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Background to the invention

3 This invention relates to a process for prepar

ing a

porous amorphous silica-alumina refractory oxide, -

particularly for preparing porous amorphous si
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10 Angstrons (See Sing K S Wet al, Pure and Applied Chem, 57 pp
603 et seq, 1985). Knudsen and |am nar flows would be the predom nant
tkansport nechanisnms in pores of this dianeter depending on the pressures
and tenperatufes used to operate a nenbrane nmade with pores of these 15

di mensi ons. Menbranes suitable for the separation of polar gases should, in
principle, separate these gases predom nantly via a surface diffusion

met hee. For surface diffusion to predoninatg during transport of the gases
t hrough the nenbrane, three criteria should“.be fulfilled: (i) Por e
di aneters nust be of nol ecul ar dinmensions; (ii) The materials nust be
porous; and (iii) A hi gh adsorption capacity for polar gases conpared
to | ess pol ar gases shoul d be 25 mani fest. |If pore

di aneters are | :éﬂﬁ S por ous
material s, then I ow thrgu totr?ectreq %;s:rirﬁv%lgq] %ave cont rﬁ)rgt |dol%s rom
Knudsen di f f usifar £mne ﬁﬁ%ﬂ'ﬁ qamperethdq Athers s Marsepmf dthie See

and the forner g IQQ‘%tnre%ﬁR,%r aazse%lty}&ﬂzﬁre%ls'a%&ftypma%lmﬁwl ar
velocities (aséia\ I‘OXI tion the ideg| aration factor is calcul ated

fromthe squar AU Hroda ‘°t ARl L SRR ofn e
nol edul es). Wha@ddsy pﬁacge)pﬂfmwmfeane]m | chil sinetier & hﬂi’;ﬂfd)srcﬂaﬁlg the

essential if tqne co rlbutl .Q marrbraneft ansnort, d fr msurf |ffu5|on
EF P imensio ?
is to be optlms er |s clrcunstance, separa |on ofta po gas from
a |l ess polar mlxture 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
10 . Angstroms (See Sing K S W et al, Pure and Applied Chen.,

57 pp 603 et seq, 1985). Knudsen and iaminar flows would
be the predominant transport mechanisms in pores of this
diameter depending on the pressures and temperatures used
to operate a membrane made with poreé of these

15 dimensions.

Membranes suitable for the separation of polar gases
should, in principle, separate these gases predominantly
via a surface diffusion method. For surface diffusion to

predominate during transport of the gases through the

k_; membrane, - three c?iteria should_bé fulfilled:
(i) Pore diameters must be of molecular dimensions;
(1i) The matefials must be porous; and
{(iii) A high adsorption capacity for polar gases

' : compared to less polar gases should be

25 manifest.

If pore diameters are larger than the micropore range,
for example as in mesoporous materials, then flow through
the membrane will have contributions from Knudsen
diffusion and laminar flow. The latter is non—separativg

30 and the former, at best, separates on the basis of



one, for exanple [err] froma mxture with [err] should be maxim sed. This
I's the reason for devel opi ng net hods of 10 maki ng m cropor ous

oxi des that have the properties |isted above. To deposit a nenbrane 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 15

to the oxide which forms the nmenbrane. For a sol to be suitable for -3
menbrane manufacture it should preferably have a viscosity between 1 anﬁglo
nPas. Viscosity of the sol is nmeasured “usi ng a Contraves Rheonmat 30
visconeter, at a tenperature of [err] at shear rates of 20 370, 684
and 1264 [errr] The average viscosity at these three shear rates is .
guot ed. The soI nmust not flocculate or gel for several nonths, if at all.
CGel l'ing means v SCOSI |ncrea e-on_storage.. roomtenperature, once
the viscosi PYLF rlses ﬁ M 8803? SRR PR é& @%g T4t There is
t herefore aSﬁeeuaEQOpréapderalprgeésglaheﬂewyoa pbeossuaWBrphomsof

si lica-alumpa 5@2&@%5951 8%'@ﬁeoho@%éhﬁ%9|%aEEQEeB%'%%ecﬁ%lg%uﬂ%%quced by
the cal cinin a Stable so suitabl e viscosity. have now found t hat
this obJectWgeléanmbéf&&ﬁréVédmsvbsene mater1aﬂﬁeaﬁﬁo6é§§eéprﬁhe pr esent

i pvention. essén®y@NBiY @het BBnitRiBOLIORA TOUmemdtaakditi@dnkspolrite fRo@SENt

i nvention ther i ded a, roce s for rin or.oys anor phous
o1\ oo o unPRETRER, REHSToRr a8 Bombpi 6P RiABas: oPedsR_ this

hydrolysingcér&une&&n@b,sbbbaaamnoa edneaapudaus gasl fewm a less polar

one, for example COZ from a mixture with CH4, should be

maximised. This is the reason for developing methods of S“d
10 making microporous oxides that have the properties listed
above,

To deposit a membrane 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
15 to the oxide which forms the membrane. For a sol to be
suitable for membrane manufacture it should preferably
have a viscosity between 1 and 10 mPas. Viscosity of the
sol is measured by'using a Contraves Rheomat 30
viscometer, at a temperature of 23°Ci at shear rates of
20 , 370, 684 and 1264 sec’!. The average viscosity at these _ K-)
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.

25 There is therefore a need to provide a process -whereby a
porous amorphous silica-alumina refractory oxide of : ‘
desirable properties can be produced by the calcining of

a stable sol of suitable viscosity. TN

We have now found that this objective can be achieved by

30 the process of the present invention.



by addi ng thereto an aqueous solution containing alumniumions, thereby to
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 uti on" and the source of silica in a non-aqueous solvent is
referred to herein as the "silica solution". The so]. preferably has a
viscosity of from1l to 10 nPas. This viscosity nmakes the sol particularly
suiteigle for 15 the formation of a refractory oxi de nmenbrane by

cal cination of the sol in.contact with a.suftable porous support. The sol
is calcined at a tenperature of from200 Cto [err] At this tenperature,
free water is driven off, 20 any organic matter such as the

non- aqueous sol vent is evaporated and a porous solid is formed containing
silica. Al um nidyRaNIeF SIHd G NG5, are present which inpart adsorption
properties to the product. Depending on the ingredients used, and the
anounts thereof, alumna 25 is also present. The solid product may

al so contain othals cUHBRITSE A8 iR gragedte iviaedienied the sol, *
where such ingredients, are not lost in the (:,alcinatio'nsiorocess}i Thus, for

exanpl e, the prEBHEE D df’P?é’reﬁ‘Fethaﬂr CRGRH 15 & RESUS MUt in the
presence of ot heirlida~alumina nedfatactoadydesxide tdenpgy Olingd . the stem@neof.
enbodi ment of t | hvent i roduct. .cont ai.ns. no_such. ot her ents,
or o(rjljl y am norﬂgir#ootr} rivt&tr}#e)% eo%omehfﬁeuso,quasclclcgr I ?ligrptao nr"acnpraé{]‘eeror‘le]%.Seo odi nent
of the inventidw adding thienetn sl rdurruss selodtian orerfaining

aluminium ions, thereby to form a sol and calcining the

‘&~/ sol.

For the sake of brevity, the aqueous solution containing
10 aluminium ions is referred to herein as the "aluminium
. 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
600°C. At this temperature, free water is driven off,
20 any organic matter such as the non-aqueous solvent is
.evaporated and é porous solid is formed containing
silica. Aluminium-oxyvgen-silicon bonds are present which
impart adsorption properties to the product. Depending
on the ingredients QSed, and the amounts thereof, alumina
25 is also present."Thé'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.



5 alumniumnitrate, in particular a solution of Al [err] During
the calcination step, any nitrate ions are deconposed and | ost, probably in
the formof nitrogen oxides, nmaking nitrate a particularly sui tabl e anion
for the alum nium solution. 10 Again, according to a preferred
enbodi ment of the invention, the source of silica is an alkyl silicate, or
a mxture of alkyl silicates, such as according to the fornula: [err] 15=
where R, R' and R'' are each independently a substituted or 3
unsubstituted al kyl or aryl group, whicR fay for exanmple contain up to 20
carbon atoms, x +y +z =4, xis from0Oto 3, yis fromOto 3 and z is
froml to 4. Exanples include tetra alkyl orthosilicates, for 20 .
exanple tetra ethyl ortho silicate. The alkyl silicate is hydrolysed,

whol Iy or paptly, 9¥£$§g ﬁ£ bEe ?EaEBQQn%98L°r€h2'§?88L§ E%L?X?HS

pol yners and ar'coh are eco ose fin Cl na o srlica and
evapor at ed nespechigthgr vwmameeahareorhanthe mseoofamgunt thereof} kyl|

silicates t@huQrHAée$+&§nge{§ hs k@@&preBOémsaaanLﬁtf5@n£h£anpostrlnl et
al, J Non Crystalline Solid % 322, 1989; Ro J Cet al, J Non

C)ystalI|ne1E%?¥Hé°n1lbh%pa§%m1“82m igégtlﬂﬁlhﬁe? €P§“tﬂ°ﬂbﬂfC}ystalllne
®lids, 100apemBliumSRit2fB8, andpAssisklet al soMatepshabs 30

Research Sy 25-35 1988. W are. al sg aware that, processes

have been dggﬁ$é§éd9é§%re Iﬁfﬁ%dﬁh (ﬁ&%ﬁﬂ??ﬁ°%l??%ﬁﬁl%ﬂ%i?ﬂﬁ#%?ﬁun1are

used and hyton$ysee degembesedoangaidvstl | propadbdyysnnghenéorm of
nitrogen oxides, making nitrate a particularly suitable

anion for the aluminium solution. -

10 : Again, according to a preferred embodiment of the
invention, the source of silica is an alkyl silicate, or
a mixture of alkyl silicates, such as according to the
formula:

R’XR”ySi(OR”’)z

15 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 + 2
= 4, x is from 0 to 3, y is from 0 to 3 and z is from 1
to 4. Examples include tetra alkyl orthosilicates, fbr

20 example tetra ethyl ortho silicate. The alkyl silicate . Q_)
is hydrolysed, whollv or partly, durjng sol preparation
to form silanols; siloxane polymers and alcohols which
are decomposed during calcination to silica and
evaporated respectively. We are aware that the use of

25 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

Solids, 100 pp 31 - 50, 1988; and Assink et al, Materials ‘
30 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

and hydrolysed together, or partially hydrolysing one



-6- al koxi de before adding the other. Exanples of this are found in:
Yoldas B E, Ceram- Bull. 59 pp 429-483, 1980; Lopez T et al., J Non.
Gyst. Solids 108 pp 45 - 48 1989; and Abe Y, J Non. Cryst. Solids 108 pp
150 - 156 1989. 5 These net hods however cannot produce stahle sols
and therefore nenbranes. The present invention on the other hand requires
t haty t.he al umi ni um source is an aqueous sol ution containing aluniniumions

“and ™ is this feature which enables st abl & sol s, and therefore nmenbranes,
to be 10 produced. By introducing’ the aI umniumin this way,

sili con-oxygen-al um ni um bonds are formed in the product which inpart
i fproved adsorption for polar gases to the nenbrane nmaterial. According to
a further preferred enbodi mrent of the 15 i nvention, the

non- aqueous solMehtxilde belrdtdel %ddsi(?lgashteo olt%%\i‘e NG 1dde d dhe fdAal
pr'oduct and for_ this reason we prefer that the non-aqueous solvent is a

nono- or pol yhy@und dincoXgrtdasné Fat Gea a@r \H‘ﬁléh Sp &R 2ot Afiet HAS Oa

gl I(:ropor?)gs ?)lr L pesS AP @tows .Qr Qdnein . : @r@@sv r%llaggb?m eppnexs i-n mrl@gr?et ai l
el ow. ea : nQn- .agueou ve m_sgi bl e ter ave
di scover ed tha)térﬁdnug’red&p t‘]o%(?&‘al‘sjr‘i‘yé;ﬁ g;é’&lldﬁr &3’ PP (R c'hﬁga?ctl \Qg’tl cs of

the $ol are criTthecal methosls howeveing anmox yecchut eagytedil eofsdlise anvent i on,
25 the V%Tﬂe%o&r OYledd %e%r 00%‘3 Ip% RHEPaAHVA 8 O %Usch%”%rt%%%gs

silica-alumina refractory oxi npri’s t he steso cnln
cont ai ning a sdange r@fqugmeu%éhmd téles@dm@enaftmalwm lxma’nemwewel%ol has

a IOH of from 1d6a4 iR eb@italnk nfs' QrI‘an ihQué i3nd GRSt Qf thi@Mek altQ 30
q_rf‘as and a sih abi | ity agai nst gi floccul ation and precipitation of
east 10 da?”‘ﬁ*é?@w&ﬁﬁy &pq §a§plq, and therefore membranes, to be

produced. By introducing 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.

According to a further preferred embodiment of the
15 invention, 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-aqueous solvent is a mono- or
polyhyvdric alcohol, the nature of which depends on
whether a microporous or a mesoporous product is desired,
K,/ as. explained in more detail below. Ideally, the'non—.

aqueous solvent is miscible with water.

We:- have discovered that in order to obtain an ideal
product, the charaéteristics of the sol are critical.
Thus, according to a second aspect of the invention,

25 there is provided a process for preparing a porous
amorphous silicé—alumina refractory oxide comprising the
steps of calcining a sol containing a source of silica

. and a 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

30 10 mPas and a stability against gelling, flocculation and
precipitation of.at least 10 days, preferably at least
180 days, and in that the sol is calcined at a
temperatﬁre of from 200°C to 600°C



180 days, and in that the sol is calcined at a tenperature of from/[err]

-7- The stability against gelling, flocculation and precipitation is

determ ned by storing the sol at a tenperature of [err] under stil

condi tions and visually observing whet her gelation, flocculation and/or 5
precipitation occurs. M croporous product When a m croporous product is
desired, the relative proportions of the alum niumand silica solutionss

be so chosen that the cal cined product_cgntalns at | east 80% 10 Eﬁ
wei ght silica, calculated as [err] The |l ével of aluminium calculated as
[err] is in this case not nore than 20% but is preferably at |east 1%

nost preferably at |east 5% The non-aqueous solvent may be selected from

nmonohydri ¢ al cohols having from1 to 4 carbon atoms 15 and
m xtur es th%‘rf‘é)fsts?o%l%ﬁcéya'al aﬁ%éla%luﬂ@,loaﬂfﬂcc@}&@ﬂm Ayl m xtures ,
" thereof. The volune ratio o he source. lica to the non-aqueous

sol vent is RRACKRMALIIHAL: dle%ml@d rﬁ%tsm@f@ Ay §9bmU:% to 1:5. The

concentrat i ajempdtkdtalad | ld/ie U pAUddansOf 11 heo s tdroSardd visually are
preferably sq chosen t the so] contai | ess than 15 nol es water per

mol e of siliSEHHDS, E‘o‘mf’s‘?sg‘? s AR R EHERY/ Wt more than 4,

si#ch as by tpreaish tdtoiprmofoaru®s gani ¢ or 1 norgani ¢ nonoprotic -aci d.

Sui tabl e such acids include nitric, hydrochloric, 25 et hanoi ¢ and
oxalic acids. In an alternative enbodiment, no acid is added. This is
appropriate ) t '

When a microporous product is desired, the relative \“d

proportions of the aluminium and silica solutions may be
so éhosen that the calcined product contains at least 80%

10 by weight silica, calculated as SiOT The level of
aluminium, calculated as Alfﬁ, 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 selecﬁed
from monohvdric alcohols 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
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 organic 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 apbropriate when the solution
containing aluminium ions has a natural pH of not more
than 4 and the hvdrolysis is then carried out without the

additibn of acid.

30 Mesoporous product

When a mesoporous product is required, .the relative



contai ning alum niumions has a natural pH of not nore than 4 and the
hydrolysis is then carried out without the addition of acid. 30

Mesopor ous Product When a nesoporous product is required, the relative

-8- proportions of the alum:niumand silica solutions my be so chosen that
the cal ci ned product contains not nore than 80% by weight silica,
calgqlated as Si@2. The level of alum nium calculated as A1203, is in this
caséwgot 5 | ess than 20% but is_pgeferably | ess than 60% nost
preférably |ess than 40% Wen the |evel ? aluminiumis at |east 50%
alum na as such occurs in the product. Below this proportion, the al um ni um
I ¢ present in the formof silicon-oxygen-alum niumstructural units. For a
10 mesopor ous product, the non-aqueous solvent nay be selected from

pol yhydri c al CBPQ+§r996’ﬁ§‘gofm€ﬁet£'Punmf‘nP@ﬁ boRd ak OIBcangdo L BEk 6nF1 Khyr BS,
such as et hanedi o ropanedi ol and. m Xt ures %hereof The volgne ratlo of
t he source of %?I¢%%S?% ?h%tnhmeaﬁ%%%h%egon pct scqptains no F&rably

not nore than {pdn 8('1'4@%?0@6@@&’6a&ipﬂcandcwbalavedpaepsw or'lsheoflé\)mel

sol uti ons may be so chosen th e s ns. at t 15 | es wat er
ger nole of si?lcalyPhripls @ %ﬂ a?hgigﬁdréfy5|s%ﬁs car??e %out at a

pH of | ess thahedsothah aopkibﬁtaislgasfeﬁabby 26ss than 6P%e mddtti on of
an organic of [NOFORNNE,PRSEs ciBg ReRe gﬁﬁahetﬁslfg%sﬂ bEOUN ARFRRLA is

anmoni um sal t sPaRd® it x hereof, suc ses not |eaving any residue in
t he final prodgttleast 50%, alumina as such occurs in the product.

Below this proportion, the aluminium is present in the
ka form of silicon-oxygen—aluminium structural units. For a
10 mescporous product, the non-aqueous solvent may be
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 1is
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. In 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 calqined porous gmorphous silica-alumina refractory

oxide is usually carried on a porous support, such as



Supported nmenbranes 25 Usual Iy, inorganic nmenbranes nade from

refractory oxides are of mcron thickness and are brittle.

They therefore

need nechani cal support to give themthe strength needed for practical use.

This strength is usually provided via a ceram c substrate.

pore size of the 30

The material and

substrate are inportant to menbrane

manuf acture. Thus, when the product is used as a fluid separation
menbr ane, the cal ci ned porous anorphousgsilica-alumna refractory OX|de£ﬁ%

usually carried on a porous support, such as -9- al um na,

silica or an

alum nosilicate, in particular, nmullite. ldeally, the porous support has a
pore size of from0.1 to 5 pm nost preferably fromO0.3 to 3pm A

slipcasting or dip-coating nethod nay be used to 5

prepare the

nenbr ane. allruntlhiss, neeft lhioeh dmaustafmﬁmﬁllmawbsm apLr eDyel £, by a

Purface

mat eri al e siz 1 and mis caontacted with, the
of the sol mEdit - IdRA Rt el o FRadh§ Mat Bt RE SR st
pref erabl y foeimeen Sarfd 189, smsjnctsreﬂemm[latﬁqm 1®.3 to 3pm. after
slipcasting, the nmenbrane and substrate are placed in an oven and heated. A

typical heating regine is to heat to 95C, hold for 3 hours,

then heat to a

t enper at ur & t?eltl\mi{lérg]OIarﬂle{'érqqtmm%@%rWyb%elEMnt?err] and [err]
kol d for ?M&zse @ dddiddre 15 1n this méﬂ%dtotﬁ@bé@f‘fac@mrﬁgé”e

Heat i ng an gggllng rates of between 1 and [err]/hr pay be used, such as 10
[err]/hr. S SR HFE TEhG Fatseithi el ¥ es%’c% s%‘?%e‘é@c(?e% to
build up tm)dreﬂdmamelé ay@ftadtean it Qe Cyet Lsceyf the sol.
Contact is maintained for preferably between 1 and 30, \HJ
most preferably between 5 and 20 seconds. Immediately '
10 after 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

25

30

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.

Surface treatment of the substrate and/or the membrane
may be used to aid the deposition process or change the
surface properties of the membrane. Thus, prior to
contacting with the sol, the substrate is preferably
contacted with an alcohol, such as methanol or ethanol.
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
increase in concentration would increase reaction rates
of the polymerisation process occurring in the sol and

could alter the microstructural development of the



be appropriate, preferably from8 to 15 cycles. 20 Surface
treatnent of the substrate and/or the nenbrane nay be used to aid the
deposi tion process or change the surface properties of the nmenbrane. Thus,
prior to contacting with the sol, the substrate is preferably contacted

wi th an al cohol, such as met hanol or ethanol . 25 This not only
restgicts ingress of the sol into the pore structure of the substrate and
prodsges thinner nenbrane filns and hence hjgher gas perneabilities, but
al so prevents the rapid increase in concent}¥@tion that woul d occur on
contacting the sol with a dry substrate. This 30 i ncrease in
concentration would increase reaction rates of the polynerisation process
occurring in the sol and could alter the mcrostructural devel opnment of the

-10- nenbrane fhé@%ce eapl£@€e§ﬁr@%l@h@pgppébléﬁﬁg osition of the

menbr ane, the sur t her e treated wth an a kyI silicate, such
as tetraethyl orthosilicate or a solution thereof in a non-agqueous 5

solvent as specified @@9&@n£ﬂl§ﬁ%é hﬁémﬂﬁsﬁ@aS%etQ@rPQ&@ theres £ s
t he nenbr ane terlal A sim|ar procedure can al so b plied to the bul k

solid product. nE’Fr‘E)%?e‘E)be'E’P\e‘?nl‘?ng}F%Hl%h)tk‘:%? b%u?*hc‘b“l" pB‘?%’E%%I“PWco t he
nmenbrane, for exaoRbeibycheengriscssmed:on th@ré@f iR a non -~aqhedos e

cal cining. Thus eoI te crysta be |nc resence of
i %é ni*leém%F |€% % TE8SoF the

zeolite crystal ¥° he®a age t a?v?he a %rp
menbr ane for pobareadlwmb’aeesotahhbemarmlgnemedaaﬂdlchbncel\themsbahect| vity of

the.nEnbrane ChﬁP&@gduﬁgagyﬁeélgg Héeéyﬁlied to the bulk solid product.

Y
A number of other ingredients may be incorporated into
the membrane, for example by being included in the sol

10 ' before calcining. Thus zeolite crystals may be
incorporated.. The presence of zeolite crystals has the
advantage that the adsorption capacity of the membrane
fqr polar adsorbates can be augmented and hence the
selectivity of the membrane changed. Examples of useful

15 ingredients in this respect include zeolites Y, X, 4A,

mordenite and clinoptilolite.

It is also possible to include metal cations, especially
cations of metals from Groubs I and II of the Periodic
Table, lanthanides and l1st and 2nd row transition metals,
20 in the sols so as to incorporate them into the resulting
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.

25 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.



15 ingredients in this respect include zeolites Y, X 4A mor deni t e

and clinoptilolite. It is also possible to include netal cations,
especially cations of nmetals from Goups | and Il of the Periodic Table,

| ant hani des and 1st and 2nd row transition nmetals, 20 in the sols
so as to incorporate theminto the resulting OX|de product. This can have
several benefits including a change in the pore distribution, a change .4n
the surface properties and/or may inpart catalytic and redox propertles§325
To prepare the fluid separation nenbranklthe sol is preferably calcined in
the presence of the porous support, the relative anounts of sol and support
bei ng such that the weight ratio of the nembrane to the support is between:*
0.001:1 and 0.1:1. - Separation of fluids According to a third aspect of

-

the inventi there is P vided a process for the separation of fluids, in
which a nixgﬁ?ﬁz%%—?PﬂPﬁs—i%i%?ought into contact with a fluid 5 ¢

separation membrane which conprises a calcined porous annrphous

si i ca- al Umhng raTRACLary oxidg HaKLOY B:0oKeshhyoataaf 1@k and o moda

pore di aneter 0 FOME. The fI bé separ at ed
by this proprevided septocess for theqgatdsratigased, fbundﬁe hav@highnd t he

process parfigukasby sei balhasf 9k B?@u BRaKALLORoRLaRR! @K tHageg1ugHCch as
oxi des from non-pol ar gases such as_ hydrocarbons. Thus according to a

p? ef erred eﬁBBﬂFﬂétho\“e{"HéaPﬁth%FBnCPHEerSEe's‘sCP%CE@@Q Pergéﬁar ate
carbon di oxafierpRgudatelica-alumina refractory oxide having a
porosity of 10 to 70%, and a modal pore diameter of from

o

6 to 20 Angstroms.

The fluids which may be separated by this process may be
10 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 preférred embodiment of the invention
the process is used to separate carbon dioxide and water

15 vapour from methane.

The membranes according to the invention have ion-

exchangg properties. Thus, when such membranes are used

for the sgparation of liqgids containing excess metal_ . : \‘)
ions, extraction of the metal therefrom may be

20 achievable.

The invention will now be further illustrated by the
following non-limiting examples. .In these examples, all

percentages are by weight unless otherwise stated.

In these examples, the parameters referred to are defined

25 as follows:

"Pore shape”
The definition of pore shape is taken from the
IUPAC definition published in "Fundamentals of

Adsorption" Proc. Eng. Found. Confr. Santa

(%1}



15 vapour from nmet hane. The menbranes according to the invention
have ion- exchange properties. Thus, when such nenbranes are used for the
separation of |iquids containing excess netal ions, extraction of the netal

t herefrom may "be 20 achi evable. The invention wll now be further
illustrated by the following non-limting exanples. In these exanples, al
percent ages are by weight unless otherwise stated. In these exanples, the
paraveters referred to are defined 25 as follows: "Pore shape" The
definition of pore shape is taken fromthe }#PAC definition published in
"Fundanmental s of Adsorption" Proc. Eng. Found. Confr. Santa -12 Bar bar a,
Cakif., 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 - Si t{,gn "H2e.refers t he
type of adsorption hysterggrgagﬁbmﬁa%$?¥he§gg§pkg guﬁiﬁgséggoﬁ%thg and

desorption of N2. N2 phy3B3erptfonaafsolprovrdes honthsukerefofpore
vol ume”. 10 "Nbdahsdkaﬁﬁaﬁrisbsh&bat§éhaﬂstea by whikehpthen! argest
fraction of the total volune in _the pores is found. "% m . cropores”
o Nz-at:77K. This technigue is called nitrogen
5 . physisorption. "H2" refers to the type of
adsorption hysteresis shown by the sample
during adsorption and desorption of NZ‘ Nz

physisorption also provides a measure of “"pore

k~1 volume".

10 "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"” .
ij. is the percentage of the total volume 6f the
' soiid that is found in the pores. The volume
20 ' in a porous solid is the sum of the volume
oécupied 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 b

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



is the fraction of the total volume in the 15 por es t hat
is found in pores whose dianeter is |less than 20 Angstrons porosity” is

t he percentage of the total volune of the solid that is found in the pores..
The vol une 20 in a porous solid is the sumof the vol une
occupi ed by the solid and that occupied by the pores. The vol unme occupi ed
by the solid is neasured by helium pycnonetry. The volume in the pores s
measured by physisorption. 25 Exanples 1 to 7 A sol was prepareﬁ
as follows. 100 ml of tetra ethyl orthdsilicate (TEOS) were nixed under
continuous stirring at anbient tenperature, wth the same vol une of

ethanol. In a second vessel, 18.6 g of alumniumnitrate 30 @
nonahydrate were dissolved in 8 n1 of distilled water -13 containing 2.8
m  of concent rat mlnc#u almodf cenqngr ol . !§itrthe 2aue ou soI ution was

added under” ¢on i rring At enperat ur é & et hanol i ¢ ¢

sol uti on. Thsinqilxm,ofthnataeweadmacsmmdva@s Sadded underleactl on m xture
cont ai ni Ng & @l fifo éﬁﬁﬁ? rﬂ“%ﬁ%fgnf”éimﬁ%}é£ﬁ¥éfié”fﬂe To

prepare the refractory oxi he above reaction product was
heat ed und&thane ¥ig |S<ﬂ/%1wfg1°rre-g| e aymg f eratehadiedrrP gl a

fsol | oned byrdsitior inJ;Q:ure conté{ﬁ{fﬂg holgb s df ddSer T[ﬁf&' moperd¢ es of
the sol "and qf. thg figial” g okt vgqe

To prepare the 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.

The properties of the sol and of the final product were

examined and found to be as follows (Example 1):

Sol
PH 0.04
15 Viscosity 1.8 mPas
Gelation time >32 days
Product S | |
% silica / alumina : 90 / 10 &.J
Pore volume : : 0.15 cm3/g :
20 Modal pore diameter 10 Angstroms
BET surface area 219 n@/g
% Pporosity _ 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):



exam ned and found to be as follows (Exanple 1): Sol pH

0.04 15 Vi scosity
>32 days Product %silica / alum na
0.15 [err] 20° Modal pore dianeter

1.8 nPas CGelation tine
90 / 10 Pore vol unme
10 Angstrons 2 BET

surface area 219 m/g-%porosity 34 %
m cr.gpor es 73 Pore shape H2/ 1V 25
Wienthe amount of aluniniumnitrate was infieased from18.6 g to 72.9 g,
the properties of the sol “were found to be as follows

(Exanpl e 2): -14- Sol
2.9 nPas CGelation tine
silica / alumna

cnB/ g Modal porg,gi aneter

pH

and of the produc

>32 days 5
70 / 30 Pore vol ume
11 Angstroms BET surface area

0.04 Viscosity
Product %
0. 06

102 nR/g 10 % porosity 13 % m cropores
49 - . 0.04
Viscosity 2.9 mPas
Gelation time- >32 days
5 Product
% silica / alumina 70 / 30
Pore volume 0.06 cm3-/g
Modal pore diameter 11 Angstroms
BET surface area 102 n@/g
10 % porosity 13
% micropores. 49
Pore shépe H2/1V
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 & 1
H,0:S1i _ 2 5 10 15 20 50
pH S 0.4 1.1 1.4 0.88 1.3 1.3
R Viscosity (mPas) 1.8 1.7 3.8 1.5 1.9 1.6
g“/ Gelation time (days) >32 35 11 >32 55 >43
Product
% silica / alumina = ~=-===-—-- 90 / 10----—=-—-————-
Pore volume (cnﬁ/g) 0.15 0.2 0.27 0.24 0.26 0.38
25 Modal pore diameter
(Angstroms) 10 10 10 12 10 22
Y BET surface area
(n/g) 219 312 456 512 469 700
¢ ' % porosity : 34 30 34 54 37 417
30 % micropores 73 66 61 74 54 36
Pore shape H2/ I I I H2/ H2/

Iv IV Iv



Por e shape H2/ 1V When the amount of water added was
varied from8 m to 80 m, the properties of the sol and of the final

product 15 were found to be as folloms Sol Exanpl e 'No: .
1 3 4 5 6 7 H20: Si 2 ‘5 10 15
20 50 pH 0.4 1.1 1.4 0.88 1.3 1.3 -
Vi scosity (nPas) 1.8 1.7 3.8 1.5 1.9 1.6 Celation tiwme
(days) : >32 35 11 >32 55 >43 Product %silica / aluninhﬁ
----- 90 / 10------------- Pore vollfe [err] 0.15 0.2 0.27
0.24 0.26 0.38 25 Modal pore dianeter (Angstrons)

10 10 10 12 10 22 BET surface area (n2/g) ®
219 312 456 512 469 700 % porosity 34 30 34
54 Yq M Cropores 73 66 61 74
20 36 Pord i 3 /o | | W/ H2l IV S
v .- 1V - 15- Exanples 8 to 13-A sol was prepared as follows. 100 m of

TECS were mi xgsh Upgerp £Opd + &IOS 861 16w 80 aio@rrme@f *rme&awrﬁlxa\ath t he
sane vol une of ethan ? In a second vessel al um ni um

nitrate nordMRRE A ALY SSHH VRS "BOa’be’rr?an t%?’g‘ffﬂ‘éﬁe de‘i’b?ﬁ’ sed wat er
cont ai ni ng €8 sdmefvebmpsensf aéellamblri cIacadsedondrodssel| heg8sblg the

5 of aluminium nitrate nonahydrate were dissolved in 80.4
ml of distilled deionised water containing 2.8 ml of
concentrated nitric acid. To produce the sol, the
aqueous solution was added to the ethanolic solution &i)
under continuous stirring at ambient temperature. In

10 this way, a sol containing 1 volume of alcohol per volume
of TEOS was made.

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

was heated under the following regime: 10C‘/hr to 95°C,

hold for 3 hours, followed by 10C°/hr to 400°C, hold for
15 12 hrs.

The properties of the sol and of the final product were

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

sol ™~
pH ' 1.4
20 Viscosity 3.8 mPas
Gelation time 12 days
Product
% silica / alumina 90 / 10
Pore volume 0.26 cnﬁ/g 3
25 Modal pore diameter 15 Angstroms
BET surface area 381 nﬁ/g A
% porosity 35

% micropores 61



aqueous sol ution was added to the ethanolic sol ution under continuous
stirring at anbient tenperature. In 10 this way, a sol containing 1
vol une of al cohol per volune of TECS was nade. To prepare the refractory
oxi de, 100 m "of the above sol was heated under the follow ng reginme: [err]

to [err] hold for 3 hours, followed by [err], hold for 15 12 hrs.
The gﬂopertles of the sol and of the final product were exam ned and found

0 b&was foll ows (Exanple 8): Sol pH 1.4 20
V'sc05|ty 3.8 nPas I ion tine 12
days Product %silica / alum na 90 / 10 Pore vol une

0.6 cnB/g 25 Modal pore di aneter 15 Angstrons BET
surface area 381 [err] % porosity 35 %

m cropores Ng t e f was
repl aced by penta%% dh et??é?%r%%éé€ %fst %ss%$gg%%e§fbfxégy %ct wer e
found to be as ¢D¢lom§h€ERamm¢et998 @bItBe sol andp¢pf the Product were

1.2 Viscosity found to be as folldwd (ERsSmHELag)on time 48
days
Sol
5 pH 1.2

Viscosity 2.2 mPas

’ Gelation time 48 days

\,/ Product
% silica / alumina 90 / 10

10 Pore volume 0.99 cnﬁ/g
Modal pore diameter 63 Angstroms
BET surface area 6421&/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 scol and of the
final product were found to be as follows (Example 10):

- Sol

- oH 0.9

20 Viscosity 16.3 mPas
Gelation time 8 days
Product ]
% silica / alumina 70 / 30
Pore volume 0.13 cnﬁ/g

4 25 Modal pore diameter 29 Angstroms
BET surface area: 169 nﬁ/g
e % 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 90 / 10 10 Pore vol une

0.99 cnB/g Mddal pore dianeter 63 Angstrons BET surface ar ea
642 nm2/ g % porosity 68 % mi cropores 5 .
15 When the anpbunt of aluminiumnitrate 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 (Exanple 10): Sol pH 0.9 20 .=
Vi scosity 16. 3 nmPas Celation tine 8 dys
Product % silica / alumna =787/ =30 Pore vol une
0.13 [err] " 25 Modal pore dianeter 29 Angstrons BET
surface area 169 n2/g % porosity 22 % ™
m cropores 24 \When Exanple 8 was nodi fied only by changi ng
the final 3 .tenperature of the [}eatl Ng reigzl rre,lsproducts with the
fol |l ow ng propePtlles wer e obt ai ned: f npl € "No: v
11 8 1IemP§8atsnpe|(anre [err] 200 400 300 400 600 900 %
silica / alyniR@ica / alumina """ 90 / 1Q-~-—gy Pqroe-valure (cn8/g)
0.21 0.26 0,15 0.01

Pore volume (cm/g) 0.21 0.26 0.15 0.01
5 Modal pore diameter _

{Angstroms) 13 15 15 34

BET surface area

(m/g) 448 381 297 \
_ % porosity 29 35 53 2 \ui
10 % micropores 63 61 68

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 wiih a PH of 1 = 0.2. To produce the
sol, the adueous 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

»

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):



-

5 Mbdal pore dianeter (Angstrons) ' 13 15 15
34 BET surface area (n2/g) 448 381 297 3%
perosity ) 29 35 53 2 10 % m cropor es

63 61 68 @ 0 These exanples denpbnstrate the benefit of a cal cining
tenperature within the range of [err] to [err] Exanples 14 and 15 A sol was
prepared as follows. 100 nl of TEGCS were 15 m xed under continuous
.stird¥ng at anbient tenperature, with the_52ge_volune of ethanol. In a
second vessel, 18.6 g of alumniumnitrate nahydrate were di ssolved in
80.4 m of distilled deionised water containing an appropriate vol une of
concentrated nitric acid to produce 20 an aqueous solution with a
pH of 1 [err] 0.2. To produce the sol, the aqueous solution was added to
the ethanolic sgl 4ii9Raundgl.,a9Rk1 NUOUS Stippi Rg1gt anbient tenperature. In
thi's way, a sol _containing 1 volune of al cohol perjyolume of TEOCS was nade.
25 To pFBBSr8°tHBE efractory oxide, 166 AM/F the above sol was
heat ed under th¥otialll peiregdiegener [err] toibennkshebasfor 3 hours,

foll owed by [er t rr] hald for 12 hrs. e properties of the final
product were exg%anaLgﬁﬁL38rea foundsgg géhgs foll ows (Exanple 14):
4 18 % silica / %apomesaty 90 / 10 35

% micropores 61
When ammonia was used instead of nitric acid in Example

14 such as to produce an agueous solution with a pH of

\,/ 10, the properties of the product were found to be as
10 follows (Example 15):
% silica / alumina 90 / 10
Pore volume - 0.39 cnﬁ/g
Modal pore diameter 15 Angstroms
BET surface area 154 nﬁ/g
15 % porosity 42
% micropores 11

¥



Pore vol une 0.26 cnB/ g Mddal pore dianeter 15

Angstrons BET surface area 381 n2/g 5 % porosity

35 % m cropores 61 When ammoni a was used instead of nitrics
acid in Exanple 1.4 such as to produce an aqueous solution with'a pH of 10,
the properties of the product were found to be as 10 foll ows
(Exanple 15): %silica / alum na ' 90 / 10 Pore vol une i
0.39 cnB/ g Mddal pore dianeter 15 Angstronms BET surface area&&
154 [err] 15 % porosity - 19 - 42 % mi cropores

11 When the anopunt of alumniumnitrate was increased from18.6 g to
72.9 g, the properties of the sol and of the final product were found to bé
as follows (see Exanple 10 above): 5 Sol pH

0.9 V.SCOS'WHe the amount of alumifi émnﬁﬁﬁrggga&hgnlﬁépg sed from %
days Product % %silic T fun1na 7 Pore vol une -~

0.13 [err] k%dﬁlgpb?e”%r%nétthe propertiog %ﬁg§b?oﬁﬁlBE¢dsaff&Bé ar ea
169 m/g % poheSBi p¥oduct were found to BE as follows (see Example 10

above):
5 Sol _
pH 0.9
Viscosity 16.3 mPas .
Gelation time : 8 days : o/
Product
10 % silica / alumina 70 / 30
Pore volume _ 0.13 cm3/g
Modal pore diameter 29 Angstroms
BET surface area 169 n@/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 comprises mullite having a pore size of
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

preceding examples. Contact is maintained for 5 seconds.

ne
(9]

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 cvcles to build up the membrane layer.



15 % i cr opor es 24 Exanples 16 to 21 Menbrane
preparation ‘A bilayer substrate, marketed under the nanme P8/V1l Bl CERAM C,
f.rom Fairey Industrial Ceramcs, was used. 20 This substrate
conprises nul'lite having a pore size of 35 [err] carrying an al um na wash
coat of I to 3 pmpore size. The substrate is first contacted with an

et hghel solvent. The surface of the substrate is then contacted with an
appfepriate sol, such as those described in the 25 pr ecedi ng
exanpl es. Contact is mai ntai ned for 5 sécéfds. | medi.ately, the nmenbrane
and the substrate are placed in an oven and heated according to the
fellowwng regine : 10 [err] to [err] hold for 3 hours, 10 [err] to a
tenperature of [err] hold for 32 hours, 10 [err] cooling 30 to

anbl ent temRe! Qi aclles (i €90 WGBRSHC i PSR Ji0rscl cycl es
0-

d
td build up the nenbraﬁ% deposi tion of the nenbrane,
in the case of ml@mnﬁll@s surf@csurifsadedatad éﬁa‘tféu THGh ateddeatl a4t | evel

of 50m orthosijd ra%wsqm&fatr@ PP YUS H Il iAo i@ iaxicle, for 2
hours to further. decrease the. pore di aneter of the nbr ane

material . Thi Skwiars gxide .t for l?eé{%ﬂ'sac"tﬂ)rfdﬁfghetro 48799619 P Heat i ng
regi ne: 10 C hrgstsndtRir Jo thalnd fn@rmt?rdiwrn&tema{mr]mm and temisxlatily ethafn

el °C et ol o S 88 AP RIL L BRELAAL o LS 0
" nmenbranes havi rtg’/a:mmﬂ)l%n@,surdlatd’oaré?alwum [} r]" /hr to a
: temperature of 400°C, hold for 12 hours, 10 C°/hr cooling
K-/ to ambient temperature. Using this method, a number of
10 membranes were prepared.

Tubular membranes having a membrane surface area of 46 cm2
were prepafed 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 absolute
Permeate pressure: ambient
Feed flows: 1000 to 5000 1/hr
Temperature: ' ambient
- 20 The results were és follows:
Example Membrane TEOS %002 Enrichment
No. Treatment Feed Permeate
16 Ex No 40 44 1.06
¥ 25 17 Ex No 20 21 1.05
b 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



were prepared as descri bed above and used for the sépar ation of gas

m xt ures,
fol.l owi ng operating 15
1.68 to 5.8 bar absol ute Perneate prggsure:

conditions were used: Feed pressure:

specifically m xtures of carbon dioxide in natural gas. The

anbi ent Feed fl ows:

1000 to 5000 1/hr Tenperature: anbi ent 20 The
results were as foll ows: Exanple Menbrane TEOS J
Enri chnknPrQeess for Preparlﬂ%a‘?nmr°%eﬁm°rp¢%\‘ﬁe§tlélﬂ?'al ming 7 "ﬁ

No
20

Yes

5| I i ca-BTU uﬁglsu‘gfthé Steps dt @aﬂ%ﬁ?h n’ Bpré‘é#Eglﬁ%Rg :)chugfr?é Rgous

refxz'icgory oxid65i§8the s&bqs(cia of Brir%ish patent @@Eﬁlcatlogxz

1. 04 19 07531%% ! dlvgél %s fronh 21‘51?%% appllggtz'ion, t}x ;%Oocess Yes

na refractory oxide is subj ect o r

appl i CaéiPi‘cﬁ@KélZ 2o Pé¥'6'fdaiﬁzﬁ’iﬂé h'éné’n%ﬁéﬁééﬁ‘ id Rhd¥ WS S0l

conprising t

om1 to 10 nPas and a st abi Ity agai nst gelling,

e st eps cal ci ni ng a SO cont al ni ng a source of silica and a
sour Ce_l?ésaé”?ﬁ”@f fb@ﬁafteéléech ividdudity ot Hrdit &P mbasLank to 4, a
viscosity o r

f 1 occul atstabibitly mominst 2f€ldingf, Sloteaiatibniand pruclipitdtivon dfe sol

S

calcined at a tenperature of from[err] to [err] The aforesaid divisional

appl i caat oleas07510. ays,0 ehdi nbn athhti dclvepsaodt | is calicvimed catpri sing a

cal ci ned porous anorphous silica-alum na refractory oxide prepared
accor di tgmperature of from 200°C to 600°C.

The aforesaid divisional application 9507517.2 also claims a
fluid separation membrane comprising a calcined porous
amorphous silica-alumina refractory oxide prepared according

to such a process.

A calcined porous amorphous silica-alumina refractory oxide is
the subject of a further British patent application 9507518.0,
div.ided from this applic_ai:ion, the oxide having a porosity of
between 10 and 70% and a modal pore diameter between. 6 and 20

Angstroms.

The aforesaid divisional application 9507518.0 also claims a
process for the separation of fluids, in which a mixture of
fluids is brought into contact with a fluid separation
membrane which comprises a calcined porous amorphous silica-
alumina refractory oxide having a pofosity of between 10 and

70%, a modal pore diameter of from 6 to 20 Angstronms.

o/
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t'o such a process. A calcined porous anorphous silica-alunmna refractory

oxide is the subject of a further British patent applicat+ren—9507518.0,
divided fromthis application, the oxide having a porosity,

and 70% and a nodal pore dianeter between 6 and 20 Angstr 4rml‘||ﬁmmglmﬁallj
di vi sional application 9507518.0 al so clains a process for & separatforr
of fluwids, in which a mxture of fluids is brought into contact with a

fl uid separation nenbrane which conprises al ci ned porous anor phous
silica- alum na refractory oxide having aégggosity of between 10 and 70% a
nodal- pore dianmeter of from6 to 20 Angstrons. CLAI M5 1. A process
for preparing a porous anorphous silica- alumna refractory oxide
characteri sed by conprising the steps of hydrolysing a source of silica in
a non-aqueous 5 sol vent by addi ng;}hgketo an aqueous sol ution
c8ntaining alum niumions thereby to forma sol and calcining the sol. 2.

A process according to claim1l, wherein the sol has a viscosity of froml

to 10 mPas. 10, A_%rocessAfBEQQ§§§a§§ﬁgrQiBgrBQSPbﬁb??kouﬁhgﬁﬁﬁﬁaLhe
aqueous solution containing alumniymions is a sqlution of alym.niu
nitrate. 4. 2lpmipgcxedractardi AE1CE CFE?FP§FeWH§F3i ytﬁngFdﬁPHﬁug%e
nitrate is Al keepbk 4% hydrolys®ng a sBupkecedss sdadderndingat aoalaigmedus
wherein the source of silica.is tetra al kyl orthosilicate. oA
proc&ss accor di°f VF8tc% iﬁﬁgfnﬁthSFﬁtPhgnt Mg ovs Ho1Lt3bh cBntainite
aluminium ions thereby to form a sol and calcining the

. sol.

o/

2. A process according to claim 1, wherein the sol
has a viscosity of from 1 to 10 mPas.

10 3. A process according to claim 1, wherein the
agueous solution containing aluminium ions is a solution
of aluminium nitrate.

4. A process according to claim 3, wherein the
aluminium nitrate is Al(N0“3.9H§L

15 5. . A process according to claim 1, wherein the source

A of silica is a tetra alkyl orthosilicate.

\/ :

6. A process according to claim 5, wherein the tetra
alkyl orthosilicate is tetra ethyl ortho silicate.
7. A process according to claim 1, wherein the non-

20 aqueous solvent is a mono- or polyhydric alcohol.

<
8. A process according to claim 1, wherein the sol is
¥ calcined at a temperature of from 200°C to 600°C.
9. A process according to claim 1, the relative
proportions of the solutions being so chosen that the
25 calcined product contains at least 80% by weight silica,

calculated as SiOr



al kyl orthosilicate is tetra ethyl ortho—si—LLeaLe 7 A process
according to claim1, wherein the non- agueous sol vent is a
nono- or pol yhydric al cohol . 8. A proc Um wﬂﬂﬂ M' cI a| m 1, wherein
the sol is calcined at a tenperature of f ’ A
process according to claim1l, the relative proportions of the sol utions

bei ng so chosen that the 25 cal ci ned product contains at |east 80%

by weight silica, calculated as [err] fs A process according to ~
claim7, wherein the alcohol is sel ectgd from nmonohydri c al cohol s havi ng

<

- .
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froml to 4 carbon atons and m xtures thereof. 11. A process according
to claim 10, wherein the 5 nonohydri c al cohol is selected from
et hanol , propanol, butanol and m xtures thereof 12. A process accordi ng’

to claiml, d/\/ner e| t&%estg YE. J, m%g:f & SPY ce”%res“ tX?epto t he

non- aqueous sol vent RS om T 1t rocess

accordi ng ted adhsilmils sgHeadiad tﬂi@ﬂt:@mmhmll%rﬁ%ﬂﬂhq]eﬁf havinpHrioporti ons of

the sol uti ans Al SGHdWP SR bl aind K SUr LONKE Ao €SS than 15 nol es wat er
per nole of the silica source. 14. A process according to claim1,

wherein the 15 hydrolysis is carried out at a pH of not nore than
4. 15. A Iprocess mesddl m@dd?rdzhﬁg‘ moléhlamermn wherdislrhe/'sis i s

%arrl ed out at de of notk % he adtr ition of an organic or
i*nor gani ¢ Tie aligph %k epcroec A OFUWNY + IR 15, wherein
the 20 butarrmlncqmd)tmmtammh ithesmdaftt ed fromnitric, hydrochloric,

12. A process according to claim 1, wherein the volume \'J
ratio of the source of silica to the non-aqueous solvent

is from 1:1 to 1:5.

10 13. A process according to claim 1, wherein the '
concentration and relative proportions of the solutions
are so chosen that the sol contains less than 15 moles

water per mole of the silica source.

14. A process according to claim 1, wherein the
15 hydrolysis is carried out at a pH of not more than 4.
15, A process according to claim 14, wherein the \‘)

hydrolysis is carried out at a pH of not more than 4 by

the addition of an organic or inorganic monoprotic acid.

16. A process according to claim 15, wherein the
20 monoprotic acid is selected from nitric, hydrochloric,

ethanoic and oxalic acids.

17. A process according to claim 14, wherein the

solution containing aluminium ions has a natural pH of

not more than 4 and the hydrolysis is carried out without
25 the addition of acid.

18. A process according to claim 1, the relative

proportions of the solutions being so chosen that the

™
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et hanoi ¢ and oxalic acids. 17. A process according t mmm
the sol ution containing alumniumions has a natural CH“\ %‘mn““e‘ 4
and the hydrolysis is carried out wthout 25 titon"of Saci d

18. A process according to claim1, the relative pro_portl ons of the

sol utions being so chosen that the cal ci ned product contains not nore

t han-"80% by wei ght silica, calculated as Si . 19. A process according
to ¥4im7, wherein the alcohol is select e%;r om pol yhydri c al cohol s havi ng
nore 5 than 4 carbon atons and m x es thereof. 20. A process
according to claim 19, wherein the polyhydric alcohol is selected from
et*hanedi ol-, propanedi ol , pentanediol and m xtures thereof. 21. A process
according to claim1l1, wherein the volune 10 . rati o of the source of

silica to the nodlapEPYrsdldte Mo ta i WX emd F&NcHard - 80 - by wdigh©OCESS
acctording to cla Jef]lé whe ellP th(f concentration and rel ative proportions of
the sol utions at® 5¢%cH HERY ¢t 2*contains at |east 15 noles 15
wat er per nole of the silica source 23. A process accordi ng to claiml,

wherein the hydy IyS| s, rled out , at f.at,leas A
process accord| ng to ct rf é}f vﬁ1e°r°erfdn”f$1e ars 'i'/s?’s ?}ée%alr?l%de out at a
pH of at | east allftg/hqhelszoselected f:adquhsrhxdmx@t@lqﬁhcahs draeimg myre

inorgani c base.cdmn 4 c4rBERESHAGHH WG f L&l hdrdds. Wherein the base is

sel ected from ammoni a, amoni um salts and m Xt ur es

. 20. A process according to claim 19, wherein the
K,/ polyhydric alcohol is selected from ethanediol,

propanediol, peﬁtanediol and mixtures thereof.

21. A proéess according to claim 1, wherein the volume
10 ratio of the source of silica to the non-aqueous solvent

is not more than 1:1.

22. A process according to claim 1, wherein the
concentration and relative proportions of the solutions
are so chosen that the sol contains at least 15 moles

15 water per mole of the silica source.

) 23v A process accordlng to claim 1, wherein the

hydrolvsis 1s carried out at a pH of at least 4.
24. A process according to claim 23, wherein the
hydrolysis is carried out at a pH of at least 4 by the

20 addition thereto of an organic or inorganic base.

25. A process according to claim 14, wherein the base

[} ". L

is selected from ammonia, ammonium salts and mixtures

thereof.
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t her eof .
of from
gel l'i ng,
t he sol

26. A process according to claim1, Wherein the sol has a pH

1to 4, aviscosity of from1l to 10 nPas an1 m
floccul ation and precipitation of at |east mlm ﬂ l m mm
err

is 5 calcined at a tezaﬁgature of frdm[Ferk] - to9

26. A process according to claim 1, wherein 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 wherein the sol is
calcined at a temperature of from 200°C to 600°C.
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