- 1- 2287460 POROUS AMORPHOUS SI LI CA- ALUM NA REFRACTCRY

OXI DES, THEI R PREPARATI ON AND USE AS SEPARATI ON MEMBRANES Background to the
i nvention This .invention relates to a process for preparlrg ab

porous anor phous silica-al um na refractory o particul ar €L
preparing por ous anor phous silica- alum na O;j'l d'es of control di 7«45Q
via the sol-gel route. These products are intended for use as separation

menbr anes, particularly for. the separation of pol af:.10 fluids, such
as carbon dioxide or water frémless polar fluids:" h as nmethane. There

are a nunber of nRoRens sRoRkHbhECAILIUAL AT RN ORBERS 1B, Dinidre
por ous nenbr ane. en tthe pores 1n rane are

nol ecul ar 15 di aneter of the conponents in the fluid mxture by a
factor of up to 5 ti "TeSPREPARATUEONSARD BEEORASC FEFRGAVTAIN MHMBRAGESY by
differences in the adsorptive interactions of the nolecules to bée separated
with the surface of the nenbrane. For exanple, transport via 20

surface diffusi Backercamdta thehimdsmeidnon capacity for some gases
conpared to others._ Pores of this size are referred to as micropores, and
typically have dlaneters of about 3 to 20 Angstrons. Diffusion in the gas
phase through p8hd$ HaMenfismmelateaphe cacprogesaeff preparingean free
path 8i mensi ons pofrdude JHSrHtES éﬂié@-&?&m{%éti:'éfr?étB%(eBﬁ%rﬁd Knudsen
fl ow or Knudsen dlffu3|on Pores of this size are referred to as nmesopores
and typically hB& R tdichiardys TR RRARADENG PoHPuANgBerBhsusSedldigar K S W
et al, Pure andalppined osticias c'&ﬂcontroll&f Peré08igk ¢¢d, tha8ab1-dendsen

chani sns in pores of
and Tam nar 1 oyg 4! d RS RRANE "L 11805828 £0R°02E' 3T° o b iU s

membranes, particularly for the separation of polar
10 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

15 diameter of the éompbnents 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

20 surface diffusion relies on a high adsorption capacity
for some gases compared to others. Pores of this size
are referred to as micropores, ahd_typically have
diameters of about 3 to 20 Angstroms. Diffusion in the
gas phase through pores having diameters approaching the

25 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.,

30 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 shoul d, in principle,,separate these gases

predofi nantly 'via @ surface dlffu5|on nethé% For surface diffusi oho3%P
preddm nate during transport of the gases through the nenbrane, three
criteria should be fulfilled: (i) Pore di aneters nust be of nol ecul ar
di mensi ons; 10 (i) The materials nust be porous; and (iii)

A hi gh adsor Pld DAmELLRACAL Yeh@in§ObAT tﬁ@5§§e§QE§E@'seﬁnho teiborit #edanssy

shoul d be nanlfest | f pore diaimeters are |l arger than the m cropore range,
15 f ortRxeRPFatesa; ﬁeﬁﬁé'BBSrBGQenﬂtl&h po¥es; oL thes® t hr ough t he
menbrane wi || dbwensidehgl buti ons from Knudsen diffusion and | am nar flow.
The latter is non-separative and the fornmer, at best, separates on the
basis of nolecular velocities (as an approxi mation the ideal 20
separation f addembi‘a;neal suitabllef fom the sqpatratu.ont otff polar e@mgeocal of

t he gl ecul ar o] |l e || u
mat er i aI s are e brféneg HPEE?E g%ﬁg%gﬁt)ré % %e%ﬁlgﬁq}tlr%port
from surface d?¥4uﬁlﬁmrfécﬁodbﬁfbgtpn1EethodndeForhsyrZBce diffusion to

ci rcunst ance, ﬁ:?é@éﬁiﬁ&ﬂe%uihﬁ&' ‘Ei'aﬂégoi'{:oﬁfath%5§aQQEarth‘i‘& ot Yhexanpl e
[err] froma mxture with e maximsed.” _This Is the reason for

developlng|ﬂﬂWﬁmEF§ﬂenakhﬁﬁenFEFBﬁBFBu§hBEF§e?etﬁ&ﬂfH&J@dthe properties
listed

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 afe larger than the micropore range,

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

U 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.



above. ALUSI L - 3- 1064D 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 to the oxide which forns the nenbrane. For a sol to
be 5 ALYRLIabl e for menbrane mantf&cture it shoul d preferdBf§Phave
viscosity between 1 and 10 nPas. Viscosity of the sol is neasured by usirng
a Contraves Rheonmat 30 visconeter, at a tenperature of 23C, at shear rates
of 370, 684 and 1264 [err]. The average viscosity at these 10 t hree

months, 11 30 GUEOR 14 MY it RIRT S Farl 2 FEEEEA T oom
t-enper at ur e codded & hesodi)s sdwialy crorma;,n?géihe' mrecurser Wt vEhei oxiddays.
There is theehy gégamé 0 FHrP‘Héiﬁ:ﬁugo ﬁgﬂ%@r'&\g{% £ i2 convertef©Or OUS

anor phous S|I|ca mna refractory oxid propertles can be

produced by tohd&hen|figie) yhoiich féﬂé‘tﬁ é'—%meﬂb@n%bl%om%c%%ltpo have
ngw found t @@tlttalmae e Gl i) mmm 1Y sHouTd %ﬁéﬁeﬁébliﬂe pr esent

i nventi on. 064/ 2
Sunmary of thﬁé’q ﬁ/é’rﬁq‘iﬂ?lﬁ%§em ¢ /g d"q Wﬁ%‘ven‘ﬁ%‘*ﬂ%ﬁ’n‘éﬁ F]FIet he
parent appl iseaf iign n@éiﬁﬂéb’ﬁﬂy Tsirere dentranes] Rheonaocess f or prepar| ng

a porous aw:.%%%%ete:l % %ﬂb%xra%ﬂ{xaemo% Y23 °C, at shear rates of

370, 684 and 1264 sec’'. The average viscosity at these

10 three shear rates is quoted. The sol must not flocculate W,
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 process whereby a

15 porous amorphous ‘silica~alumina refractory oxide of
desirable properties can be produced by the calcining of
a stable sol of suitable vi_séosity.

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




5 oxi de conprising the steps of hydrolysing a source of silicain a
non- aqueous sol vent by adding thereto an aqueous sol ution contai ni.ng

alum niumions, thereby to forma sol and cal cining, the sol. For the sake
of brevity, thftgg@geous sol'ution containing 10 =  alunini umd@ns is
referred to herein as the "al um nium sol ution"” and the source of silicain
a norf- aqueous solvent is referred to herein as the "silica solution". The
sol preferably has a viscosity of from1l to 10 nPas, This viscosity nmakes
the sol particularly suitable for ‘15 the formation of a refractory
oxi de menbr arguliwat@l 6f neheofineénthensol in contact with a suitable porous
support. The sol is calcined at a tenperature of from[err] to [err]. At
this tenperature, free water is driven off, 20 any organic matter
such as the rtmsgueccsrdbhgeho theeinpentiiod ahdimepodinusheolpadars f or med

cont ai ni ng sili.ca: ] Nj -gilj bepd ese ' i npart
Casorpti on priREEicALIGh GHIbALLEEY. 5. | LARREPIBCRBYTARACSC Brakit £
and the anpburRrepaeirgfa BPuAlAaamerphous sijlicalgdupiagemefraptempl i d

preduct may adep3&oBbmpPiBiAg" thaNBeBga! éfdﬁﬂrhféi?{éﬁ.ﬁ@ Bheouidedent s of
the sol, where such |ngredi ents are not _| ost hn t SécaIC|nat|on process.
Thus, for exdbtECatHe BrBSBHREUSPUSt ARLVRBLaPY88AIRY ERSMRES AR woul d

result in theqiesesceobhtdbhetondfaining alohiaiumxieas,i khdieny abuct .
ALUSI L - £ -5 . . E - 1064/ 2 I n one
enbodi nent of EYFB #n8Rht 7BA ERAFHBE™ENEPReSBArent application, the product

contai ns no such other _

W, 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. A

The sol is calcined at a temperature of from 200°C to
600°C. At this temperature, free watexr is driven off,

20 © any organic matter such as the non-agueous solvent is
evaporated and a porous solid is formed containing
silica. Aluminium-oxygen-silicon bonds are present which
impart adsorption propérties 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.



conponents, or only a m nor amount thereof. Thus, according to a preferred °
enbodi nent of the invention 5 clainmed in the parent application,
the alum niumsolution is a solution of alumniumnitrate, in particular a
sol ution of herr] During the calcination step, any nitrate |ons are
deconposed g1 Fbst probably in the T of v of ni trogen oxides, 19p44 5 g .;;,
nitrate a partlcularly 10 suitabl e anion for the alunlnlun1
solution. Again, according to a preferred enbodi mrent of the invention
claimed in the parent application, the source of silica is an alkyl

o ores 3 Bl Sichilert '0F d GRS Y AR U LD dgrdlie

formula: 1 rr] whe € each
i ndependengppldcaiion t (thed R3O tﬂﬂﬂqﬁﬂnﬁjnﬂlqﬂchnoﬁh%ﬂ group,. which may

for exanpl g oﬁg%@dwp&xoo%ﬁyc%{ bﬁm&t %urﬁ: *tneﬂ-a_&f Thus, is fromO to 3,
y is fromO to 3 and z is froam1l les jnclude tetra

al kyl or t h@§eoredngs £ Gr %%ﬁﬂqr@dt (—?(“Pbgde‘tnfﬁﬂt (S?ﬁ Hﬁ“’sﬂ YeR%lonmne al kyl
silicate ig1aveied m‘rﬁcthé/\ﬁiﬁﬂenwramrltdatlcﬂw It salunpireings add e ion f orm

silanols, giloxan mer nd .al.cohal ch ,are deco sed during
cal ci nati ofSt & ﬁqﬁl‘&i‘%’n f;!?'aumlnlum &% &EB%& % W are aware
that the ugelatiadrkydf Al (NR) £PH,0.f oDuringi thegeb.ich.nak.momstépr, exanpl e
from Canpostrl et al, 1 1989
R0 3 C ot AEY UGRS Vi ik cosriosd 2 Bl By 4n e,
J Non Crystfain of 30trogen oxgddsis mnaldhpmitrates® mcmlmrhsm nk et
18! Nhterlghgﬂ%) %ﬁi f%gyé aAAiPLdr AR, . Ve are al so aware that
een scrl ed o/

processes have wher eby m-xed aIkOX|des of silicon and
al um ni um are used

Again, according to a preferred embodiment of the
invention claimed in the parent application, the source
of silica is an alkyl silicate, 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 + Yy + 2
= 4, x is 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 o«

" 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 Nom Crystalline

30 Solids, 100 pp 31 - 50, 1988; and Assink et al, Materials
Research Symp Proc. 12I pp 25-35 1988,

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



ALUSI L - 6 - : t ~ 1064/ 2 and hydrol ysed
together, or partially hydronS|ng one al koxide before adding the other.
Exanpl es of this are found |n Yol das B E, CEranl EUII 59 pp 429 483,
1980; Lopez T. ., J Non.*Cryst. Solids: 108 5 - 48 1989;

and Abe Y, J ﬁgﬁ Eryst Solids 108 pp 1536- 156 1989. These ms*tlhocfis/2
howdver cannot . produce stable sols and therefore menbranes. The invention
claimed in the parent application on the other hand.requires that the

al umi ni um source is an aqueous sol ution containing“al umi ni umions 10

and it is thlénaenya&elweah togRkhes, Sb@bbar%qlaa,lyawdtﬂ&wfﬁfge SHRTbr anes,
to be produced ﬁ@ b duci ng fthe a%ﬁg1n umin_fhis_wa

si | i con- oxygefthP¥ P55 3L & IiheEﬁﬁﬂﬁﬂﬁ?yﬁm<ﬂ?¥§niﬁq

i nproved adsof.pﬁndnmer ledms Bages Ceraivhe Buithr &i9e ppaiaoi-als3,15.980;
According to Lt her ferr mbodi nent f.t nti cl n the
par ent app|IC§?P§ E ﬁ -’ 33% %Us%gggg % lgt|% 4§£'h§ﬁ%gﬁﬂ%%Ve no
res?due in thend|Ahb ﬁbodUanan@rWSK tﬁpdld§a§@@ ) pﬁ@ferﬂﬂﬁnlﬂaﬂa
non-aqueous S@b&ﬁ@tmb%hﬁdgo%%weg%rp%ﬁigﬁQr?&d@ RN QeariRe stfis ang  nature

of whi ch depends on whether a m croporous a nmesoporous product is
desired, as ekppapfioye membrangst-ai ThseligNentigaaclaimese s hey magsnt

solvent is mgphbliga¢ilh Wil @he WeHRSY BiaBias GRRIISE st RMatl RHY dQMuntiG QR ai n
an ideal 25 product, the characteristics of the_sol, are critical.

Thus, accordlﬁSuFSetﬁé AR @O Se SRS O contEiniog @lyrdingiu ions
am;)dﬂ cation GEBn850¢5ié. 1h1té1€freeuu$cepmwdﬂ1eémbwe@:mﬁ1@ gylepardny) a

Poxous. amr phots Skbh el d, SR B prodildd . CAP ARG AR of
aluminium in this way, 911icon-oxygen-alum1n1um 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 pafent application, the non-
aqueous 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 polyhydric alcohol, the

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

Y 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 invention claimed in a further
divisional application GB 9507517.2, there is provided a
process for preparing a porous amorphous silica-alumina
. refractory oxide comprising the steps of calcining a sol
30 ' containing a source of ‘silica and a source of alumina,
wherein the sol has a pH of from 1 to 4,_prefe£ably from
1 to 2, a viscosity of from 1 to 10 mPas and a stability
~against gelling, flocculation and precipitation of at



30 containing a source of silica and a source of alum na, wherein
the sol has a pH of from1l to 4, preferably from1l to 2, a viscosity of
from1l to 10 nPas and a stability against gelling, flocculation and

preci pitation of at ALUSI L é} 7 -

1064/ 2 | ea®LUF Hays, preferably at |eadt 180 days, and in thHel64/R SN

calcined at a tenperature of from[err] to [err]. ALUSI L :
1064D The stability against gelling, flocculation and [err] is determ ned
by storing the sol at a tenperature of [err] under still conditions and

visual I'y olseryl ng, V&E%,e:px%efe%a{ﬂ Jdé Cﬁfe%k-tatl'é%ﬁ Ofami in that .
preci pitati"on occurs. cCropor ous produc hen a m Cr oporous product is
desired, thhe dal idve qgalopioted @fs aftanpergtiteioainfrem 200G &l uti ons may
be so chosgypddyat the cal cined product contains at |east 80% 10 by
wei ght silica, calculated as [err]. The level of alum nium calcul ated 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 nmay be selected from
nmonohydri c al cohols having from1 to 4 carbon atons 15 and m xtures
t hereof, especially ethanol, propanol, butanol and m xtures thereof. The
volume ratio of the source of silica to the non-aqueous solvent is
preferably




from1:1 to 1:5, nost preferably from1l:4 to 1:5. The concentration and
rel ative proportions of the solutions 20 are preferably so chosen
that the sol contains |ess than 15 noles water per nole OL siILca ] The
hydrolysis is Jled out at a pH of not e than 4, such as by the
agdlt gn of aﬁﬁgigénlc or inorganic nonopr@tic acid. Suitable sucRUfdls
|ncPUﬁe nitric, hydrochloric, 25 et hanoi ¢ and oxalic acids. In an
alternative enbodinent, no acid is added. This is appropriate when the

sol ution containing aluniniunlions has a natural pH of not nore than 4 and

Mecopor ous. pr auti o e St it ot Pile: "FASFAIePIaR o8 roi ot ve

ALUSI L prec1p1tc 1 is dezermined by storinrg thé4§bbrapoatlons of
th | um nirum ca s
e al umi ni'umasihetdthe 9&%0@%&@&% égﬁ&ﬂ*wﬂ% {iate %‘&F& .

product contains not, nore than 80% by

The | evel of ARBRTVing "(:tb?gtﬁrat%l%&l?’ér r‘f1°¢‘§u1i‘\t%%saﬁﬁé@rnot 5

| es$ t han 20%prudip ity heraddyrs £ss than 60% nost preferably |ess than_
40% When the level of alumniumis at |east 50% alum na as such occurs in
the product. Below this proportion, the alumniumis present in the form of
si | i con- oxygeMiairopoxrous greddet al units. For a 10 mesopor ous
product, the non-aqueous solvent nmay be sel ected from pol yhydric al cohol s
having nore than 4 carbon atonms and their-m xtures, such as ethanediol,
propanedi ol aithen a microprireus pnﬁduqnﬂlsmdesireﬂLﬁtheerebatcveof silica

to the non- a0y Kot Sthe aluminium and silica solutions may be
\/

10 by weight silica, calculated as Si0,. The level of

so chosen that the calcined product contains at least 80%

aluminium, calculated as Al,0;, is in this case not more
thanlzo%, but is preferably at least 1%, most preferably
at least 5%. The non-aqueous solvent may be selected

from monohydric 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 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



15 . preferably not nore than 1:1. The concentration and relative
proportions of the solutions my be so chosen that the sol contains at

| east 15 noles water per nole of silica. In this enbodi nent, the hydronS|s
is carried out at a pH of less than 4 orgfat a pH of at |least 4, by 20

t he additi oAL¥SIEn organic or inorganic blase. The base nay be k@é4Rted
from ammoni a, ammoni um salts and m xtures thereof, such bases not |eavi

any residue in the final product. Supported menbranes 25 Usual |y,

i norgani ¢ menbranes nmade fromrefractory oxides are of mcron thickness and

are brittle,_ _They therefqre_ nee nachanlcal port I ve themt he
strength neBE@R°¥Eﬁ BFa@Fi%Qe Godmipun and, %H' ﬁR&é%#%Piﬂ%ﬁYd@% via a
cerani ¢ subsbr ehesehh¢hatt ¢hiealcaded ned @mdlﬂ:ﬁ)fcdﬂtfaﬁﬁs not mor§UbSt &at e
are inporta 0 uf m@ﬁ%ﬁ% sed as a
fluid separgbﬁgnsgggg a%%l Q IC|He§%;§ﬁ te E%ﬁg |c& X m na
refractory gﬁlaéumsnugmalbplauﬂamed @s Alg0;ouls suppthis caséd mst  ALUSIL
18 less thgn Zgﬁgfs@tal Mpha £ e3Hali fl@sé’”ﬂﬂd‘r@ws'ﬂdé‘@t e in

particular, mullit porous s " has a por'e 'size of from
0.1 to 5 [ ePFeferablypless: ﬂP&m OW@% Aevelaod] ipdauinim oks
di p- coati ngakefeagtmByihe ataRdnkOae such occﬁ&%pqmﬁt%hﬁgﬁﬁﬂﬁkﬁﬂe In this

met hod, the_surface.of the suhstrate coyered g material of paqre size
bet ween 0. 138:'11 %gﬁér P]"'°P§r%&ﬁf‘ac g‘& \ﬁn\if“ﬂ‘lﬂ‘}é‘%%&sf Rressnt da e cont act
i s mai nt ai n€drihopfpesdiidcab-pxiygencal uhinign3@tmeturaiefaritiy.y ween 5

ggd 20 SeCOﬂQégpb?EﬁQ'ﬁE%hﬁct the non-aqueous solvent may be
- selected from polyhydric alcohols hav1ng more than 4

v
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. Thélconcentration 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. | _ O

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 importaﬁﬁ 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

5

-



after slipcasting, the nenbrane and substrate are placed in an oven and
heated. A typical heating regine is to heat to [err], hold for 3 hours,
then heat to a tenperature hetween [err] and [err],. nost preferably between
[err] and [err hold for 12"hours, and fir@lly 157 cool to anbient
tenperature. - g and cooling rates of [Between 1 and [err]/hr ¥READe
useay such as [err]/hr. This slipcasting nmethod is repeated for-successive
cycles to build up the nenbrane layer. From3 to 20 cycles may be
appropriate, preferably from8 to 15 cycles. Surface treatnent of the

substrate and/ gy ITE, ay.pe. s Al e depositi. rocess or
change the suraﬁé%ﬁ#bd%?i?%% %?I?ﬁeaggﬁgPé%éiigﬁhgf gﬁiggk%ggggnlgcting
with the sol, mhelximst rEdeally prelierpdbrousosupport hashaapoxiecdidle ofiich

as methanol oreRihanol £35% um, postblePCraBiYY sEBA! bLS! tol Agess of the
t he su

sol into the pore structure ©o strate and produces thinner nenbrane
films and hence higher gas perneabilities, but also prevents the rapid

increase in cENipcds®ing ek aDp+-EoRELHY AELROAl AGYI B8 LBeas@do Wi th a dry
subgtrate. This 30 i ncrease in cgﬁcentrgﬁlan uld |%prease
feadtion rat cPTAPATR Hhe MERPTIREon HROLALS BEERPRY nbhPnSIREASH Shdheul d
alter the m craxtdistrdte atovieved dpyeatmatetrbal of Abbbelsize between 0.1
1064D nenbr an | | ' ng | | e. . depogi.ti of- the
menbr ane, theea's%drfg;cs(’elhﬁh:ggec_g rr%!f/é%g '?%gg{gﬁéwsﬁ%kgxﬁea Eyléh%i %%cléte, such
as tetraethyl anmtIisan@mtagnﬂlmronreﬁereblyi hetwaen- iqaadusS 05
sol vent as spefddt G5k SANVEb1y TheSuwddh [ 5€4nde56€8886nHEE Tmmediately
}U/ 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 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 1aYer. From 3 to 20 cycles may
be appropriate, preferably from 8 to 15 cycles.

i 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.

25 - This not only restricts ingress of the sol into the pore
structure of the_substrate-and-producethhinner 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 polymeriéation process occurring in the sol and

could alter the microstructural development of the



pore dianmeter of the menbrane material. A simlar procedure can also be s
applied to the bulk solid product. A number of other ingredients may be
incorporated into the nenbrane, for exanple by being included in the sol 10
before calcining. Thus zeolite crystals may be incorporated. The presence -
of zeolite &PSIT s has the advant age tH#t the adsorption capaciogspf the
menbr ane for pol ar adsorbates can be augnented and hence the selgctlv!ty\ﬂf

t he menbrane changed. Exanples of useful 15 ingredients in this
respect include zeolites Y, X, 4A, nordenite and clinoptilolite. It is also

possible to_inelude netal cations, especially cations of netals from G oups
| ‘and 11 of RIS Jdildsrdl &n undefidiakde Jannas. and 2nd row transition
nmetals, 20 in the sols so as to incorporate theminto the resulting

oxi de produ _This _can_have ral_benefits . ncludi a change_in the
pore distri %%{t,e nf‘se CRAAER |°§Ee;{'%‘§ m@&e&%&ﬁ&ﬁ%&%ﬁd/me_ OF iHPhrt
catal ytic ahe meeatqdwnianian;alﬁyl si}icatﬁq[suqhﬂastﬁEtféetm&Beparat|on
menbrane th <19 3 ergbl 1P ' rese o) e porous
suppor .t neTr et setel oY e S ibrda e 3 R et e et gt
ratio of thECAVRBtars Epecifisdphave.s Fhisedurton) decrehsed : the

ALUSI L pore diameter of the membrane material. qugﬂggﬁépparation of
fluids According to the present invention, there_ is _provided a

rocess for
the separ at PSRCFAYNSICRE alsaubec RPRldeg GPét&e H‘Hﬂ%@q]si%rlb‘tﬁ&ctnto -
contact with a fluid separation - . - :
A number of other ingredients may be incorporated into v
the membrane, for exampie 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
for 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 clinoptilo;ite;

It is also possible to include metal cations, especially
cations of metals from Groups I and II of the Periodic
Table, lanthanides and 1$t and 2nd row transition metals,

20 in the sols so as to incorporate them into the resulting w;
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 rﬁtio of the membrane to the Support
is between 0.001:1 and 0.1:1.



5 menbr ane whi ch conpri ses a cal ci ned porous anorphous
silica-alumina refractory oxide having a porosity of 10 to 70% and a nodal
pore dianeter of from6 to 20 Angstroms. The fluids which may be separ at ed
by this procegsyspy be 10 ' I|qU|dsé2; gases, but we have [fQund the
progess particularly suitable for the seJ tion of polar gases, such as
oxi d&s from non- pol ar gases :such as hydrocarbons. Thus according to a
preferred enbodi nent of the” present i nvention thegrocess is used to
separate carbon dioxide 15 and wat er vapouﬁ from nmet hane. The

menbr anes acceephnationt b€ filasddst i nventi on have ion-exchange properties.
Thus, when such nenbranes are used for the separation of |iquids containing
excess netal ions, extraction of the nmetal therefrommay be achi evable. The -
i nvention vaAcmmmdbnngOthhe pressntatiesteby ithe thbkewuegpmmmﬂdeﬁia ng

exanpl es. PEEEs X2 'Eﬁe QEEaBﬁE%Ht age%}a&asby W%%'ltc Zn-ggée“’"' €

st at ed. In t ese_exanpl e aranmcters referred to are
as follows: ¢6r51§ﬁd§elsTh§°H§ tnintencentpetewikhipa ﬁ@undk@@nanahuqna

| URBAC de“'“thMbP&Hé'ﬁﬁﬁéh'Boﬁﬁ%ﬂgégeatéhic@heédﬁgEBhboEﬁ&%ﬁﬂbué3©
Found. Confr. Santa usl L

1064D Bar bar 81 EsfFaral uT@BB BpLrastory r¥igs 9671n9583P°r°ﬁlt§h&ﬁ'@@ refer
to the type ofoavis®| pahanai mether pogendiamedely oZdEebhpt OO0

Angstroms.
-/ The fluids which may be separated by this process may be
10 ligquids 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 hydroearbons.

Thus according to a preferred embodiment of the present

invention the process is used to separate carbon dioxide
15 ‘and water vapour from methane.

The membranes according to the present invention have
ion-exchange properties. Thus,.when such membranes are
used for the separation of liquids containing excess.
. metal ions, extraction of the metal therefrom may be
2, 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" o

The definition of pore shape is taken from the
IUPAC definition published in "Fundamentals of
Adsorption" Proc. Eng. Found. Confr. Santa l



[err] at 77K. This technique is called nitrogen 5

physi sorption. "H2" refers to the type of adsorption hysteresis shown by
t he sanpl e during adsorption and desorption of [err]. [err] physisorption
al so provides .a nmeasure of "pore volune"'gio "Modal dianeter” is
that di amet @YHIahi ch the | ar gest fractof of the total vol umel064Dhe .
pores is found. "% m cropores” is the fraction of the total volune in th
15 pores that is found in pores whose dianeter is |ess
than 20 Angstrons. "porosity"” is the percentage of the total volune of the

solid that is found i res,q dpe v 20, & . _ina
porous solid is the sﬂ%é%ﬁhfﬁé é% ﬁné'ogégg?gg %ystﬁes§89i8paﬁg7that
occupi ed by the pores.58he VBItinandctiyYevefgrite theitlype mfasured by

hel i um pycnonetry. . T ﬁ%@b'”' eSeof u,ed LSO i on.
25 Exanpl es lhf%é/_é#A.so %Aé/aés;aﬁ%a %ﬁéﬁgg?‘gﬂ’gm%a&?g_gﬁ?ﬁo?’ tetra
ethyl orthosilicate (1ROSt W@fe mbhd# heshnigua iifsalled mitgegenanbi ent

temperature, wth the Sapei SOHpEEoR! etmm%eféfsatéeﬁﬁadtygéseb 18.6 g of
alumniumnitrate 30 nona%ydrate'“ere di'ssol ved in m of
distilled water AL JSigorption steresls showp by the sample

1064D contai ning 2. 8 ruringcadsnitpeionl andrdeseeptiohost N,. N,
physisorption also provideé a measure of "pore

volume®.

10 "Modal diameter" ' ' Co b
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
20 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 hélium-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) Wére'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



hydrol ysi s, the aqueous solution was added under continuous stirring at
anbi ent tenperature to the ethanolic solution. The volune of water added
provided a 5 reaction m xture containing 2 noles of water per nole
of orthosilicate &err]:Si =2). To prepar? the refractory oxide, 100 m of
t he above reacPFBRIfr oduct was heated unde bt he fol l owi ng regi ne: }@64D/ hr
to ést, hold for 3 hours, followed by [err]/hr to 400C, hold for 12 hrs.
The properties of the sol and*of the final product®igere exam ned and found
to be as follows (Exanple 1): ‘Sol pH ' 0.04 15

Vi scosity _ . 8 nPa lL.ation’ >32
days Product @ES|F?%31PgaFuﬁ1H§ %f °°%°g%t§6%551 #g%%f\ﬁﬁ%ﬂﬂa For

0.15 [err] Mdaydpelysdsanther aqueous sol@tAogswasmaddel sndeace ar ea

219 nm2/ g % por 73
Por e Shape 88ht¥nuous Stlrﬁépﬁva§5a%ﬁléw@‘gﬁﬁygy%?uﬁﬁnﬁﬂnth al uri i um
nitrate was i neEhaBedier splugieng t Fheovolyme: of wadear iddedfpndwided and

of tge prOdUCtré&éﬁlﬁﬁuﬂﬁleﬁraecéﬁtﬁ‘ih':.ﬂgs 2( RAER @f2kater PdiSldole of
1064D Sol pH
orthosilicate (H,0: Ssi = 2).

To prepare the refractory oxide, 100 ml of the above
reaction product was heated under the'following regime:
_ l10c°/hr to 95°C, hold for 3 hours, followed by 10C°/hr to
&d 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 ‘
% silica / alumina 90 / 10
Pore volume 0.15 cm’/g
k/, Modél pore diameter 10 Angstroms
BET surface area : 219 m¥/g
% porosity 34
% micropores 73
Pore shape ‘H2/IV
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):



Vi scosity 2.9 nPas Gelation tinme . >32
days 5 Product % silica / alumna 70 / 30 Pore vol une
0. 06 cnB/ g Mddal pore dianeter 11 Angstronms BET surface area
102 n2/g 10 % porosity 13 % m cropores

49 Pore shaphlUSIL H2/ |V vﬁé% t he anount of “wat er 18648d was-
varied from8 m to 80 m, the properties of the sol and of the final

product 15 were found to be as follows: Sol Exanple 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 20
Viscosity (k) 1.8 1.7 3.8 1.5 1.9 1.6 Gelation tinme
(days) pH >32 35 11 >32 55 0288 Product %silica / alumna
--------- 90 s JQ-z5ec--------- Pore volu %e . 0.15 0.2 0.27
0.24 0.26 0. %ﬁlty Modal pore dig%é e@ﬁ%ihgstrons)
10 10 @elatipon tibme 22 BET surface>32eday®err]
2189 312 A56-o0diet 469 700 % porosity - 34 30 34
54 37 47 30 .. % m cropores _ 73 66 61 74
54 36 Pore® shhpkca / alumina H270 /130 | ! H2/  H2l 1V
AV Y Pore volume - 0.06 cm’/g '

Modal pore diameter 11 Angstroms

BET surface area 102 m¥/g
10 . % porosity 13

% 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

HZO:Si 2 5 10 - 15 20 50

PH _ 0.4 1.% 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

Product : _ ' . )

% silica / alumina = = =  —eeceee- --90 / 10 - - |

Pore volume (cmﬁ/g) 0.15 0.2 0.27 0.24 0.26 0.38
25 Modal pore diameter

(Angstroms) ' 10 10 10 12 10 22

BET surface area _

(m2/qg) : 219 312 456 512 469 700

% porosity 34 30 34 54 - 37 47
30 % micropores 73 66 61 74 - 54" 36

Pore shape H2/ I I I H2/ H2/

v IV IV



ALUSI L 16 1064D Exanples 8 to
13 A sol was prepared as follows. 100 m  of TECS were m xed under
continuous stirring at anbient tenperature, with the sanme vol une of
ethanol. In a S@ﬁgggbvessel 18.6 g 5 [ of alum niumnitrate
nonahydrate we t&solved in 80.4 m of distilled deionised watert064D
contgining 2.8 m of concentrated nitric acid. To produce the sol, the -
aqueous sol ution was added to the ethanolic sol utiioh under conti nuous
stirring at anmbient tenmperature. In this way, a sol containing 1 volume of

al cohol per VOEQQEFQESTECQQM@§ made. To prepare the refractory oxide, 100

m  of the ab under the following reginme: [err]/hr to 95C,
hold for 3 hours, followed by 10C/ hr .to 400C, hold for 15 " 12 hrs.

The properti eSAOEoELh%a§0br@ r%fi b'%e folldwslr 04wy mIe'SE SpEUB Wﬁ‘é&:@ﬂﬂhi&&'”d
to be as folloms

Vi scosity n%tlnuousgsglgpaggcgﬁa@ma+ngﬂ;emperature, Wlt&z days
Product %sili enej sahenwmume of etha®®l. 1GnPer &ecdnd™ressel, 18.6 g :

guggg[err] 25 of alum1n1ug8§ %Te di ane Bgsggqﬁfe werezgaégg¥¥ééms gﬁ{

ce area
mcropores - ml of distilled delonlsed water containing 2.8 ml of

concentrated nitric acid. To produce the sol, the
aqueous solution was added to the ethanolic solution
under continuous stirring at ambient temperature. In

o4 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 .
Y pH _ a © 1.4
20 Viscosity : 3.8 mPas
Gelation time : 12 days
Product
% silica / alumina 90 / 10
Pore volume 0.26 cm’/g
25 Modal pore diameter 15 Angstroms
BET surface area ' 381 m¥/g
% porosity - 35

% micropores . 61



ALUSI L ' 1064D When the ethanol -
of Exanple 8 was repl aced by pentane di oI the properties of the sol and of

t he product were found to be as foll ows (Exarrpl e 9): Sol 5 pH

1.2 Viscosity 2.2 rrPa/s Gel ation tine 48
days ProducBI¥SdiLica / al unina 790 / 10 10 Pok@64D| unre...
0.99 [err] Mddal pore dianeter 63 Angstrons BET surface area

642 [err] % porosity 68 % m cropores 5 15

When the anpunt of alumniumnitrate was increased from 18.6 g to 72.9 g,
t he properties of he f..the final rodu found to be as
fol | ows (Ex ﬁga %;4 f)Example % wds rep ace (iy ane

Vi scosity. dlol the propertiks diftde @dlatamh dff rthe product were 8 days

Product % si )d‘ﬁ.l% e 8l 3Q,Pore vol unme
0.13 [err] f toa&%a}glfo%rogsd xé?u 1e %) 29 Angstrons BET surface
ar ea 169 [err] %por05|ty 22 % m cropores

24 \When Exagghe 8 was nodified only by changi ng the final 30
tgrrperaturepHT t he heating regine, produlctzs with the

Viscosity : 2.2 mPas -
Gelation time _ 48 days
Product
% silica / alumina 90 / 10 .
10 Pore volume 0.99 cm’/g’ N
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 _ S 0.9
20 Viscdsity. _ © . 16.3 mPas | U
Gelation time 8 days
Product
% silica / alumina 70 / 30
Pore volume 0.13 cm’/g
25 Modal pore diameter 29 Angstroms
- BET surface area 169 m¥/qg
% porosity 22
% micropores 24

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



foll ow ng properties were obtained: ALUSI L | 18

1064D Exanpl e No: 11 8 12 13 Tenperature [err]

200 400 600 900 %silica/ alumna  ----- 90 / 10 Pore vol une

[err 0.21 0.26 0.15 0.01 5 ]g Modal pore di arret er (An%étroms)
{d}S 15 AIYBIRFT surface area (nQ/g)

297 3 % porosity + 35 53 2 10

m cropores 63 61 68 0 These:..exanpl es dennnstrate

the benefit of a caIC|n|ng tefperature within the range of [err] to [err].

Exanpl es 14 ar}:g& % was prepared as f iows 10 m ?% TECS were 15

m xed under cONtUT UOUS stlrrlng at anbi ent enperature t he sane

vol ume of et hdempenatureseC@@)d vessel, 18.20Q o040Q@| ued i uﬁOﬁl trate

nonahydr at e V\@I‘%lq_l:ﬁ%){\/ ,,]ﬁ]{g) 4 m of distildgd,dpghonised_water.
cont ai ni ng an appropri ate volune of concentrated fditric acid to produce an

aqueous solutﬁﬂ¥3MWQ¥Rﬂ%W$of/9) 0.2. To HroHRe2®h@-13| 0-Phe aqueous
sol gtion was M&RA igord e Rinett i C sol ution under continuous stirring at

anbi ent tenper tur n this way, a sol ng.aini of al cohol per
vol une of TECS %m§ﬂ§ To preﬁ; re¥$ac?§?y oxi de, 100 m
of the above $®T\unrﬂunﬂeﬂtemder t he follomﬁng reginme: [err]/hr. to 95C

hold for 3 ho%nQ/gSollowed by [err]/hr tol{fgr]n{lolf}g.}_or 3

% porosity 29 35 53 2.
% micropores 63 61 68 0

s
p)

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 ethanocl. 1In 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

i : an aqueous solution with a pH of 1 * 0.2. 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.

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. g

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



12 hrs. The properties of the final product were exam ned and 30

found to be as follows (Exanple 14): ALUSI L 19
1064D % silica / alumna 90 / 10 Pore vol ume '

0.26 [err] Modal pore dianeter ]l Angstrons BET surface area
381 [err] 5ALUSIL o4 porosity

35 % mi cr opor #864D gy
61 When anmmoni a was used instead of nitric acid in Exanple 14 such as to-‘-s;"
produce an aqueous solution with a pH of 10, the properties of the product .

were found to be as 10 follows (Exanple 15): %silica / alumna
90 / 10 Poreg valune . 0.39 cnB/g Mddal pore dianeter

15 Angstrone BET ISR taddWine 20 ]/541%2/ g 15 % por osi ty
42 % m cr opdoae volume 11 ALdJS‘jd_-cm3/g

720 g ¢ neonsl Hite UsaelBa [T O AR R 0 et ver e T ound o be
as foll ons EF& sorfiasie ax®aabove): 5 381 m?Zgl- :
5 % porosity 35

% micropores 61 _
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

10 follows (Example 15):

v/
% 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

5



0.9 Viscosity 16. 3 nPas
Celation tine 8 days Product % silica / alum na 70
/ 30 Pore vol une 0.13 cnB/ g Mddal pore dianeter
29 Angstronms BET surface area 69 n2/g % porosity
22 45 - BLYSTEopores éﬁ@ Exanpl es 16 to 21 MHfrdhe

prepat ati on A bil ayer substrate, marketed under-the nanme P8/V1 Bl CERAM C,

from Fairey Industrial Ceramcs, was used. This substrate conprises mullite
having a pore size of 35[err] carrying an alum na wash coat of 1 to 3 [err]
ore size. Th S te | I rgt ntacted with,an et hanol sal v . _The

o face of ¢ naasRothe, Enbink oF ' 2 EARLBTUR nitRaLR uBE: pPreepetbirach s

t hose descri beliBi& ¢hto2%2.9 g, therpropentiesamfl the sGidnaamt dfs the

mai nt ai ned for o La e r t S t e
pl aced in an o%g%égﬂgpﬁég?ggugg%o?ﬁ#ﬁg %g ngggoﬁpgigﬁg #%%%ﬁgggﬂg}éafﬁ
[err]/hr to [eaPPVehdld for 3 hours, [err]/hr to a tenperature of 400C
hold for 12 hours, [err]/hr cooling 30 to anmbi ent tenperature.
This_dip coatiqg procedure is repeated for 15 cycles to build up the

me ane Iayer—s.—l— ALUSI L '

1064D After degpmsition of the nenbrane, inotbe case of some exanples, the

surface is tre@i§g°¥§£§ TECS at the level ;. 5 'pog

Gelation time 8 days
Product

o % silica / alumina 70 / 30
Pore volume 0.13 cm’/g
Modal pore diameter 29 Angstroms
BET surface area 169 m%/g
% porosity .22

i5 % micropores 24

Examples_ls to 21

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

BICERAMIC, from Fairey Industrial Ceramics, was used.

W 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

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,;ﬁold 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.



~

of 50m orthosilicate per gramof mcroporous silica- alumna oxide, for 2
hours to further decrease the pore 5 di aneter of the nenbrane
material. This material is then heated according to the follow ng heating
regine: 10 [err]/hr to [err], hold for gf_ours, [err]/hr to a tenperature
of 400C, hoABHUS®E 12 hours, [err]/hr codlifng to anbi ent tenper Q&4 LBEEQ
this nethod, a nunber of. 10 - menbr anes were prepared. Tubul ar -
menbr anes havi ng a nmenbrane surface area of 46 cn2 were prepared as

descri bed above and used for the separation of gas m xtures, specifically
m xtures of_carbon dioxide in _natural gas. The f Ilomnn operating 15
condi ti ons ﬁgFﬁrugﬁaosFEéﬂingsgﬁﬁeme rane, % &L 8PN absol ut e
Per neat e prexampmes, the surfa&blisttféaﬁeEIGWth TEOS at the levell000 toO

5000 1/ hr T X cq s bi_ent . . results wer e
as follows: ggggéﬁi %EHBF&%%ca¥ECBer gr%ﬁbo% &?é& orous éq; S%chment  No.
Treat ment #&bewina egideat for62 hoursEto7 furthey decrease Ahe pore 44

1506 25 diametér ogothgxmémgganeNﬁatef;S&.19%ﬂis maéf%§a1 isﬂ§?4K518

Ex. 4 No
52 goheated agcogdipng to theyfellowipgsheating regime: 1055

1.25 30 °/hr2éo 95°C,EHold for ¥ehours, 103&°/hr to ¥/ 1.21
ALUS|L/NRS3 45/ %PG%I.CLA|NB 1. A

cal ci ned po 8ﬂgeﬁﬁﬁPﬁﬁ08§ 4PP; €a- BPAA; fgr 12 hours, 10 cooling

to ambient temperature. Using this method, a number of

10 membranes were prepared. |
. o/
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
i5 conditions were used:
Feed pressure: 1.68 to 5.8 bar absolute
Perneate pressure: ambient
Feed flows: 1000 to 5000 1l/hr
Temperature: ‘ambient -
20 The results were as follows:
_ o/
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
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refractory oxi de having a porosity of between 10 and 70% ‘““
di aneter between 6 and 20 Angstronms. 5 2. A pr$g lﬂ W
separation of fluids, in which a mxture of fluids is brou cl nto torkt adt
mkth a f|UId EE@; ne which ¢ I ses a cal ci ned porous

phous siliCa- r‘}ﬁ{ﬁﬁ% 4[Q;zztctory oxi d% ving a porosity of bet wb8R4R0

'andi¥0@b and a nodal pore dianeter 10 of from6 to 20 Angstrons.
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1. A calcined porous amorphous silica-alumina
refractory oxide having a porosity of between 10 and 70%
and a modal pore diameter between 6 and 20 Angstroms.

] 2. 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

N\ porosity of between 10 and 70%, and a modal pore diameter

10 of froﬁ 6 to 20 Angstroms.



