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Unnikrishnan, S., J. Chem. Sc. Faraday Trans., 1994, 90(15), 2291-2296). In
several of Prakash and Unnikrishnan’s reported procedures, the gel was aged for 24

hours at 27 °C (300 K). Prakash and Unnikrishnan do not appear to disclose
formation of SAPO-34 membranes.

SAPO membranes have been proposed for use in gas separations. For these
applications, an important parameter is the separation selectivity. For two gas
components i and j, a separation selectivity Si; greater than one implies that the
membrane is selectively permeable to component i. If a feedstream containing both
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substrate surface in a hydrogel and heating the substrate and gel. Lixiong et al.
reported single gas permeances for Hz, Nz, CO,, and n-CsHyo. Poshuta et al. (Ind.
Eng. Chem. Res., 1998, 37, 3924-3929; AIChE Journal, 2000, 46(4), 779-789)
reported hydrothermal synthesis of SAPO-34 membranes on the inside surface of
asymmetric, porous o-Al,O; tubes. Poshuta et al. (supra) reported single gas and
mixture permeances and ideal and mixture selectivities for several gases, including
CO, and CH,. The CO2/CHj, selectivities reported for a 50/50 CO,/CH4 mixture at
300K were between 14 and 36 for a feed pressure of 270 kPa and a pressure drop

. of 138 kPa (Poshusta et al., AIChE Journal, 2000, 46(4), pp 779-789). The CO2/CH4
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In an embodiment, the invention provides a method for making a crystalline
SAPO membrane comprising the steps of:

a) providing a porous.support having.a pore size greater.than about 0.2
micron;

b) preparing an aqueous SAPO-forming gel comprising an organic
templating agent;

C) aging the gel;

d) contacting the support with the aged gel;

e) heating the support and the aged gel to form a layer of SAPO crystals
at least in part of the surface of the support; and

f) calcining the SAPO layer to remove the template.

The invention also provides supported SAPO membranes. Inan
embodiment, the invention provides a supported membrane comprising a porous
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enbodi nent, the invention provides a supported
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permeate side of the membrane.

In an embodiment, the membrane is a SAPO-34 membrane, the first gas component

is carbon.dioxide-and the second gas component is methane.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows single gas permeances for CO, and CH4 and CO2/CH, ideal
selectivity as a function of pressure drop for a SAPO-34 membrane at 297 K. The

permeate pressure was 125 kPa.

Figure 2 shows COz and CHa4 fluxes and CO, permeate concentration of a
CO,/CH, mixture (50/50) as a function of pressure drop for a SAPO-34 membrane at

297K. The permeate pressure was 92 kPa.
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Figure 8 shows CO, and CHj fluxes and CO, permeate concentration of a

CO,/CH. mixture (50/50) as a function of temperature for a SAPO-34 membrane with

a pressure drop of 3 MPa. The permeate pressure was 92 kPa.

Figure 9 shows CO; and CHy fluxes and CO; permeate concentration of a
CO,/CH, mixture (50/50) as a function of pressure drop for a SAPO-34 membrane at
253 K. The permeate pressure was 92 kPa.

Figure 10 shows CO; and CHj fluxes and CO, permeate concentration at 253
K as a function of CO, feed concentration for a SAPO-34 membrane with a pressure

drop of 3 MPa. The permeate pressure was 92 kPa.



menbrane with a pressure drop of 3 MPa. The perneate
pressure was 92 kPa. Figure 12 is a top view of the
surface of a SAPO 34 nenbrane on the inside of the

support. Figure 13 is a top view of the surfaﬁﬁ. R/008590
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Figure 14 is a cross-sectional view of g S 34 .
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i ncl udI ng, but not limted to, SAPO 5, SAPO 11,
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_In an embodiment, the methods of the invention provide
silicoaluminophosphate (SAPO) membranes formed of SAPO crystals. SAPOs are
zeolite-type molecular sieve materials, having a crystal.structure of tetrahedra joined. __.
together through oxygen atoms to produce an extended network of channels of
. molecular dimensions. The SAPO crystals have a three-dimensional crystal
framework structure of PO,*, AlO;" and SiO; tetrahedral units, the framework
structure defining a structure of regular cages, cavities, and channels. The
dimensions of these channels and cavities are generally microporous. As used
herein, “microporous” refers to pore diameters less than about 2 nanometers.

The methods of the invention are suitable for preparing SAPO-34, as well as
other forms of SAPOs including, but not limited to, SAPO-5, SAPO-11, SAPO-16,
SAPO-17, SAPO-20, SAPO-31, SAPO-35, SAP0O-37, SAPO-40, SAPQO-41, SAPO-
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In an embodiment, the silicoaluminophosphates formed by the methods of the
invention have the framework composition (SixAlyP;)O2 where

x is between about 0.01 and about 0.98,

y is between about 0.01 and about 0.60, and

z is between about 0.01 and about 0.52.

In another embodiment, monovalent Li; divalent Be, Mg, Co, Fe, Mn, and Zn;
trivalent B, Ga, and Fe; tetravalent Ge and Ti; pentavalent As, or combinations
thereof may be substituted into the SAPO framework structure.
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In an embodiment suitable for crystallization of SAPO-34, ¢ is less than about
2 In an embodiment suitable for crystallization of SAPO-34 at about 473K for about
20 hours, a is about 1, b is about 0.6, ¢ is about 1.07 and d is about 56. In an
embodiment, R is a quaternary organic ammonium templating agent selected from
the group consisting of tetrapropyl ammonium hydroxide, tetraethyl ammonium
hydroxide (TEAOH), or combinations thereof.
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ipfevent settling and the formation of a solid cake. Without wishing to e ound by
any particular theory, it is believed that aging of the gel affects subsequent
crystallization of the gel by generating nucleation sites. In general, it is believed that
longer aging times lead to formation of more nucleation sites. The preferred aging
time will depend upon the aging temperature selected. Preferably, crystal
precipitation is not observed during the aging period. Preferably, the viscosity of the
aged gel is such that the gel is capable of penetrating the pores of the porous
support. After initial mixing of the components of the synthesis gel in a container,

material can settle to the bottom of the container. In an embodiment, the gel is
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products at the interface when placed in contact with

the synthesis gel. Suitable inorganic porous supports
| ncl ugig, nbidlus 3UBp M’Iséb&hi €babie ofsuppartingdhe ARG membrane.

t§'|hit3 ?ngmzi@ ai:b:agggr{n% bég{a&gﬁ@akgéﬁgﬁt |gglr gggé:ié%ﬁs a%Hgés Inan
H%%an’ié‘h‘é, the porous support is in the form of a tube. In an embodiment, the
porous support is a metal or an inorganic material. In an embodiment, the porous
support does not appreciably dissolve or form reaction products at the interface
when placed in contact with the synthesis gel. Suitable inorganic porous supports
include, but are not limited to, a-alumina, glass, titania, zirconia, carbon, silicon
carbide, clays or silicate minerals, aerogels, supported aerogels, and supported
silica, titania and zirconia. Suitable porous metal supports include, but are not
limited to, stainless steel, nickel based alloys (Inconel, Hastalloy), Fecralloy,
chromium and titanium. The metal may be in the form of a fibrous mesh (woven or
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Fecral | o chromumand titani um The met al 9&35 §%s00
A%YBf a fibrous nesh (woven or 10 WO PEstsh

2005/ 091983 PCT/ US20051008590 non- woven 2o
o RovE)] @combiriation ofifbraus metalivith %ntﬁf&,dr'@éf gicles, and

%Pﬁ%%ﬂcrhgf# a{hﬁ!éasnérpéﬁ %ordrﬁﬁ?\#t ﬁ’l@rﬁlét‘él ohrls ffimed of sintered

suppor ['s forne sintered
ﬁ@&@baﬁa@glcles The pore dianeter of the support is
preferably |arge enough to allow the synthesis gel to
penetrate the support. Furthernore, the pore dianeter

of 1 hfhe &d*@%rﬁeteﬁoﬂhéfsepp@tis pbrefeg@lyetanggbnewghheallow the
SAPO crystals can forminsj g,_eLg_{ @feortredigrﬁgtgr
syoizasis delipopneURte It 3URPORt. JuThErBEE eter gfipe
ngZQFtﬁé‘B erab?\ﬁrﬂé%rﬁ)u@h LR SWOH‘VS@Q nam Ifdrm msnde the

m Crons.

sdmaostu Piftent a petaug syppert will haveA gﬁg@p%n of pﬁrgls&e§ (f&ffgrably,
B nsrE ieridinl b oY g o T e
gigRResof thaviprprt EEn@gealdtdhan abeut @ MigeBS (e potgsrlire that

bout. Q.2 i G, I
L e

lBud e MasingQegions MEzetheeqhamptermerpogg sige és about 0.2

average, nedi an or |argest e s

meagﬁf@h?@mﬁ‘ﬁea S diging f Hyps Ml i £ ilkroh Sifige pore
Tﬁé’&%’éraétb%t?d $dte sretmeebe w@atatharademgeumealan or largest
‘ons, or about m crons. The P S suggg & orB¥%r than

berq e dn diferm sohodimaredhe RGPS A DEPRRY %0

ﬁgﬁﬂ} frgucréﬁ” e%@erf Ql'iod{%earﬁf aBJi.@GWﬁI&’fb’n@nﬁr a&hﬂta microns. The

ous nmter may al so be inmers % i
perdusaiubport ovayrzjoiniedio SPRRPrEYS gwégpalmJ c;thta'oylﬂgs a sealing

ﬁ%{'}t heg ryﬁgoﬁ@%‘ﬁ'ﬁemb%n@m ?ﬁﬁrou@ﬁ'ﬁQe?kYﬁh?'a%onmersed in

nporous nateri a I'n an
orB Qﬂk@ﬁd&verédhmtpsynﬁhsssmepdmmng thesyatigel§ RHPTESE: ingvhich case

b g
BAE st ManjOton FEERopgs elcie sy pelics, o 9¢

purifi ed wat er. After cl eanl ng wWth water, the support

ggﬁdt ngn g;?@grg{n%fw L fpﬁg%}s(r;sglﬁggﬁt?sua{e%@@cogﬁ&r t@%?ungrb%ught into

Al m tHesmexd Thiled in
%Sh%’%{ ﬁ'tgﬂ?{ gﬂwthé%n@gﬁegge ?gwfﬁ ?)?na% g?m %A:%C%b::lgs(sot al s

quurlﬁmiwatert Wétepgleawggwﬁwt?f te SHRRPTHREN

After the porous support and the aged gel are brought into contact, the
support and gel are heated in a SAPO crystal synthesis step. This synthesis step
can lead to formation of SAPO crystals on and in the porous support. During each
synthesis step a layer of SAPO crystals can be said to form on the surface of the
porous support and/or on previously formed SAPO crystals. The layer of SAPO
crystals formed during each synthesis step may not be continuous. During the
synthesis step, crystals may also precipitate from the synthesis gel without being
incorporated into the SAPO membrane. [nan embodiment, the synthesis
temperature is between about 420K and about 500K. In different embodiments, the
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synthesis step a |layer of SAPO crystals can be said to
formon the surface of the porous support and/or on
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After SAPO crystal synthesis is complete, the SAPO membranes are calcined
to substantially remove the organic template material. After calcinations, .the
membrane becomes a semi-permeable barrier between two phases that is capable
of restricting the movement of molecules across it in a very specific manner. in
different e:ﬁbodiments, the calcination temperature is between about 600 K and
about 900K, and between about 623 K and about 773 K. For membranes made
using TEOH and TPAOH as a templating agent, the calcining tempe.rattfre c‘an b.e
between about 623 K and about 673 K. In an embodiment, the calcination time Is
between about 15 hours and about 25 hours. Longer times may be required at lower
temperatures in order to substantially remove the template material. Use of lower
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that the synthesis gel has penetrated to the center of the support. However,
formation of SAPO crystals throughout the support does not require that SAPO

crystals completely fill the pore space of the support.

Transport of gases through a zeolite-type membrane can be des.cribed by
several parameters. As used herein, the flux, J;, through a membrane fs the number
of moles of a specified component i passing per unit time through a unit of
membrane surface area normal to the thickness direction. The permeance or

pressure normalized flux, P;, is the flux of component i per unit transmembrane
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A3 i Rusng fRARe! 1 i, heroe, SImRE T
, : - . i e ~
gFERMY Hmmeiéusg\d ao@pmtioofast&eagﬁ'ﬁgq%&oﬁffefg og%ra(e:n %%éﬁtghigm may
| at i té thet dededtinity.
BEPRER T A e et B e s g ves

rise to three separation regines where both
conponent s

si evelng@ @@gggimael%kghé QAP B SherhBiaREs Bf theanveritienriaae room-
temperature CO2/CHs separation selectivities greater than about 60 for an
approximately 50/50 CO,/CH, mixture with about 222 kPa feed pressure ar'ICf about
138 kPa pressure drop. inan embodiment, the CO2/CH,4 separation selectivity of the
SAPO-34 membranes of the invention is greater than about 270 at a temperature of
about 250 K for an approximately 50/50 CO,/CH, mixture with about 222 kPa feed

pressure and about 138 kPa pressure drop.

In industrial gas separation processes, the pressure drop across the
membrane can be several MPa. For example, in the natural gas separation industry,
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first region, both nolecules have sim|ar adsorption
strengths, but one is larger and its diffusion is
restricted due to pore walls. In the first region, the

menbrane is selective for the smaller nol egeirRis2008008590
woe90591983 bot h nol ecul es have sinmilar kinetic

di aneters, but one adsorbs nore strongly. Lp reaqi ,
the i??n TRERiaRe bfesseleadrop veeabdus 6 MIRa. E'iefgf G?V?@‘F:;}R%H%eeg'l#tg??é

hol'ecule. In regjon 3, in the MPa range
sepanption selgstiyity fo%ﬁrwséw&mtb"’%? 2 }etggwgeﬁfrflé_g@ggas}%é;pt;gn ity of the
caft e 4} tporkdit af & einpodimerd,dhe G2#GH: seraralen ERHVibe
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SAROGH mombsanasor P BHBUTIRAL: o (HLSAARR o fenty e

of i NVent| 150750 COsMthrraixture with abepy3 MPa pressure
ab:?é‘bgggﬁ%%g@tgpg@tx{hﬁtsves greatéﬁr than,; ﬁggéﬂﬁg dipoan
dr8pPhai erabedimes 1159 COLHEILPATALNSE %’lt'?i about t222 EI;z;;)a u

feed pressure an KRMoRE €36 bt @ tanpgrature 0bPO
méi’f'@éﬁﬂ‘ﬁéﬁﬁt‘e W&"@i@?’%ﬁf?&ﬁg‘? ation sel ectivi |_§ &@fcohgéntration
25?@&%%5%’8%!’!@&&5@@‘@0(3Wéﬁ@k’@l’]"'*ir%‘x@‘l’%sa‘fvg than

about 270 at a te r.at g,bmp 250 K for an
va{piﬂgdm"hﬁpﬁ'l%'%?%%égfﬁ matgturek'with about 222 kPa

feed pressure and about 138 kPa pressure drop. In

i ndustrial gas separ at

| i db
acr olsnatiel SR RRATATL JIF BETE0TA0 R " %ﬂﬁe%ﬁgt%%% e
LS sk T maOpaee oo
iApesE peramelpr.i I8 abenbo meph 118 2L Pl ForEehiaaeis greater

rane

Sepal 3 io8Me i34 Aerfibranss oethieriavention @ 8 teraperature of
PR B ermionton
abaumﬁnﬁgghim;;rp;im%éel\(zgglr i Sggggnmﬁga%%kéla\gg?g MP3lpressure

VIt

L S crabodine santenibheforitse GAPS:-
i ansiiS{ WSt oy e A
rﬁ&%%iewg*e/inﬁé)ftm e@@t&a’enr_tha&ﬁgpgth%. Eygbgft té 4f

ressure drop.. |n an, , " e 0
reiyae cAcoareatr doan 95-( B 2fHaTRESGHIMKR dftermpera

34 nmenbranes of
! ' P Bb@ItB lPagregsutedopabout 120 at a
ﬁ%ﬁﬁg%m’e of about 253 Kwth about 3 MPa pressure
drop for CO2/CH4 m xtures with CO02 concentratio

n

- - : : SAPO
var y'f]?n%ﬂm eQXhrBageh erystalline mnitt@hﬂpﬁ;!ﬁ@?;}a!m% apR

nat urdaf "gas separation, .the methane, R Weem

P rareeamobb betiluanead By gnE g aRolte Foled i HtFmembrane

ist?dct&rieg hN%%e&ﬁé H&%Eeaf%cﬂb‘?éélhéﬁbfrﬁed by timwcrystal..frar'new‘/ork..' .
Intercrystalline pores are an example of nonzeolite pores. The contribution of
nonzeolite pores to the flux of gas through a zeolite-type membrane depends' on the
number, size and selectivity of these pores. if the nonzeolite pores aTe su'fﬁcnentiy
large, transport through the membrane can occur through Knudsen diffusion or'
viscous flow. For some SAPO-34 membranes, membranes with more nonzeolite
pores have been shown to have lower CO2/CH, selectivities (Poshusta et al., AIChE
Journal, 2000, 46(4), pp 779-789). As the pressure drop increases, any transport
through viscous flow contributes more to the overall flux and thus can dejcrease the
selectivity of the membrane. Therefore, membranes with fewer nonzeolite pores can

have better separation selectivities at higher pressures.
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I mportant paraneter. In an enbodi ment, the C02/
perneate concentration is greater than about 99.4%
for the SAPO 34 nenbranes of the invention at a
tenperature of about 253 K for an appr oxi mgicqius2608/063890
VORI xt ure with about 3 MPa pressure drop. In an
enbodi nent, the CO02 perneate concentrations f

r.th
SAPGY 340 iiEHES DFhevebtion cay bR SESSURI PEFTERALLS 19 i gases

about 93.5%for a l1l4 j inventlo® arpdadectively
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is bpstlied m&relfee‘d side obthie. membrang %'&i’i@%? &t ﬁm_or es am?t; e .
an exanpl e of nanzgo coufficienttarsmentbran
pefﬁ@ﬁ?@)&?@é“'p[ﬁ%@efﬁ %ér?é%t%}i@@{‘o ?g-as ST hr olij%h 8 1 oe the
drm](a ot & fnyBEoeTaprlidribated fastione A RIasHS PEERSAEF N8 ang
se

ectivity of these, pore f fdrhibranpoifdise
maw@r@lﬁ-fln@'b%{f‘!’?fﬂ"\e% %8?‘ @arsaerl%ﬁg'ﬁt@ a?ﬁ?% %%h t he
"@mﬁ?&@@ SoRLASF werhédite gha Rrsh g8& ROPPREA QYRT gsecond gas

flow F PO- 3 il
com!n:gr?eunsb,rtbe %\gﬁ‘g@;,trpis?rggenb\gﬁ e e&i‘r&@&@@'{e lﬁ@gﬁe’g \gg@{%ﬁﬁigegnt while

| over it beGeolitéd mthé Rest cospanent. dihe, permeate stream
th‘%\éfeﬂ.‘%‘%%g%’ .l46(4) ’p PP 77%178&%1*} AE tehqeoneéﬁ‘?ft €f the first
béﬁhgl@nyigm&mstbe firsh 99S CPBIRSPRN t'mz o thagih tu\lllc sd%outs ti;inqwthe
contri butes r thanditeocdneestra n
gaBEPERIReN H%%spg?ré%talwvit;i@;@#rgg éﬁg‘g{egegﬁh tﬂgﬁé?%e’

e Similady, tesveatentaie e Het t er
fﬁﬁ??ﬁﬁﬂg@% %ﬂig\'ﬁi?&‘ig k&) mf%éﬁrspé&é? sorhpsnernitin the retentate
comosnentiggte f %@Y)é 80 “The menbranes of the
ShrBYENE 138 thamitYeorsentrationinl the fredstieBife to some gases
over others. For exanple, the SAPO 34 nenbranes of the

invention are selectively perneable to C02 over CH4,
especially at |ower tenperatures. Therefore, the

i nvention provides a net hggAMRLE®parati ng two gases
in a feedstreamincluding these two gas conponents
usi ng the nenbranes of the invention. The feedstream

L2308 $lehiobltof SREOHMRIcAbraes ronbr ane,
7 orgKpO34 rmembraries Ware PISRAHA 08B0 AR L CeR proe) Lok These

transnenbrane driyving f t phately 30h@m, adn inner
tibas hod ABPormalel Julbares Fe iR of appRAmARY

pernea . _ o5
diameter of approximately 7.2 mm and an outer diameter of approximately 9.

mm.(81180-01 7_PRDC-TEST, Pall Corporation). Non-porous, stainless steel tubes
were welded onto each end of the stainless steel support to prevent membrane

bypass and to provide a sealing surface for o-rings. The combined length of the
combined porous and dense tube assembly was approximately 59 mm. The
permeate area was approximately 7.8 cm?. Before synthesis, the tube assembly was
boiled in purified water for 3 h and dried at 373 K under vacuum for 30 min.

The synthesis gel had the approximate molar composition: Alz203 : P,0s:0.6
SiO, : 1.07 TEAOH : 56 H20, and was prepared by stirring HzPOa4 (85 wt% aqueous
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menbrane. I n an enbodi nent, both gases perneate the
menbrane. |f the nenbrane is selectively perneable to

a first gas conponent over a second gas conponent,
the perneate stream w | |

be enriched in theptirisioogensso0
WORHPHOAE? while the retentate streamwill be depleted
in the first conponent. The perneate stream j
SOBBACARECHHL O 89 6% Hissich A5 T} fHﬁFﬁH‘&g‘;itﬁ?E{‘%?R%:: h.
concentration o e QOPIEROH, 8 @aqueo
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so@gsp Anﬂ@&fﬂ mﬁaa?&n,ranldahémixmrmwa%tswfﬁcbf% 39{9‘8" %;me &
pl'eted i'n the first S i ' . Irpé sblution
cnmimascnaes e A0, (PR GRS g sen
r et ent iSstbraae to beavent settliog @adithey
wasrsau ) sEideAgstoege o b

Feam S Examle L Qe Kifore use:
cafAPNE Gebrmb aase oroRPTtEIB a4 ETCORRRIIR 210
porous stainless steel tubes. These tubes had

approxi mately 4-m pores, a |ength of o _

M T dtainkss twbeaaaaembl)owaggkw%;yi q{gqega ‘fﬁor{}ca}'&' mg %ﬁoﬁﬁlbz lnf

O o lave Ths Tensd ' Bynthesis gel to cover the end 0
anmwtpglﬂgogggs{ewﬁ%%(fhggmé%o w?!a ynthesis g

oration).

thDQRsiMRES Hibe ddsaimblye SEypidady, the gekblevelwasa prjmgtely, 1§ mm

d of th t ai nl 045
A T
Qrfe! ' I onHebe
o3 Ao o

syrthesisgel ancHroR o BARP SRR T s hioH Bl )

ore

hesi bbé heldsi imatelyp0 mi of
SRy e yort e o s
sfiitResid lgel anytheigbtstainipss tykaias s Rlispr EF rw?e

nol ar
nposi tion, 36 ; \d&Rs, tHe MenbEA@-was B@shed
et Ly (ke pleond a8 1n et e
5 Al beasb, i o v
sacomd)@\fﬁt%%ﬁ% EEW?%’"%'% 1?"%9 %'h

en the tenpl ate,

. . h i d \
AR G s Ut yer e UreAuh o) SOMERRIBHTT
vesire prepBred using the ﬁé'BSfpé?Cee"?‘ﬁeeas S frsteng sekorf tayens, excep

Lud % RaYie Yeswas uséd.oBpodasialiiy qeembrapgs were
as'a?wu?ﬁégdﬁ%%%seég al ed ?r?g stirred during storage to
mépmedtwiﬁeii-ﬁla'yn@eéﬁd the formation of a solid cake.

The gel was aged for approximately 3 days at room
“fénperature before use:

Membranes were impermeable to N, after preparation but before calcination.
To remove the TEAOH template from the zeolite framework, membranes were
calcined at about 663 K for about 20 h. The heating and cooling rates were about 0.6

and about 0.9 K/min, respectively.

i 0-34 Membranes
Example 2: Transport Properties of SAP .
Single-gas and mixture permeation was measured on a system similar to that

used by Poshusta et al. (Ind. Eng. Chem. Res., 1998, 37. p. 3924), but modified for
the study of light gases at pressure drop as high as 3 MPa. The membranes \fvere
mounted in a stainless-steel module, and sealed at each end with silicone O-rings.
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The stainless tube assenbly was directly placed
vertically in a Teflon tube in an autoclave. The
Teflon tube was then filled with synthesis gel to

cover the end of the stainless tube assenblpr/us2005/008590
WOMPFRIBY, the gel |evel was approximately 10 nm
above the upper end of the stainless tube assenb

ly.
Fl @#’ﬁgr\ﬁéﬂjﬁﬁé%u\‘egﬂsiﬁg BsoafHimuubblecfloav ragter and A#ioR %ﬁﬂ'\e
hi'gh Teflon tube hol ds.aﬁﬁr Zib%t(ﬁkyw%"m"(rﬁ:spa)'
lowgstirheasusakje PeEReageWaR esY f tube assenblies. An
approximately 41 mm dianeter and approxi mately 100 nm
hi gh Tefl on tube hol ds appr oxi mat

50 . .
synidurbos d'@lexldeaami Chlgsing %Srﬂf@@&%%@egg%%%jgsgﬁgﬂed
Iotion o ' i oribir rimixture
asi%&mcﬂ%0%'%&%%@‘%%?8?@%?2?0‘?33 @rrfa}sr?‘g?ea(gﬁ V\r/%ag lqashe The
ekl Fridss Gwretneollert VB39 UReA HRIMiK P8 (P2 & @8 ‘895 h
i'n an oven for , oac
ctatlow e ppOC g FiEFe e cxpedaeneym U
il 3P 1R emipRR Wadliridepeiarity cantroles bafweon i kEpand M da.
itd and fourth synthesis ia i
TomappootigesseRAre RN RelA '8?'8&%%%@%%’ #’%2“%?“?!@@22%"”‘? an t
G5l s ks ot okl e
investi ( K ions e Cretentate,
tﬁﬁfgagms?aﬁﬁgaﬁ%ﬁ@@ﬁ biFLWIEWﬁEEMr@90/series Il gas
apd PEMSTY osﬁr_e H"Fo renove the TEAOH. tenplate fr B&ep.p
cﬁ%étb?abhmaimekl,wimartﬁheﬂ'ﬁélscqngfl@t'v'ngeﬁ %{&@%\gou? 423
b fove, ' el slekept a
calymn %lgqfﬁh?gﬂﬂe ovEn, rhé%cgﬂ‘fe aﬁ& géie@,&qr%\ﬂpél@ resgera p

K/'min, respectively.
%xam le 2: Trans ort Pro erties of SAPO 34 Menbranes
i ngl e-gas and m xture perneati on was neasured on a
systemsimlar to that used by Poshusta et al. (Ind.
Eng. d@lgeH,fesom Teaseratute Resub®24), but nodified for
the st y of light gases at pre I BsSmbture
\Pa. Tabis rehewsAREneRIDE ProRsiTeR 1] S o RO e

€SS-S
; gt peasurei drop)sior freomentranasydi1-M5)
@%\Bgﬁ%%g%%ﬁ&%%% usgo%??o%rgzéopﬁ%é S VBT were prepared
sreparedasingsthagnethedmef the inveptien| ¢"F3% "iﬁgr ﬁ{f ab "
t h. Th thee fiveesm ranes had a
ip e fattand Sfen BRLTGH SRAE R B e bon
dboHl&separhtiohietsctigtysn gxsessn®f @8- xt ure perneation was

Investigated as a function of tenperature and
pressure drop for sonme nenbranes. For m xture

Table 1.

Permeance CO; permeate CO2/CH4

(mol/m?.s-Pa) concentration | Separation

Membrane | CO; x 10’ CH, x 10° (mol%) selectivity
M1 1.1 1.2 96.2 93
M2 0.97 1.3 95.4 73
M3 0.87 1.6 94.8 63
M4 1.0 1.3 95.0 67
M5 1.0 1.5 95.1 67
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separation, mass flow controllers were used to m x
pure CO2 and CH4 gases. The total flowrate was 1300
nmJm n for nost of the experinments. The pressure on

each side of the nenbrane was i ndependent | ypct/us2005/008590
WEHPYWI9%8d bet ween 84 kPa and 3.4 MPa. To carry out

gas separation bel ow roomtenperatu

th
”Dg Cﬂlhe siirlylb-lsJ/as perrsgancerfer @Qegeﬂ?@ﬁée‘i)ﬁ’% é’bc(??ﬁ@)é\%gg:re dr::p'
A § 297 K thr
e
mSRBRR hh @ba pefmedte fressiire ob12nkRa &19. Bnd hyer the Q2

streans were neasured. usi E?%& todPasdkan d
idsaigelasvityedeqreagpswi W%er?gﬁ‘ggprrap '§3u‘?"§€’§% \?vith a
thermal conductivity detector and HAYESEP-D col um

(Al ltech). The oven, injector, and detector :

t t |1 kept iduirE¥ndreayad with
Tempata i eandeoh e et dRr OOZICHEER M e wi
R e R AR el
ingradsed méth i(mvﬁaamg pressHfeR: ﬁ%ﬁ&"%t%hlgg {‘%%[t%ggdg %?et hdgeo drop
i nvent i gn., j: ' I esased asipessHES
MR e G G R e o 3 @Ed% han
irfcrasR etEroht arldsoHaRIMPa mzpwes@a%{/m%ﬁ{m&e ‘%C SR AY

Vit

LN exCes s il i I treoastant as pressure
C@mani%{ﬁlq.gasﬁgg%a}atlfﬁééﬁéﬂwm rAestrovastan

oncentration Separation
dferRecineRiassd 10 CH4 x 10 (ol % selectivity M 1.1
1.2 96.2 93 M 0.97 1.3 95.4 73 M 0.87 1.6 94.8 63
M 1.0 1.3 95.0 67 r Mo 1.01.5 95,1 67 1s WD
2005605 1683 RestultyBalow/Rermdemagiat¥eng| e- gas

P! TRIEE  SHowSe Gexana<OHl, pireanncs Sad e by (38467
saleﬂfix’sity aoa fanstien 8f tez@gpr@u?q]fbé ﬁ&m@rﬁ@%@} 121 ﬁ)@ a‘lﬁ@dqpfégsure of 222
K A pressubd B Br 38fkPk2 8k BBOISH GO, 1TH, Tixture. tHiguregpshows
that this membrane separated CO, from CH, with a selectivity as highas 270 and a
CO; permeance of 1.0 x 107 mol/(m? s Pa) at 250.5 K. Figure 5 shows the CO2 and
CH,4 permeances and the CO, /CH,4 separation selectivity as a function of
temperature for membrane M1 at a permeate pressure of 92 kPa, a pressure drop of
3 MPa, and a 50/50 CO; JCH4 mixture. Figure 5 shows that this membrane
separated CO_ from CHa with a selectivityas high as 210 at 253 K and a pressure
drop of 3 MPa. Figure 6 shows the effect of pressure on the CO, and CH4
permeances and the CO, ICH, separation selectivity at 253 K. The CO2/CH4

separation selectivities were higher than 210.

Figure 7 shows the CO2 and CH, fluxes and CO2 permeate concentration of a
CO,/CH, mixture (50/50) as a function of temperature for membrane M1 at permeate
pressure of 84 kPa and a pressure drop of 138 kPa. The CO, permeate
concentration was 98.6% at 250.5 K. Figure 8 shows the CO: and CH4 fluges and
CO,, permeate concentration of a CO,/CH, mixture (50/50) as a function of
temperature for membrane M1 at permeate pressure of 92 kPa and a pressure drop
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I deal selectivity decreased with increasing pressure
drop (Fig. 1). Both C02 and CH4 fluxes in an equi nol ar
C02/CHA mi xture increased with pressure drop for
menbrane ML (Fig. 2). The CO2 perneate coONCgiylbie9dosse0
Wil 2005/091988r eased with increasing pressure drop, and it
was 98 % at a pressure drop of 3 MPa. The CQ2/

0 eSELESS el GOE paticaimoshaentietipr was §9:5 at 253 K.
°€$E@ia}r‘éagﬁr€§% i ncr eased from,. 14 SEGHISR
Figuee OBRope nm@mz@né&*ﬂefg{-?@a aﬁg(r%"é&"l %%r& gﬁi‘%g Ereacnoc epermeate

Fi ., 3); tel, AelioR I prSssure gropead 28 e CO2
C&?f@#hﬁ%nﬁrgquggzgégm%gﬁ fﬁrt r?er i ncreased. CO2 /CH4

cBrsatiatioRevere Mgben them98r3e-ure Figure 4 shows the C02
and CH4 perneances and the CO2 /CH4 separation

selectivity as a function of tenperature for i

ML f @ig fe HO@HOWS 855 0O0g a0l GHcHluxRpANd £OrRRITTR %%Hﬁ?‘m at

138 kPa, and a 50/[5 .m . eatia 5 e

aiads o i hongt e BepEP A Aot poomete

RELGF bY.6d Kpasnfidgitcasuré domatd MPeCOapprdfice egf. the $O2
o s Pa) at. 250. . ¢

ermeatciapieshss b Tk s piesrces

(ﬁélz 28 ! ?{_Bta\ﬁdaé?gcw Reldchvityalt 2581pas atfunation@f GRefeedine

ernmea

pressure of 92 kPa, a p
oAt foumerabroos MU AaTTRRts pisate Ul B2 etar #fressure

shows _t hat i r i pigited a @aximuomatE-C @2 f@ach
%(’08\&,?@@5?91 weg‘sj% gﬁeggcnﬂ [égt 253 K and a pressure
irRn@ktich &B0%Fi gure 6 shows the effect of pressure
on the CO2 and CH4 perneances and the C02 /CH4
separation selectivity at 253 K The C02/ CH4
separpiiNes fst! Gler Gdsess were hi gher than 210. Figure

7 shows the CO2 an f | OREtiEsHor various gas
concehablg#; l&iﬁt@fesdge%p(ﬂlﬁ@ng )%?ﬁ%g%?)/ 50) as (Pa pressure
fu i tgﬁgﬁqsfa@\btmg (8arkreepemmate M?Sat”ep%!fdnéﬁ
Hp)ggée&ffgrogl%h 4 kPa and a pressure drop of 138 kPa. The

dp)per neate concentration was 98.6% at 250.5 K
Figure 8 shows the CO02 and Ggflef2.uxes and C02

permeate concentration of a C02/CHA—m-xtyre—EIALSIRaS )
arrunctl on of |t #apmpeeaturce |f or méeBl ane NL atSéB%r rre%te
pressure, of 92 |kPa a pressggciligp 19 Viéelectivity™
2005a8dRgREePCT/ US200%/ 008590 0f 3 ?/Pa Eigure-3
shows THEHP0Z fer neagigg congentrat#dn was [99. 5% 3 253
K il 8.1
- = HN, - 473 7.9 .
1.7
H2/CO2 473 2.3
F2/CO 473 6.7 NM
Hzin-CaHo 473 i N:JAM
CO2/N; 297 20 -
NZ/CHs 297 6.5 N

* [selectivity: the ratio of single gas permeances '
**‘ dSeeaparation steylectivity: the ratio of the permeances for mixtures (50/50)

++ NM: not measured
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Figure 9 shows the CO2 and CH4
concentration of a CO2/CH mxIL:rJ)e(ef’SgggjO)Cozziser reate
function of pressure drop at 253 K The CO2 perneate
w(ﬁ:)??g&de%t?rgtl ons were higher than 99.3% Fi gurpeTAf3200k008590
nd CH4 Fl uxes and CO2 perneate concentration

at 253 K as afunctlon of COZf ed ‘%4'!9 BPJ
6 a1 . 36 Ao APQS embrdne

pressure drop of 3 MPa Even for a 140/ fee
Per ahRing Eleardrr Kicrascopa ¢SEM) iMagesQ 'Q%mg‘%“egﬁ% g%zs“ﬂ"“ n
e perneances of CO2 and CH4 and CO2
FigeresadiZr\B-ty at 253 K as a function of CO2 feeg}la

concentration for nenbrane ML at a perneate

of 92 kPa and P LA

el dtiginebt anehl HIGHE et AL (EB, 1FEay SaeHre 19
c one ée r?et é@ﬂ&g qz.-fI 50942 Baa ubtshofwinte@irown zBaliteCryidals with size

es |de and m xture separation

sel ect
|e§§thah%ppwﬂr@wwmn5ttures t hr ough nenbrane M. I(\éIAft LEZ
perneate pressure and 138 kPa pressure drop). Table
2. Tenperature |ldeal Separation Gas_m xtur

- Sel
472 I‘;@hie‘é' {4/4nd ¢b ans tross-gectionalyiews b e @gmgvgan(e 3']—&‘? \pside

(Eigme Wan%l%qtsmﬁ g)gnﬁmsg o?t}% S}ﬁé'e,\é {2@%% 3 18-bbtiNdures, the
Sg% ér N¥bwhrdsdrallefssitie of iheirhigrograh. rFagurgs Y ag'a%asgow a

rmeances ** Sep

cbhmwmsaeahtcé%yq‘f&n Rl e SRR E6 bllldk e striioroeath

zeohte l|J:styer wa% approximately 5 pm thick on top of the stainless-steel support.

Figure 16is a cross-sectional SEM micrograph of the middle of the porous
stainless steel support after membrane synthesis. Figure 16 shows that zeolite
crystals appear to be dispersed into the middle of the support (see arrow). This is as
expected because the synthesis procedure for this membrane allowed the gel to

soak into the support before crystallization.

All references cited herein are incorporated by reference to the extent not

inconsistent with the disclosure herein.

Those of ordinary skill in the art will appreciate that the SAPO membranes of
the invention may be made using starting materials other than those specifically
disclosed herein and that procedures and techniques functionally equivalent to those
described herein can be employed to make, assess, and use the SAPO membranes

described herein.
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WD 2005/ 091983 PCT/ US2005/ 008590 Exanpl e 3: Scanni ng
El ectron M croscope Analysis of an SAPO 34 Menbrane
Scanni ng El ectron M croscope (SEM i nmages of nenbrane
Mb are shown in Figures 12-16. Figures 12 and 13 show
top views of the inner (Fig. 12) and outer (Fig.13)
menbr ane surfaces. Figures 12 and 13 show i ntergrown
zeolite crystals with size |less than approxi mately I
m Figures 14 and 15 are cross-sectional views of the
menbrane on the inside (Figure 14) and outside
claiMgir e 15) of the stainless steel support. In both
figures, the SAPO |layer is towards the left side of

1 he m métagr P Makihy guretllitd sticudiutBnophasphate (SA7Q)i mendrgne, the
zeol | t%od%%;r%rgg] t,peoét%)otqlge i nsi de and the outside of

the su ITte | ayer was approximately 5 m
thi ck on @bp ofraviBgStPRrayp 84908t eel support. Figure 16
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the porous st al nll%ss stn§el support after nmenbrane

synt hesis. Fi gu 898 0\s that zeolite crystals

appear toche diegipethead:i nto the nmiddl e of the support

(see arrowyj. Tfabr&adt.a afépo@sp&@apsﬁwm«a@@ugw gdne

synt hesi s procedur I
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ref erences cit egstasrositre surface of d@rspppat e by reference
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may be nade using starting materials other than those
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A echni ques %u va ose

her eISﬁP@GﬁT Sdé’OeWpISé«’?@d%‘t SARRKY, Sé?@@@sSA39@1u§ép9ﬁé SAPO-
SAPO3gESRFERSE SAPORCSADOA 1 'enre)-m2, ard SARAUANS 1) A

met hod for making a crystalline silicoal um nophosphate
(SAPO) nenbrane, the nmethod conprising the steps of:
3n) pr O étheyt of clair Buemipthe SAPOLS SAT@BaFARKY 1 huer ARRShs
SAPO form ng gel conprising an organic

4) The method of claim 3, wherein the SAPO is SAPO-34.

5) The method of claim 1, wherein the porous support has a pore size large enough so

that SAPO crystals can also form inside the pores of the support.

6) The method of claim 1, wherein the porous support has a pore size between about

0.2 microns and about 4 microns.

7) The method of claim 1, wherein said support and said gel are heated to a
temperature between about 420 K and about 500 K and the gel comprises: 1.0
AlL,Os;: aP,0s: bSiO,: cR: dH,O where R is a quaternary organic ammonium
templating agent and
a is between about 0.01 and about 52,
b is between about 0.03 and about 196,
c is between about 0.2 and about 5, and
d is between about 20 and about 300.
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tenpl ating agent; c) aging the gel; d) contacting the
porous support with the aged gel; e) heating the

porous support and the gel to forma |ayer of SAPO
crystals on the surface of the support; and f)

cal cining the SAPO | ayer to renove the tenplating

agent wherein the gel is aged at | east 24 hours

bet ween about 290 K and about 300 K. 2) The nethod of
claim1, wherein the SAPO is selected fromthe group
consi sting of SAPO- 5, SAPO 11, SAPO 16, SAPO 17,
8PAPOTRE methdR@f 3idim PAMKrathe SiWOs SHPO-SAROs Idtra-sthyP@mA{dnium
SAPO4% l(??AP 42, and SAPO-44. 3) The nethod of claim

. WHETRFF Ie SAPO is SAPO-5, SAPO-1 1, or SAPO- 34.

4) Thes ghovhbd of claim 3, wherein the SAPO i s SAPO 34.

5) Thes gRLIwgl of claim 1, wherein the porous support

has a e | arge enough so that SAPO crystals

can 5I'£33’°1"to1 34si de the pores of the support. 6) The
nmet hdds aoutcdéai m 1, wherein the porous support has a

pore size between about 0.2 microns and about 4

mcrons. 7) The nethod of claim1l, wherein said
9% uppdphe ”‘&H’lﬂ’d Shrlgimy &) whgrein fhe-geb ip 3g5d for PRENAAUQurs between
bet wassut ¢ bndldut3odnd about 500 K and the gel
conprises: 1.0 A1203: aP20b: bSi 02 cR dH20 where R
IS a quaternary organic amoni um tenplating agent and
18 i s Themgien chblaim 4ovteining %mgegzor meye jthaniyét Rgesnbetween
aboubpdlit 08 raBed &f0idook06, ¢ is between about 0.2 and
about 5, and d is between about 20 and about 300. 22

8) The nethod of claim7, where the SAPO is SAPO 34, R
11)s t éhe methothpf claimntdnwbereiniipelgel s aaedaat deaat 48shaatsobetweienimbout

IS abewik afy ot 309 @bout 1. 07 and

12) The method of claim 1, wherein the porous support and gel are heated to a
temperature between about 420 K and about 500 K.

13) The method of claim 12, wherein the porous support and gel are heated to a
temperature between about 465 K and about 480 K.

14) The method of claim 1, further comprising repeating steps d) and €) at least once.
15) The method of claim 14, wherein steps b) and c) are repeated at least once.

16) The method of claim 14, wherein steps d) and e) are repeated until the SAPO layer

is substantially impermeable to N, before performing step f).
17) The method of claim 16, wherein steps d) and e) are repeated at least twice.

18) The method of claim 1, further comprising washing and drying the support and the
SAPO layer after step e).

19) A supported SAPO-34 membrane having a CO,/CH, separation selectivity greater
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d is about 56. 9) The nmethod of claim1, wherein the
gel is aged for nore than 24 hours between about 290
K and about 300 K. 10) The method of claim4, wherein
the gel is aged for nore than 24 hours between about
290 K and about 300 K. 11) The nmethod of claim 10,
wherein the gel is aged at |east 48 hours between
about 290 K and about 300 K. 12) The nethod of claim
1, wherein the porous support and gel are heated to a
tenperature between about 420 K and about 500 K. 13)

Thle mﬁhmutoéodadt aiténuaet?atuwratebm zdga% mr&@pwmﬁ ed@lifolar

ge Q,a e at u et ween U

 Sna S5 B R oA PSS R84 T, sressure
conpudiopiang made buthe method epuprigingdivdstess o&t | east once.

15) The mgj hod pRfvidfrig@l gétolié su ,Qrel n steps b) and c)
are repeated at | east once. net hod of claim

14, wher ePh st SN HRAUES Org”pféﬁ?‘%g%lﬁP’i“P“st’}Q@” organic
SAPO | ayer i s teswdesthapgengl |y i nperneable to N2 before
perform ng ste Ju%th ng The nmet hod of claim 16,

wherein steps g are repeated at |east tw ce.

18) The nét hodcﬁ?ta%'f‘%ﬂhﬁwpi"m‘? W%W'%'@ﬁﬁﬁ?"sﬁ%g washi ng
and dryi ng)the hsatmgtﬂfetpowﬁ stipprt abde derioeforned tagér &5 SAPO-34

e). 19 A suppg@%l g ?ﬁf’%ﬁ rg?m%fg&i?rth VQJ ng a CO2/ CH4

separation sel an about 60 at
a tenperaflure éﬁlcla'b@uhte S@?@ 3& layer toapmaysiheiempigtied ggent.
equi nolar CO02/CH4A m xture with about 222 kPa feed

Z@LZS%@%&O gg an Ut E'?gf%{)r:l(fg%s£ éogiu%gﬁﬂlgp% @%&%63? ryatag which
por oas mseseplowithin )'ea@f pwrdf thy rresad thecusp@APO-VBEh form a layer

f ?r Mo gt Igg‘ét oﬁé’g@é bfst'hg guﬁﬁrtoérﬂarﬁ\nﬁ atmfﬁts'eﬂé}at%g%@kctwlty is
C a

contactin orous su
wi t pOREr ét&@d%ai 60 @} %h APl ?g r?é 850%?5 %Jﬁp§$ @p%mﬂmate'v
t he gglimélar ¢©ﬂ®hianlx@:;eewitkoéboﬁﬂ%l% feed yretskesaranatiohte138 kPa

surfg,regsu(pgdrw_e support; and

21) The membrane of claim 20, wherein the thickness of the SAPO layer is less than

about 20 microns.

22) The membrane of claim 20, wherein the porous support has an average pore size

between about 0.2 micron and about 4 microns.

23) The membrane of claim 20, wherein the porous support is in the form of a tube and
the SAPO crystals are present within the tube pores and form layers on both the
inside and the outside of the tube.

24) The membrane of claim 23, wherein the thickness of the SAPO layer is less than

about 20 microns.

25) The membrane of claim 23, wherein and the CO,/CH, separation selectivity is
greater than about 200 for an approximately equimolar CO,/CH4 mixture at about
250 K with a pressure differential across the membrane of about 3 MPa.

24 °



f) calcining the SAPO 34 | ayer to renove the
tenpl ati ng agent. 20) A supported nenbrane conpri sing
a porous support and SAPO -34 crystals which are
present within at |east some of the pores of the
support and which forma layer on at |east one side
of the support, and having a CO2/ CH4 separation
selectivity is greater than about 60 at a tenperature
of about 297 K for an approximately equinolar C02/ CH4
m xture wth about 222 kPa feed pressure and about 138
kPa pressure drop 21) The nmenbrane of cl ai m 20,

erejn th k of t he .S s
2 oS e L SRS 2 ThndrE 3 BRI R Soptafion SE°cb! Blimeate
Wher edngenttzdorpie @Cﬂ?@fémﬁﬁ‘p@wt 90s fanan amenoagpetegyoqqgmgqlaz €0,/CH,

bet V"ﬁ%r@@%ﬁut@ﬁ K ﬂﬂe@ﬁﬂa (ﬁméﬂtlaldacms§ Eh%ﬂﬁemb%gr)e oﬂa@out 3
menbrane of clai m 20, erein the porous support is in

t he Pm of a tube and the SAPO crystals are present
within the tube pores and formlayers on both the

Z'Qns' ﬁ%éﬁ% fops\%pgl'gnﬁé gqhﬁfgaﬁ I?:Smbé”%ﬁt frcgﬁ" )a ggg%xgtﬁ%bgoﬂ{éﬁnng at

i ckness of the SAPO | ayer
is |lsagd atf'Fﬁéﬁ”d 2$R5QPd 975 RINEPRSAS themtmﬁw@mﬁ%ﬂwawer& of:
cl ai m 23, awher ﬁnoVidla@dl ra&rebrall? 6f(tHim SIBp SearhérBbrane having a feed

selectivity is t f

appr oxi mat el y &Gui E’g{r%ate%] ﬁggﬁgx%eg%gveg pgr@ea?le to, g first
K with a pressgascogirphast evef thglseeppd gascontpeneinbr ane of
about 3 M. Zépdl'%/lr%ﬁh 3L s irRIGInG fthe Kkt Bnd Ine second gas

wherein for Q02 er neat e

ent st on Faispeds e edSud A manbend "o,

appr oxi matlel y equidino laadrivogidraHsufiicient farrrermeatiah ofithe X9 gas
Kwth a pr esswrﬁpo%rttftﬁeﬁdmtth@hqe%ra%sthére§y &emr@rhep&&eate

about 3 Mra. A et r separatin

conponont |11 orf B e Tt BESTETL rom| R ERS sice

first and a secfdimdmgabras@nponent, the mnet hod

conpri si ng the steps of : a) providi ng a menbrane of
nbrane having a fee and a per neat

2@| deT%ﬁfHetB‘& ?f @'%‘% PEtherR e ﬁ‘@f‘\‘?ﬁ%ﬁl'sea ?6"@1% menogne, fga@as

C onNpé&sneidher s&arboh diogie€ amthg &cofdggsad/mpbiendis nagahy.i Nng a
feed streamincluding the first and the second gas

29) The method of claim 1, wherein the calcining temperature is between about 623 K
and about 673 K.

30) The method of claim 1 wherein the support is a porous metal support.

31) The method of claim 5 wherein the gel does not completely fill the pores of the

support.

32) A method for making a crystalline silicoaluminophosphate (SAPO) membrane, the
method consisting essentially of the steps:
a) providing a porous support;
b) preparing an aqueous SAPO forming gel comprising an organic
templating agent;
c) aging the gel for more than 24 hours between about 290 K and
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conmponents to the feed side of the nmenbrane; c)
providing a driving force sufficient for perneation of
the first gas conponent through the nenbrane, thereby
producing a pernmeate streamenriched in the first gas
conmponent fromthe perneate side of the nenbrane. 28)
The nethod of claim 27, wherein the nmenbrane is a
SAPC 34 nenbrane, first gas conponent is carbon

di oxi de and the second gas conponent is nethane. 29)
The nmethod of claim1, wherein the cal cining
tenperature isa@@&m{t about 623 K and about 673 K
30) The hodcof ? Jm € #1&@%6 el't is a
porous mefal sEPPETTY §f§)r0Lﬁ‘| sUohe Wi focdegt 1, 5

wher ei n th)a gehealiog shenparousospb@t and theide| to faen gdaxes obFAPO
the support. %&taléoﬁ%@@ﬁ'ad‘e%th%&ﬂ%& a crystalline

silicoalu nophos hat net hod
consi st i ngl essgﬂ‘? déﬁ”gttﬂges”g?ggﬁnadq% S%'bcg{ﬁ Ve Ay a
porous supgport pahbbmg)the SaPDrigyeate reqowedisteSARM Y agenti ng

99' fFB{nos?té&g d?%nﬁregaé}b Crepéa‘?é’&'—’hﬁ‘tﬁ Ithg S?!W'iayerc)soé‘gds%t;any

t he ge nor e hours between about 29

25 0MmAsHTRabisdR NKbeferp pedermigistand) MdevhsBrisas) Sugnsatet the gelis
Wi t hcorfeteaigeith ged pords Besdot ngndt the eviausly Btmaio fayeradfd SAPO
t he g&&talgo forma |layer of SAPO crystals on the
surface of the support; f) washing and drying the
support and the SAPO |l ayer; and g) calcining the SAPO
3$)aéerc\ tnbthcAMEye nidk@igt @Mnataling aig@altummwﬁdsghale-sz e[sArd)-34)
and e ayer is
subsf’%ﬁ‘?fagfItg'/gom%h%e?oﬁg’égp% FSteREOfg)efore per form ng

step f) aad whewvidingg rdjous suprepdrrvied atieee ged bétween about 0.2

contacted w t hg{d@ ol ®MEronyppoOrt and the previously

F e e Chrepae 20 AR E DU i S5kSho an organi
( SAPO 34) templating agent;
c) aging the gel for at least 24 hours between about 290 K and about
300 K;
d) contacting the porous support with the aged gel;

e) heating the porous support and the gel to form a layer of SAPO-34
crystals on the surface of the support wherein the porous support
and gel are heated to a temperature between about 465K and
about 480 K;

f) washing and drying the support and the SAPO-34 layer; and

g) calcining the SAPO-34 layer to remove the templating agent,
wherein the calcining temperature is between about 623 K and
about 673 K;

wherein steps d) and e) are repeated until the SAPO-34 layer is substantially
impermeable to N, before performing step f) and when step d) is repeated the gel is
contacted with the porous support and the previously formed layer of SAPO-34

crystals.

34) The membrane of claim 20 wherein the support is a porous metal support.
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menbrane, the nethod conprising the steps of: a)
provi di ng a porous support having a pore size between
about 0.2 and about 4.0 mcrons; b) preparing an
aqueous SAPO- 34 form ng gel conprising an organic
tenpl ating agent; c) aging the gel for at |east 24
hours between about 290 K and about 300 K; d)
contacting the porous support with the aged gel; e)
heati ng the porous support and the gel to forma | ayer
of SAPO-34 crystals on the surface of the support
3§yhef hdmbMBraRO6 ks SHRREER theXPpBBS a BlaRidestbadugparta
t'enperature between about 465K and about 480 K; f)
washi ng and drying the support and the SAPO 34 | ayer;
3e)nd JFhe emthol nif regpirt (38 BARDY 3k fal\ie @ged far eme éhanhad hours at a
tenp [ [ { Ni Ng tenperature
i's b%?&g@ﬂ"%@%ﬂ%”ﬁ%’ E&gﬁ nhgg%ﬁ§%%g3 K; wherein steps
d) and e) are repeated until the SAPO 34 | ayer is

39U bstr?@trﬂea{ghybf claifp BB tiie0gdids bgéd)foﬁ qnmaltsm&mﬁgs at at a
step an en st iS4 the gel is

cont SEPEFYF %W?%neabggtr%ég%ﬂgg%gt%%d the previously
formed | ayer of SAPO- 34 <crystals. 34) The nenbrane of
cl ai m 20 wherein the support is a porous netal

support. 26 0 35) The nenbrane of claim 34 wherein
the support is a stainless steel support. 36) The

nmet hod of claim 33 wherein the gel is aged for nore
than 24 hours at a tenperature between about 290 K
and about 300K. 37) The nethod of claim 33 wherein the
gel is aged for at least 48 hours at at a tenperature
bet ween about 290 K and about 300K. 27 O
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