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[0002] The separation of propylene from low molecular weight hydrocarbon
mixtures is an extremely important and large volume operation in the chemical and
petrochemical industries. Catalytic cracking and steam cracking are among the most
common and large scale processes leading to these mi;«:d hydrocarbon streams. The
need to recover propylene from propane-containing streams, in particular, is one of
high economic significance in the synthesis of polypropylene elastomers. However,
despite the close proximity in boiling points between propylene and propane, these
components are presently separated by fractional cryogenic distillation. The large
size of the columns and the energy intensity of this distillation process have,
however, created large incentives for alternative means of effecting these separations

in a more efficient and cost-effective manner.

[0003] Some of the leading alternatives to fractional cryogenic distillation involve
the use of adsorbents that exploit their ability to adsorb some of the components
selectively. This has given rise to various forms of pressure or temperature swing
adsorption (PSA/TSA) processes in which the mixture is first passed through an
adsorbent material under conditions where one or more of the components are

selectively removed. The loaded material is then typically exposed to a lower



WO 03/ 080548 PCT/ US03/ 06030 2 pressure and/or higher tenperature

envi ronnent where the adsorbed conponents are released and recovered at a
hi gher puwbtog/oBeswel . Economic viability requires adsorbe®CTrEeso®n6oad s t hat
can deliver high selectivity, high adsorption capacity, and short duration
cycles. An additional and critically inportant requirenent is that the
materi al should not catalyze chem cal reactions that m ght |ower the
recovery of the desired conponents and/or render the adsorbent inactive.
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carbons ar %xﬂﬁ)'ﬁaédtﬂlibrium adsorption properties in which one of the components is

selectively adsorbed over suitably dispersed chemical agents. They principally rely
on the adsorption affinity of cationic active centers such as Ag and Cu ions for the
double bond in propylene (i-complexation). The characteristic time associated with
the adsorption cycle is that required to bring the mixture close to thermodynamic
equilibrium with the adsorbent. The relative rates of diffusion of the various
components within the adsorbent are of secondary importance. Activated carbons
and zeolites, on the other hand, typically resort to a combination of adsorption affinity
and diffusion control. Two related cases of diffusion control are of interest here. In
one extreme case, the separation is achieved by excluding the diffusion of some of
the components into the adsorbent. The second case exploits a sufficiently large
difference in diffusion rates to allow the preferential uptake of some of the
components within a predetermined adsorption time. Thus, carbons are usually |
activated to very high surface area forms in order to provide textural properties and
pore sizes that maximize adsorption while selectively controlling diffusion.
Aluminosilicate and silicate zeolites have become even more attractive than activated

carbons because of the ever increasing possibilities afforded by new synthetic routes,
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8-membered ring window apertures. The effective size of the windows depends on
the type of charge-balancing cations. This has given rise to the potassium (3A),
sodium (4A), and calcium (5A) forms, which have nominal window sizes of about 3
A, 3.8 A, and 4.3 A, respectively. Thus, for example, EP-B-572239 discloses a PSA
process for separating an alkene, such as propylene, from a mixture comprising said
alkene and one or more alkanes by passing the mixture through at least one bed of
zeolite 4A at a temperature above 323°K to preferentially adsorb said alkene and then
desorbing the alkene from the bed. EP-A-943595 describes a similar process in
which the zeolite adsorbent is zeolite A having, as its exchangeable cations, about 50
to about 85% sodium ions, about 15 to about 40% potassium ions and 0 to 10% of

other ions selected from Group IA ions (other than sodium and potassium), Group IB

ions, Group IIA ions, Group IIIA ions, Group IIIB ions and lanthanide ions.

[0006] In zeolites, it is well-accepted that the control of window size is critically
important for achieving high separation selectivities. For a given zeolite structure
type, the effective size of the windows can be tuned by partially blocking or

unblocking the windows with pre-selected charge-balancing cations. This provides a
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largely determined by the crystal structure. Thus, for exanple, the
potential of deca-dodecasil 3R ("DD3R') for separating propane and

propyl ene m‘ﬁ een, Var ¥rrbR $6 Rbhitoll GRAiEA FeactRBty4hibre réliably, there is a
growing interest in the use of non-acidic, all-silica zeolites. Since these siliceous
zeolites require no extra-framework balancing cations, the size of the windows is

. much more uniform throughout the crystals and largely determined by the crystal
structure. Thus, for example, the potential of deca-dodecasil 3R ("DD3R") for
separating propane and propylene has been very recently reported. See Zhu, W.,
Kapteijn, F., and Moulijn, J. A. "Shape Selectivity in the Adsorption of
Propane/Propene on the All-Silica DD3R", Chem. Commun. 2453-2454 (1999).
This crystalline microporous silicate has a two-dimensional pore system formed by
8-membered rings of tetrahedrally coordinated atoms with a nominal window size
of 3.6A x 4.4A (see Atlas of Zeolites Framework Types, Fifth Revised Edition,
pages 108-109, 2001). Diffusion and adsorption measurements on this material
indicate that only propylene is able to access the interior of the crystallites. The
exclusion of propane was suggested as the basis for a very selective separation
scheme. The size of the deca-dodecasil 3R windows, however, appears to be so
close to the effective kinetic diameter of propylene that the diffusion rates are very

low and this could lead to undesirably long adsorption and desorption cycles. Cycle
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isostructural with chabazite (CHA), has pores defined by a three-dimensional
interconnected channel system of 8-membered rings. Since the numbers of Al and
P atoms in the unit cell of AIPO-34 are the same, there is no need for balancing
cations. The lack of Bronsted acidity in this material not only permits its use as an
adsorbent at higher temperatures, it also more properly tailors the size of the
windows by changes in the bond angles and bond lengths of the tetrahedrally-
coordinated atoms and the bridging oxygens. For example, compared to a pure
silica CHA, whose pore size of 3.50A x 4.17A may be too small for rapid transport
of propylene, AIPO-34 exhibits a slightly larger pore size. of 3.86A x 4.18A. (These
window size dimensions were obtained by the Distance-Least-Square (DLS)
method, constraining the cell size to that measured for the material). It has now

been found that this seemingly small increase in window size is critical to enhancing

propylene diffusivity without appreciably enhancing propane diffusivity.

[0009] The window sizes in these phosphorous-containing materials can be
further modified by suitable atomic substitutions that change bond lengths and bona

angles while preserving the crystalline structure. Thus, for example, the complete
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[0010] The diffusivity of a porous crystalline material for a particular sorbate is
conveniently measured in terms of its diffusion time constant, D/t?, wherein D is the
Fickian diffusion coefficient (cm*/sec) and r is the radius of the crystallites (cm)
characterizing the diffusion distance. In situations where the crystals are not of
unifoﬁn size and geometry, r represents a mean radius representative of their
corresponding distributions. The required diffusion time constants can be derived
from standard sorption kinetics measurements as described, for example, by J.
Crank in “The Mathematics of Diffusion”, 2nd Ed., Oxford University Press, Great
Britain, 1975 or by frequency response methods as described, for example, by
Reyes et al. in "Frequency Modulation Methods for Diffusion and Adsorption
Measurements in Porous Solids", J. Phys. Chem. B. 101, pages 614-622, 1997.

[0011] In accordance with the invention, it has now been found that AIPO-34
and AIPO-18 and their gallium-containing counterparts have the capability of
achieving very effective separation of propylene and propane through a unique

combination of diffusion time constants in which the time constant for propylene is
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associated with undesirably long adsorption cycles.

SUMMARY OF THE INVENTION

[0013]  According to the invention there is provided a process for separating
propylene from a mixture comprising propylene and propane comprising the steps of:
(a) passing the mixture through a bed of an adsorbent comprising a porous
crystalline material having a diffusion time constant for propylene of at
least 0.1 sec’’, when measured at a temperature of 373°K and a propylene
partial pressure of 8 kPa, and having a diffusion time constant for
propane, when measured at a temperature of 373°K and a propane partial
pressure of 8 kPa, less than 0.02 of said diffusion time constant for
propylene; and then
(b) desorbing the propylene from the bed.

[0014]  Preferably, the porous crystalline niaterial is non-acidic.



| ow propyl ene adsorption capacity. Mreover, with a nom nal w ndow size

di mension of only 3.3A x 4.0A (Atlas of Zeolites Framework Types, Fifth
Revi sed WOioBiosns48 pages 36-37, 2001), the diffusion of prepylesesi®boul d be
sl ow and associated with undesirably |ong adsorption cycles. SUMVARY OF
THE | NVENTI ON [ 0013] According to the invention there is provided a process
for separating propylene froma m xturegconprising propylene and propane
conprising the steps of: (a) passing the m xture through a bed of an

adsor bent conpri sing.a_porous crystal,ljne t erd.al hayvi i jon tine
const ant fmqg} opyr gatﬁy, FPOF@JES%W%}?‘ m'gé’&”aat flamgﬁle%gg?}ﬁéﬂ%goﬁ
tenperature of 3 . n ' et bpfodeRatesand havi ng
a diffusi o%or{sfsﬁ%%cogﬁg’g}gﬁ@pﬁé%ﬁy%rbgglrll@[,ﬁ{&vs\hgélte? aguregl atpa enp’eg’r ature of
373K and %Bfa?l%ﬂﬁniﬁ%[n)hb@hate@ra%%&ﬁétﬁll@zilu&ih&iﬁmsbﬁ@ﬁliédwm 0.02 of said
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propyl ene fromthe bed. [0014] Preferably, the porous crystalline materi al
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Preferably, the porous crystalline nmaterial is selected fromthe group
consisting of Al PO 34, GaPO 34, ALPO 18 and GaPO 18. DESCRI PTI ON OF THE

DRAW NGS DESCRIPTION OF THE DRAWINGS

[0017]  Figures 1 and 2 show adsorption isotherms for propylene and propane on
AIPO-34 at 298°K and 373°K, respectively.

[0018]  Figures 3-5 show adsorption uptakes for propylene and propane on AIPO-
34 at 298°K and 0.67 kPa.

[0019]  Figures 6-10 show frequency response measurements on AIPO-34 and
AIPO-18 for propylene and propane at various temperatures and 8 kPa.

DETAILED DESCRIPTION OF 1HE INVENTION

[0020]  The present invention provides a process for separating propylene from a
mixture comprising propylene and propane by passing the mixture through a bed of
an adsorbent comprising a porous crystalline material having (i) a diffusion time
constant for propylene of at least 0.1 sec’’, when measured at a temperature of 373°K
and a propylene partial pressure of 8 kPa, and (ii) a diffusion time constant for
propane, when measured at a temperature of 373°K and a propane partial pressure of

8 kPa, less than 0.02 of said diffusion time constant for propylene. Using such a
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B0 s bR Ml B2 ey bt AR AR oA e
propyl enep@{e gnelﬁﬁq% gas a?eahe%%e iprop(gleab SRASUIGSRId RoeRRHea!l Thes 8fe 373K

and a pro pressure 8 kPa, and (ii) a diffusion tine

constant fgocesty SIAB nvenltion prevides tit taksisafor eveey sdlestivedfin@iGasedcbrassuropane
parti al pr%fssure of 8 kPa, less than 0.02 of ?raud diffusion tine cosr?;tgnt
for propyl enempssitng swinl aslsowption/(B8A2E8APEIVASEH3/ 06030 9 por ous
crystalline material, the bed preferentially and rapidly adsorbs propylene
from the m xture. Thereafter, the propyl ene can be desorbed fromthe bed.

Thus the @f&gcigss ffeégﬁg;ﬁ&%ﬁ%é&rggﬁﬁhg%ﬁa&ﬁ lllps%allﬁ tﬁ@%r&eyseémgel ective

ki neti c- ba re swin sorption (PSA/ TSA) process.

[00211 Prefgeatiby contAmsHpimbwold %ﬁdsﬁhbtd@%nﬂ&ia@ fat lﬂasu@rm:bystenh béchamedss of
the invention contalns framewor osphorus and has at | east one system of

; thgggel :/b r Zm%efﬁﬁﬂlbgem &yrrl]emb&edemgeofetdtraheﬂ?galbf ccncmimmhatemSy Mer di nat ed
Sui t abl e ppme&%ggb/?;lgq gq%/qop;, @?ys?alfxr?éj matertal t1sa rllcl)rll-gc(:ald?cﬁzg.l ' §u1{a%le poroucs) %r;%%al?me
materials for use as the adsorbent in the process of the invention include
aluminophosphates, gallophosphates, galloaluminophosphates,
metalloaluminophosphates and metalloaluminosilicophosphates. Particularly
preferred materials include the aluminophosphates AIPO-34 and AIPO-18 and their
corresponding gallophosphates GaPO-34 and GaPO-18. AIPO-34 and its synthesis
are described in F. Guth, PhD Thesis, Mulhouse Univ., France (1989) or in H.
Halvorsen, PhD Thesis, Univ. of Oslo, Norway (1996), whereas AIPO-18 and its
synthesis are described in U.S. Patent Nos. 4,310,440 and 4,385,994, the entire

contents of which are incorporated herein by reference.

[0022] Adsorption equilibriurh and diffusion studies confirm that AIPO-34 and
AIPO-18 are excellent materials for separating propane and propylene. They are non-
reactive, they exhibit high adsorption capacities, and they rapidly transport propylene
while significantly hindering propane. However, while AIPO-34 and AIPO-18
appear to be excellent materials for separating propylene and propane, there are many
other phosphorus-containing crystalline microporous materials that could deliver
equal or even improved performance depending on the optimization of the PSA/TSA

process. Thus, for example, one can envision process conditions in which shorter



materials for use as the adsorbent in the process of the invention include
al um nophosphat es, gal | ophosphat es, gal | oal um nophosphat es,

nmet al | oal woicaopisesphat es and net al | oal um nosi | i cophosphat @€T/URas/0d06wl ar | y
preferred materials include the al um nophosphates A1PO 34 and A1PO 18 and
their correspondi ng gal |l ophosphates GaPO 34 and GaPO 18. A1PO-34 and its
synthesis are described in F. @Guth, PhQgThesis, Ml house Univ., France
(1989) or in H Halvorsen, PhD Thesis, Univ. of Gslo, Norway (1996),

whereas A1PO- 18 and its synthesi,s are desgribed iin U S. . :

4, 310, 440 YRlP UMSBEATPRE Ol?tﬁ’élegﬁ‘? eEXepsR GF deeTEiel RER g“é‘?‘gg%%@%?%@ﬁf’ed
herein by : | I Ldibad { {41148y fHesst udi es
confirmt hlgfvfegiﬁgfﬁn %&%&ﬂ%ﬁgﬁ)‘%ﬁ@n@gﬂgr :we]ﬁdtiéngﬁé’gl s f o?y seSar ating
propane angnainsl eXierndiidly A empesvenied®sin separdtivaserctivity justifysligitdpr pt i on
capacities, and they rapidly transport propylene while significantly

hi nder i ng lpng@esyele Himes)yie mayv ddyantapeoBsitosindommortde selegisganetalsdnisethe
excellent materials for separatjng. prqpyl.ene an ro e, .lhere.are many

ot her phosisaBewerk tnyush# Mgneeniaatihe ie%CW%F%ﬁB?g%swﬁa&@% lélsﬁgﬁ%t coul d
deliver equal pr.even i.nprao per f ' LI I on
of the peARtased rcReEecit R e RS e dEPRE SpUTRERIL AT AR GRhBATy
condi ti onsgj; Itk Pé‘?)ﬂﬁfc@@&ﬁéﬁ ReddtiR) fiDBARewoil0atones, endithes may
be obt ai ne%ilﬂaa%)%}fg@cee}%@i{yf decr eased gsepar ation selectivity (i.e.,

| ower purifype andc réfainywionkframeglork balgneiageationsiprowidddAbatayl d sati sfy
these conditions. ternati vel.(i/, I f inprovenents in separation selectivity
justify s|detimentalichagusirtisaveidadnes, it may be advant ageous to incorporate
selected netals into the framework in such a manner that the effective
size of the wndows is slightly

[0023]  The process of the invention can be carried out in a system comprising a
single adsorption bed or a plurality of adsorption beds operated either in phase or
out of phase. With a system comprising a single adsorption bed or a plurality of
beds operated in phase, the adsorption step must be periodically stopped to permit
regeneration of the adsorbent bed(s), whereas when a plurality of adsorption beds
are employed in parallel and operated out of phase, one or more beds can be in
adsorption service adsorbing the desired gas component, while one or more other
units are undergoing regeneration to desorb and collect the adsorbed gas
component. Operation of the adsorption process of the invention is cyclical. Ip the
ﬁreferfed adsorption process, cycles are repeatedly carried out in a manner such that
production of the desired product gas is substantially continuous. In the preferred
embodiment, therefore, the process is carried out in a system comprising a plurality
of adsorption beds arranged in parallel and operated out of phase, such that at least

one bed is always in the adsorption phase while another is always in the adsorbent

regeneration phase.



reduced. In general, the materials needed for specific situations can be
optim zed by suitable choices of the type of m croporous structure, the

f r amewor kwetoosgssend the type and charge of any non-franeearisobedoanci ng
cations provided that any detrinental chem stry is avoided. [0023] The
process of the invention can be carried out in a systemconprising a
single adsorption bed or a plurality of pdsorption beds operated either in
phase or out of phase. Wth a system conprising a single adsorption bed or

a pluralit fii b t ' Se, LOR: .
\%ri odi c 3}] mﬁéﬂ ﬂgfggi&%%%%ﬁnﬂpé qrrl‘g%gﬁ)glrrg%?gﬁ%g% Pégtﬁihgggc%%rgagﬂ{&%gg %?i‘?g
ereas whgdy M (PSAY proes@es Risthp&anke dvind b i | ligl and
oper ated out ngf’ phgse,ﬂgne or nore beds cgﬁv b% iesnﬁﬁggggrggﬁ)?ﬁégéesrgv:lge
adsor bi ng ¢itieerdese,rthd pyedsesteponssd in cdniylieg onetherseparaticntare not antical tar e
undergoi ng regeneration to desorb and collect the adsorbed gas conponent.
Oper at i on @ inWentiRiLor pti on process of the invention is cyclical. In the
preferred adsorption process, cycles are repeatedly carried out in a nmanner
such that production of the desired product gas is substantially

cont | ”Uousglodz@;lnt Qqn e:ﬁtse}ec{%,é ﬁg ba?m‘?fﬂs{@rﬁ IS?AQ?B@@& liReluidb %n%d@?ﬁﬁﬁ)ni Vesséll i ed

out in a syste 0 plura sorption beds arranged in

paral | el ap@sapeiaiondktepita podnbase (adsughtidr)atepadnd amadsorbeet bgehoratiah way's
in the adsorption phase while another is always in the adsorhbent

regenerat i sisiapplaasiag ;@e%?g?wim?ﬁm/tbapmsu@ﬂnﬁbg adsorpHenpiesdddds of
pr ocess. orMUHpEKaPURIDSHORE IaaIprY O it Targe It Weelsbred BSGRRRET "cace,
the preci SBredhifilS DIS§Ts SR s@P! a GRS REPRSFHIERS aRd BréfRineSdrthiniig t ©
feed is passed through the adsorption vessel at the desired adsorption pressure. As
the feed gas passes through the adsorption vessel, a propylene-enriched component
is adsorbed and a propylene-depleted non-adsorbed gas fraction passes out of the
adsorption vessel. The bed regeneration step is carried out by reducing the pressure
in the adsorption vessel so as to desorb the propylene-enriched product gas from the

vessel.

[0026] The temperature at which the adsorption step of the PSA process is
carried out is not critical but in general will be between about 273°K and about
523°K, or more preferably between about 293°K and about 473°K. The lipper
temperature is selected so as to achieve a significant loading onto the material and
to avoid the possibility of any unwanted reactions, such as oligomerization and/or
polymerization of the propylene. The pressures at which the adsorption and
adsorbent regeneration steps are carried out are likewise a matter of choice, and in
general, these steps can be carried out at any of the usual pressures employed for
gas PSA processes. The pressure at which the adsorption step is carried out is

determined by economics. Typically, the adsorption step is carried out at propylene



the invention. [0025] In general, the basic steps in a PSA process include
an adsorption vessel pressurization step, a production (adsorption) step
and an adworB@sis4s egeneration step. During the vessel pr@€sasozedoson step,
the pressure in the adsorption vessel in which the adsorption process is
carried out is raised to the desired adsorption pressure. During the
production step, a gaseous propyl ene andpropane-containing feed is passed
t hrough the adsorption vessel at the desired adsorption pressure. As the

feed gas passes through t.he adsorpii e - '

conponent P@agﬂ?ﬁ%ggl% f&“ﬁ?é?ﬁgf’%‘ﬁ@ @%?Oe%%%ﬁrﬁ)a?§§ﬁ§£g%g@1§?%$ S on
passes out.,g eto?%Roé@'si RPRH ABoNEEFEkPa. TTopRaNy B ASsMechOregehefution k& id ed
out by reducfng the pressure 1n the adsorption vessel so as to desorb the
pr opyl ene- gified lbad appredsiaies dathd mape bfieboweds b &Pa tp @ba6] 10kBajaxber at ure at -
whi ch the adsorption step of the PSA process is carried out is not

critical bpreférablycingharangs of@@%@u%ﬁa‘t@@mﬂt 2% and about 523 K, or
nore preferably between about 293 K and about 473 K. The upper tenperature
is selected so as to achieve a significant |oading onto the material and

to avoid t‘bs)%ngSiWhle}ettéteﬁrR@é% o'f"ﬂi‘?éhttﬁﬁ iﬁ_ﬁg&tait&f‘és aq@bp@@cegg,itggrreri zation

and/ or po I zation e propyl ene. pressures at which the

adsor pti onyRyehctiah PAdSRH o )RAEH B @rtied oat ensfitst Ceraperatiad andtancadsotbéntwi se a
matter of choice, and in general, these steps can be carried out at any of

the usual regensuatien seepisayeded ot atgasecPsA higher demperatimgsopsdesiesarbathenhi ch
the adsor picsylaccprched sk adsaibe BROTEAE MEWSoRosRs BAHRES 06030
12 the adsorption step is carried out at temperatures in the range of about 273°K to

about 473°K, preferably in the range of about 293°K to about 423°K, while the

adsorbent regeneration step is carried out at temperatures in the range of about

373°K to about 573°K, preferably in the range of about 423°K to about 523°K. The

adsorption and regeneration steps in a TSA process are typically carried out at

propylene partial pressures in the range of about 10 kPa to about 300 kPa, and

preferably in the range of about 20 kPa to about 200 kPa.

[0028]  The invention will now be more particularly described with reference to

the following Examples and the accompanying drawings.

Example 1 ,

[0029]  Studies were conducted on the uptakes of propylene and propane by AIPO-
34 up to a pressure of 101 kPa and temperatures of 298°K and 373°K. The results are
shown in Figures 1 and 2, from which it will be seen that the uptakes of propylene
and propane are about 12 wi% and 9 wt%, respectively. The adsorption
characteristics of AIPO-18 are very similar to those of AIPO-34 and total uptakes

remain high even at relatively high temperatures. The similarity of the adsorption



partial pressures in the range of about 3 kPa to about 300 kPa, and
preferably in the range of about 5 kPa to about 200 kPa. Typically, the
adsor bentwoagesmssat i on step is carried out at pressures PATIUSE3/0@BYe Of
about 0.1 kPa to about 10 kPa, and preferably in the range of about 0.2
kPa to about 5 kPa. [0027] Where the process of invention is operated as a
TSA process, the production (adsorptiomsstep is carried out at a first
tenperature and an adsorbent regeneration step is carried out at a second

ndsor bed qBPTRGS ARt Pt end T Ghdste ionh Sreebs ity EHeB R SERhvigy | &
carri ed oufs b SPRLILUNCS ihdoOeyHEREnRlcaAIsBLAK HRctsaaEhq 67 3K

pref erabl y i*n e-’range o out 2 to about 423K, while the adsorbent

regener at i giecgfi€itectiand Wil thelowble bend et ptopydenel The high adweptidn edpacity
373K to about 573K, preferably in the range of about 423K to about 523K
The adsor fitrippoparedis ey erseneeidiecaussibe law diffisioprajeslimititeacopss todhpy

carried out at propylen artial pressur i n,the.ran of about 10 kPa to
about 300 HEgrIOr, eﬁﬂéﬁﬁéﬁﬁlﬂwg%ﬁe E‘PF@ lPaﬁgﬂleoﬁdsaﬂﬁtﬂn “238;??(% to about 200
kPa. [0028] The invention will now be nore particularly described with
reference to the foll ow ng Exanpl es and the acconpanyi ng draw ngs. Exanple
1 [0029] SEgghﬁge\gere conducted on the uptakes of propyl ene and propane by
A1PO- 34 up to a pressure of 101 kPa and tenperatures of 298K and 373K. The
resul ts ar f0039howiTwo ifrdependentidymathie technismesyadsorptionmptakpandsGequanesit t he
upt akes of propylene and propane are about 1t§ atoo and .9 wt % rn(fs ctively.
The adsor prdspanses Kegre enElpxad togceurael papepgure tae 19 fegonspnis ol e of

ALPO- 34 and total yptakes rengi j gh AL i | :
t enper at ur BEOPIRf émlé ipﬁ?li’ﬁfz?‘? e @Ppﬁg g‘&‘%%‘:‘%@l Ica)éri' "15/piel ¥&uts B adsorption
uptake are presented in Figures 3-5 and those from frequency response are presented

in Figures 6-10.

[0031]  Adsorption uptake measurements for propylene and propane on AlIPO-34
were carried out at 298°K and 0.67 kPa. Figures 3-5 display the normalized weight
gain versus the square root of time ("SQRT"). The slope at early times is
proportional to the square root of the diffusion time constant (see for example J.
Crank in “The Mathematics of Diffusion”, 2nd Ed., Oxford University Press, Great
Britain, 1975). Figure 3 corresponds to pure propylene, Figure 4 to pure propane, and
Figure 5 to an equimolar mixture of propylene and propane. A comparison of the
data in Figures 3 and 4 clearly implies that the diffusion time constant for propylene
is much greater than for propane. Consistent with the results in Figures 3 and 4, the
weight gain at early times shown in Figure 5 is associated with propylene. The
conspicuous break in the slope in Figure 5 signals that propane diffuses into the
crystals much more slowly than propylene. The time taken to reach the region of

changing slope provides guidance on the duration of the adsorption step that is



WO 03/ 080548 PCT/ US03/ 06030 13 isotherns for propane and propyl ene
strongly suggests that any separation selectivity is primarily the result
of w ndovweioz@es@ngl nol ecul ar di aneter effects instead of PEFAIS0S/NE@®30
interactions with.the double bond in propyl ene. The high adsorption
capacity for propane is not a concern because the |ow diffusion rates
limt its access to the interior of thejgrystals during the duration of

t he adsorption cycle. Exanple 2 [0030] Two i ndependent dynam c techni ques,

A e D T R AT

and A1PO 18 i d fromadsorption uptake are presented in
Fi gures S-Qn%%%yphgg}e &ra%mb?‘?gmency response are presented in Figures

6- 10. [0031] Adsorption uptake neasurenents for propyl ene and propane on
AlPO-34 were carried out at 298K and 0.67 kPa. Figures 3-5 display the
nor nal i zed[882§ht Figares 6-40 summarizessomag Bpieltiraspueneyrsespossraxperineis Jpppe

at early times _is proportional e sq (o} the di.ffusion tine
constant (BEPYeRe @égﬁ’iﬂpéng .On@g?fﬁﬂi%@"#ﬁ;ﬁw@/&ta?&m% ﬁ%‘?g?nﬂs‘ffusi on", 2nd
Ed., Oxford Universit t i.LAl . L L,esponds
to pure prge@l?%rﬁ ,ré‘l{—'i g{}&eﬁ% ZIEF%C pﬁ'r%é? apl))rlé%fsg e#%%gﬁ% gﬁ?%gg%oggﬁgqui nol ar
m xture of Yihe BRe A cRic8 MRNEIfAI SIPARR! dohgtane (sdetfer edanple: Refyegot gls i1

and 4 clearly inplies that the diffusion time constant for propylene is
nmuch gr eat 8Freignancy Modulatpem detliodssios Diffusion and Adsemptionteasuremgnisds 3 and

o opy! ene. Pors Sebin: bigus: Ghery | Ok neaass S48 42 AR5 ) e FEERFYAARE 1 hat

propane di gﬁgv%efﬁe iePtIegt (gth teemperature on AIPO-34 and Figures 8-10 show the effect of
temperature on AIPO-18. These figures clearly show that the diffusion time
constants for propylene are much greater than those of propane. It is also seen that
at temperatures as low as 373°K the diffusion time constants for propylene are

greater than about 0.1 sec™.



crystals much nore slowy than propylene. The tinme taken to reach the
regi on of changing sl ope provides gui dance on the duration of the

adsor pt i owogsegnsehat is WO 03/ 080548 PCT/ US03/ 06030 14 r eqgwiusesodosr an
effective separation schene. The choice of this tinme ultimately inpacts
purity and recovery. [0032] Figures 6-10 summari ze sone typical frequency
response experinents for propylene and prsopane on A1PO 34 and ALPO 18 at 8
kPa and various tenperatures. The frequency (i.e., abscissa) at which the
data goes t@&f .a maximumdirectly gives the diffusion tinme constant
(see for exanpl'e: 'Reyes et al. in "Frequency Mdul ati on Met hods for

D ffusion and Adsorption Measurenents in Porous Solids", J. Phys. Chem B.
101, pages 614-622, 1997). Figures 6 and 7 show the effect of. tenperature
on AL1PO 34 lnd Fi géx proc8ssifor sepanatimg pefplyéarte fodm a mirtereacamprising pldiRH dige
These figures, clearly shqow that the diffusion tine constants for propyl ene
are nuch gr@&mppmwm%%géheﬁﬁ%a'e. It is also seen that at

t enperatures as 3 i i i constants for.propylene are
greater than abodﬂ?%.&in%%%%&a&ﬁq@%@% % qg%g%eggﬁg@prlfgﬁ% a(f%ﬁ% 1. A
process forerS@Rin@ irhAQrikl IRRYASRAiffoh &nid éﬁrﬂfﬁl’[?&l@’b- lefld of& ' hd
pr opane cor?pl?i si ng thenst eps %f X 1(a) passing the m tB?g tﬁ?oﬂ%ﬁhgpggggof
an adsor benvheromeaswiedgt a tempetaturecsfABEK] amba pedplérml partisnd pgssurdioff8uisPon
time constant for propylene of at |least 0.1 sec -1

and having a diffusion time constant for propane measured at a temperature of

373°K and a propane partial pressure of § kPa less than 0.02 of said diffusion time

constant for propylene; and then

(b) desorbing the propylene from the bed.

2. The process of claim 1, wherein the porous crystalline material contains
framework phosphorus and has at least one system of channels, each defined by an 8-

membered ring of tetrahedrally coordinated atoms.

3. The process of claim 1, wherein the porous crystalline material is non-
acidic.
4. The process of claim 1, wherein the porous crystalline material is selected

from the group consisting of aluminophosphates, gallophosphates,
galloaluminophosphates, metalloaluminophosphates, and

metalloaluminophosphosilicates.

5. The process of claim 1, wherein the porous crystalline material is selected

from the group consisting of AIPO-34, AIPO-18, GaPO-34 and GaPO-18.



when neasured at a tenperature of 373K and a propyl ene partial pressure of
8 kPa and having a diffusion tine constant for propane neasured at a

t enper at LIWe 00080537 3K and a propane partial pressure of 8 lPPa/useszesoshan 0. 02
of said diffusion tine constant for propylene; and then (b) desorbing the
propyl ene fromthe bed. 2. The process of claim1, wherein the porous
crystalline material contains franmework jghosphorus and has at |east one
system of channel s, each defined by an 8- nenbered ring of tetrahedrally

coor di nat eds at ons. r ' rei . [OUS
crystalli ngs'mat eria eip:s{:&geggp?g%ﬁi@FV%&#%&B?%@%gé’%@@%&%ﬁ%@aﬂ Rherei n the
porous crysam®i3ge nmaterial is selected fromthe group consisting of
al um nophosphat es, gal | ophosphat es, gal |l oal um nophosphat es,
met al | oal um nophosphates, and netall oal um nophosphosilicates. 5. The
process of claim1, wherein the porous crystalline material is selected
fromthe group condhsirersss et glapp. I3 hergipthe gorogs poystallingmatgriabis s, Wo
03/ 080548 2&%(#3 3/06030 16 6. The process of claim1l, wherein the porous
crystallin fal is ALPO-34. 7. The process of claim1, wherein the
porous crystalline material is ALPO1 S. 8 The process of claiml,
wherein the porous crystalline material is GPO 34.

8. The process of claim 1, wherein the porous crystalline material is

GaPO-34.

9. The process of claim 1, wherein the porous crystalline material is

GaPO-18.

10. The process of claim 1, wherein the process is a pressure swing adsorption
process and step (a) is effected at a propylene partial pressure in the range of about 3
kPa to about 300 kPa and step (b) is effected at a propylene partial pressure in the
range of about 0.1 kPa to about 10 kPa.

11. The process of claim 10, wherein step (a) is effected at a propylene partial
pressure in the range of about 5 kPa to about 200 kPa and step (b) is effected at a
propylene partial pressure in the range of about 0.2 kPa to about 5 kPa.

12. The process of claim 10, wherein step (a) is effected at a temperature in the

range of about 273°K to about 523°K.

13. The process of claim 1, wherein the process is a temperature swing

adsorption process and step (a) is effected ai a temperature in the range of about



9. The process of claim1l, wherein the porous crystalline material is
GPO 18. 10. The process of claiml, wherein the process is a pressure

SW ng adswomBiosns48 process and step (a) is effected at a preppisesasoparti al
pressure in the range of about 3 kPa to about 300 kPa and step (b) is
effected at a propylene partial pressure in the range of about 0.1 kPa to
about 10 kPa. 11. The process of claim 10,7 wherein step (a) is effected at
a propylene partial pressure in the range of about 5 kPa to about 200 kPa
and step ( o I Sl f
about 0.2 K g?oﬁf%]%ﬁ{t%§3a%a& %&9% lggﬁgé)%gtsaltgftecpgl m fgnt@\%ﬁ}% E6|?51(P(a)
is effectedBKatd sstagrngsBeKe in the range of about 273 K to about 523 K.
13. The process of claim1, wherein the process is a tenperature sw ng
adsorption process and step (a) is effected at tenperature in the range of

about WO 03 080548gPCT/ Us03/ 0%(2@ 1%73 Kto bou 473 K and step (b) is
eL fected atlh tenpddgtRiPeessPlt n}éig\@ %ﬂenhﬁsm(?a) cted atiogmpsTaire iy,
{he Fange JPexaBafotAbl 2Tk RobER AR 20 b (BF 5Gr8ie ot ERGRARHIE "

terrperaturqhb@an%éw@fgmnggﬁKatg%buﬂggéKo about 523K. 15. The process of
claim 13, whereih step (a) is effected at a propylene partial pressure in

t he range of about 3 kPa to about 300 kPa.

15. The process of claim 13, wherein step (a) is effected at a propylene partial
pressure in the range of about 3 kPa to about 300 kPa.



