a liquid; separating the
spherical particles of silica foam from the | i
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silica foam formng a third m xtuje conprising an
al I coxi de of an additional netal and the spherical
particles of silica foamin absol ute ethanol; and
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Skldefof RRAMEAMERLS kY be incorporated into the repalar shaped particles of
solid foam afier the regular shaped particles have been formed {(e.g. after the step of
heating the particles). This may be accomplished by forming a mixture of an alkoxide of
the additional metal and the regular particles in a solvent, for example absolute ethanol.
The mixture may be heated, for example refluxed, and may be heated for sufficient time
to incerporate an oxide of the additional metal into the regular shaped particles. The
regular shaped particles may then be filtered and dried. Suitable additional metals include
aluminiuim, tin, lead, titanium and vanadium, i.e additional metal oxides such as alumina,
titania or vanadia may be incorporated into the regular shaped particles.
In an embodiment, there is provided a process for making spherical particles of silica

foam comprising:

- prepating an acidic solntion of a surfactant; and

- 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
nixture; ,

- maintaining the second mixture vuder conditions and for a. sufficient- time to
form spherical precirsor particles in the second mixture; and



preparing a first m xture conprising water, an acid,

a surfactant and a hydrophobic Material; - conbining

a hydrol ysable silicon species with the first
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size control agent to the second m xture; aging the

second m xture at a tenperature and for gfgec du
ef-f eagingdhe mmmmﬂ@het%@weam Tor ptimy gitechys to produce

Sili hida Fodkn 1 QUi d; separatlngthe
Cphett SHACHRRRRL BFiisty

I cl es of silica foa theIJ ¢
He andthey mdmméﬂw@aﬁ pivxidet @|pEeceHt °’é *&gﬁfﬁtpa%ges 0
ﬂh&%@cﬁgg‘%?ésooc and hydr ophobi ng t he spherl caI

par silica foam _ In a seeond as

t hrer propasingr aviinge dniky IWP@W&&O@W%F‘F i kst

f oam, VI ng a pore size suchr as to be
Sui ta%?‘zﬂbgor

use as an_HPLC packin terial aid
par t tashldninp a hydrohysehic Blconisaecs SEdd g g*gt R Bﬂ‘%i“ﬁ apprond

flrsﬁﬁﬂégect I n anot her enbodi nent there is

provided Tegul ar shaped particl es of d fo

f oanmnwmnw awpiﬁfs@dsm%u% i 2l a?@n%mﬁémgs’!e’f Pafm%g’}%s ¢ to
use éﬁp r&hursot) hﬂﬁs%h&ﬁhﬁlue The foam May

conprlse ce I nce mesopores conneg e V*di dows of

a -s maiingthassegend midiraehf ety gud
gr eapgr ﬁehb@él[ﬁﬁle oﬁﬁﬁéfoﬁﬁdﬁﬁ@@eﬂ% ah a about I nm

It rray n a out a ou ‘-'Eg (ﬁet ween
abousepanting e aphs e ’& ayf

aboupe,plE ﬂﬁ‘sphfﬂca]%cﬁ@ oﬂammmwlmﬁmmmy
conprise sillica, alumnosjlicate o P\@J&&Cadocﬁé’ﬁﬁ
& Fathar cmpagipea’ TEFeLR PRV @rePos: for PERE SRR

YoefA? BRNGE SRR RERPRIEUS Silica- The particles may

ave a nean particle dianmeter of between, about
alyouPTeRYINg Er%ﬁ% IO CORERS I, STHET 2 ({1 5T Prfg%m% aud 2
M cr pRfephdbR 1ddal;Cl €s may have a narrow particle ’
Site dIStI‘IthO S
ALACEAL T RUT T T T A pe i T e
be hydiep hObI c. If they are hydrophobic, they may
have a) kyl. aryl groups on thei urf
di“scge ‘B“%Fl?os'%‘?'ﬁ\%n c?’g&rreg {“m% E‘s“ﬁapea part fept. fimg to
of  sRmhdpharRi prbtionpaticlisyin theprand saxture;

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

the spherical particles of sjlica foam dispersed in a liquid;
- separating the spherical pasticles of silica foam from the liquid;
- heating the spherical particles of silica foam to at least about 500°C;

- cooling the spherical particlés of silica foam;
- fornting a third mixture comprising an alkoxide of an edditional metal and the
spherical particles of sitica foam in absolute ethanol; and
- heating the third mixtore for sufficient time to incorporate an oxide of the
additional metal into the regular shaped particles.
The repular shaped particies having the oxide of the additional metal incorporated therein
wmay then be fltered and dried.



as defined above. 1In a third aspect, there is

provi ded a process for preparing an HPLC columm or a -
GPC colum conmprising at |east partially filling a
housing with regul ar shaped particles of solid foam
sai d particles being nmade by the process of the first
aspect. The housing may have neans to prevent the
particles fromexiting the hgusing.” The nmoms may
comprise for exanple a filter, a flit or some other
-porous mat eri al The nmeans may- have a pore size
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g‘spect of. the
- prepaiig o fist mixture comprising Water, an acid, a surfactant and a -

hydmphoblc siaterial;

- combuung a hydrolysable silicon Specxes with the first mixhure to form a secoud '
mixtoge; |

- maintaining the second mixture under conditions, at a temperature and for 2

| time sufficient for formation.of sPh;:rica} precursor particles in the mixture;

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

~ aging the sscond mixture at 2 temperature and for a tims effective to produce
the spherical particles of silica foam dlspersad in a liquid;

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

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

- hydrophobing the spherical particles of silica foam. '

In a second aspect, there is provided regular shaped particles of solid foam, said foam having a

"o_

pore size such as to be suitable fori use as an HPLC packing material, said particles being made by the

process as defined in the first aspect.



present disclosure. In another enbodi nent there is
provi ded the use of regular shaped particles of solid
foam as a catal ytic support. The catal ytic support
may be for exanple used |@1a packed bed reactor. The
particles may be regul ar shaped particles of solid
foam for exanple silica foam according to the
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CHAN O ﬁﬁg sa;gmhgh ﬁg:otbhe;mmbid for @seods an HPLC or GPC
cor hpounds, to an HPLC

 pesking SRk 3B o9a PP BT TSR S ) by windows of
Pahdlicr ki8S THSInkeh PoRel Sizbyi thh &eﬂf nepisssreser b dhved Som, orfgzeater

first as ect . In a.s '
e gy HOTER. fammsebe b SencRps “’bda %Eﬁg'ﬁc‘ts‘.’.‘"r‘%{g‘ ?ééta’ sbout 10 and
SRAPRAmAE birkbbolt 290k dbd 300m dandy lpmnmptbrw 'ﬂm ﬁ:gn may

made by the process of the spe
ePEIPESe zﬂl%éh’g‘m@“’ﬁf‘t&\ﬂrcf@&aé{ Bﬁswgﬁég?egﬁa %}P%s r| s tm or

regul ar shaped .particles of solid foan1and a ,
catalytic material adsorbed or imobilized in said
foam said particles being made by the process as

- defined in the first aspect. I n anot her

- enbodi nent there is provided a solid catal yst _
conprising regular shaped particles of solid foam and
a catalytic material adsorbed or inmmobilized on
and/or in said foam 1In an eighth-aspect, there is
provi ded a nethod for -catal yzing a reaction of a
starting material to a product conprising exposing
the starting material to a solid catalyst according
to the seventh aspect The starting material nmy be

-



“in solution in a solvent. The nethod nay additi Onal'lly
conprise the step of separating the catalyst fromthe
solvent. Brief Description of the Drawi ngs A -

preferred formof the present invention will now be
descri bed. by way of exanple with reference to the
acconpanyi ng draw ngs whergin' @ Figure 1is a

scanni ng el ectron m crograph (SEM of conventi onal
MCF. particles made without addition of NH4F; Figure 2 -

is an SEMmcrog hof spher -
188 955 BB OTRESRS | g%%&% ‘J’ar?p%gﬁf%ﬁpgé‘ﬂ? -
SHInGEOM R R by AQ AT £ a’bﬁd zepmemm bekgsia2abpu 2 e é@u&e@

descri bed in the exanple rna 0 |t|
migrens; TR gstides4 meYi PR SENPRY Hf"g"é a%%’ H‘ﬁﬁ’%g El”“‘%?’a‘?&
s;%%ﬁ;a% le‘ &% 65nd 3G sHabd. hméy ridl ) hydrdphithg o ﬂfefrm@abe
: particles (aged wth NH4F129, élﬁ%gescrl bed |n f}?w
hydrghelie: If icy are hgdropholis, By maX) Hags &b g i g
S@@%ﬁrlcal I\/CF4part|cIes (a) before and (b) after -
agi'ng. at 100C wi t'h. NHAF, as described in.-the eﬁ< rrrrPI e;
" Fi guihe dﬁclosyrealsgpl@pxﬁesSf%WUJ?gShﬁrPftdrPH@@?? of solid foam when made by a process
n- desorption isotherns 01(a) spherl cal MCF-3 :
ﬁﬁgﬁrt%?gtf&gg (aged w thout NH4F and (b sgherlcal
l\/ﬂ“ﬂa thlrp amtpt,dh@csls preyided Hpredes eparing a“

oohzmn or & GPC column comprising af lesst paxtxally ﬁllmg ] housmg with regula.r
shaped particles of sohd foam, said particles being made by the process of the first aspect. . 7‘ . -. B

- 'The housing may have. meaus {:o prevent. the perticles from mﬁ the hon&ng The. means may
compnse for cxmple a filter, 2 fiit or some other porous material, The meaus may have 1 pore sizb

smaller than the paxtc.las. The means and the housmg may be capable of 3 mthstandmg the pressum )

used in the co!umn They may be capable of vnthstandmg a pressure of af Icast sbout mMPa

' The at least partxally ﬁlhng may wmpnse fomung amxxm:e, for example a shury, of the parhcles
thh a ﬁ]lmg hqmd and !ocatmg thc mixtne in the bousing. The pmc_ess may aIgg compnse~
mcresding | ﬂle pressure within the housing X4 ﬁlbng presmn'c _ .
passmg asecond hqmd ihrough the housmg atﬂleﬁllmg Pmmrc; anﬂ

--— reducmg the prwsm‘e within thc hm:smg to ﬂmblmf presswa
the fi!hng hqmd, orit maybe d]ffcrent fromthe -

‘The second. hqmd may be the same as

- second hqmd _
" In a fourth aspect there is provic ided an HPLC column or & GPC column when made by the

- process of the third aspect.

In ariother embodiment there is pr0v1ded a method for

separating a mixture of compouvnds eomprising the step of applymg the mixtore of oompounds to

an HPLC or GPC column comprising regular shaped, for example spheqcal, particles of solid foam

t'of the
: according to the present disclosure. The column may be prepared by the process of the third aépec 0

present disclosure. '
In another embodiment there is
The catalytic support may bs for example used in &

provided the use of regular shaped particles

of solid foam as a catelytic support. . ' : |
packed bed reactor, The particles may be regnlar shaped particles of solid foam, for

ili in - isclosure.
example silica foam, according to the present disc .



Figure 71% an 1, nit spectrum of C8-MCF-3, as
‘described in the exanple; 8a Figure 8 is a

di agrammatic representation of a set-up for the TMV5
“cappi ng of CB8-MCF sanples as described iu the
exanple; and Figure 9 is g graph illustrating
separation of uracil, benZene, naphthal ene and

bi phenyl over reverse colums of (a) TMs-capped
C8-MCF-3, (b) TMs-capped C8-MCF-4, and (c)

Adso here XL egnirftink Beniaxnawptenpolridgeinerising appl ing

8113[{[ %Fta ?{e {S prov%%d Qﬁ‘lg’lﬁédﬁ P E P n@ g applying

ustratl n separ ation of
thE mm@mgmm itqan(FREC, or$ Wég@p{gglg ﬁ%gutaﬂ%aped patticles of solid

f% %%1 )ﬁé&éfeggélfggm(ag@y h@ﬁ:‘goc%ss Q%ﬁﬁ@dﬁﬂ méjﬁ@?as§éﬂt)

ase CO packed with

mesocel | ul ar foampartjcles d narticles of -

v e AR L R B NErc B SRk prictes o

sake foaf, &Jcmmclés Eeingmmade bbhe pamgss Wthﬁ’efrrg aspgst- descri bed in -
the exanple. Detailed Description of the Preferred

Enbodi ments The process, for I laQEh ed particles of
si | is asdveantnaspect ﬁlemlfrﬁo‘flﬁfdtaﬁglr%m%lg gt %? IHESQHH\}Ie@r%r Fould Shap

| RS £d sr3immiobikted iresaid |S§1i icles being made by
. Q%E?p cg%cata.gfﬁce Rk} 9dsBrb i PR H@t‘ o

a surfactant and a hydrophobic .

| tk{é%&&%ésasls defiulh MicRrsiashactir of ysabl e silicon speci‘es
wi'th the first mxture.to forma second m xture;

mai nfnaah&hé? ImbdiBm& L iRnds ﬁﬂoiﬁﬁw esolihchenystwnaiisipomeilaspped partlcles of

f Or %‘%ﬁqﬂ%ﬁ%]@%ﬁ{gﬁd or mrz?ncr»b%%(li & an%@fﬁ%%d foam.

‘In an elghth aspect, there is prov1ded a method for catalyzmg a
- reaction of 8 starhng material 0 a product compnsmg exposmg the startmg iriaterinl toa’ _
. . solid catalyst accordmg to the seventh aspect The starting matenal may be . _
i solutionin a solvent. The mefhod may add:tmnally compnse the step of scparatmg the;

catalys’t fmm the solvent.

_ Br;ef Descrlp tion of the Drawmgs
A preferfed form of the prwe.nt mvennon will now be ds:scribed by way of e,xamP}e -

: mth reference to the accompanying drawings whérein;
F:gum 1 is a scanning elactron mmmgraph (SEM) of mnvennonal MCF parbclw made

without addition of NHF; :
Figure 2 is an SEM micrograph of spherical MCF-1 particles as described in the examp]e-

' Figure 3 is an SEM micrograph of ageregated spherical MCF-2 parficles as described in
fhe example'made without sddition of NE4F;
Figure 4 shows SEM mierogrephs of (a) spherical MCF-3 paruclcs (aged without NHJ)
and (’b) spherical MCF-4 particles (aged with NH.F), as described in the example;
Figure 5 shows optical microscope images of spherical MCF-4 parficles (a) before and (b)
after aging at 100°C with NHJF, as dcscn"bed in the f:xamplc

_Figure 6 is a graph showing nitro gen adsorption-desorption isotherms of (2) sphencal
MCE-3 particles {aged without NH4F), and (b) spherical MCF—4 particies (aged with

NH4F); S
' Figure 7 is an FTIR spectrum of C8-MCF-3, as described in the example;



aging the second m xture at a tenperature and for a
time effective to produce the regul ar shaped
particles of solid foam - The first m xture nay be
stirred, shaken, agitatedfaswirled, sonicated for a
suitable tine and at a suitable tenperature before-
conbining with the hydrol ysable silicon species (e.qg.
after addition of the hydrophobic naterial) The

. | gﬂ?s
B %Buérgqrﬁa E &rmre g§1an 10 urs ngpla% ﬂ»ﬁ:F
Wm&qscabmﬂpmm@wdz and 10, 5 and 10, 0.5 and
Fi sta@aphqn&um% sépm-&,oa d@lu;’acafbc&eée ﬁiziﬁsﬂﬁleﬁe E}Mﬁhenyl

and may be for a
oveg reyerss colgmgs ofs) W@%ﬂpeﬂﬁ%mg 3 4l MS@%PB@%C%M%%

¢ b\%& Jbe uﬁ&%ﬂﬁmg&%ﬁ]@ may be between about
© Jwa 03?”60C or between about 20 nd 50, 2 and

Flsw amhébsfrmg srraraon obd- Bo5p (49 rf%ﬁoaaéenom
. (dﬁg@-d'@i(yxﬂﬁdﬁ@@@ 248 3’ 3RxyBPmidR d’ﬁp,smg%wea@phéé c8lhmms
C, or iy be sone other enperature, e.g. greater

t han about 60C. It will be understood that the step
of preparing the first mxture may conprise adding
the conponents in many different orders. For. exanpl e
“the hydrophobic material maybe added to a m xture of
water, the acid and the surfactant The surfactant nay
be dlssolved or dispersed in water, the add added,
and then the hydrophobic materi al added, or water,
the acid and the hydrophobic material may be conbi ned
and the surfactant added, or the water and acid may
be conbi ned, the sur f act ant di ssol ved or dispersed in
this conblnatlon and the hydrophobic material added
to the solution or .dispersion. The present invention
enconpasses all of the different orders of addition
for preparing the first mxture. 10 In-the
present invention, various steps of agitation are or
may be use& The net hod enpl oyed for these steps is
not critical and any comonly used agitation

equi pnent, such as a bl ade or paddl e m xer,

mechani cal stirrer, magnetic stirrer etc. is

sui t abl e. After the step of adding the

hydrol ysabl e silicon species to the first mxture to
formthe second m xture, the second m xture may be
mai ntai ned at a particular tenperature for a suitable
time before aging. Before the maintaining, the second
m xture may be briefly mxed, stirred, swirled,
shaken, sonicated or othermnse agitated, for exanple
for between about 1 and about 10 m nutes. During said
mai nt ai ni ng, the second m xture may be static, or may
be not m xed, not stirred,. not swirled, not shaken
and not sonicated, and may be mai ntai ned w thout
agitation_ It may be maintained with sufficiently
mld agitation as to allow formation of the regul ar
shaped precursor particles. For exanple the second

m xture may be mldly stirred or swirled, provided
that the swirling or stirring is sufficientlymld to
allow formati on of the regul ar shaped precursor
particles. The second nmi xture may be nmi ntai ned

wi thout externally applied agitation. It will be.
understood that even w thout externally applied
agitation, a mixture nay be agitated, as a result of
Browni an notion of droplets, particles etc, in the

m xture, and to convection currents due to
tenperature differences within the m xture. The

m xture nmay be agitated or stirred under |ow shear,
for exanple using a magnetic or nechanical stirrer.
The stirring rate may be | ess than about 10 'pm or
Iess t han about 5, 2, 1, O 5 or 0.1 Iom1 or |t _may be




175, 180, 185, 190, 195 or 200C or may be greater

t han 200C. The tenperature nay be insufficient to

boil any of the conponents of the second m xture

under the conditions (e.g. pressure) pertaining

duri he step of aging. The tinme may be petMER9s/000194
‘ng&ﬁﬁgﬁ%and about 48 hours, or betmeen'abou? 1 and

24, 1 and 12, 1 and 6,6 ang 48,6 and 36,6 and 24, 6
~and 12, 12 and 48,24 and 48, 12 and 26, 12 and 36, 18

and 30, 20 and 28 22 and 26 or 18 and 30 hours, and

may be about 15,,.18 1
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regular shaped, for exanpl e spherical,
‘%%W@mﬁgolld foamare formed. It will be
understood that the reaction (i.e. production of the

regul ar YAGRY Pasdription widhe Fodfoded Emﬁoa%bmsi' n )

general proceed at a higher r te (i.e sho

t i by pracess for mildng pastigles of drslice oo, &@OW & présea iavention
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map %2“8’3’1“32?338??3 ”15"’“‘”35“ gy S‘m”"ﬁ”gsw’d’””"’ o
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b 2os A0 35 4505 S O o B b Qo e, e
grehter 813H 2DRYH 60°T. l}@ﬁrﬂﬂ%ﬁnﬁlbmﬂod Bhab therstkpatf preparing the first mixture

betmeen about 0.6 and 4 6 and nd
g, coraitie GoAE-Hg oSS ) BANG St SpG’ bt me
hyrﬂo}%mbile Ratérill ny bé a@deﬁﬂd a Ifxture.of vaterd the Bidomd ﬁ:e?sudmm The

may be apout /5 0, 8,
'suriacant Py, by dssolyeg, flgﬁ’mfg?é‘ vl t?‘5-3)9"“’“‘2 %ddfa’s od Shek the
hoﬁlc fiaterifll adSed,/brSNatérabﬂleeaﬂdJ ahd teanidraphgbit @'xaﬁmal may be

ytﬁﬁp
exa Oﬁgégg’ftﬂ%f%fﬁg é?%’ %&9 %%@ff‘ﬁéﬁyhe concentf?%m&ﬁam

dis&:flvédhﬁ' Sibifeksea tianhis icombivetidr pst thei hytrpplkobrmapatsdalpeddggd &h the
about and about 1000 by
solubep %’ ?%5 PERE™ 1 %\(’mgmg%ndg%:l%&aﬁg&éﬁg r@l angrd%r%of
mwwmhﬁmpﬁmﬁmgMEﬁmxmmﬁma 2, 3, 3.5, 4, 4.5, 5, 5.5, 6,
6.5, 7, 8,9 or 10% W v. The acid may be a strong
acid. It may be a mneral acid, for exanple
hydrochl oric acid, sulfuric acid or phosphoric acid,
or may be an organic acid such as trifluoroacetic
acid or nethanesul fonic acid. The concentration of
the acid in the first m xture nmay be between about 1
and about 10% w v, or maybe betmeen about 1 and 5 1




14 fluoride (where the al kyl group may be any

conveni ent al kyl group, for exanple CI to C6 or

greater branched or straight chain al kyl such as

nmet hyl, ethyl, propyl, butyl or a mxture of alk
WOBHSI 1t may be added in solution, for &kARFE 5""“"194

aqueous solution, and the concentration of the

sol ution may be between abddt OA and about 2% w v, or .

bet ween about 0.2 and 0.8; 0,3 and 0.7, 0.4 and 0.6,

QA and 03, 0.1 and 1, 0.1 and 0.5, 0.5 and 2, 1 and
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en about 1 and 1 and 4
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eand t he partlcles |n a solvent, such as an
aIcohoI. The al cohol may be nethanol, et hanol ,

" propanol, isopropanol, butanol or sone other suitable
al cohol. It may be absolute ethanol. The m xture nmay
then be heated to a tenperature between about 50 and
about 150C, or between about 50 and 120,50 and 100, 50
and 80, 80 and 150, 100 and 150, 120 and 150, 60 and
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17 25, 20, 15, 10 or 5% of particles having a

particle size nore than 10% different fromthe nean
particle size, and may be about 1, 2, 3,4, 5, 10, 15,

20, 25, 30, 35, 40, 45 or 50% of particles havin

WY BPE9si ze nore than 10% different fron1PﬁE$ﬁg@ﬂmm“”
particle size. The particles of solid foam may be
spherical, or they may be sone ot her shape, such as
ovoid, ellipsoid, cubic, rhonboidal, prismatic, or
paraIIeIeplped (for exanple rectangular

pi Afbd tbt egp pEobpintaliisg thersecond emxm&ytokfmnhﬂﬂrm@brsbr parteles, the

sball5 e} pUHR T RSaT ol et S K B SR §6'rbctuce
tgr o) shaped prryicleg o Heoiia f(!érmﬂ‘hexa:wm nagibabytveed sHout 30 and

R APTLHrore e bl AT B o DG A3, ggyand 150,

40 rndi P, 50 aud xewamaaw Iaﬁ;mdnd 120,199and 6L, 95 ancok05astEa 100, 100

S0 B, SLRlab, 50 w1 8 PHERa TR G110 3p'sBh 10,0

ambl 0 60 aadrE0Hp 0180190 19 los DO yikd ms&t;md aunyttioabout 30, 34,
4§,45986 83 60T BE 70 él,%g %a T3 GO 12(? é?r%: 1:20,Lf2‘§ezz38 135, 140,

r'nesop ores ’conne
lfﬁgémalﬁﬁol@?’f 16hel78) V55, dﬂﬁtlﬁ%é 1885 b900re2N0NN dr tap be igreter than

20 T P AR B G 4R 30 of s BBl Bt secons

mixtareamder thescohditidng (e greksnds) pertdnisy duthg3hd stoy oﬁagin@ﬁ‘lie time

uigy B OB Enlth R W0, B gniinpond s g1 gl 1, 1 anc
6. Somet 43¢ hend 3@ Binod 24 Hearslol?] 2 mm‘a?& trhgndriBy €2 swhs, 2 MMG 18
w58 U, TS, FATE, Lk B St P S'E, 12

reater
15118n21, 34, 3k, 88tk 42 lonAd hmwrlt mﬂm greatenrthyn foubdt hueen The

R g g ARl Al be R 0GR RN SRR o PQenly ptices

-Ofaﬁ@&id Foam IE farned2 @, willsbepflensod 1t Aedreadtion [he. gwafiuction of the
re%lg &%ﬁﬂrﬂcﬂ& di‘rso]%&) f@iﬁ Wil gﬁé@a@ fww asﬂgél‘fei%é( i:% ina
shoder tine) agar,hlgg@ ier{g@ratm@ ’I‘hpg h:g:(jem RiNgE) evggthosp@xcﬁpﬁmg those
dé&ibe& abovaOmay B Red, ]aQQ hdhy-reshft §n RAES éh@lt&sthmoéa%&%nﬁed above

distribution of dif erent w ndow si zes. The different

bejiien @Hetive | wegrofase Hie pevlE ethepfiso prrticles of dsoiléoﬁniaw Similarly
teﬂ; fafts 1bwéraRar Mibsd | 04ErtRdRDL e ¥Rl BERsdA aﬂﬁh aﬁai&ngw

and about 5 cras/g, or bhetween abouf O. and
10%&?& aging (imes Ry be reﬂuaﬁ& pyssibly Jopper than t%ma @ﬂmi?e%ﬂapv@ 'f’he

- seéonﬁ"iﬂixﬁn'e %aff‘ B a %bd v%ﬂﬁ)u@ ﬁﬁtaa ]1:e5wﬁli%t Hirfing, Zhanky, %w:ri'lmg or

4 or 4, an may have a pore vol une
ﬂmﬂ;ﬁ wtstmge %, wrshvpt @tt%nalbr oppligd agitgtiong Jp may Be aged) with
su%v%n nﬁld n%xtz?hon:hg io é’lkﬂv fo?mat?on]of tife rggul% sﬁapca p?ecu@erﬁmrhcles

. , Or nore
Fﬁr waﬁm sotbﬂ sepapd W"Tﬂ’éy &Srmﬂ@v e‘3§ffﬁ%§’r @W@dap@t%l&‘? fheg the
swilih o€ Qirdi e seffickaty\nsid zamw& f&ﬁ@n@r& tid¥eplar ddursor

ween bo it 100 .and 200, an
pasfsi, TS GERm BT s s S AL and

8Pkk :ﬁx@@ct&ftdnﬂm 250 el 56 RiAE & 188y CheG0ex ample sdlimeric non-
750 70 and_.730 or, 690:and

d 800, 650 d
tongd GuBPagt 1L HOEY SRR, QYO G o 6 pBle OGS, ride
and/6P probﬁ&uc Zﬂﬂc #oihs. mmay%ﬁlpnéé)@n 659@(1&:’ dene oxide

550, , 560 8 580,
B350 GBgmi or, STkt Fndh eongfime gy h??f% ’8’""721“83”’0
coptdfinery 8 mzﬁ Be u:&ﬂ(inch&‘&ﬂhoéaeﬁth OB0;BOY afi O 0D g dter, thay abivay0.6.
have a specific surface area of |ess than about 100
or greater than about 1000n2/g. The invention al so
provi des a process for preparing an HPLC columm or a
CPC colum conprising at |east partially filling a
housi ng with regul ar shaped, for exanple spherical,
particles of solid foam according to the present



Exanpl e; Synthesis and Functionalization of Spherical
MCF Particles Spherical IvlICF particles were
synt hesi zed by nodifying the conventional tvlCF

wj%/nt hesis method. 4 g of triblock copolynmer P123 were
HEPIHHE in an acidic solution (10 m of HESHPERRHI001M

m of 1420). 3.4 m of trirnethyl benzene (TMB) were
then added and the resulti nézsol ution was heated to

37-40C W|th VI gorous stirring. After 2 hr of
1§t| rring of tetraet hoxyS| | ane (TECS) were
adEHEGy ﬁﬁmsifl%f P%Wt@r thap phopt 0.THR8.4bY ot 1. Ad way be between about

t@“@@%@ﬁtrse Or b@wadh AUMIALE M4, 03NEhaAY e@.‘ aaa 2,4%&‘9@ a%@s 3 and

hr under a static condition. It was then a

5707 AT 105 ko0 CL LS B St i R S ] B &f e T, and
nﬁ?%@%&h@ow e 0.3Nslo ot mnph 1.8, qirsl @si 1.7 hezsmm 199 2,2.5,

owder obt ai ned was’ cal ¢i ned air 6i 50C for

sT%5=| h st A witapls surlactapbmag b F xarpp ﬁ-&mpﬁ’%@fﬂmw é?lmmc
Pwt BASPRSr 3P0/ @nbhicanany mms; Oﬁfbgbdﬁgecﬁﬁanon of the

100C. he ot her guocedures renmaj ned the same

sghstopt Bele gaixiore may;bgdetyaep @post clhfiw&r%?gm %ﬂf’e%sor may be

bét&eéh ARuPDhR 4) i%dfzumeﬁd )3l ad @0, zsmerrérqadndwwfv and may be
particles. Triet amne (0,418 3 mmol ) was added
abogt 33230k 4y éhgﬁér Qddhi ngi’()“%w&f t ol uene.

Dl il @5 Vb GIUBH© 801 0 oo oA Bisbhl a5/ TGP chark8 hfdi6horic

added to t m xture. er stirring_at room
aqirykprEg awé OF abosahmc acich @1 ma%t 98 REEIGit Bigh af tiftnoroacetic

a3 8F Rlefihesnifhific %‘mf Tm&dneaa.lahg@af {h¥ a6 M fmal Jn%tr@ thay be
by filtration was hed hlké%:ueeandme ol .

bR ELADOR ) SHKEDGH | 1&%*5 B pRpe Sboytd|apd 5, 1 and 2, 2 ond 10,

5 %&mmm%]dei 3%8@13 ahd€ 18 §RRY 66S5EM ama?r,ﬁm m?ﬂgd S\t Bs, 3,
CLLO cope. e nitrogen

3 g!]%é%?‘lg 6&!33 szr?t g’né f”sd;tg{g ﬂ'&’s e obtained using a
:j\ﬁhb q)yanraspmmm mzeﬁaAHh ?ﬁgigcmwﬁﬁf odig hcme Iemap b$ ﬁ sWEllife agent.
egass . r.a e S e

T RoPObi e T b 20 PrDIE R L0t RERORALS Goligisg or

mwr ‘bb m&@mﬂ;ﬁtﬁiﬂ aAnsatagZather (lpdsphobicAliqhitt Sitable. aliphatic liquids

P PP S R OF sl R 6 SRy 0 CArbon. s, and the

ﬁmtﬂmmhs e bb/ﬂi&m(:ﬁhd?org)mmlﬂms’wm slqﬂhammhqmd may be a

R Rt Bofatohs ERAY bept RroRlaPlR sha e tERiadS end
205 ksmms;@msnm) 6psil 12 § apt 2(hdAahd AASIG atl 2008 Ieetil6 or 10 and 18

R MR, E95 124 Y8020 O Vel SYBSRAL e

lnphmsrmaimmjtohmhd: xykene, tﬁlnblhﬁfomnacbﬂsfrﬂemc,ahemmnzcne, cumene

th.a.l I
orpp s Tt Selinc s b i Ay JaPS oo s ana
abbmmmedmnm or Tdreeqat loeldl 5 6 landnhs, G/mdéilu&mﬂ 0, izend 30, 16

sof g0 AL PEREITIER oo, sfTAGPRREY, 1ot IR 15, 14,

15 A nam:& D596 20\kattensitomsiak endymeetheriso| a p@aﬁz@aoiwmophobic

e
colffpullEo e holif (D bO ok MAatlil ohuilel i BbE sl tign the
tm@mfoo ro@gntation pE thethydiphseble silicopomecipg dt ey be grcaier than
ab%?ﬁ]d“%ptﬁ) %0%6“%6'09@ °|ckwﬁwusu§o&%oaﬁ 7614 de% Ufo8, 1o,

rélarg e Nnesopores connecte
1282139, t105&50,8¢ vWﬂdJ&Qleﬁor&OQ ﬁ?apr Bmap be aergr thﬂlh@odél |
s \ee.rﬁémhee 3 t}?é E}%?D]ﬁ'lgbﬁlc Indi&if %%%&%Xwe Haf be between

anount s of added, and the aging

abmjtd and a@o@ﬂ@%wfw Vr"fa peg:@y be b%ﬁ@ﬁ?lﬂb@yﬂﬂéf eyl 2, 2 and 10, 5
particles of > 10 Fan prepared by the conventiona
met hod (Schenme 1).

:)P



WD 2006/ 135339PCT/ SG2005/ 000194 21 Schene |. Typi cal

synt hesi s procedure for MCF. P123 = 4.0 g H20

--- 130m. Ag. Ha (32% =20 m '

WO 2006/135339 PCT/SG2005/000194
13

and 10,2 and 7, 4 and 5, 3 and 6 or 4 and 6% w/v, and may be abowt 1, 1.5, 2, 2.5, 3, 3.5,
4,4.5,5,5.5,6,0.5,7,7.5,8,8.5,9, 9.5 or 10% w/v. The ratio of hydrophobic material to
surfactant may be between about 1:1 sod about 1:4 on a w/w or v/v basis, or may be
between about 1:1 and 1:3, 1:1 and 1:2, 1:1 and 1:1.5, 1:1 and 1:1.3, 1:1.1 and 1:1.2, 12
and 1:4, 1:2 and 1;3 or 1:3 and 1:4, and may be about 1:1, 1:1:1, 1:1.15, 1:1.2, 1:1.25,
1:1.3, 1:1,35, 1:4, 1:1.45, 1:1.5, 1:1.75, 1:2, 1:2.5, 1:3, 1:3.5 or 1:4 on a w/w or v/v basis,
or may be some other ratio.

The hydrolysable silicon species may be 2 crosslinkable silicon species. It may be a
hydrolysable silane, a disiloxane having hydrolysable proups (for example
hexamethoxydisiloxane) or it may be an oligosiloxane having hydrolysable groups (for
example ethyl polysilicate}. It may have more than 2 hydrolysable groups per molecule,
and may have 3, 4, 5, 6 or more than 6 hydrolysable groups per molecule. The
concentration of hydrolysable silicon species in the second mixiure may be between about
1 and about 25% w/v or v/v, or between about 5 and 15, 7 and 13, 8 and 12,9 2nd 11, 1
and 20, 1 and 10, 1 and 5, 5 and 25, 10 and 25, 15 and 25, 5 and 20, 5 and 15, 5 and 10 or
10 and 15% wiv or vfv, 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, 21, 22, 23, 24 or 25% w/v or v/v. The hydrolysable groups may be
alkoity groups, aryloxy groups, amide groups, enoloxy groups or some other suitable
hydralysable group, or mixiure of hydrolysable groups. Suitable hydrolysable groups may
comprise for example methoxy, ethoxy, n-propoxy, n-butoxy, isopropoxy, isobutoxy,
phenoxy, benzamido or isopropenyloxy, On partial or complete liydrolysis, the silane may
generate a hydrolysis product comprising silanol groups. The hydrolysis product may also
comprise oligomers which may comprise silanol groups and/or hydrolysable groups. The
ratio of hydrolysable silicon species to surfactant may be between about 3:1 and about 1:1
on 2 w/w or v/v bagsis, and may be between about 3:1 and 2:1, 2.5:1 and 2:1, 2:1 and 1:1,
2.5:1 and 1.5:1 or 2:1 and 1.5:1, and may be about 3:1, 2.9:1, 2.8:1, 2.7:1, 2.6:1, 2.5:1,
2.4:1,2.3:1,22:1, 2.1-:1, 2:1, 1.9:1, 1.8:1, 1.7:1, 1.6:1, 1.5:1, 1.4:1, 1.3:1, 1221, 1.1:1 or
1:1 on a w/w or v/v basis, or may be somne other ratio. The ratio of hydrolysable silicon
species to hydrophobic material 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:} 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 sbout 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 ot vfv basis, or may be some other ratio:

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

example sodium fluoride, potassium fluoride, ammonium fluoride or tetraalkylammonium
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fluoride {(where the alkyl gronp may be any convenient alkyl group, for example C1 to C6
or greater branched or straight c¢hain alkyl such as methyl, ethyl, propyl, buiyl or a
mixture of alkyl groups). It may be added in solution, for example agneous sohuion, and
the concentration of the solution may be between sbout 0.1 and about 2% w/v, or between
about 0.2 and 0.8, 0.3 and 0.7, 0.4 and 0.6, 0.4 and 0.5, 0.1 and 1, 0.1 and 0.5, 0.5and 2, 1
and 2, 0.5 and 1.5, 0.5 and 1, 0.2 and 1, 0.3 and 0.7 or 0.4 and 0.6% w/v, and may be
about 0.1, 0.2, 0.3, 0.35, 0.4, 0.45, 0.46, 0.5, 0.55, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4,
1.5, 1.6, 1.7, 1.8, 1.9 or 2% w/v. The pore size conirol agent may be added to the second
mixture at betweess about 100 and about 1000ppm {w/w or w/v), or between about 300
and 700, 400 and 600, 450 and 550, 100 and 506, 100 and 200, 200 and 1000, 500 and
1000, 200 and-800 or 400 and 600 ppm (w/w or w/v), and may be added at about 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950 or
1000ppm (wiw or wiv).

The process may additionally comprise the step of separating the perticles of solid
foam from a liguid ity which they are dispersed. The process may also comprise heating
the particles of solid foam. The heating may comprise calcining the particles of solid
foam. The heating may be to a temperature of at lenst about 500°C, or at least dbont 550,
600, 650, 700, 800, 850 or 900°C, or between about 500 and about 1000°C, or between
about 500 and 800, 500 and 700, 700 and 1000, 600 and 80O or 500 and 600°C, and may -
be to a temperature of about 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 650,
700, 800, 850, 900, 950 or 1000°C, or may be to greater than 1000°C. The heating may be
for between about 1 and about 12 hours, or between about 1 and 6, 1 and 4, 4 and 12, 6
and 12, 5 and 7 or 4 and 8 hours, and may be for about 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5,
6, 6.5, 7,75, 8, 8.5, 9, 9.5, 10, 10.5, 11, 11.5 or 12 hours, or for greater than 12 hours.
The heating may be for a time and at a temperature sufficient to calcine the particles of
solid foam.

An oxide of an additional metal may be incorporated into the regular shaped particles
of the present invention afier the regular shaped particles (e.g. silica particles) have been
formed, This may be performed after the stop of heating (e.g calcining) the parficles.
Afier 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 10 some other temperature. The incorj)oration of the oxide of the
additional metal may be performed before the step of hydrophobing (if the step of
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hydrophobing is performed). The incorporation of the oxides of the additional mefal may
be accomplished by forming a mixture of an alkoxide of the additional wetal and the
particles in a solvent, such as an alcohol. The aléohol may be mefhanol, ethanol,
propanol, ist;propanol, ‘butano! or some other suitable alcohol. Tt may be absolute ethanol.
The mixjure may then be heated to & teraperaiure between shout 50 and about 150°C, or
between about 50 and 120, 50 and 100, 50 and 80, 80 aud 150, 100 and 150, 120 and 150,
60 and 100, 60 and 90 or 70 and 90°C, and may be heated to about 50, 55, 60, 63, 70, 75,
80, 83, 90, 95, 100, 110, 120, 130, 140 or 150°C or some other temperature. It may be
heated to the boilin_g puint of the solvent. It may be refluxed in the solvent. It may be
maintained at the temperature (e.g. at refhax) for between about 1 and about 48 hours, or
between about 1 and 36, 1 and 24, 1 and 12, 12 and 48, 24 and 48, 36 and 48, 12 and 36
or 12 and 24 hours, -and may be maintatned at the temperatyre for about 1, 6, 12, 18, 24,
30, 3, 42 or 48 hours (e.g. overnight). It may be heated for sufficient time fo incorporate
an oxide of the addiﬁoz;al metal into the particles. The paxticles may then Ge filtered, for
example using a filter paper, a sintered glass funnel efc., either under vacuum or under
gravity. Aliematively the particles. may be separated using centrifugation, settling and
decanting or some other method. They may then be dried. They may be dried by heating
to a temperature betweoen about 50 and about 150°C, or between about 50 and 120, 50 and
100, 50 and 80, 30 and 150, 100 and 150, 120 and 150, 60 and 100 or 70 and 90°C, and
may be dried by heating to sbout 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120,
130, 140 or 150°C or some other temperature. They may be dried by passing a gas, ¢.g.
air, mtrogen, carbon dioxide, argon (optionally dried) over and/or through the particles.
They may be dried by applying a vacuwm o the particles. Suitable additional metals
include ahupinium, tin, lead, titanium and vanadiom, i.e additional metal oxides such as
elomina, titania or vanadia may be incorporated into the particles as described above.

The process of the invention may additionally comprise hydrophobing the particles of
solid foam (i.e. rendering them hydrophobic). Before the hydrophobing, the particles of
solid foamn may i)c ireated with an agueous acid, commonly a strong agueous-acid (¢.g an
aqucous mineral acid) such as hydrochloric acid, sulfuric acid, nitric acid 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 réacting the particles of solid foam with the hydrophobing
agent. The hydrophobing agent may be an alkyl alkoxysilane, an alkylhalosilane, a
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“disilazane such as hexamethyldisilazang, s siloxane, for example a disiloxane such as

‘hexamethyldisiloxane, or a ¢yolic siloxane, or it may be some other type of hydrophobing
agent. Suitable hydrophebing agents are well known in the arl, and may include for

example dimethyioctylclﬂt:rosi}me, dimeihyloctadecylchlorosilane,
dimethylphenylchlorosilane, trimethylchlorosilans, trimethylmethoxysilane,
dimethyldimethoxysilane, octylrimethoxysilane, octadecyltrimethoxysilane,

hexamiethyldisiloxane, octemethyloyclotetrasiloxane,  decamethylocyclopentasiloxane,
hexamethyldisilazane and mixivres of hydrophobing agents, The exposing may be for a
period of abont 1 and about 24 honrs, or for between about 1 and 12, 1 and 6, 6 and 24, 12
and 24, 18 and 24, 6 and 18 or 12 and 18, and may be for sbount 1,2, 3,4, 5, 6, 9, 12, 15,
.18, 21 or 24 howrs, or for more than sbout 24 hows. The exposing may be at a
temperattire between about 20 and about 80°C, or between about 20 and 60, 20 and 40, 40
and 80, 40 and 60 or 30 and 30°C, and may be at about 20, 30, 40, 50, 60, 70 or 80°C. The
Thydrophobing agent may be used in solution, and the solution may also comprise a
catalyst, for example an amine catalyst such as triethylamize or some other tertiary amine.
The invention also provides regular shaped, for cxample spherical, particles of solid
foam, said particles having a pore sizé such as to be snitable for use as an HPLC packing
material. The mean pore size (e.g. cell pore size) may be preater than about 5am, or
greater than about 10nm. It may be bebween about 5 and about 100om or between about 5
and 59, 5 and 20, 10 aud 100, 50 and 100, 20 and 30, 20 and 25, 2 and 22, 25 and 30,27
- aid 30, 27 and 29, or 10 and 50nm. The pore size may be about 5, 10, 15, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100mm. The
particles may have a distribution of different pore. sizes. The difforent pore sizes may be
between about 5 and about 100nm. The particles with a distribution of different pore sizes
may be used for example in size exclusion chromatography (SEC).

The particles of regular shaped solid foam may have 2 mean particle diameter of
between about 1 and about 20 icrons, or between about 2 and about 50, 20 and 50, 10
and 50,2and 40, 1 and 10, 1 and 5, 1 and 2,2-and 20, 2 and 10, 3 and 8, 4 and 7, 4 and 6,
5 aqd 20, 10 and 20, 2 and 10 or 5 and 10 microns, and may have a mean particle
diameter of about 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 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 narow 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 45, 40, 35, 30,
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The ROR fafl mif-ToMphild &ifke mesoporky &otinmded by windows of 2 smaller
size. The ratio of the size of the mesopores and the size of the windows may be between
about 10:1 and about 1.5:1, or between about 1Q:1 and 2:1, 10:1 and 5:1, 5:1 and 1.5:1,
3:1 and 1.5:1, 5:1 and 3:1 or 8:1 and 4:1, and may be about 10:1, 9:1, 8:1, 7:1, 6:1, 5:1,
4.5:1, 4:1, 3.5:1, 3:1, 2.5:1, 2:1 or 1.3:1, or ingy be some other ratio. The solid foam may
bave some other structure. The size of the windows (i.e. window pore sizc) may be
greater than about 2nm, greater than Stum, or greater than about 10nm. It may be between
about 2 and about 100mn or between about 2 and 50, 2 and 10, 5 and 50, 5 and 20, 10 and
20, 10 and 15, 10 and 12, 15 and 20, 15 and 18, 15 and 17, 10 and 100, 50 and 100 or 10
and 50nm. The window size miay be about 2, 3, 4, 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 235, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100nm. The particles may
have a distribution of different window sizes. The different window sizes may be between
about.2 and 100nm, '

The particles may have a pore volume of between about &:5 and about 5 cm'/g, or
between sbout 0.5 and 4, 0.5 and 3,05 and 2, 1 and 5,2 and 5,3 and 5, 1 and 3, 1 and 2,
2and 3, 1.5 and 2, 1.5 and 1.7, 2 and 2.5, 2.2 and 2.4 or 2 and 2.4, and may have a pore
volume about 0.5, 0.6, 0.7, 0.8, 09, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2,
23,24, 2.5, 2.6, 2.7, 2.8, 2.9, 3, 3.5, 4, 4.5 or 5cm®/g, or more than about 5cm’/g. The
particles may gave a sPéciﬁc surface arca of between about 100 and sbout 1000m”/g, or
between about 100 and 500, 100 and 200, 200 and 1000, 500 and 1000, 200 and 800, 200
mmd 500, 500 and 809, 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,
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580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 650, 700, 710, 720, 730, 750, 750,
800, 350, 900, 950 or 1000m¥g, or may have a specific surface area of less than about
100 or greater than about 1000m/g.

The invention also provides a process for preparing an HPLC column or 2 GPC
colmmn comprising at least partially filling a housing with regular shaped, for example
sphexical, particles of solid foam according to the present invention. The housing may
have means to prevent the particlos from exiting the housing. The means may comprise
for example a filter, a frit or some other porous material. The meang may have a pore size
smaller tha__f: the particles of solid foam, and the pore size of the means may be about 10%
of the particle size of the solid foam, or about 20, 30, 40, 50, 60, 70 or 80% of the particle
size of the solid foam, or it may be less than about 20, 30, 40, 50; 60, 70 or 80% of the
paticle size of the solid foam. The means apd the housing may be capable of
withstanding the pressures used in the colmmn, They may be capable of withstanding a
pressure of at least about 10MPa, or at Jeast about 15, 20, 25, 30, 35, 40, 45 or 50MPs, or
greater than about 50MPa. The at least partially filling may comprise forming a mixture,
for example a shurry, a suspension or a dispersion, of the particles with a {illing liquid and
locating the mixture in the housing. The process may also comprise:

- increasing the pressure within the housing to a filling pressure
- passing a second liquid through the housing at the filling pressure; and
- reducing the pressurc within the housing to ambient pressure,

The filling pressure may be between about 10 and about 50MPa, ex between about 10
and 40, 10 and 30, 20 and 50, 30 and 50, 20 and 40, 33 and 37 or 30 and 40MPa, and may
be abont 10, 15, 20, 25, 30, 35, 40, 45 or 50MPa. The second liquid may be the same as
the filling liquid, or it may be different from the second liquid. The filling liquid and the
second liguid may be miscible. They may, independently, be any suitable organic lquid,
for example an alcoho), a hydrocarbon, a ketone, an ester or 2 halocarbon, Suitable liquids
include methanol, ethanol, isopropancl, acetone, butanone, hexane, hepiane, toluene,
Xylene, chlorofornﬁ, 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 sphetical, 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
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separation may be on the basis of affinity for the particles, or it may be on the basis of
_ molecular size or hydrodynamic volume, or on some other basis.

The regular shaped, for example spherical, particles of solid foam may also be vsed as
u catalytic support. The catalytic support may be for example uséd in a packed bed
reactor. In this application, the particles of solid foam according to the reaction may have
a catalytic material adsorbed or immobilised on and/or in the particles. In catalyzing a
reaction of a starting material to a product using the catalytic support, the starting material
may be exposed to a solid catalyst according to the invention. The starting material may
be in solution in a solvent. The solvent may be any conventent selvent, for exargple an
organic solvent, which can dissolve the starting material, and preferably can also dissolve
the prodoct. The exposing may comprise combining the solid catalyst with the starting
material, optionally in solution, and may comprise stirring, swirling, agitating, sonicating
or shaking the solid catalyst with the starting material. Alterpatively it may comprise
passing the starting material, or a solution thereof, through the solid catalyst, for example
in a column or reactor bed. The catalyst may be separated from the solvent afier the
exposing. The separating may comprise one or more .of seitling, filtering, decanting,
centrifuging, ultracentrifuging, dialyzing or some other form of separating.
Example:
Synthesis and Punctionalization of Spherical MCF Particles

Spherical MCF particles were synthesized by modifying the conventional MCF
synthesis method. 4 g of triblock copolymer P123 were dissolved in an acidic solution
(10 ml of HC} and 65 m! of H;0). 3.4 ml of frimethylbenzene (TMB) were then added
and the resulting solution was heated to 37-40°C with vigorons stirting. After 2 hr of
stirring, 9.2 m] of {euaethoxysﬂane. (TEOS) were added and stitred for 5 min. The
soltion was transferred to an autoclave, and aged at 40°C for 20 hr under a static
condition. It was then aged at 100°C for 24 hr. The resulting precipitate was fittered,
washed with water and ethanol, and dried. The white powder obtained was calcined in air
at 550°C for 6 br. | '

To increase the pore size, NH4F (46 mg) in 10 ml of water was added to the
solution priof to aging at 100°C. The other procedures remained the same as described
above.

Dimethyloctylchlorosilene 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 toliene. Dimethyloctylchlorosilane (0.473 ml, 2 mmol} was then added to the
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mixture. After stirring at room temperature for 4 hr, the mixture was heated at 60°C
overnight. The C8-functionalized MCF was collected by filtration, and washed with
toluene and methanol.

Characiterization of Spherical MCF Particles

Scanning electron microscopy (SEM) was performed with a JEOL JSM-7400F
electron microscope. The nitrogen adsorption-desorption isotherms were obtained using a
Micromeritics ASAP 2020M system; the samples were degassed for 10 br at 150°C
before analysis. The carbon content in the functionalized MCF was obtained with CE440
CHN Analyzer {Exeter Analytical).

Testing of HPLC Reverse Column Packed with CB-Functionalized Spherical MCF
Particles ‘

The C8-functionalized MCF (0.7 g) was dispersed in isopropanol and then poured
into an empty HPLC column (100 mm x 4.6 mm). The back pressure was increased
sibwly to 5000 psi. Isopropanol was introduced through the column continrously at that
high pressure for 2 hr, and then the back pressure was slowly decreased to .0 psi. NHyF-
treated spherical MCF pariicles with a larger pore size was also subjected to this column
packing procedure to give a HPLC reverse colomn. The packed columns were used
directly for the separation of uracil and aromatic compounds (benzene, naphthalene and
biphenyl) in a HPLC system (Alliance 2695, Waters). Water/methanol (35/65 v/v) was
used as the mobile ph:isc with a flow rate of 1 mi/min and a column temperature of 30°C.
Results and Piscussion
Synthesis of Spherical MCF Particles

MCF has a 3-dimensional, continuous porous structure with ultralarge, cell-hike
mesopores connected with each other by windows of a smaller opening. The cell and
“window pore sizes could be controlled by the amounts of TMB and NH4F added, and the
aging time. '

Figure 1 shows the irregnlar morphology of MCF particles of > 10 an prepared by
the conventional method (Scheme 1)
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Scheme 1. Typical synthesis procedure for MCF.

ij 10g Stirring at 40°C Stirring at 40°C

H20 = 130.ml | M for2hr for 20 hr

Aq. HCI (32%) = 20 ml| 1pfB. NH,F i TEOS b

Aging at 100°C . Calcination
" for24hr Filtration ™ at 550°C

. Several synthesis conditions were varied in an attempt to obtain spherical paricle
morphology. The inventors observed that, in most cases, stiming under acidic condition
with copolymer PI23, provided severely apgrogated pasticles. Consequently in
subsequent experimen’ts' static conditions were applied before the formation of particles.
First, eight times more water and four times more HCl were used to decrease the P123
and TEOS concentrations, and a static condition was applied towards aging at 40°C for 20
hr. Eregular MCF particles (designated MCF-1) wete obtained (Figure 2). _
Next, the original P123 and HCl concentrations were employed, and a static
condition was applied towards aging at 40°C for 20 hr. The MCF particles obtained
- (designated MCF-2) were spherical, but mostly aggregated (Figure 3). They have a
particle size of about 3 pm,
Laetly, ahigh P123 concentration and a smaller amomnt of HCl were employed, and
a static condition was applied towards aging at 40°C for 20 hr. Specifically, the amount
of water added was decreased from 130 mL to 65 ml, and the agueous HCl (32%)
solution added was decreased from 20 mL to 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.

Pi123=40g Stirring at 40°C Static reaction
H20=65ml for2hr - "lat 40°C for 20 hr
Aa. HC1 (32%) = 10 mi T™B ; TEOS
Aging at 100°C N P Calcination
- "t for 24 br Filration at 550°C
o

Spherical MCF particles were obtained without NHsF {(designated MCF-3), and
‘apgregation of particles was reduced (see Figure 4(a)). Their BET surface areas and pore
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and pore 22 sizes (see Table 1) were simlar to the
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Table 1. Characteristics of spherical MCF-3 particles
(aged without NE4F) and spherical MCF-4 particles
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of ulirafine particles '(«C 1 pm) was removed by centrifuging at a low speed after
ulirasonicatien.

Table 1. Characteristics of spherical MCF-3 particles (aged without NH.F) and spherical

MCF-4 particles (aged with NHyF)

Spherical MCF-3 Spherical MCF4
Surface Area [m7z] 701 561
Window Pore Size [nm] TR 16
Cell Pore Size [nm] 21 28
Average Particle Size [um] 5 5
Pore Volume [em®/g] 1.6 2.3

NH4F has been previously used to increase the pore size of MCF, and the final
MCF particle morphology was reportedly formed during aging at 100°C. However, the
inventors found that the MCF panticle motphology was determined- prior to aging at
106°C. In the conventional method, NH;F was added prior to stirring at 40°C (sec
Scheme 1), which resnlted m the rapid oon&cns&tion of silica and the formation of
iregular MICF particles. Therefore, in the present synthesis, NH4F was added o the
solution only after aging at 40°C and juét 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 NHLF (see Figure 5) confirmed that their particle
morphology remained essentially unchanged by this step, Adding NHF at the later stage
of aging (i.e. at 100°C) produced a similar pore size enlatgement effect as adding NH.;F.
prior fo aging at 40°C.

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

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

The sphericsl MCF was modified with ociyldimethylchlorosilane or
octadecyldimethylchlorosilane. The Fourier-transfonn infrared (FTIR) specira of C8-
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functionalized spherical MCF {C8-MCF) and of C18-modified spherical MICF (C18-
MCF) showed strong peaks at ~ 2800-3000 cm™ from the alkyl groups, as well as a
significantly reduced silanol peak at 3700 cm”, indicating the successfol surface
modification (Figure 7). C8-MCF or C18-MCF was then degassed, so that the remaining
silanol groups could be capped with trimethylsilyl (TMS) species by introducing
hexamethyldigilazane (FIMDS) under vacuum. The vacuum-applied flask was placed
directly in an oven at 75°C for 4 hr, and the excess HMDS vapor was removed under
vaoumm. The TMS capping could also be performed with a different set-up (Figure 8).
TMS-capped C8-MCF-3 and TMS-capped C8-MCF-4 showed carbon contents of 15%
and 13.4%, respectively. The differences in catbon loading could be atiributed to the
differences in the BET surface areas between spherical MCF-3 and MCF-4 particles (701
m¥/g vs. 561 m¥g) (see Table 1). In vontrast, commercial C8-silica usually has a carbon
loading of < 10%. TMS-C18-MCF-4 also showed high carbon contents of 22.9%

Testing of HPLC Reverse Phase Columns Packed with C8-Modified Spherical MCF
Particles and with C18-Modified Spherical MCF Particles

TMS-capped CB-MCF-3 and TMS-capped C8-MCF-4 particles were packed
separately into empty HPLC cohumits of 4.6 mm x 100 mm and TMS-capped C18-MCF-4
particles were packed into empty HPLC columns of 4.6 mm x 150 mm using 2
compercial slury packer. The TMS-capped C8-MCF-3 reverse column successfully
separated uracil, benzene, naphthalene and biphenyl; four non-overlapping, symmetrical
peaks were obtained in the chromatograph (Figure 9). Its peak retention times were guite
simvilar to that of the comumercial reverse column (Adsorbosphere XL, C8, 5 pm, 4.6 mm
x 100 mm, Alltech) despite its shorter column length. This could be athibuted to the
much higher surface area of MCF-3 compared to commercial silica. TMS-capped C8-
MCF-3 reverse column gave rise to slightly broader peaks compared to the commerciat
reverse column. Sharper peaks with kess tailing could be obtained by optimizing the

. reaction conditions and the packing parameters of spherical MCF particles. '

The TMS-capped (8-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 column (Figure 9), due to the larger pore sizes and lower
surface area of MCF-4.

The ’IMS—cappéd C18-MCF-4 reverse column  successfully séparated 2°-
deoxyguanosin (dG), 2'-deoxyadenosine (dA), 2’-deoxycytidine (dC), and 3°-
deoxythymidine (dT); four non-overlapping, symmietrical peaks were obtained in the
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19. The regular shaped particles of claim 13 wherein the mean particle diameter of
the particles is between about 2 and about 50 microns.

20. The regular shaped particles of claim 13 wherein the particles are
hydrophobic.

21. A process for prepaﬁng an HPLC column or a GPC column comprising at

least partially filling a housing with regular shaped particies of solid foam, said particles
being made by the process of claim 1.

22. An HPLC column or a GPC column when made by the process of claim 21.

23. 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.

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

particles being made by the process of claim 1.
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said particles belng made by the process of claiml.
27 25. A solid catalyst conprising regular shaped
particles of solid foamand a catalytic materia
adsorbed or immobilised in said foam said particles
bei ng nade by the process of claiml1. 26. A

nmet hod for catalyzing a reaction of a starting
material to a product conprising exposing the
starting material to the solid catalyst of claim25.



