2287459 POROUS AMORPHOUS SI LI CA- ALUM NA REFRACTORY OXI DES, THEIR .
PREPARATI ON AND USE AS SEPARATI ON MEMBRANES Background to the invention
This invention relates to a process for preparing a porous anorphous
silica-alum na refractory oxide, particularly for prepar 83!(4@9
anor phous silica- alumina oxides of cantyralled pore size via gel
route. These products are intended for use as separation nenbranes, oS
particularly for the separation of polar fluids, such as carbon di oxi de er
water from|less polar fluids such as nethane. There are a nunber of
mechani snms by which fluid m xtures can be separated by a porous nenbrane.
When t he pQIRGROUS t AMORPHOUSNSIZIE NAVRERRAECTORY|eGXTDBS ¢ cCTHELR ‘
di anmeter of the conponents in the fluid mixture by a factor of up to 5
times as large, separatlon can occur predom nantly by differences in the
adsorptive intera : L AND I d) ARA BA
of the nmenbrane. For exanpl e, transport Vi a surface dlffuslon relies on a
hi gh adsorption capaC|ty for Sonme gases conpared to others. Pores of this

> V-2 ghd typically have dianeters of about 3

Size are r&Peayad Y Rl
to 20 Angstrons. Diffusion in the gas phase through pores having di ameters

appr oachi ng,t.he .nean free nsion nol ecul es. in the gas

m xture i sq'o’fltser?‘rt errtﬁ%i%he? n%ﬂ/ 3rpﬁﬂﬁﬁ§§n%8frf PESEST*%1®s of this

size are r@bmausiamnnphamsoom&Esaaaﬂumypacabtyab&meydmmmﬂ&ws of about 20

to 500 Ang ﬁyﬂ% me e - 57 pp 603

et seq, 193’3 rfaf%: '%@e%(g ??oggga{lgl gﬂ% g(lg p(réeglm nant transpor

nechanlsnsﬁhﬂﬂiﬂﬂx?*ﬁdQ$qu controlled pore size v1a the sol-gel A
route. These products are intended for use as separation

membranes, particularly for the separation of polar
fluids, such as carbon dioxide or water from less polar
fluids such as methane.

There are a number of mechanisms by which fluid mixtures
can be separated by a porous membrane. When the pores in
the membrane are larger than the largest molecular
diameter of the components in the fluid mixture by a
factor of up to 5 times as. large, separation can occur
predominantly by differences in the adsorptive
interactions of the molecules to be separated with the
surface of the membrane. For example, transport via ( :
surface diffusion relies on a high adsorption capacity
for some gases compared to others. Pores of this size
are referred to as micropores, agd typically have
diameters of about 3 to 20 Angstroms. Diffusion in the
gas phase through pores having diameters approaching the
mean free path dimensions of the molecules in the gas
mixture is often termed Knudsen flow or Knudsen
diffusion. Pores of this size are referred to as
mesopores and typically have diameters of about 20 to 500
Angstroms (See Sing K S W et al, Pure and Applied Chen.,
57 pp 603 et seq, 1985). Knudsen and laminar flows would
be the predominant transport mechanisms in pores of this



ALUSI L -2- 1064D di anet er
dependi ng on the pressures and tenperatures used to operate a nenbrane made
wi th pores of these dinensions. Menbranes suitable for the separation of
pol ar gases 5 should, in principle, separate these gases
predom nant | yAWWSI& surface diffusion nett®od For surface diffusil®@4do
predori nate during transport of the gases through the nenbrane, three
crit&ia should be fulfilled: (i) Pore di aneters nust be of nolecul ar
-di mensi ons; 10 - (i) The mat'erials nust be porous; and (iii)

A hi gh adsorpt_i,on cagacity fQr pol ar gases conpar ed tg | ess golar ases
shoul d be nanfifgteter; dgpeRAdNg BPcFRe PEePEPEER ARGN CERRSKALIEES 8S5Pnge,

15 f otocspephteaa membRanpomade tathrpakres bliekhkkew t hrough the
menbr ane mﬁlldhave contributions from Knudsen di ffusion and | am nar fl ow.
The latter is@hBfiT84B8Pative and the forner, at best, separates on the
basi s of nol ecul ar vel ocities (as an approxi mation the ideal 20

T o o efbrhReE LAk abEE koRTLhAC sRAHEAE 1bA0bEObAAR BRRl 00 Of

the nol ecul ar nmasses of the nolecules % m Cr opor ous nmenprane
mat ri al s ar eshauldfoin Privpipde,i seppratentheset DafefoPKeIBFdRe A Ynsport

fr0n1su[face QﬁﬁfHSE?BfE%e;ai?QuFEbh”héﬁﬁodUnd?FrtEh&fﬁée difquion to I

ci rcumst ance, separation of a polar gas fro ess _pol ar _one r exanpl e
[err] from a RFREGPENATEHABRANISKHEANGPRE nﬁ%}%P?e&?sg?h%érngphE%Fbason f or
devel opi ng nembabgaakt, thireg erditepdaoshoaiddbe ffhafibaed:t he properties

| i sted above. N

"~/

(i) Pore diameters must be of molecular dimensions;
10 (ii) The materials must be porous; and

(iii) © = A high adsorption capacity for polar gases
compared to less polar gases should be
manifest.

If pore diameters are larger than the micropore range,

15 for example as in mesoporous materials, then flow through
the membrane will have contributions from Knudsen
diffusion and laminar flow. The latter is non-separative.

kvj and the former, at.best, separates on the'basis of
molecular velocities (as an approximation the ideal

20 separation factor'iS'calculated from the square root of
the reciprocal of the molecular masses of the molecules).
Wholly microporous membrane materials are therefore
essential if the contribution to membrane transport from
surface diffusion is to be optimised. Under this

‘25 circumstance, separation of a polar gas from a less polar
one, for example CO, from a mixture with CH,, should be
maximised. This is the reason for developing methods of
making microporous oxides that have the properties listed

above.



ALUSI L - 3- 1064D To deposit a
menbrane it is essential to have a stable colloid (sol) which contains the
precursor of the oxide to be deposited. On heating, this precursor is
converted to the oxide which forns the nenbrane. For a sol to be 5 -

sui tabl e f ALW&Hbrane manufacture it sh8uld preferably have a ¥P6§4Bsity_
between 1 and 10 nPas. Viscosity of the sol is neasured by using a s
Contraves Rheomat 30 visconeter, at a tenperature of [err] , at shear Fgfés
of 370, 684 and 1264 [err]. The average viscosity at these 10 t hree
shear rates_is.quoted. The sol nust,not flocculate or ever a

_ el for
months, if TR EPOSEH|#iTRREaRe Lt 18 oeFeptiat tashay §tﬁgﬁﬂ € At room s
t enper at ur ecoblheid t (®ol) swloich yeontains gehé | pecaysorcof théhoridedays.

There is t f or to Lde.a pr S I a, 15 por ous
anor phous rs]ﬁ ie%%fg ﬁ#ﬁgg?.ef r%é%%%g I)? te féd%%\l@cr?% %grp%%pg?{“l’%gtggn be .
produced byte Hehe adxide rehibé¢h aferm$| the chemlprane: abFervasgodi to. b#¢ have

now found thpiediis AbE ShbhiPaké mbRuPEOLEYETiLYshE81 8" pEeBarabiyhe present
i nventi on. ALUSI L -4- 1064/ 1

Surmery of Rae|dveHecesltnRetueen i #d (10 (HRaF ny cFireASLEYi REAERR the
parent applsshti®médsWrdd 0By . Usihd e econt paves dRNedmRpE08@SS for preparing
a porous ano&ghous S|I|Q€-a1€n1na rgfractﬂr%;5 oxi de cong%|5|ng t he
steps of hyHTTREH a2 o7 CESHREERTIES Ph 43 non-AhuEBSRE sBRYER: ©by addi ng
thereto an 3ueoss4 samdit1264 comtdi ni Theahveragenvisgesitigeatbyhese
10 three shear rates is quoted. The sol must not flocculate \_)

or gel for several months, if at all. Gelling means a

'~ viscosity increase on storage. At room temperature, once
the viscosity rises, gelling may occur within 7 days.

There is therefore a need to provide a proceés whereby a

15 ' porous amorphous silica-alumina refractory oxide of
desirable properties can be produced by the calcining of
a stable sol of suitable viscosity..

We have now found that this objective can be achieved by
the process of the present invention.



forma sol and calcining the sol. For the sake of ‘brevity, the aqueous

sol ution containing 10 alumniumions is referred to herein as the
"al um ni um sol ution" and the source of silica in a non-aqueous solvent is
referred to herein as the "silica solution". The sol preferably has a
viscosity of MyUSELL to 10 mPas. This vischsity makes the sol pard6%id arly
sui trabl e for 15 ' the-formation of a refractory oxide nmenbrane by
caI‘Fﬁetlon of the sol in contact with a suitable porous support. The sol
is calcined at a tenperature of from[err] to [err]. At this tenperature,
free water i driveno f . 20 ention. 2N organic matter such as the

non- agueous ' a porous solid is fornmed containing
silica. Al um nium oxygen-silicon bonds are present which inpart adsorption

properties taq, gtttge pg&d&é]j@% ftqtétghwt orl A eett:%]e filn d he

amounts there ‘al Um na SO presen roduct may
al so contalnanﬁiﬂcaﬁﬁqnnﬁﬁn%2kkﬁllmﬁifﬁhﬁﬁQtﬂﬁ HKQW&ﬂQQﬂ%;RﬁCQQﬁ?EﬁQr

where such i norsdh,8ls Aiforfls |é?t§5rpﬁb1$§‘%ﬂ%.éafﬁdnﬁﬁ1a0&%ﬂ?a%toﬂhus_ for
exanpl e, the presence of, ot her metal cations jn the sol would res It in the

pré’sence of &PHgle mpmprising fthe, stepsaf |qu%lytﬁadtﬁté’t sourcq
silica in a ﬁHHﬂHduédusﬂﬁbkﬁéﬁﬂﬂb?ﬂﬁddﬁhgfﬁhéﬁéﬁﬁﬂ&ﬁﬂlClalned

in the par ent | icatio the roduct cant ai.ns. no such ther onent s,
or only a m r?é?‘Peg‘?% ‘ﬂ'e’r nﬁﬂ?snlrbgccagt b ef §odi nent

of the inventficam & sol and od:aalctladtngw tthee sptalr.ent applicati on, the al um ni um
solution is a solution of alumniumnitrate, in particular a

IK/'

10 aluminium ions is referred to herein as the "aluminium

For the sake of brevity, the aqueous solution containing

- solution" and the source of silica in a non-aqueous
solvent is referred to herein as the "silica solution".

The sol preferably has a viscosity of from 1 to 10 mPas.
This viscosity makes the sol particularly suitable for

15 the formation of a refractory oxide membrane by
calcination of the sol in contact with a suitable porous
support. |

_ The sol is calcined at a temperature of from 200°C to
K_/ GOOfCf At this_femperature, free water is driven-off,_
20 any organic matter such as the non-aqueous solvent is -
evaporated and a porous solid is formed containing
silica. Aluminium-oxygen-silicon bonds are present which
impart adsorptionhproperties to the product. Depending
on the ingredients used, and the amounts thereof, alumina
25 is also present. The solid product may also contain
other components derived from the ingredients of the sol,
where such ingredients are not lost in the calcination
process. Thus, for example, the presence of other metal
cations in the sol would result in the presence of other
30 metal oxides in the product.



solution of [err]. During the calcination step, any nitrate ions are
deconposed and | ost, probably in the formof nitrogen oxi des, nmaking
nitrate a particularly 10 sui tabl e anion for the alum ni um
solution. Again, according to a preferred enbodi mrent of the invention

cl ai med i PARWB8Ibarent application, theSsource of silica is ahO&#KYI )
silicate, or a mxture of alkyl silicates, such as according to the s
formula: [err] where R, R' and R'' are each independently a substituted
or unsubstituted al kyl or aryl group, which may for exanple contain up to
20 carbon atons X + . is fromO to 3 and z is
from 1 20 In one eTB°élmeE§aﬁglEgelﬁEVﬁﬂEl?Et?éaéFé9l1BrFHGSPPFEBFes, for =
exanpl e t eapplitayion|t bhesprodate. cohitadhiyhosgichabthes hydrol ysed,

whol | tion 1o f ' i | |
ol ymer s ranepientls GR: ALy e BEhGh,olebn, PhAESRET cPREE on to oi1ica ands
25 aevapdingetor aspeefeveed. embedimentwaf ethhainventien of aIkyI

I t b E
S S Non (PoLfed th L8 fknt oabREitarioh, StADAFuRl ATl RORARIER") T |
C)ystalllanS@ISG%uthn 9§ QGHM192um198§raB¢rnkérpéxylcylﬂﬁnacrystalI|ne 30
Sol i ds, 10901?@t§én o§0A1%ﬁ§93 oM ASThiK Y tdle JilMA orRanays ch Synp

Proc. 121 pp 25- are _al so awar€ that processes. have been
descri bed 'mérebyrﬁmeaoaﬁkaxﬁdégcempeﬁﬁﬁcandahassr uRFRPaRLYr énusbe

ALUSI L form of nitrogen oxfdes, making nitrate a pagd4dtuanglbydrol ysed

ogether, o papiLally Ivdro! vakng: Bhendliob e Rehore a0ding the other.

Again, according to a preferred embodiment of the
invention claimed in the parent application, the source
of silica is an alkyl silidate, or a mixture of alkyl
silicates, such as according to the formula: '

15 R R’*Si(OR’’"),

where R’, R’’ and R’’’ are each independently a
substituted or unsubstituted alkyl or aryl group, which
may for example contain up to 20 carbon atoms, X + y + z
= 4, X ig from 0 to 3, y is from 0 to 3 and z is from 1
20 to 4. Examples include tetra alkyl orthosilicates, for
example tetra ethyl ortho silicate. The alkyl silicate _
is hydrolysed, wholly or partly, during sol preparation \-)
to form silanols, siloxane polymers and alcohols which
are decomposed during calcination to silica and

25 evaporated respectively. We are aware that the use of
alkyl silicates to form silica gels is known, for example
from: Campostrini et al, J Non Crystalline Solids, 108 pp
315 - 322, 1989; Ro J C et al, J Non Crystalline Solids,
110 pp 26 - 32, 1989; Brinker C J, J Non Crystalline

30 Solids, 100 pp 31 - 50, 1988; and Assink et al, Materials
Research Symp Proc. 121 pp 25-35 1988.

We are also aware that processes have been described
whereby mixed alkoxides of silicon and aluminium are used



foeund in: Yoldas B E, Ceram Bull. 59 pp 429-483, 1980; Lopez T et al., J
Non. Cryst. Solids 108 pp 45 - 48 1989; 5 and Abe Y, J Non. Cryst.
Solids 108 pp 150 - 156 1989. These net hods however .cannot produce stable
sbl s and therefore menbranes. The invention clained in the par ent
application USHE ot her hand requires tThat™ the al um ni um sour q4s/]an
agugows sol ution containing alum niumions 10 and it is this
feattire which enabl es stable sols, and therefore nmenbranes, to be produced.
By introducing the alumniumin this way, silicon-oxygen-alum ni um bonds

are formed in.t ' ' rt ar gas
to the rrenbr%‘né]rrﬂr%ciyst %@Oﬁéﬂﬂg&a Il qu%?ﬁﬁdlﬁ&r “g O;ngredg =
‘enbodi ment ofalikexiides dafiare @dding ﬁhﬁ tQ‘féleG%rr efxaapilasc & dhisg REeon-

~aqueous sol vengj$ \pr a}dlaas%ngas ééirdn?a‘dﬁllrlo rs@ﬁlﬁi}le;zgutdse figw ; product
and for this reason preter at e non a u,eous solvent_is a nmono- or

pol yhydric altQRes Tt% gy, J 'Non THFephde on 4hettiRi a

M G OpPOr ous Gnd ARRS OPOND WorpS CUibsﬁ‘ét.l SScdlf:aisr erhs asp gl & sk 1wy e det ai |
bel ow. | deal t he n- aqueous sol vent sci bl.e Vfth ter We have
g & B

di scovered t eSS W No ks imt) %ﬁ?r}od:eé?r ce sta Drotct 14 he
characteri st itxmaméfdm mseibramees i tTheal inviéntsiomctarigiedy o tihee Hamm\t

i nvent i on, { PG PR RIEES %éé‘%t?atfocrﬂfm ELEER PORS

silica- alumn ory oxi conpri sing e steps
containing a w&m Jcﬁ an |aquecurl sption contgmm:gg FElumigriuim, 1offer ei n

”1& sol has {4 omig t%éltuﬂaf %ﬁabléhatﬁm bl sold SGadty of

frpl to 10 rrPas an a stab agal nst gelling, floccul ation and
preci pitati orthﬁr%ﬁox%as%m@cams to ke grgdyced - | Spiintroducing the

‘aluminium in this way, silicon-oxygen-aluminium bonds are
formed in the product which impart improved adsorption
for polar gases to the membrane material.

15 According to a further preferred embodiment of the
invention claimed in the parent application, the non-
agqueous solvent is volatile, so as to leave no residue in
the final product and for this reason we prefer that the
non-agqueous solvent is a mono- or polyhydric alcohol, the

20 nature of which- depends on whether a microporous or a
mesoporous product is desired, as explained in more

U detail below. Ideally, the non-aqueous solvent is
miscible with water.

We have discovered that in order to obtain an ideal
25 product, the characteristics of the sol are critical.
Thus, according to the present invention, there is
provided a process for preparing a porous amorphous
silica-alumina refractory oxide comprising the steps of
calcining a sol containing a source of silica and a
30 source of alumina, wherein the sol has a pH of from 1 to
4, preferably from 1 to 2, a viscosity of from 1 to 10
mPas and a stability against gelling, flocculation and
precipitation of at least 10 days, preferably at least



ALUSI L 1064D The stability
agai nst gelling, flocculation and precipitation is determ ned by storing

the sol at a' tenperature of [err] under still conditions and visually
observi ng- whet her gel ation, flocculation d/or 5 pred|ﬂt&%ion
occurs. M cropdP&33: product Wien a micropofous product is desired;

relaiﬁwe proportions of the alum niumand silica solutions may be so chosen
t hat "t he cal ci ned product contains at |east 80% 10 by wei ght
silica, calculated as [err]. The level of alum nium calculated as [err],

isin this ca not r.e,t han 20%. but .i. r [ 1% nost
preferably at a&taﬁlltyhg%_s%qggg}&%ggl %%c%étg;oﬂséﬁt ed from
monohydri ¢ al paedlipitaticy fisodeterminedabyostardng the sol at #hd nixtures
ther cof, espeqigidatatdiands e Hidler WH1A10lcoRil tllotis e Wigienfiy The

0 e source of si

volume ratio . i_.ca to the non-aqueous so]vent is
preferably fr@hserving whethessgedadiampflocihatien an/Or The

coneent rat i on gyt it i6h Ricud. ons of the sol utions 20 are
preferably so"chosén that the sol contains |less than 15 nol es water per
nole of silica. "The hydrolysis is carried out at a pH of not nore than 4,
such as by thyiagdigdrusfprsdugtgani ¢ or i norgani ¢ nonoprotic acid.
Sui tabl e such acids include nitric, hydrochloric, 25 et hanoi ¢ and
oxalic acids. In an alternative enbodiment, no acid is added. This is
appropri ate whidren ke misingparousmraduaty s @esdined.i dhe Relati¥@ ural pH of
not nore than 4 and-d g WF AR i dndidiRaD £HR1 484 AisoldtiBis gy askli tion
of (agid. 30 ﬁésoporous product \Wen a nesopor.ous rqg ct & sos
requi red, t he S|ghqsan that the calcined product contains a eas
10 by weight silica, calculated as SiO,. The level of

aluminium, calculated as Al,0;, is in this case not more

than 20%, but is preferably at least 1%, most preferably

at least 5%. The non-aqueous solvent may be selected

from monohydric alcochols having from 1 to 4 carbon atoms

15 and mixtures thereof, especially ethanol, propanol,
butanol and mixtures thereof. The volume ratio of the
source of silica to the non-aqueous solvent is preferably
from 1:1 to 1:5, most preferably from 1:4 to 1:5. The
concentration and relative proportions of the solutions

20 are preferably so chosen that the sol contains less than

K./ 15 moles water per mole of silica. The hydrolysis is
carried out at a pH of not more than 4, such as by the
addition of an'oréanic or inorganic monoprotic acid.
Suitable such acids include nitric, hydrochloric,

25 ethanoic and oxalic acids. In an alternative embodiment,
no acid is added. This is appropriate when the solution
containing aluminium ions has a natural pH of not more
than 4 and the hydrolysis is then carried out without the
addition of acid.

30 Mesoporous product

When a mesoporous product is required, the relative



ALUSI L 1064D proportions of
the alum niumand silica solutions nay be so chosen that the cal cined
product contains not nore than 80% by weight silica, calculated as [err].
The | evel of alumnium calculated as AL2P3, is in this case not 5

| ess than 2B3USBLt is preferably | ess thah 60% nost preferabl y064ds than
40% When the level of aluminiumis at |east 50% alumna as such occurg#n
the product. Below this proportion, the aluminiumis present in the form of
sil i con-oxygen-al um nium structural units. For a 10 Mesopor ous

product; the_non-agueous _solvent nmay.bhe sel.ected fro l,yhydri c al cohol s
having ror SOFHBRER LERPLGH ShE B LERARIAR RRA $idice SOIBRENE G Bef0” ° .
pr opanedi ol sandhosenuthatt theechlcified pmbduetr ebntadhst hetsmoree of silica

to the non?@ﬂ&ﬁogﬁ%spgvﬁgﬁghﬁ-é?l‘ca ca}BPﬁQQEﬁbE%.QQB e L P80 1- Theg
concentrati6n and relatrve-proportiofs of the sol utions2my Be S0 chosen
that the soPfcahuminium; raisulategppesAhg@pr ifednmithdsofcasig nat In this

egbodi nent, 1688 BKEhORWSI, Sbhe §8r pre¢ePHbl1Pt 18sBHtRAN €93, Bttt or at a pH
of at least 4, b Ition of an_organi ¢ or inor,gani,c base.

20 t he a%d
The base na?rﬁgegépl¥tl&sFrGHPBHﬁB ra, "BRRoFREMLEYPLs ofn 1M 1fher eof ,

such bases g6t 1kasati sosanglaoninduasi Butheotcuzs phodhet produew.t ed

menbr anes 2 inorgﬁgic mepbranes nmade fr nLrefhgctory
e

. Usual | .
ol doe o e BRLAKCEBAS: REBRREEEoRaG LR, S RIRL AR" TR0 BEBREhE! 4he heu
mechani cal Soppopf sdljcen-bhygenktaluniniyrhstructurhdr upidst.i c Foruse.

%giz 2};:”g#@;hgoyéﬁéfb¥oﬁﬁ8¥LdEﬁthBnﬁa&GEBHECsEi@%hEah%y pae material ﬁ:j
: selected from polyhydric alcohols having.more than 4 :
carbon atoms and their mixtures, such as. ethanediol,
propanediol and mixtures thereof. The volume ratio of
the source of silica to the non-aqueous solvent is
15 preferably not more than 1:1. The concentration and
relative proportions of the solutions may be so chosen
that the sol contains at least 15 moles water per mole of
silica. 1In this embodiment, the hydrolysis is carried
out at a pH of less than 4 or at a pH of at least 4, by
20 the addition of an organic or inorganic base. The base
may be selected from ammonia, ammonium salts and mixtures
thereof, such bases not leaving any residue in the final
product. _ | : - -

Supported membranes

25 Usually, inorganic membranes made from refractory oxides
are of micron thickness and are brittle. They therefore
need mechanical support to give them the strength needed
for practical use. This strength is usually provided via
a ceramic substrate. The material and pore size of the

30 substrate are important to membrane manufacture. Thus,
when the product is used as a fluid separation membrane,
the calcined porous amorphous silica-alumina refractory
oxide is usually carried on a porous support, such as



30 substrate are inportant to nenbrane manufacture. Thus, when the
product is used as a fluid separation nmenbrane, the cal cined porous

anor phous siflica-alumna refractory oxide is usually carried on a porous
support, such _as ALUSI L 0 10

1064D al uni na2¥8Lca or an al uni nosi | i calé, in particul ar, mulli}284D
Ide”"ﬁy, the porous support has a pore size of from0.1 to 5 [err], nost
preférably from0.3 to 3[err]. A slipcasting or dip-coating nethod nay be
used to 5 prepare the nenbrane. 1In this nethod, the surface of the

substrate cover Dy a material . of pare .size.hetween Q. 1 Qlerr] is
contacted wt ]t%ﬂ"@?é!r fsgg'elc& %@%(ﬂqﬂu‘?@ﬁs&&qqa\g&eﬂai% é’laﬁg‘g‘%olrérg'r ef erably
between 1 andmQlitest Fidsfaddahl \theeposmust suppd® hasod porensidientad y
after slipcastd d.Re ¢ nr, en@y{:%{kgﬁgﬁtﬁ re8-d ¥Led dd oven and
heated. A typical heating r"gd&i me Is'to heat tyg?er_r], holdaﬁlci)hr 3 hours,
then heat to a tenperature between [err] and [err], nost preferably between

Eerr] a{ld [erm H:l{l@dié‘ﬁiglgl%rr@i@-yco’ﬂﬁiﬁ% ﬁ?ﬁth‘bdlﬁla])_r bed uessgaé/aiﬁto arr‘gi ent
enper at ur e. ating.,and cooqling rates, of, betwee n r e
USel such as PROREHT EhfMeRBradibrg iy S RGN o R EFHACS s ve
cycles to bui lsthhstrate maversd Hyape materdal3 dfo pdrec \sdlzes hetwedsn 0.1
appropriate, pref f t | gs.. t of the
substrate and/I%('rJ{rtai ?'Léebwrl}yer%bs{ gngé&r?ac%ekj?g vﬁ')s‘:gldqii’oe %ﬁr&j%h%% é;efggsr{éfir%’nl ‘process or
change the suiCoataql disemaigndaimedh£ore pnefierabliydetpean k @nsbd®ct i ng

with the sol, ddat PHaFerAAY DRI Bl Y AdRHal.! h rihed ietily such
as t hanol or ethanaql,. 25 This not only restricts 1ngress of_ the
solf% nto t he ﬁgﬁgr slipcasting, the membrane and substrate are placed
in an oven and heated. A typical heating regime is to
heat to 95°C, hold for 3 hours, then heat to a
temperature between 200°C and 900°C, most preferably
between 200°C and 600°C, hold for 12 hours, and finally
15 cool to ambient temperature. Heating and cooling rates

of between 1 and 60 C°/hr may be used, such as 10 C°/hr.

This slipcasting method is repeated for successive cycles
to build up the membrane layer. From 3 to 20 cycles may
be appropriate, preferably from 8 to 15 cycles.

(_j- Surface treatment of the substrate and/or the membrane
may be used to aid the deposition process or change the
surface propgrties of the membrane. Thus, prior to
contacting with the sol, the substrate is preferably
contacted with an alcohol, such as methanol or ethanol.

25 This not only restricts ingress of the sol into the pore
structure of the substrate and produces thinner membrane
films and hence higher gas permeabilities, but also
prevents the rapid increase in concentration that would
occur on contacting the sol with a dry substrate. This

30 increase in concentration would increase reaction rates
of the polymerisation process occurring in the sol and
could alter the microstructural development of the



structure of the substrate and produces thinner nenbrane filns and hence

hi gher gas
concentrati
This 30

t he pol ynerAld#Ibn process occurring in N
devel opment of the ALUSI L 11
1064D menbrane filnms in an undesirable manner. After deposition of the

m crostructural

pernmeabilities, but also prevents the rapid increase in

on that would occur on contacting the sol with a dry Substrate.
i ncrease in concentrati?q woul d i ncrease reaction rates of
t

he sol and coul d alt etO6AB

-

.

menbrane, the surface thereof may be treated with an al kyl silicate, such
as tetraethyl orthosiljcate or_a sol ufi t hereof in a non-aqueous 5
A% ot ruidor bl

sol vent as RYEREING

t he nmenbrane naterial .

et & TP GRIAEES the pore dianeter of

A simlar procedure can also be applied to the bulk

ventr ane,  PoCE AR EEon f Tt HGREHERL T ORY RErkdca’ eRLALEE bRl (1°

cal ci ni ng.

battreated withrantalkyhugibicateor pocht 24, tehvagthydnce of

zeolite Cry&a&%bffcé@@ GHVANLSDeE L SR thEPeSESPAPA RBnCagaebhY Of the

nmenbr ane for £O
the nenbr ar®®

YeRlgerS $ReFHFRAAbRNYRf y| ThEs further; dgrEaREResthe this

ar adsorbates can be aquented and hence fhe selectivity:

of

reSpeglt in%c@!ﬁ@ldaﬂlhét@ﬁld(f.%e%mmﬂﬁrlhii'leeﬁﬂﬂlpliNOQiiuiDJn':]te-f|t iséral so
possi ble tq_ inc e netal _gations, especi catipons of .geta om Groups
POond 11 oPToEedire Gt afdp S amehlnd £8' the bR CadlsdcbPoireEans 1 on
in the sols so as to incorporate theminto the resulting

oxi de_pr odue tpugfll S SALIRYE. AEYELALeREIShA} b NEhUGEGr B ER2THEL N e

netals, 20

pore distri

10

utron, a change | )
the membrane, for example by being included in the sol

before calcining. Thus zeolite crystals may be

incorporated. The presence of zeolite crystals has the

15

advantage that the adsorption capacity of the membrane
for polar adsorbates can be augmented and hence the
selectivity of the membrane changed. Examples of useful
ingredients in this respect include zeolites Y, X, 4A,
mordenite and clinoptilolite.

‘It is also possible to include metal cations, especially

20

25

cations of metals from Groups I and II of the Periodic
Table, lanthanides and 1st and 2nd row transition metals,
in the sols so aé to incorporate them into the reéulting'
oxide product. This can have several benefits including
a change in the pore distribution, a change in the
surface properties and/or may impart catalytic and redox
properties.

To prepare the fluid separation membrane the sol is
preferably calcined in the presence of the porous
support, the relative amounts of sol and support being
such that the weight ratio of the membrane to the support
is between 0.001:1 and 0.1:1.

o/

ey



surface properties and/or may inpart catalytic and redox properties. 25

To prepare the fluid separation nenbrane the sol is preferably calcined in
t he presence’of the porous support, the relative anounts of sol and support
bei ng such that_the weight ratio of the rr’aggrane to the support is between
0.001:1 and RMUSIL  AlusiL 12 1064/1
1064(%.Separation of fluids According to the invention clained in a further
di vi Stonal application GB 9507518.0, there is provided a process for the

separation of fluids, in which a mxture 5 of fluids is brought

I nto contact w | d- sgparation nmenbrane which conprises a cal cined
per ous am)rps\’l14 JE {$ﬁ[g £ é-efractory oxi de having a porosity of 10 to
70% and a nodal pore dianeter of from®6 to 20 Angstronms. 10 The

fluids whi Chﬁ%ﬂgirlggp@éaéﬁg mv‘fm’?ﬁg‘?ﬁ%ﬁ?ﬁ%?tﬁﬁmg or gases, but

we have foun ess particular e separation of polar
gases, such &5iGkgrral rWWW%rG%a%%W%l&hoasth@m otarpeesidad us

accor di ng tod@rﬁ@és@rf@ﬂ RO 0SBt Pon tHE FTWEEE | Ofh Wphich a mikt@kged in
|

t he further i sjopal application, the process |s used to_separate, carbon
di Gi de and vk b LWLOR TS PEARGRE himeo Caehbri 2 bt di frParrtien

i nvention cl amemsame twiei dlur ébmpr ées sa ofel c hpdd | setdws dmyEphers exchange
20 pro rti_es1 Jhus hen such ne ranes are used for t?e

Separati on of 1T HiT CRVEBHIA: HE R GX R ORETRI TR MRS B,87508HEN &F e netal

t her ef rom maytde7@%hi avdibh emodal pore diameter of from 6 to 20
Y

10 The fluids which may be separated by this process may be

Angstroms.

liquids or gases, but we have found the process
particularly suitable for the separation of polar gases,
such as oxides from non-polar gases such as hydrocarbons.
Thus according to a preferred embodiment of the invention

15 claimed in the further divisional application, the
process is used to separate carbon dioxide and water
vapour from methane.

The membranes according to the invention claimed in the
further divisional application have ion-exchange

2&/, properties. Thus, when such membranes are used for the
separation of liquids containing excess metal ions,
extraction of the metal therefrom may be achievable.

The invention will now be further illustrated by the
following non-limiting examples. In these examples, all
25 percentages are by weight unless otherwise stated.

In these examples, the parameters referred to are defined
as follows:

"Pore shape"
The definition of pore shape is taken from the



The invention wll now be further illustrated by the follow ng non-limting
exanples. In these exanples, all 25 percent ages are by wei ght

unl ess ot herwi se stated. In these exanples, the paraneters referred to are
defined as follows: "Pore shape" The deflrwéjon of pore shape is taken from

the  ALUSI LALUSIL _ 10640- B4 Bar a,
Cal i{= 1986 by K S WSing pp 567 - 583. "I" and "IV' refer to the type of
adsorption isotherm generated by adsorption of N2 at 77K. This technique is
called nitrogen 5 physi sorption. "Hz2" ref ers to the type
of adsorption hysteresis shown by the sanple quri or |on

desorption of [err]. [er]?ﬁr lp‘t#'cmr%%qi*(}g%dgg "pore

vol ume". "Mbdal dianetersgis (Wt ahidmIwt referhitdh thee ﬂyepeg&st fract i on of

the total volune in the aﬁ%&spﬂisor{ q.gg:{:h zg{ﬂ rHe(i{eox% ﬁ 1%3} %é%%l&fl of

the total volume in the pores por es
whose di aneter is |ess ﬂhant207xngsﬂhéﬁstecpunayﬁt}S calied péﬁ@@ﬂ?@ge of

the gotal volume of the dikd dre, T olfth i fdies RY Qe TR HYBLIME in a
porous solid is the sumpgﬁthe ]!\I/tg\%lurre occupj ed by the soI?d and t hat

occupi ed by the pores. PREFRLIRN JHTHATRF I %W%CPX ¢he sample

during adsorption and desorption of N,. N,
physisorption also provides a measure of "pore
volume". '

&U" : "Modal diameter"
is that diameter in which the largest fraction
of the total volume in the pores is found.

"% micropores"
is the fraction of the total volume in the
15 pores that is found in pores whose diameter is
less than 20 Angstroms.

"porosity"
is the percentage of the total volume of the
' solid that is found in the pores. 'The volume

Y, : . in a porous solid is the sum of the volume

occupied by the solid and that occupied by the

pores. The volume occupied by the solid is

measured by helium pycnometry. The volume in

the pores is measured by physisorption.

25 Examples 1 to 7

A sol was prepared as follows. 100 ml of tetra ethyl
orthosilicate (TEOS) were mixed under continuous stirring
at ambient temperature, with the same volume of ethanol.
In a second vessel, 18.6 g of aluminium nitrate

30 nonahydrate were dissolved in 8 ml of distilled water



measured by helium pycnonetry. The volume in the pores is neasured by
physi sorption. 25 Exanples 1 to 7 A sol was prepared as foll ows.
100 M of tetra ethyl orthosilicate (TECS) were m xed under continuous

stirring at anbient tenperature, with tggésane vol ume of ethanol. In a .
second vess®LUSI& 6 g of alunminiumnitr nonahydr 406 4Rer e
dissolved in 8 M of distilled water ALUSI L 1557%

1064D containing 2.8 nl of concentrated nitric acid. For hydrolysis, the®™
aqueous sol ution was added under continuous stirring at anbient tenperature

to the etha | ut he .vaol une ter ,added prqvided a 5

reaction n1§§h?§ ig Phlngl °ﬁDF8§°8P%ﬁ€¥gF BAETAG 8cdf-or £RFsi | i cat e 3
(HO Si = 2) hydvopyspsy, ethkeagukoast sblutibfiewasOaddedoindes above reaction
product was d olLLo g [ he t err], hold for

B pduct vasoBRRS AU sht;lgn& 2t 0§nBY h€obdiparatlie kol Bnetl 1. Orn TO"
propertles BFthéléﬁlsahH épntheThenuplpmedgétwabee eﬂd#dnpdo&ndeﬂoand to

bs as f0||Oﬁéaééiéﬁphix%hreSEBnﬁﬂlnlng 2 moles of water per %oid L%

Vi scosity 1.8 nPas " Cel ation ti >32 days
Product % sPFFRgsilifaten{H0¢ sf < 2)90 / 10 Pore voI ume

0.15 cn8/g 2.0 ~ Modal pore dianeter 10 Angstronms BET surface
area To preﬁ&gengﬂg refractory oxide, 100 ml of the above

reaction product was heated under the following regime:
10C°/hr to 95°C, hold for 3 hours, followed by 10C°/hr to

10 400°C, hold for 12 hrs. \J
The properties of the sol and of the final product were
examined and found to be as follows (Example 1):
Sol
pPH : 0.04
15 Viscosity 1.8 mPas
Gelation time >32 days
Product '
% silica / alumina 90 / 10
Pore volume 0.15 cmi/g
20 Modal pore diameter 10 Angstroms o
BET surface area 219 m¥/g
% porosity 34
% micropores 73
Pore shape H2/1IV

25

When the amount of aluminium nitrate was increased from

18.6 g to 72.9 g, the properties of the sol and of the

product were found to be as follows (Example 2):

e



% porosity
H2/ 1V 25
18.6 g to 72:9 g,

34 % m cropores 73 Pore shape
When the anmount of alumniumnitrate was increased from
the properties of the sol and of the product were found

td be as follows (Exanple 2): ALUSI L 16

1064D Sol pH ALUSIL 0. d% Vi scosi ty 1064D

2.9 nPRPas Celation tine _ >32 days 5 Product . %silica
/[ al Uum na 70 / 30 Pore vol une 0. 06 cnB/ g Mdda
pore di aneter 11 Angstrons BET surface area 102 n2/g %
porosity 13 % m cropores 49 Pore shape

He/ IV When t hESnhount of water added was varied from8 m to 80 m, the
properties of gthe sol and of the final pradwa 15 were found to be

as foll ows: Sq}is%xoasriq__lye No: 102'91§]Pa5203 4 5 6 7

H?0: Si 2 5 50 pH

0.4 1.1 1. 4Gela88on ¥ime 3 20 Vics@odays (nPas) 1.8
1.753.8 1'5£z#g%ctli6 Gel ation tinme (days >32 35 11 >32 55
>43 Product % SrTica / alumna mce------ 90 / 10-------------
: % silica / alumina 70 / 30
Pore volume ' 0.06 cm’/g
Modal pore diameter 11 Angstroms
BET surface area 102 m?/g
>0 % porosity i3
% % micropores 49
Pore shape H2/IV
When the amount of water added was varied from 8 ml to 80
ml, the properties of the sol and of the final product
15 were found to be as follows:
Sol
Example No: 1 3 4 5 6 7
IﬁO:Si 2 5 10 15 20 50
pH 0.4 1.2 1.4 0.88 1.3 1.3
20 Viscosity (mPas) 1.8 1.7 3.8 1.5 1.9 1.6
Gelation time (days) >32 35 11  >32 55 >43 -
o Product
% silica / alumina = ~ =  ==—ese——- 90 / 10=====—=m—————-
Pore volume (cmF/g) 0.15 0.2 0.27 0.24 0.26 0.38
25 Modal pore diameter
(Angstroms) 10 10 10 12 10 22
IBET surface area
(m2/g) | 219 312 456 512 469 700
h $ porosity 34 30 34 54 37 47
30 % micropores 73 66 61 74 54 36
: Pore shape H2/ I I I H2/ - H2/
Iv v IV



"Pore volunme [err]
pore dianeter

(Angstrons)

surface area [err]

porosity
m cropor es
H2/ I
17
fol | ows.

of al um ni

t he sol,
contlnuous

refractory
regime: [e

34
73

ALUSIL

I I H2/  H2/

1064D Exanples 8 to 13 A sol
100 M of TECS were m xed under continuous stirring at anbi ent
tenperature, with the sane vol une of ethanol

66

10 10 10

0.15 0.2 0.27 0.24 0.26 0.38 25

12 10

Mbdal

22 BET

219 312 456 512 469° 700 %

34

67

54
74

37
54
|V

47 30
36 Pore t06pR
ALUSI L
was prepared as

|V

In a second vessel ,

%

18.6 g 5

drate were dissolved in 80.4 m of distilled
dei oni sed water containing 2.8 nI of concentrated nitric acid. To produce

I}gﬁaq‘feous sol Utl%‘ﬂt

1

ded to

<

Wl e.

19 21 PaOkiss
SOtn U8

hour s,

sol uti on

VERF SIS
cont ai ni ng vndext wmbinwdaumksltleng/cﬂtlrmnlmieﬂECfempsraradee Twlphepare t he

re qf)er rITé)f %01 1?&31%’@

érrf? 0&

ugd

a sol

| owi ng

to [err],

Hold for 1%f alumlnmn mitrate perghydrate drerehedmﬁwh oint&@ i nal
prOdUCt We gy e&ﬁ%f@&ﬂ@h@é‘f@ni&@%i@ef%&%ﬂfﬁ@”@'@ ® oS0l pH

1.4 20

10

15

20

25

Viscosity

concentrated nitric ac1d.

To produce the sol, the

aqueous solution was added to the ethanolic solution

under continuous stirring at ambient temperature.

In

this way, a sol containing 1 volume of alcohol per volume

of TEOS was made.

To prepare the refractory oxide,
was heated under the following regime:

10C° /hr

to 95°C,

100 ml of the above sol

hold for 3 hours, followed by 10C°/hr to 400°C, hold for

12 hrs. .

The properties of the sol and of the final product were

examined and found to be as follows (Example 8):

Sol

pH

Viscosity
Gelation time
Product

% silica / alumina
Pore volume

Modal pore diameter
BET surface area

% porosity

% micropores

1.4 -

3.8 mPas

12 days

90 / 10

0.26 cm’/g
15 Angstroms
381 m¥/g

35

61

]

gy

49



Gelation tinme 12 days Product %silica / alumna

90 / 10 Pore vol une 0.26 cnB/g 25 Modal pore
di anet er : 15 Angstronms BET surface area 381 n2/g %
porosity - 35 % m cropores 61 ALUSI L

1064D When t h&L&iSAdnol of Exanple 8 was re kﬁaced by pentane di ol ,1ddwp
propertles of the sol and of the product were found to be as follows

(Exanple 9): Sol 5 pH : 1.2 Viscosity
2.2 nPas Gelation tinme 48 days Product %silica / alum na
90 / 10 Pore vol une 0.99 [err] Modal pore dianeter

68 Angstrons MRENshhe;&fhanel of Example 8yas geplagesohysipentane

68 % mi cropor @ol, the propertle'é 5T the sol WA df e pHdauit 3ldpd ni um
t he properties of the sol and

: t 1
g%’t{ﬁteef},\ﬁ;l%?’é‘%@z? :eg %r?glga’sbé%"? & & (Exanple 10): Sol pH

0.9 Viscosity 16.3 nPas Celation tine
days sol
5 PH : 1.2
Viscosity 2.2 mPas
Gelation time 48 days
Product
% silica / alumina 90 / 10
&“O/ Pore volume 0.99 cm’/g
' Modal pore diameter 63 Angstroms
BET surface area 642 m%/g
% porosity 68
% micropores 5
15 When the amount of aluminium nitrate was increased from

18.6 g to 72.9 g, the properties of the sol and of the
final product were found to be as follows (Example 10):

Sol
. pH : 0.9 |

L Viscosity - o 16.3 mPas

' Gelation time 8 days
Product
% silica / alumina 70 / 30
Pore volume o 0.13 cmd/g

25 Modal pore diameter 29 Angstroms
BET surface area 169 m?/g

! % porosity 22

% micropores 24

When Example 8 was modified only by changing the final
30 temperature of the heating regime, products with the
following properties were obtained: '



Product %silica / alum na 70 / 30 Pore vol ume P

0.13 [err] 25 Modal pore di aneter 29 Angstrons BET

surface area 169 [err] % porosity 22 %

m cr opor es 24 \When Exaan 8 was nodified only by changing *
the final 3ALUSIL tenperature of the g%tlng regi me, productioedph the
foll ow ng properties were obtained: ALUSI L 19‘!{
1064D Exanpl e No: 11 8 12 13 Tenperature (C "
200 400 600 900 %silica/ alumna  ----- 90 / 10------- Por e

vol unme [errk 0.21 0.26 0.15 0.01 5 Modal pore dianeter
(Angst r ons) Example No: 13 15 13 84 BER2surfldce area [err] 5
448 381 ZQZ_mperat%raor(@@)ty 200 400 £%0 Fpo °3 2 10

% m cr opor g 63 61 68 0 These exanpl es denonstrate

the benefit *oPidica ¢i AtHGiN8per at ure With 7% He 105nge 6T [err] to [err]. @
Exanpl es l4pepé ¥blAmeol(cwlsgprepared av.bkal loqes 016 m.oaf TECS were 15

ngxed under éagilggg§sgi%gcgﬁ§gvat anbi ent tenperature, with the sane

vol une of anal essel, 18.6 g of alumniumnitrate
nonahydrate(ABgstUDmSOIved in 80.4 m of 18i st 15l ed 1&ei oBidsed wat er
contai ni ng aprapRreRELALEeK%O! UME of concentrated nitric acid to produce

(m?/q) 448 381 297 3
% porosity 29 35 53 2
10 % micropores 63 61 68 0 .;}

These examples demonstrate the benefit of a calcining
temperature within the range of 200°C to 600°C.

Examples 14 and 15

A sol was prepared as follows. 100 ml of TEOS were

15 mixed under continuous stirring at ambient temperature,
with the same volume of ethanol. In a second vessel,
18.6 g of aluminium nitrate nonahydrate were dissolved in
80.4 ml of distilled deionised water containing an
appropriate volume of concentrated nitric acid to produce

20 an aqueous solution with apH of 1 + 0.2. To produce the W
sol, the aqueous solution was added to the ethanolic
solution under continuous stirring at ambient
temperature. In this way, a sol containing 1 volume of
alcohol per volume of TEOS was made.

25 To prepare the refractory oxide, 100 ml of the above sol

Yoo

was heated under the following regime: 10C°/hr to 95°C,
hold for 3 hours, followed by 10C°/hr to 400°C, -hold for
12 hrs.

The properties of the final product were examined and
30 . found to be as follows (Example 14):



26 an aqueous solution with a pHof 1 0.2. To produce the sol,

t he aqueous solution was added to the ethanolic solution under conti nuous
stirring at anbient tenperature. In this way, a sol containing 1 volune of
al cohol per volunme of TEOCS was nade. 25 To prepare the refractory
oxi de, 100 ni AdVUSEhe above sol was heat eddfder the f ol | owi ng r edio6eD
10C7hr to [err], hold for 3 hours, followed by 10C hr to [err], hold for 12

hr s. ‘%he properties of -the final product were exam ned and 30 f ound
to be as foll ows (Exanple 14): ALUSI L

1064D % silicg / .al,umn 90 / 1Q Pore vol une _

0926 [err] Nb%aﬁlg&Fé dlé&gpépa - 189AAgd0r ons BET surface area

381 [err] 5 Pore vo‘l’cunerom ty 0.26 cm®/@5 % mi cropores

61 When anmon S d of nitrig_a i.n_Exanple 14 such as to
pFoduce an aqggogg %tﬁéﬁﬁ%|?% a pH of %3 SP%E ﬁ?gﬁertles of the product
were found toBE& §§rﬁ§bboﬂge@Exanple 15): 3glsif/ga / al unina 90 /
10 Bore vol ung porosit - .39 [errgghbdal pore dianeter 15
Angstrons BET sur ace area 15 [err] 15 % porosity

42 % ni cr opor &sMicropores 11

When ammonia was used instead of nitric acid in Example
14 such as to produce an aqueous solution with a pH of
10, the properties of the product were found to be as

2 follows (Example 15):

-
% silica / alumina ' 90 / 10
Pore volume _ 0.39 cm’/g
Modal pore diameter _ 15 Angstroms
BET surface area 154 m?/g

15 % porosity 42
% micropores : 11



ALUSI L 21 1064D When the anount*
of alumniumnitrate was increased from18.6 g to 72.9 g, the properties of

the sol and of the final product were found to be as follows (see Exanple .

10 above): 5 Sol pH 0.9 Viscosity’

16. 3 nPas GBLESIbN tinme . 3 Hays Product 10 1064Psi | i ca. /
al um na ' 70 /30 Pore vol une 0.13 [err] WMbdal Qg&e
di anet er 29 Angstronms BET surface area 169 [err] %
porosity 22 15 % m cr opores 24

Exanples 16 _ to 21 Menbrane preparation A bilayer substrate, marketed under

the nane PEfRanpteerampentefebapinjunpitrate ves: ARFESasGAsTEOBI. 20 ‘

This substragcecompsi 32sony| | the prupestiedObf théesel 2hfebE] tRarrying an
al um na maa?.cogt of .1 %o 3 %etr% 8?%6 élze. ghg SUbsErate I S firs&
contact ed wriPeLrPEPRURE| webe ERpndhe Be, 28 EoL1OVRe (865 EramRiPs1Phen
cont act ed vabdven: appropriate sol, such as those described in the 25
precedi ng exanples. Contact is maintained for 5 seconds. | mediately, the
menbrane and the substrate are placed in an oven and heated according to
the followi®@lregime : 10 [err]/hr to [err], hold for 3 hours, 10 [err]/hr
to a tenperggure of 400C, hold for 12 hgugs, 10 [err]/hr cooling 30

to anbient tenperature. This dip coating grocedure is repeated for 15
cycles to b¥A$eC®btYhe nenbrane | ayer. 16.3 mPas '

Gelation time 8 days

Product : Q;}
10 % silica / alumina 70 / 30

Pore volume 0.13 cm’/g

Modal pore diameter 29 Angstroms

BET surface area 169 m?/g

% porosity 22
15 % micropores 24

Examples 16 to 21

Membrane preparation
A bilayer substrate, marketed under the name P8/V1

_ BICERAMIC, from Fairey Industrial Ceramics, was used.

20 This substrate pbmprises'mullite having a pore siée of -~ \o/
35um carrying an alumina wash coat of 1 to 3 um pore
size. The substrate is first contacted with an ethanol
solvent. The surface of the substrate is then contacted
with an appropriate sol, such as those described in the

25 preceding examples. Contact is maintained for 5 seconds.
Immediately, the membrane and the substrate are placed in
an oven and heated according to the following regime : 10
C°/hr to 95°C, hold for 3 hours, 10 C°/hr to a
temperature of 400°C, hold for 12 hours, 10 C°/hr cooling

30 to ambient temperature. This dip coating procedure is
repeated for 15 cycles to build up the membrane layer.

Y )

&4




ALUSI L 22 1064D After deposition
of the nmenbrane, in the case of sone exanples, the surface is treated with
TECS at the’l evel of 50m orthosilicate per gram of m croporous silica-
alum na oxide, for 2 hours to further dec se the pore 5 di anet er
of the nmenmbraU%Bkerial. This naterial é\it hen heat ed accor di n§066Dt he
follow ng heating reginme: 10 [err]/hr to [err], hold for 3 hours, 10

[er /hr to a tenperature of [err], hold for 12 hours, 10 [err]/hr cooling
to anbi ent tenperature. Using thi S rret hod, a nunber of menbranes were

pr epar ed. Tug%tgr nbr apes -havj rane suyrf ce area of 46 cn?2 were
prepared as e¥ AP ABHYER N % W TR s ehRr 51f ofP%F FasSARt ur es,
specifically a&ampaes,otheas@mﬁadeoXsdEreateﬂMwﬂtﬁ TEGS dhethel levwehg

operatlng 15 e e _ 1.68
to 5.8 bar abos%I 5?m1 P%?#ea%gf%?ge\gés ﬁ?él,_s éiralf §P ﬁi‘%éééfoisee%ll}}ca

1000 to 5000 alwpinznpeideurtor 2 hours to further cdecyease the moreresul ts
verg as fol | qyfandX@rPbe éﬁé’b&éﬁﬁraﬂ_g%terlall\l%. mélmaterlaﬁniécﬂ@ﬂt No.

Treat nent Feed Per meate 16

1.06 25 heated accoxding to the follow1qg)heatanlreglme. &005 18
Ex. 4 No ¢°/hr t<5095 c hé¥d for 3 Ho@ﬁs,l910 ce /152( to a YeS 52
60 L 1§tem I¢ 400°d%%hol hquzgl 10 C°/hi  &8oL)
21 peg@ﬁpre o 4%8_ Te] %7for 12 quﬁ! 10 / r coo ing
to ambient temperature. Using this method, a number of
an membranes were prepared.
W,

Tubular membranes having a membrane surface area of 46 cm?

were prepared as described above and used for the
separation of gas mixtures, specifically mixtures of
carbon dioxide in natural gas. The following operating'

15 _ conditions were used:
Feed pressure: 1.68 to 5.8 bar absoclute
Permeate pressure: ambient
Feed flows: 1000 to 5000 1l/hr
Temperature: - ambient
20 : The results were as follows:
Example Membrane TEOS %co, _ Enrichment
No. Treatment Feed Permeate
16 Ex.7 No - 40 44 1.06
25 17 Ex.7 No 20 21 1.05
: 18 Ex.4 No 50 52 1.04
: 19 Ex.7 Yes 52 60 1.16
20 Ex.7 " Yes 45 56 1.25

30 21 Ex.7 Yes . 31 37 1.21



ALUSI L/ MRS3545/ 1 064D Al M5 1.
A process for preparing a porous anorphous |ca- ractory oxi de

conprising the steps of calcining a sol cont q% f silica and a _
5 source of al um na, characterggﬁﬁ he“soT has a pH ‘of from”
1to 4, a viMESILAMRI3F4SH 1 to 10 nP nd a* stablllty agai nst 196140 ngm

flocculation and precipitation of at |east 10 days, and in that the sol

calcined at a tenperature of from[err] to [err]. 10 2. i
fluid separation nenbrane conprising a cal ci ned porous anor phous

silica-alumna refractory oxide prepar according to claim1l, carried on a
porous support. 3. ‘ A fluid sep menbr ane according to claimi15+... -

2, wherein the porous support is selected fromalumina, silica and

al um nosi |l i gat es. gto cIa|n1fl'
3, wherein tHe porous A BESSH syosrdlp}%%ﬁpqg% g%‘%;%w éﬂt e. b
5. A sfilliich-sdpariata mefr:arrmmxe aticte digappuising e Mmmft he

fgr gt’sr fi‘pp@aﬁ&%‘&r@ B it idimyd sbdrike deTdiridd &diiaply fromO. 3
source of alumina, characterised in that the sol has a pH
of from 1 to 4, a viscosity of from 1 to 10 mPas and a
stability against gelling, flocculation and precipitation
of at least 10 days, and in that the sol is calcined at a

temperature of from 200°C to 600°C. . : \uj

10 2. A fluid separation membrane comprising a
calcined porous amorphous silica-alumina refractory oxide

prepared according to claim 1, carried on .a porous

support.
3. A fluid separation membrane according to claim
15 2, wherein the porous support is selected from alumina,

silica and aluminosilicates.

4. A fluid separation membrane according to claim
3, wherein the porous support is selected from alumina
and mullite. \/

20 5. A fluid separation membrane according to claim
2, wherein the porous support has a pore size of from 0.1
to 5 um, preferably from 0.3 to 3um.
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