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[0602]  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:::ed 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



selectively renoved. The | oaded material is then typically exposed to a
lower 1 9 S E P 2006 WO 03/080548 PCT/ US03/ 06030 2 pressure [ﬂﬂgher
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recovered at a higher purity level. Economic viability requires adsorbent
materials that can deliver high selectivity, high adsorption capacity, and
short duration cycles. An additional and egritically inportant requirenent is
that the nmaterial should not catalyze chéem cal reactions that m ght | ower
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cationic active centers such as Ag and Cu ions for the double bond in
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adsorptionré; clg Is that required.,to brin%the m xture close to
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di ffusion of the various conponents within the adsorbent are of secondary

i mportance. Activated carbons and zeolites, on the other hand, typically

resort to 000 'n%heﬂ%ﬁie ASLopbtits WhicH hdvdiBeén prbfostd for MORcoPEy ¢ - Two

rel ated cases of diffuston control are of interéest” here. In one éxtrene

case, the gmppylehedrom sydeduaebmtmbytueescdre domexdhiangd irésing inxsopbrasmelids, t he

conponents into the adsorbent. The_ second case exploits a sufficiently |arge
activated carbons, and zeolites. Ion exchange resins and mesoporous solids usua}/ly

exploit equilibrium 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 (n-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,



difference in diffusion rates to allow the preferential uptake of sone of
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for exanple, EP-B-572239 discl oses PSA process for separating an al kene,
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desor bi ngbalancmg cations. This has given rise to the potassium (3A). sodium (4A), and calcium

(5A) forms, which have nominal window sizes of 3 A (3.0 x 10"°m). 3.8 A (3.8 x 10""°m).
and 4.3 A (4.3 x 107"°m), 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, 50 to 85% sodium ions, 15 to
40% potassium ions and 0 to 10% of other ions selected from Group A ions (other than
sodium and potassium), Group IB ions, Group HA ions, Group I[1A ions, Group I1IB 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



t he al kene fromthe bed. EP-A-943595 describes a simlar process in which
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exanpl e, interest in the use of non-acidic, all-silica zeolites. Since these SIilceous 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 oftetrahedrally coordinated atoms with a nominal
window size of 3.6A x 4.4A (3.6 x 107°m x 4.4 x 10""m) (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 fong adsorption and desorption cycles. Cycle



the potential of deca-dodecasil 3R ("DD3R') for separating propane and
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need for balancing cations. The lack of Brénsted 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 (3.50 x 10”""m x 4.17 x 107'°m) may be too
small for rapid transport of propylene, AIPO-34 exhibits a slightly larger pore size of
3.86A x 4.18A (3.86 x 107'%m x 4.18 x 107m). (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 ditfusivity 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 bond

angles while preserving the crystalline structure. Thus, for example, the complete



Since the nunbers of Al and P atons in the unit cell of AIPO-34 are the
sanme, there is no need for bal ancing cations. The | ack of Bronf Sg ?ﬁidity
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changes in the bond angles and bond | engths of the tetrahedrally coordinated
atons and the bridgi ng oxygens. For exXanple, conpared to a pure silica CHA
whose pore size of 3.50A x 4.17A (3.50 x 10-10mx 4.17 x 10-'0m may be too
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also be found in Al PO 18 (AEl), which has a structure closely related to
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A | PO 18Fickian 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 uniform

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 A1PO-34 and
A1PO-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



represent the actual size of the wi ndows because there is no need for

bal ancing cations. [0010] The diffusivity of a porous crystallng g?zﬁﬁlal
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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 material is non-acidic.



adsorption capacity. Mreover, with a nom nal w ndow size di nension of only

3.3A x 4 10-10m x 4.0 x 10-1)m (Atlas of Zeolites Franmeqwfkyip
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propyl ene shoul d be sl ow and associated w th undesirably |ong adsorption
cycles. SUMVARY OF THE | NVENTI ON [0013] According to the invention there is
provided a process for separating propyl&ne froma m xture conprising
propyl ene and propane conprising the steps of: (a) passing the m xture
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of said diffusion time constant for propylene; and then (b) desorbing the
propyl ene fromthe bed. [0014] Preferably, the porous crystalline material
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Preferably, the porous crystalline nmaterial is selected fromthe group
consisting of ALPO 34, GaPO-34, Al PO-18 and GaPO 18. DESCRI PTI ON OF THE
DRAW NGS | ESGREPHONON TIHE DRARINGEsor pti on i sotherns for propyl ene and
propane on

[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 THE 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



Al PO 34 at 298K and 373K, respectively. [00181 Figures 3-5 show adsorption
upt akes for propyl ene and propane on AlPO- 34 at 298K and 0. 67 KB{FP[QH191
Figures 6-10 show frequency response neasurenents on Al PO 34 and ALPO 18
for propylene and propane at various tenperatures and 8 kPa. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 100201 The present invention provides a process
for separating propylene froma mxtufe conprising propylene and propane by
passing the m xture through a bed of an adsorbent conprising a porous

crystal | i ag neteiithe NEXHOull ok Ariet il ANy HoFEy abRPRL ALy Q1o Y| ene of

at | east 1 se , en neasured at a tenp ture o a propyl ene
parti al pmeS&ur&emefaﬁSr KiRapropyiene dan be des;hrl:lidddmrmmethemeﬂum st mm:esﬁ ofthe pr opane,
when rreasur%g at aé erat e of 373K and ﬁ ﬁrogane l%artt Fressure of 8
kPa, |esstVHER"# 02 %‘f S ‘HY‘H&F‘EJE"“["""#E’G GRETHRTSFYF OpIOPIRE.  Usi ng

such a 1 QvidERIRGA®Nn (BSROTUSreédeyst al | ine material, the bed preferentially
and rapidly adsorbs propylene fromthe mxture. Thereafter, the propyl ene

can be desorbed fromthe bed. Thus the process of the invention provides

the Dast suol) & VeI RERREHRLKLIR ArRATALANESETF BhoLegpaLat Ure s ng

adsorptio A/ TSA) process. referab t he porous crystalline
mat eri al imsedmmm:otltlams praoeessk pjfospﬁmeus andhhes it Iem;t oz&rﬂyauensoﬁchamedchphosphor us

and has syste nn | g { i neglw menbered ring
of tetr ahée&}nﬁ ﬁ’/a'& fa'?{ dg]dnéa? ﬁfﬁﬁ%‘:?ﬁré‘l”gﬁﬁ B é/pfﬁgﬁ’%’uys MG ystalline
material psoiodyadiiah ﬁaateﬁhll i a&h&:@@r sm&brerpw&tualcwsm%rféahﬁémaa& forligrasuse as
the adsorbent in the process of the invention include alum nthosphat es,
gal | ophosRagwsbent in the process of the invention include aluminophosphates. gallophosphates
galloaluminophosphates, metalloaluminophosphates and metalloaluminosilicophosphates.
Particularly preferred materials include the aluminophosphates A1P0-34 and A1PO-18
and their corresponding gallophosphates GaPO-34 and GaPO-18. A1PO-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 A1PO-18 and its

synthesis are described in U. S. Patent Nos. 4,310, 440 and 4,385, 994,

[0022] Adsorption equilibrium and diffusion studies confirm that A1PO-34 and
A1PO-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 A1PO-34 and A1PO-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



gal | oal um nophosphat es, netal |l oal um nophosphates and netal | oal um i nosi

| i cophosphates. Particularly preferred materials include the

al um nophosphates A1 PO 34 and Al PO 18 and their correspondiln\%)SEP 2006

gal | ophosphat es GaPO 34 and GaPO 18. ALPO- 34 and its synthesis are
described in F. Guth, PhD Thesis, Ml hguse Univ., France (1989) or in H

Hal vorsen, PhD Thesis, Univ. of Gslo, rway (1996), whereas AIPO I 8 and
its synthesis are described in U S. Patent Nos. 4,310, 440 and 4, 385, 994.
[0022] Ad ' j M Bri i £fugi [ o hat Al PO 34 and
A PO 18 ane aa e B g B o A (081 ene. They
are non- logacpinig). At inegrighhittbsltghtly greamdsanrdotvi dne wallaeiitfy elssse andlitidmey r api dl y

transport ,propyl ene.. while sjgnificantly hinderi, ne. However, while A
| PO 34 aftleRIBET & impemepts 1h pepatabon pilesiivithatst Y sebtly insgroyaledimasy
propyl enejtang bpadRAMEeod8 iR offcRatI BNt M@hLs iRD AP dPork @NERKhAI Ng
crystalline mcroporous materials that could deliver equal or even inproved

per f or nan®@anigs fehtie séfedivetsive of pei windews isslightlymducpsAneeperpk Beerieriafhus, f or
exanpl e, { Sk D L 1 i 19 SEP 2006
10 cycle '?élgrﬂr%cgl%r?rﬁ ﬁ‘ecsgcl)tg?té@rsiggﬁ?m%ﬁ@%eiﬁ eﬁ@gblg K‘@g%:b gzls%bgé%ar ation

sel ect i vi mycrdporowe.structhiewdie fpiravtoyl atodsamt elrd @pe mid dhasdeioglany worgr eat er wi ndow
size could sati E% t hese condi ti.cf)ps. Al ﬁtjer.nat [ v I % i f i rrc})éovemants in
separ at | of*EEYEELFRTYE FRAE PIPVC Jht ATY fOHREN L SPEIME Y hg¥0ided ¢ nay e
advant ageous to incorporate selected netals into the franmework in such a
manner that the effective size of the windows is slightly reduced. In
gener al , 0R&3Imat er i BieProgeseelalie fryentipean e earsipd pgtin 8 A¥SBEOBRIEPE # i zed by

S 20, SO S 8o Y L PGS PLANELIOS o b L g €t om

t hat any plese.iWigng aystaiermpitisine @ sngv adwettion 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 coltect the adsorbed gas component. Operation of the adsorption process of
the invention is cyclical. In the preferred adsorption process, cycles are repeatedly carried
out in a manner such that production of the desired product gas is 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

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

regeneration phase.



[ 0023] The process of the invention can be carried out in a system
conprising a single adsorption bed or a plurality of adsorption beds
operated either in phase or out of phase. Wth a system conprising syl e
adsorption bed or a plurality of beds operated in phase, the adsorption
step nust be periodically stopped to glgrm't regeneration of the adsorbent
bed (s), whereas when a plurality of sorption beds are enployed in
parall el and operated out of phase, one or nore beds can be in adsorption
service a ing t i - gnl%n[; ile.: ot her units
are under Ebg}?ﬁg regeﬂ%rpa{?%géngftge gﬁggtg(?'lr)m n é’gra\@c%seet]fﬁgeaa sor esgltgbas
conponent ads@ptica (PN mheasher astspeptirosvipp adessticanf (TSAherdecpsselmtdithar i s

cyclical. In the preferred. adsorption process, cycles. .ar epeatedly carried
ot i1 TS PSEIST AL GRUCINEGY BF CoEn BBETy 6 SHigH (e PRgRen e
continuous. In the preferred enbodi nent, therefore, the process is carried
out in a aﬁstem conprising a_ plurality of adsorption beds arranged in

paral | el HR@ bper atladeogitl B barigseps widmA peeesainclydsasadygrplioedsied al ways in

t he adsor pt.i ' AnRther . ' - generation
phase. 1 %Sggzgg’g%%pwb[l[og%%&? (T grd;gr%gggégs}gy%fdnt% ngé}?%@gérﬁ%%%ﬂ%as;fé e oper at ed

as eit her Daripg dis yassel pwisngzatiad sepphe pres{URSA)thpadsogsion gessal itevinarihe ur e swi ng
adsorption, (TSA) process. .| i.ther ., case, .the.precise steps used in

o rybng B EREPRESTS R af BB P E Resifed SRR HvShEl BHIRE Poonsy 1 n
general , pheudiddistepsi 8RSolsHrépyRHA aRd PEPES-Edhedinibe fad iapsasdrhiodph uRssel
pressuri zation step, a production (adsorption) step and an adsor bent

r egener at fdsArPEipR yessclpl fherigsirgeadsurage) pisswess ditheafepdgasqassss thraghdhessure in
t he adsor pi.i | .1 Leh. t _ i j rri ut is
rai sed to%sh@ﬁgggésr%gda E@S@?lﬁf?‘éﬁ]&gﬁ' é@ﬂ@%m Ilfﬁgsloﬁ%&t%ﬁg% Hﬁ(ﬁp&gﬁgtqeggt@t ep, a
gaseous pnopidserbed gadiraptiop aasecanlihgiadgrpemdvess . pds Ded redenaeigin stépe

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 273°K and 523°K, or more preferably
between 293°K and 473°K. The upper 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



adsorption vessel at the desired adsorption pressure. As the feed gas passes
t hrough the adsorption vessel, a propyl ene-enriched conponent is adsorbed
and a propyl ene-depl eted non-adsorbed gas fraction passes out oi §@?2mﬁ
adsorption vessel. The bed regeneration step is carried out by % acing the
pressure in the adsorption vessel so as to desorb the propyl ene-enriched
product gas fromthe vessel. [0026] TH tenperature at which the adsorption
step of the PSA process is carried out is not critical but in general wll

be bet weef G1315a08: ARl oL, B HHRR0N pERUESN R ARY I3 The

upper tenperature I's s as to achiev nificant "1 oadi ng onto
t he mat er 2@ kPanTlyical By tiechdtdrBerp elshdrtidnt syepo caniyd omveapteeshires i@aled rapges, such

as ol igonerj| i on d/ or, pol rization of ropyl ene. The pressures at
whi ch theoédjigé%‘t‘)i Wﬂ‘r})&n%ﬁ“ %?’%B’n‘f‘ t'i"'e‘@@%?e‘?fapré E‘%“E’ts $ are carried out are

| i kew se a matter of choice, and in general, these steps can be carried out
at any of the usual pressures enployed for gas PSA processes. The pressure
at whi ch 0Reé7ladsor phem tha repedss of ipsemionds engrat¢dsaschet ot prasess. by economi cs.

partial oo RRERHREY N BB G i ¥ Ml EEde 0PI, DOV, 2
range of fgkfation step0OcdefPad oukyipa e@:bhd/highéreerapksmtnbes;mtasmeg@nﬂ:rtaéi on step is

carried out at pressures in the ran .of 0.1 kPa to 10 kPa, and preferably
B the. r aHGR G B REE R R0 DROG AR PR SEPoRals S Pvent i on i s

oper at ed @BoRtidPAcPIQERRR out BEemPEAHGTA B rbRLFLREIOM) 43R PprkRrabfl i ed out
at a first tenperature and an adsorbent regeneration step Is carried out at

a second Mithhenes elferlatiet23 Ko whde thy adeasbert ragreeralinroish iswecried eliciied
conponent . adSArREDn B LG S 3AL LINELIOR RERRY inl e FNLE oF 858K b B3k

The adsorption and regeneration steps in a TSA process are typically carried out at
propylene partial pressures in the range of [0 kPa to 300 kPa. and preferably in the range
of 20 kPa to about 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
A1PO- 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 12 wt% 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



adsorption step is carried out at tenperatures in the range of 273K to 473K,
preferably in the range of 293K to 423K. while the adsorbent regenerldi on
step is cafPi%{8%d® at tenperatures in the range of 373K tRCBUSK/06030
preferably in the range of 423K to 523K. The adsorption and regeneration
steps in a TSA process are typically carried out at propylene parti al
pressures in the range of 10 kPa to 300 kPa. and preferably in the range of
20 kPa to about kPa. [0028] The invention will now be nore particularly

descri bed w [ ' 'R

dr avi nge. E2mer S TorRfahe apt SR O MRS RIA b e REER RO
propyl ene aiR¢rithaiB e st 6f RRdodsid ah@ nibleelEs St ekt Rotead &f
tenperatures of 298K and 373K. The results are shown in Figures | and 2,
from whi ch specifi¢ interactiemnwithahe tbublebioad és podpyieme Mhertdagh adsorptiopaagaditye 12
wt % and 9 V\%% respectively. ng?b adsorption characteristics of AIPO] 8 are
very si ni | aloT PEORHICIE ot aLopesmpesausethe low diffusien ratesdimit #5 geresy tonthst
relatively high t rat ur -The, si.m l.ari of . the.adsor,ption 1 9 CEP 2006
06 o5/ beobaitior HTHE RIS Aurk B i Pﬂﬁ’%}ﬁbﬁraw&% GLCHIR br opy! ene
strongly suggests that any separation selectivity is primarily the result

of wi ndow size and nol ecul ar dianeter effects instead of specific

i nt eracti onExsinple Bhe doubl e bond in propylene. The high adsorption capacity
for propane is not a concern because the low diffusion rates limt its
access to t 930} nt efworindgpendentalypama¢ techiniques, adserptionaiptake ad frieguency

adsorption cycle. Exanple,k 2 com . e
f P re%/ponse, werérgmployed to accurately measure the diffusion time constants of

propane and propylene on AIPO-34 and AIPO-18:. Typical results from 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 AIPO-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



[ 0030] Two i ndependent dynam c techni ques, adsorption uptake and frequency
response, were enployed to accurately neasure the diffusion tinme constants
of propane and propyl ene on Al PO-34 and ALPO 18:. Typical resultsqgrsgmgs
adsorption uptake are presented in Figures 3-5 and those from frequency
response are presented in Figures 6- ég [ 0031] Adsorption uptake
nmeasurenents for propyl ene and propane " on ALPO 34 were carried out at 298K
and 0.67 kPa. Figures 3-5 display the normalized weight gain versus the
square ro I onal to
the squar%hlr“g%lt%%ﬁ%fﬁleééﬁﬁ%rsaiugﬁg%]?hq;%pg%eﬁgshtogcgtOk sge{é %PI“E%EQ%%)‘P@J‘M Crank in
"The Nat hpuray aedreopvely.f f usi on”, 2nd Ed., Oxford University Press, G eat
Britain, 1975). Figure 3 corresponds to pure propylene, Figure 4 to pure
propane, and Figure 5 to an equinolar mxture of propylene and propane. A
conpari soest] t he mgairds snoléungufaase amaa“tglpaéameqaéﬂcy redpphdcaspémaéntd fve

di ffusion tlne constant for reater than for propane.
Consi st enProgylens amé)r?@@apﬂs\l? 3#@@9#@?031%& ki’a a@ﬁéfﬁf%ﬂ@ﬁ?ﬁf@t&r% Hie early

Ui mes _shomgnofic iU ERCRsd) 31 ARRAGHAS RIS o RTOPKLERRM dTHRuy GRS MeCUOUS bT eak

in the slop igure 5'signals t at propane di ffuses |nto the crystals
much nor edl$ﬂu-\zm yimelransiprt opylfermampleeReyavet dlake' retq(uemcea‘dhdttl-’ntemnghm of

changi ng gl rovid ui dance on the urat n of t.i,on step that
To 1998 Br BBt Raflion M ERah By P SRS SFEHRARE” The

choi ce of pdolt 614-67TR1 9974, HIRIr€d & akdTP&GISthe PHEDt bY teipdraties oN &V 1PO-§OAR2] Fi gures
6- 10 sunmari ze sone ty |caI frequency res?onse experinents for propyl ene

and propaﬁl@uaﬁgﬂlop@@Ah%ﬁéFCAof tepperagregen § 1RGP 8ghbrsy Higniss slepdnglomathalr es. The

the diffusion time constants for propylene are much greater than those of propane. lt is
also seen that at temperatures as low as 373°K the diffusion time constants for propylene

are greater than 0.1 sec™.



frequency (i.e., abscissa) at which the data goes through a maximumdirectly
gives the diffusion tine constant (see for exanple: Reyes et al, i
"Frequency Modul ati on Methods for Diffusion and Adsorption Meas 3@&%&% in
Porous Solids", J. Phys. Chem B. 101, pages 614-622,1997). Figures 6 and 7
show the effect of tenperature on Al PO 34 and Figures 8-10 show the effect
of tenperature on Al PO 18. These fid res clearly show that the diffusion
time constants for propylene are nmuch greater than those of propane. It is
al so seencfhah@t tenperatures as |ow as 373K the diffusion tinme constants
for propyf:ene are greater than 0.1 see-1. 1 9 SE P 2006 15 CLAIMS: 1. A

process for separatjn r |l ene .froma mxture c risin ropyl ene and
pr opane conpri g‘i ng ‘{‘Rg)Cgisgfggseé??r:at"(‘%?mﬁg]g%? ﬁ%’ntaﬂg'x%qgfwfé“ Qfﬁg’ﬁe[}f bed of an
adsor bent afiosrppans icb@pAsip@theUseps 6f:yst al i ne material having a diffusion tine

constant for propylene of at least 0.1 sec" when neasured at a tenperature
of 373 K and a propy) @ateing fhemixfure theaughacbed of amadspebeghepmpiisingg ROTRHS f usi on

time constant 1Bh Fial AR adioftid LAt W, lené 3 3 propane
partial pr essu{rgﬁ%f %HIE%aaI ess taﬁdg%a%?oté g?&%s%?dr?f(g;fyusi oﬁ%li@%gogonstant

for propyl ene, sewhehenr measveeda adersperatyestof| 3736 andia erdpalene partigkpresstesd f rom t he
group consisti g af, ARG A, APO.18, . CAPOAA, ANd, GPO 18, and then (b)
desorbing the propyal WA STYINE A RS IgIghe Prsipl pPoB%ss SPUEF A P 1, wherein the
process is a peepsidiee 583738 KamgQripbpade pafiaigiestreaid kihddss twh 0.2 &f f ect ed at
a propylene partial pressure in the range of about 3 kPa . .

said diffusion time constant for propylene, wherein the porous crystalline material

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

18; and then

(b) desorbing the propylene from the bed.

2. 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.

3. The process of claim 2, 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.

4. The process of claim 2, wherein step (a) is effected at a temperature in the

range of about 273° K to about 523° K.

5. The process of claim 1, wherein the process is a temperature swing
adsorption process and step (a) is effected at a temperature in the range of about 273° K
to about 473° K and step (b) is effected at a temperature in the range of about 373°K to
about 573° K.



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. 3. The process of claim 2,
wherein step (a) is effected at a propylene partial pressure in {tqecqr e
of about 5 kPa to about 200 kPa and step (b) is effected at a propylene
partial pressure in the range of about1 0.2 kPa to about 5 kPa. 4. The
process of claim2, wherein step (a) il8 effected at a tenperature in the
range of about 273 K to about 523 K. 5. The process of claim1, wherein the
process i s a tEMPer il ocsibilainsl SRR 98 B RARREIAREL BhiRibl il ool fect ed
at a tenperature in the range of about 27 to about 473 K and step (b) is
ef f ect ed mhgaof abopclo3f Krte abouttdRd° KK anggtep(b) abeflacted aBa kmwratadeomthe573 K. 1 9
SEP 2006 _16 6. ,The,Loces fo.cd@ mb5, wherein step (a) is effected at a

t enper at u?agg?%ffibﬂgmzllgaﬁgtga@?ﬁéﬁgu@l‘ 293 K to about 423 K and step (b) is
effected at a tenperature in the range of about 423 K to about 523 K. 7.
The process of_claimb5, wherein step (a) is effected at a propyl ene parti al
pressure in the rantls REpceshofflaim Jephieten demia) ssdtclepat a propylene partial

pressure in the range of about 3 kPa to about 300 kPa.





