LI GHT HYDROCARBON SEPARATI ON USI NG 8- MEMBER RI NG
ZEOLI TES FI ELD OF THE | NVENTI ON [ 0001] The present
WO poosfs476h rel ates to a process for the adsor ppCTES2004/032222
separation of |ow nolecul ar wei ght hydrocarbons. In
particular, the instant invention is directed to a
process for separating propylene from propane and
m xtures of |ow nol ecul ar wei ght hydrocarbons.
DESCRI PTI ONOF THE RELATED ART [ 0002] The separation of
propyl ene from | ow nol ecul ar wei ght hydrocarbon
m xtures is an extrenely inportant and | arge vol une
operation in the chem cal and etrocherr ca
Cndustries.  GIGHE BYDROCARBON SEFARATION: g are
anong the most USING S8 MEMBRRM@IZEQIEIEHES%
| eading to these m xed hydrocarbon streans. The need
to recover propyl ene from propane-containing streans,
in particular, is one of high econom c significance in
FIRE D OY TEHE INVENTION opyl ene el ast oners. However,
~“Pecause ol the close proximty in boiling points
bet ween propyl ene and propane, these conponents are
[(0043 entThe repartaheehtinn felaes toomptocesy figdhée adsorptive separation of
distillation, The |arge size of the colums and the |
losn erqjgculan waight ylydroqa @Sdilgtnarﬂlfaﬂalb phepingtaas snveafien is directed
however , create Iar ntives for Iternat

o RHCes FErF RS R BRSNS B BEdngne anf rabeiaes of Tow molecular
t and cost- effectlve manner. [0003]

W%%%ﬁ%%(%&#@gdl ng alternatives to fractional

cryogenic distillation involve the use of porous
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—adsorb sone of the conponents 1n the mxture. This has

given rise to various forns of pressure or tenperature

[0002)g dbisosephiasionFTHroPEkEne fram deweasolenulah mehghtigrdeocarbon

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 mixed 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, because of 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 energy-efficient and cost-effective

manner.

[0003] Some of the leading alternatives to fractional cryogenic distillation
involve the use of porous materials that exploit their ability to selectively adsorb
some of the components in the mixture. This has given rise to various forms of

pressure or temperature swing adsorption (PSA/TSA) processes in which the



m xture is first passed through an adsorbent nateri al
under conditions where one or nore of the conponents
wae@spel7exti vel y renmoved. The | oaded material PGT/UR®N4/032222
typically exposed to a | ower pressure and/or higher
tenperature environnent where the adsorbed conponents
are rel eased and recovered at a higher purity |evel.
Economic viability requires adsorbent material s that
can deliver high selectivity,,high adsorption
capacity, and short duration cycles. An additional and
critically inportant requirenent is that the materi al
shoul d not catal yze chem cal reactions that m ght

mixtwes istfirst passed dupugh anladsedent sataipodeneendiignswhere one or
e W Siot EophShs e FRR bbb e
tyBlealarHpoRat o & M GRTRE 8 oM il SerPb e boyirpament where

thgo'%]‘ais@%hi Joﬁ?;roﬂeﬁfb ﬁ'é GORRGRY difRBredsvéred a"trﬁsh‘i’g%g%ity level.

usual'ly exploit equilibriumadsorptio

E&6igict vigbility raviieR adserbeht iaterdaianend deliser high selectivity,
sel ectively adsorbed over suitably dispersed chem cal

highexdssrptibnesappeity,cindashioyt dushijonayeles Adsastditional and critically
TEi i ohag .
in&grltaﬂn% frgqﬁfgerg%hbg &%@%Ha}{& ‘igB;&]@ﬁ@otsc%%aqyz{%esc&%ni%gldreactions

g R S FEPursife deaed bombafipith RaRT IRRIGYRE
a({sﬁgbég%é%%ﬁ,ecl ose to thernodynamc equilibriumwth

ent. Because of the strong propyl ene-netal
ion interaction, these systens generally require heat

[000A)t  tAOmaad Heyalsodtiings Whithoievel ks peousit €methe recovery of
desorption. The relative rates of diffusion of the

proaylenedram iydrmatsonnixtinres theicadschpege resing, mesoporous solids,
s_econdargoi nportance. [0005] A second 8I ass of )
aqfivetasisansonse PR ealifes. Hlonrexchangadeping aad gresgpejoyssghds usually

xRS G e O SERE Sl
segi&ft&glglf %(ﬁsoglfe‘ﬁ:%\?retreisgﬁaﬂﬁ R RUH M 1EEMET T8el Beincipally rely
on the adsorption affinity of cationic active centers, such as Ag and Cu, for the
double bond in propylene (--complexation). The characteristic time associated with
the adsorption cycle is that required to bring the mixture close to thermodynamic
equilibrium with the adsorbent. Because of the strong propylene-nietal ion
interaction, these systems generally require heat input to achieve rapid and complete

propylene desorption. The relative rates of diffusion of the various components

within the adsorbent are of secondary importance.

[0005] A second class of processes relies on the relative rates of diffusion within
the adsorbent to carry out the separation. Two related cases are of interest here. In
one extreme case, the separation is achieved by excluding the diffusion of some of
the components into the adsorbent. This situation, in principle, leads to a maximum

separation efficiency. The second case exploits a sufficiently large difference in



the conponents into the adsorbent. This situation, in
principle, leads to a maxi num separation efficiency.
wab@sserend case exploits a sufficiently |argePCT/US2004/032222
difference in-3- diffusion rates that allow the
preferential uptake of sone of the conponents within a
predeterm ned adsorption tine. This case is comonly
referred to as a kinetic-based separation schene and
Is the method of choice to be;used in conjunction with
the materials disclosed in the present invention.
[ 0006] Activated carbons and zeolites typically resort
to a conbi nati on of adsorption affinity and diffusion

diffmstonomtesthatipdlosv &xeevrg@c@uai/ upleke @ﬁﬁ@metoé theepgmpergts within a

prﬁﬁ%%@ﬁf}}egédgﬁagwgﬁ%?  ThShst § CattuSurbiiad B adingie-based
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_ pl'es, zeo ecomne eve
m%%érfa?s?&iké’l%séd“ﬁ‘ﬁh@g}és%ﬁi 1%%19@61@“3 because of the
ever-increasing possibilities afforded by new nateri al

synthesi s procedures. Zeolites allow for a nore
[00l06ki bl ActBratedeagbomeamiarotitds tppically résort toaraamebinatien of

such as chem cal conposition, internal surface area,
agsorpgioron fimify caddliffbsignwonirele sCaranI@alsuélém@tsvatwbw very high

i nt ernal _.surface, area ang ore voI u

suar F’%‘I’?’e@n&’éﬁ? PEf4ritR QIQ‘H I‘PBH ise ulgngoysly target

2@12%%0&155 rBhmRces t&‘éﬁﬁ?@f{fﬁa@?&ﬁl‘i‘ﬂt Spe S
1a-§' Rotitdsdlve %‘é@éﬂh@ 'eve!ﬁ Hdsﬂé hitfRtive Emwbteurbams because
out of the crystallites. [0007] Ei ght-nenbered ring :

ofthelevbemcréasimapdssibilities, afﬁﬁded by apwaahtevial yynthesis procedures.
i nvestigated for the separation of |ow nolecul ar :
Zowditgh allowy fooe ardye flexibde and precise O@nﬁebof giitiesd pedpertigssaich as
zeolites are co araletothe nol ecul ar dlmanlons of

chespicabtrpRsiiiondnigral sBiface Ared PORE VS 284 RGOS d
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w ndow “apert ur es.
atoms, on the other hand give rise to connecting windows of precise dimensions that

control diffusional transport in and out of the crystallites.

[0007] Eight-membered ring zeolites, in particular, have been actively
investigated for the separation of low molecular weight hydrocarbons because the
window sizes of these zeolites are comparable to the molecular dimensions of low
molecular weight molecules and because many afford high adsorption capacities. A
typical example is the Linde type A zeolite that is characterized by a set of three-
dimensional interconnected channels having 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 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



The effective size of the wi ndows depends on the type
of charge-bal ancing cations. This has given rise to
wWo b@spot7essi um (3A), sodium (4A), and cal ci um PESBYS2004/032222
forms, which have nom nal w ndow sizes of 3 A 3.8 A
and 4.3 A respectively. Thus, for exanple,

EP- B-572239 di scl oses a PSA process for separating an
al kene, such as-Apropyl ene, froma m xture conprising
sai d al kene and one or nore alkanes by passing the

m xture through at | east one bed of zeolite 4A at a
tenperature above 323 Kto preferentially adsorb said
al kene and then desorbing the al kene fromthe bed.
pEPyiere/Bo06a thiswie bewpasdgspidalkeneanskeng or mareakangs by

piseeegaan e daonehat fagbane bkl 2ol 76 hdcmaempurg above 323
0% ppt ASSiUM4 0 % of ot her |

BT Y R

EPOA 2531598 des AR R diffilaPPiocedd i 4Phibh fthe £btite @é@iﬂ?ﬁ;}tﬁ is zeolite A

Ions, Goup Bions and Tanthanide ions. [0008]
hawap] 4sdss exichangeabts tatome £50% do 85%8 sddiemdons,rdl o 40%
w ndow si ze is inportant for achieving high separation
petabsiamiions ard 0% or | @ogif wdrer ieus Jelestedt %gm raip Mpionst(pther than
effective size of the_wi.ndo ca e soneti f.urt her
sedipipng\PYassiuTa); |C§vr0k}pé§”|<1p%@pu9 ﬁlaf&% @wm 1B Waroup HIB
. W th ﬁui hablde.charge- bal anci ng cations. [0009] In
1095 G IHHEEIGA%ow si ze control, an inportant
requi renent is that the adsorbent material should not
[mtsz' L zeguteg,fﬁ@ i§ well-atEdfitd A the dbnfrol 8 RARADW YlzR4 ¥mportant
I mportant for Separating m xtures containing ol efins,
forchteviranhichadpardtion selectvities Bor agiveh yeslitedtractire tge, the
even at relatively low tenperatures. Any residual )
effedtiteystizecofatbe iwindgwe tan he semstmioe furtherddnedhby partially blocking or
detrinmental .reactions has, to be ayoi ded. These
uplalaeking e HaRAOHS Wlwgblﬁﬁgalfg@cl&:i@ﬁn%f;aqw- desi red

conponents, but they are also likely to render the

098 e s AR5} o g PR B o PRt RlGR g e
all ot rRAbiIAIGhe S S5t Tabilfzel dHyScHERYcA QUL RINY. This is particularly

important for separating mixtures containing olefins, which can readily oligomerize

on mildly acidic sites even at relatively low temperatures. Any residual catalytic
activity of the adsorbent leading to detrimental reactions has to be avoided. These
reactions not only lower the recovery of the desired components, but they are also
likely to render the adsorbent inactive. The double bonds in the olefins, for example,
are particularly prone to attack, even by mildly acidic centers and this may severely
limit the temperature and partial pressures at which the separation process can be

carried out.

[0010] In an effort to control chemical reactivity more reliably, 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 uniform and



limt the tenperature and partial pressures at which

the separation process can be carried out. [0010] In
w@eoosi4oss to control chemical reactivity norePCT/US2004/032222

reliably, there is a growng interest in the use of

non-acidic, all-silica zeolites. Since these siliceous

zeolites require no extra-franmework bal anci ng cati ons,

the size of the windows is uniformand-5- determ ned

solely by the crystal structure. Thus, for exanple,

the potential of decadodecasil 3R (DD3R) for

separati ng propane and propyl ene has been very

recently reported. See Zhu, W, Kapteijn, F., and .
deldrmingdsoldly by the csysiplestseivaet irhus,;tgr exarppleAhiegrosentish of deca-

of Propane/ Propene on the All-Siljca R." em
dodspasiriR pRBSR)dar fePaIiing prﬁp%necmﬂsw&fpgv)ﬁ%s hgs gﬁgbz;?lwgcenﬂy

silicate S two- di. si o ey Sysh 0 . .
rogo B W Bt ot Mo PEh oL oy SRS JBEHERY in the

4B | ' ' -S4 DDARMChERE CBnhiREn. 2453-
A@%mjégglil :8’? glg&@rngmﬂ\%grgﬁ\é %g@%gﬁ@?ﬁ Revi Sed Edition,
54 9}9‘9? 168is149staBRH Whicréfriond sitlcad as ptivordimeasiohehpot system

on this matefial indicate that whereas propylene is
foalké by@-tichfbesel tings dteirabexdrally cmrdiméecgatymsawith agominal
WO s 6536 Jah e P b Wi OGS Rk JPPEREIE Revised
B ) a0 PR b 5
inf 3 BB BT R L APl s AEL TuCHOTHE E chthlices

| laleBPexdhtleds USbwEVaNERSIA 6f the DS Rayiadows appbas to be
pr\%ﬁ%ﬁﬁé?hl% eﬁﬁ% syent heti c procedures. Furthernore, Pﬁt

sd dlvsdionheeffoctve tineti@ dimeaerbftfrepylient that dmedidfiision rates are very
density (17.6 T/1000 A3) suggest that R has .only a

lowi, it dloiis capliciead to wrdestigblydphg adsaspiier Ard dessuption cycles. Cycle
Rel.ying an siml ar, arqu ts of non-acidity, .U S .

diafieneanda PrECRYa bsgeduerd by ATEOBRAC AT LItos it st size, but
0 1PO- 14 (A r r.add

s sanes e PR APaRSTE Fith e BAARY sG] iecdures.

Fllth& Stk RO $9 AdthehARbRAIRS (PEPdnd%h8 high framework density (17.6

T/1000 A%) suggest that DD3R has only a limited capacity for adsorbing propylene.

[0011]  Relying on similar arguments of non-acidity, U.S. Patent Nos. 6,293,999
and 6,296,688 disclose the use of AIPO-14 (AFN) for separating propylene from
propane. Although AIPO-14 possesses a set of three-dimensional interconnecting 8-
ring windows, only one of them is large enough to allow the passage of propylene;
therefore, AIPO-14 effectively has a 1-dimensional diffusion system for
hydrocarbons and it exhibits relatively low adsorption capacity. Moreover, with a
nominal window size dimension of only 3.3A x 4.0A (Atlas of Zeolites Framework
Types, Fifth Revised Edition, pages 36, 37, 2001), the diffusion of propylene should
be slow and associated with undesirably long adsorption cycles. Further, the above
two patents reveal that AIPO-14 exhibits adsorption hysteresis, behavior that
indicates that not all of the propylene is desorbed at low temperatures. This feature



ring windows, only one of themis |arge enough to

al l ow t he passage of propylene; therefore, AIPO 4
webdosot476kl y has a -di nensi onal diffusion systeen/i82004/032222

hydrocarbons and it exhibits relatively | ow adsorption

capacity. Mreover, with a nom nal w ndow size

di mension of only 3. A x 4.0A (Atlas of Zeolites

Framewor k Types, Fifth Revised Edition, pages 36, 37,

2001), the diffusion of propyfene shoul d be sl ow and

associ ated wi th undesirably | ong adsorption cycl es.

Further, the above two patents reveal that AIPO 4

exhi bits adsor ption hysteresis, kg)ehaw or that
beaomnesedassinantat lawer empestturaseaipd SyTt seduces ﬂwe@“&qa@a ra*fermble

t This feat
45O BipaDta arLs georsses e ¢ denbeser GRrdkony
reversi bl e adsorption by ~60% and t hus decreases the
[(ﬁf&fz ct L}ggn %ﬁen%@l : ' gecgécge%?f?%aie (%u t?séo Eﬁllt eﬁfica zeolites
Shé R/ &y Ridh PG zVe%'lil‘e fBr&He kiﬂdtféaseéﬁl%ﬂoh%tfﬁ% §’1'éﬁe from

netl c “separation of propylene from propyl ene/ pr opane
plfﬁpyﬂeﬂ opfié hrixtuines. t Whileithe two lpucasiiealzedkites, S§-C8BAMand ITQ-
and I TQ 3, have desirable properties - i.e., high
3;Imve<ﬂaesufabl¢| propeitiss--rigt chigh ratias eff diffasonsiatd paramemry and

adsor pt capacities: they are ver |ff|clt and
saligfagta 8989%?%9%@-- this Atasyerydi ﬁgqtﬂbart @fRensive to

st b b DGRk mBie g e ccent

i nvention, the potassiumform of deal um nated SSzZ- 3

B@EF@S@MMARWUF hem INVERTIEN Ve for the
| ene and propane

t hrough a uni que conbi nation of diffusion rate

[00d33t arThaiccordpacs with thepreséreineeaition) éret preassiuribink of
the situation with DD3R or Al PO 14, with the present
desdeminaded SSZ lcﬁ hasrsiepfovrd to h@m@zﬁfecﬂw fcprrtbp Hﬁﬁlé -hased

not onl r than for ane, Hﬁ"
SCPAFALLO YBPX n?] 3@% PE3DE HhrQug |a 1q‘1}¢oqqmb1natlon of diffusion rate
(3} ga&tg aﬁgélg}? akd eﬁéﬁﬁaf }ﬁ%hﬁésst. h@ltllﬂger ﬁle%&ﬁgt%ﬂ &J?I!hl D3R or

AIPO-14, with the present material the diffusion rate constant for propylene is not
only much higher than for propane, it is at the same time also high enough to allow

short adsorption/desorption cycles that are economically viable.

[0014] In particular, the instant invention is related to a method for kinetically
separating a light hydrocarbon mixture comprising at least two components by
preferentially adsorbing a first component on a zeolite adsorbent comprising 8-
member rings of tetrahedra as the pore opening controlling hydrocarbon diffusion
and alkali metal cations balancing a framework charge, wherein a second
component is not preferentially adsorbed. The novel process comprises contacting
the light hydrocarbon mixture with a zeolite adsorbent having a SiO,/Al,O; ratio
greater than 50 and less than 200 and further having a diffusion rate at least 50

times greater for the first component as compared to the second component, and



[0014] In particular, the instant invention is rel ated
to a nethod for kinetically separating a |ight
whgasoeashon nm xture conprising at | east two CRPOPUSENG/E32222
by preferentially adsorbing a first conponent on a
zeol i te adsorbent conprising 8- nenber rings of
tetrahedra as the pore opening controlling hydrocarbon
di ffusion and al kali netal cations bal ancing a
framework charge, wherein a sgcond conponent is not
preferentially adsorbed. The novel process conprises
contacting the light hydrocarbon m xture with a
zeolite adsorbent having .a SiO/Al ratio greater than
tien repev aringsatilnast ope @b firsi compongal phiescgend gempanent. The

rate at least, 50 t]j eat.er .for.the fifst,conponent
picderged panita asonet SS2oh SaURpat Ghio B HATADRE
recovering at |east one of the first component or the

nd i
EE5T) PTRIRRn SHRrRofatief deAMibhing HRGIERE adcorbent
befoYeMd éUhtﬁéﬂﬂghﬁé}?.C DR HrSRfred €@t YA d8iluftinithes Et%ﬁ'cbh?rises
adsorbent before the contacting step. It is preferre
stehmiing the tholiteiadsvabéntg st ep conprises steamng the

zeolite adsorbent. BRI EF DESCRI PTI ON OF SEVERAL VI EW5

OF THE DRAW NGS [0016] Fiqure 1 illustrates the
BRIGHT BESGRIBTION OFBEYERAL VAEWS QF-EHE-DRAWINGS

adsorption/deSOQFtion cycl es of prgperEe over

Z- Si O. =20 353 80.kPa., [ 0017 .
T Beb GubisielS thaBbrinruf SRR B AGRiyar Blbgpsive
SBAFA0R RYD SERL g rR leR RIACASRI03 A 1220) a0 353

K &l@80 ¥ehy sl ow desorption of propylene due to strong
interaction wwth the potassiumcations in the
zeolites. [0018] Figure 3 illustrates the benefici al )
[0 ct Fighee Dillpstratesi ddsorption/ddsortinn eyaléoohpropytend dyer alkali
th t ' d th id.d [ f

nmté@?ch;&en ?é',%zg@e(s%g/ilg&ﬂzo) ateggg 'fé Ialtljc? 88 kPa. It demonstrates

the relatively slow desorption of propylene due to strong interaction with the

potassium cations in the zeolites.

[0018] Figure 3 illustrates the beneficial effects the higher silica-to-alumina ratio
produced by the steaming and the more rapid desorption of propylene, compared

. with that shown in Figure 2, due to the concomitant lower alkali metal cation
concentration, on the adsorption/desorption cycles of propylene over dealuminated

K-SSZ-13 (SiO»/ALOs=160) at 353 K and 80 kPa.

[0019] Figure 4 shows the rate of propylene desorption from K-SSZ-13
(Si0,/A1,05=20) at 353 K and 80 kPa. This figure illustrates the slow desorption
of propylene referred to in Figure 2.
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deal um nated K-SSZ-13 (SiO /A =160) at 353 K and 80

kPa. [0019] Figure 4 shows the rate of propyl ene

desorption fromK-SSzZ-13 (SiO /A =20) at 353 K and 80

kPa. This figure illustrates the slow desorption of

propylene referred to in Figuge 2.-8- [0020] Figure 5

shows the rate of propylene desorption from

deal um nated KSSZ- 13 (SiO /Al =160) at 353 K and 80

ure illustra

kPa. This fi es the fast desorption_ of

[}y | %gwfee'? shqwsy theoraterpép@wbens.dep@wzlpp ffco Butealgninated K-
SROQLS RS ARLEN o0k B8R 805 BstRl 3RS e fos
AGiich SLPRPeACS B PERIIPS. B0PRI50% 1« and a3

K and 80 kPa. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[02973] Hieatd 6 Slsows theo@staatate of pﬁgiyﬂérﬁﬁo@aeélafrﬁgat@a eSSZ-13

medi um pore or snall pore and, in nost cases, th
(SiaMBO;sY6)eatsS S3fK sndiB0AdA. i t es are accessed via 12-
menbered rings (or larger), 10-nenbered rings or

8- menber.ed rings (or sma)ler), respectively. [0024]
[0622] z e diiguies’ sHOWHihe IFH?%}éW%t% Af RERRang ¢ Iaala¢¢¢i§sSSZ-13

(Sl £ 76t g e eptl 353 SBBTRRL "2y 5t o by T ger

hydr ocarbons. A | arge nunber of zeolites have

D%ﬁmgggﬁs;g}ggpﬁoﬁmwrﬂ Tgﬁl‘l‘ﬁdl‘@r gest ring
; 8- menber ed
ring or small-pore zeolites. [0025] The Structure
[(Ihnmi s A clitef areenmbelynadidsified asZaegd-pererasitiatp@e or small-
as
pore and, in most cases, the channel systems of such zeolites are accessed via 12-
membered rings (or larger), 10-membered rings or 8-membered rings (or smaller),

respectively.

[0024] The zeolites of this invention have 8-membered rings of tetrahedra as
diffusion controlling ring size, thereby excluding access to the pore system by
larger hydrocarbons. A large number of zeolites have 8-membered rings of
tetrahedra as the largest ring size. These zeolites are referred to as 8-membered

ring or small-pore zeolites.

[0025] The Structure Commission of the International Zeolite Association has
assigned three letter structure type codes to all zeolites of known structure.
Frequently, the different names have been assigned to materials having the same
structure type, such materials being referred to as isotypes. This may occur in cases
where the materials have a composition different from the material that was the
basis for the original assignment of the structure type code. A list and description
of these 8-membered ring structures is found in U.S. Patent No. 6,488,741 B2 to



assigned three letter structure type codes to all
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structure type, such materials being referred to as
i sotypes. This may occur in cases where the materials
have a conposition different fromthe material that
was the basis for the original assignnent of the
structure type code. A list ghd description of these
8-nmenbered ring structures is found in U S. Patent No.
6,488,741 B2 to-9- Ason and in the Atlas of Zeolite
Structure Types by WM Meier, D.H dson_and Ch.
ORarrnddhdhe ABus eﬁ%@@ljl‘elﬁg&mw‘@mw Wslk- &deier, AL @lson and

Chaseariusbar, Hinear J00P e HHSCIF BN DT FREiJipth qapgorated by
tructure.type code CHA, which is derived fromthe
refRrgfice ¢

Theral chabazite. SSz-13, an isotype of the
CHA structure type, is of particular interest in the

[Oﬂﬁﬁge nof ﬂb\‘ﬁéﬁlhpﬁrterggﬁn%ﬁféséﬁﬁfrﬁéﬁtibﬂ Retheasruenf s &fpe code

because it has relatively high adsorption capacity for
CHAQRYhiehés derivietDfront e zeottchameral dirabezits. MBS EH Idhaln isotype of

channel system The CHA isotype SSZ- 3 is of interest
thb €t Asstruicturiegypey ¢ ofiparsiculea diteyest yin theapresend inventiomelhe CHA
stEyefTe Ao &S COBHIPSHD: Bor At APV gD arpYRLSRIPBELty for
Chapazi t SZ i [Le§
PiBRRerT A0eg e 300 Bt A ek RN oRr shappel svptempy, The CHA
1s§8@2§%2§?% ogfrﬁ&% t Tk%%%e it8¢ mudhQoreteddily 8y fthksided than the

ones) . 7] Other preferred adsorbents

piReeiliRaCHAe Kot FefeGedrorhe Bi-OHWYS (Sea8.IhAuresy “Conversion of
relatively high SO :Al ratio and are substantially
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efficient, I -termopperation of the adsorption

P%f%@ggsfhsld’fh%%g%? 'qnfeégl that the adsorbent have either
essentially no acidity

[0027]  Other preferred adsorbents are zeolites having 8-member rings that have

a relatively high SiO, :A1,0; ratio and are substantially acid free. Relatively high
Si0,:ALO; ratio is defined as a ratio of at least 50 and less than 200, more
preferably at least 80 and less than 180. For efficient, long-term operation of the
adsorption process, it is critical that the adsorbent have either essentially no acidity
or sufficiently low acid activity such that polymerization of olefins does not occur.
Acidic sites in the adsorbent will result in polymerization of the desired olefins that
would require thermal activation to remove. Accordingly, the term "substantially
acid-free" is used herein to encompass zeolites that do not polymerize olefins in a
manner that would prevent long-term operation of the adsorption process. In
addition to the cost of the thermal treatment, there is a substantial time requirement

as well, both of which would significantly reduce operating efficiency.



or sufficiently low acid activity such that

pol yneri zati on of ol efins does not occur. Acidic sites
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desired olefins that would require thermal activation

to renove. Accordingly, the term"substantially

acid-free" is used herein to enconpass zeolites that

do not polynerize olefins in a manner that woul d

prevent |ong-termoperation gfy.the adsorption process.

In addition to the cost of the thermal treatnent,
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[0029] In the present case, acidity is reduced by performing a dealuminating
step to reduce the aluminum content of the zeolite adsorbent. The preferred
method of dealuminating is to steam the adsorbent, preferably at a temperature
between 923 K and 1123 K, more preferably between 973 K and 1073 K and most
preferably between 973 K and 1023 K, and at a water pressure between 50 kPa and
202 kPa, for a time period between 1 minute and 20 hours.

[0030] The discovery that substantially acid-free zeolites having 8-member rings
and Si0, : AL,O; ratios of between 50 and 200 make good adsorbents for separation
of propylene from hydrocarbon mixtures is of considerable practical importance.
While pure silica zeolites of the CHA and ITE structure types are operable, specific
zeolites of this type may currently be very expensive to prepare in small quantities,

let alone the large amounts of zeolite that would be required for industrial



preferably between 973 K and 1023 K, and at a water
pressure between 50 kPa and 202 kPa, for a tine period
wheddoetted m nute and 20 hours. [0030] The di SPOWES2004/032222
that substantially acid-free zeolites having 8-nenber
rings and SiO:A Oratios of between 50 and 200 nake
good adsorbents for separation of propylene from
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i mportance. Wile pure silicg;zeolites of the CHA and
| TE structure types are operable, specific zeolites of
this type may currently be very expensive to prepare
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propyl ene and propane.  This distinction can be )
unerpeciodiy bighdifiwstanabdistinetiom belavesn niRpy¥ne eadinsapane. This
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and preferably greater than 50, would be an effective
refeed & herirmasRpbdnis well aecdptet motp aniethit sty sdsorbent having an
[ 0032] Where the R val ue for propyl ene/ propane ) .
Ragreatacthas Afiang prefeeatdy igseater tham et Woyﬁtb@i an effective separation
referential adsorption of one conponent over the
a E@Qtf%aWQ'WR&WSwE@WES | ess or greater than

unity, there is a preferential selectivity by the A
[@@g;?%e%cg&ﬁg@\/gygléeggfpfoWI&%ymBﬁ% Sopro8&iks unity, there is no

kinetic-based preferential adsorption of one component over the other. As the

value of R, becomes less or greater than unity, there is a preferential selectivity by
the adsorbent for one of the two components. When comparing an Rp, value of
propylene relative to propane, a ratio larger than unity indicates that propylene is
adsorbed more rapidly than propane within the adsorbent, while an R, value less

than unity would indicate that propane is adsorbed more rapidly by the adsorbent.

[0033] The zeolites of the instant invention have a R ratio (propylene/propane
diffusion ratio) of greater than fifty (50), preferably greater than one hundred (100),
more preferably greater than two hﬁndred (200), and most preferably greater than
five hundred (500).

[0034]  Another important adsorbent property of a zeolite is its adsorption

capacity, for example as measured by the weight of hydrocarbon adsorbed per unit



propyl ene relative to propane, a ratio |arger than
unity indicates that propylene is adsorbed nore
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value less than unity would indicate that propane is
adsorbed nore rapidly by the adsorbent. [0033] The
zeolites of the instant invention have a Rratio
(propyl ene/ propane diffusion ratio) of greater than
fifty (50), preferably greatgr_than one hundred (100),
nore preferably greater than two hundred (200), and
nost preferably greater than five hundred (500).
[ 0034] Anot her inportant adsorbent groperty of a

weightiof edserbent Adeolifsls eapacity i pdsprd peepdedeis eommonly defined

o peitpaber Qi el ROBU RIC SASSBH e BETe &b 2eP ity to
oG B GrE o ER gl S EATPRTLdo R Ate 3t D6y R IBFA Gonge i
ﬂfétarﬁggﬂt'lg frbg%lgnéaaédr}aba byhé ee&itb.L O phifichd, the Kigfer the

t he o Itional change in the anmount o
ad¥oppiide ogparityptteddsithetddsortent thae will bepequicedtesepabete a given
hi gher the adsorption capacity, the |ess the adsorbent
quardity wif hlydbesareyy i@ dptopysensarenan adsgrivant hgvingt giveofRp. The
hydrocarbon, e.g., propyl|ene, for,_an adsorbent havin )
2eplijes/ahihis Mvenic Ard WSO Ghaigfesizes baithes figh gdsgrpon capacity.

SERTERRD I o 8L r b PR PSR FRTEM Yo

I ARy | ¢ :
A PITRYEER PSR ORRRECILYpRy R D) i
mi¥eaFedad38s K36 K proslylan® prmsyhrerst §0rleks uTke atolde'siprapylene
The zeolite's propylene adsorption capacity at that

adsemptiomtapasityrad thatdéempemtire andgiressaine 15 prefarablytatdenst 60 mg/g
/g and por referably 100 ng/g. [0035] A high R
aﬂr}gm@ée PEGfP@é?EY E%mgfgachi eve effective kinetic

separation, and a noderate to high adsorption capacity
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moderate to high adsorption capacity is required to make the separation process

D

practical.

[0036] In the description that follows, unless otherwise stated, adsorption
capacities will be the values determined when the feed is at 80 kPa pressure and the
adsorption chamber is at 353°K. Several different modes of making these

measurements are feasible.

[0037] Another method of controlling a zeolite's behavior as an adsorbent for
use in practicing this invention is by controlling the size of the zeolite crystal.
Adjusting this size, typically achieved during the zeolite synthesis step, will allow
the attainment of practical cycle times, as in a pressure swing adsorption process
(PSA process). The adsorption rate varies as the inverse square of the radius of the

crystal. Thus a change in the average crystal size by a factor of 10 will produce a
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zeolite crystals enployed. It is preferable that the
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configuration in which this invention may be practiced. Similarly, a single or
multistage membrane-based process may be employed. The processes of this
invention can also be conducted in flow type (continuous) systems, e.g., a
continuous chromatographic type operation. In such a flow type system, a
hydrocarbon mixture is passed through a bed containing at least one of the class of
zeolites described above. Because of the high selectivity of the zeolites used in
practicing this invention, the desired propylene is adsorbed or retained in the bed,

while the remaining hydrocarbons are removed. By this process, a highly purified

propylene product can be obtained.

[0039] The exact temperature at which the novel processes of this invention are
conducted will depend upon the type of separation method employed. The

temperature, however, must be maintained below that at which a chemical reaction



configuration in which this invention may be
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the subsequenf desorption step, separation and
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process 1s rep
illustrates the potential of 8-membered ring zeolites for kinetic based separation.

These teachings may in turn be applied to other light hydrocarbon pairs, or
mixtures, and cases where either the fast adsorbing or the slow adsorbing

component is the desired higher value product.

[0042] 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
desorption of the adsorbate from the bed(s). Conversely, 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
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separation. These teachings may in turn be applied to

ot her |ight hydrocarbon pairs, or m xtures, and cases

where either the fast adsorbing or the slow adsorbing

conmponent is the desired higher val ue product. [0042]
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in the adsorbent regeneration phase. [0043] The

therioveistiorof t he i nvention may be operated as either a
pressure sw ng adsorption (PSA) process or a

t enperature sw ng adsorpti.on A) process, ln either .
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During the vessel pressurization step, the pressure in the adsorption vessel in which

D

i

the adsorption process is carried out is raised to the desired adsorption pressure.
During the adsorption step, a gasleous propylene- and propane-containing 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 desorption step is carried out by reducing the pressure
in the adsorption vessel so as to desorb the propylene-enriched product gas from

the vessel.

[0045] The temperature at which the adsorption step of the PSA process is
carried out is not critical but in general will be between 173 K and 523 K, or more

preferably between 253 and 473 K. The upper temperature is selected so as to



[0044] In general, the basic steps in a PSA process

may i nclude an adsorption vessel pressurization step,
wa@pooatisspt i on step and an adsorbent desor pti oPCHUSN4/032222
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carried out at temperatures in the range of 173 K to 523 K, preferably in the range
of 253 K to 423 K, while the adsorbent desorption step is carried out at
temperatures in the range of 323 K to 523 K, preferably in the range of 323 K to
473 K. The adsorption and desorption steps in a TSA process are typically carried
out at propylene partial pressures in the range of 10 kPa to 500 kPa, and preferably
in the range of 20 kPa to 300 kPa.

[0047] The invention will now be more particularly described with reference to
the following Examples and the accompanying drawings, which are presented for
illustration purposes only and are not to be taken as limiting the present invention

in any way.



[0046] Where the process of invention is operated as a
TSA process, the adsorption step is carried out at a
WO 200s4476€3rper at ure and an adsor bent desor pti onPET/ER2004032222
carried out at a second higher tenperature so as to
desorb the propyl ene-enriched conponent adsorbed
during the production step. In this case, the
adsorption step is carried out at tenperatures in the
range of 173K to 523 K, prefgrably in the range of 253
Kto 423 K, while the adsorbent desorption step is
carried out at tenperatures in the range of 323 K to
523 K, preferably in the range of 323 Kto 473 K The
Eé@gﬁﬂﬁ&ﬁﬁn and desorption steps in a TSA process are
typically carried out at propylene partial pressures

in the.r ehof 1 1 o 500 kPa, and preferably in
E t 00 kPa. [0047] The invention
wi Il now be nore particularly described with reference
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3.22), 16 mMl 1.0M NaOH, and 32.0 mMl H O The

preparation yiel ded 4.8 S%as-synt hesi zed SSzZ-13.
Example 2: Preparation of H-SSZ-13

[0049]  The as-synthesized SSZ-13 of Example 1 was calcined in a tube furnace
at 813 K in N, for 2 hours and then at 813K in air for 2 hours. The calcined SSZ-
13 was then ammonium exchanged with 1.0 M NH,Cl to yield NH4-SSZ-13. A
temperature programmed ammonia desorption measurement on NH,;-SSZ-13
indicated Si0,/ Al,O5 = 20. NH4-SSZ-13 was calcined in a muffle furnace at 773
K for 2 hours to produce H-SSZ-13 (Si0,/Al,05 = 20).

Example 3: Preparation of K-SSZ-13

[0050] A sample of K-SSZ-13 (SiO,/Al,05 = 20) was prepared by exchanging a
portion of the H-SSZ-13 (20) of Example 2 with 1.0 N KCl, during which the pH
of the slurry was adjusted to 8.3 using 0.1 N KOH solution.
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Example 5: Preparation of K-SSZ-13

[0052] A sample of K-SSZ-13 (Si0,/Al,05 = 160) was prepared by heating, in
air, the sample of Example 4 for 60 minutes at 813 K and then exchanging the
product with 0.5 N KCl, during which the pH of the slurry was adjusted to 8.4
using KOH solution.

Example 6: Adsorption of Propylene over H-SSZ-13

[0053] In athermogravimetric analyzer, propylene (80 kPa) was passed over the
H-SSZ-13 (Si0,/A1,05 = 20) of Example 2 at 353 K for 120 minutes. The weight
.gain was 100 mg/g. The gas flow was then switched to 100% nitrogen gas and
continued for 240 minutes. The weight gain remained at 100 mg/g, indicating that
over this acidic zeolite, propylene polymerization occurred, which produced high
molecular weight hydrocarbons that do not desorb or decompose at 353 K. See

Figure 1.
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rate of desorption (see Fi ?ure 4). The very rapid
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followed by a much slower rate of desorpt1on (see Figure 4). The very rapid

weight loss, occurring during the first 2 minutes and over the weight range of 99
mg/g down to 68 mg/g, corresponds to desorption of ~31% of the propylene. The
onset of the slow sorption corresponds to a sorption level of ~1.1 C,; /K", consistent

with strong interaction of the one propylene molecule with each potassium ion.

Example 8: Adsorption of Propylene over K-SSZ-13 Three Times

[0056] Inathermogravimetric analyzer using the K-SSZ-13 (SiO»/AL,O; = 20)
of Example 3, the experiment of Example 7 was repeated 3 times. For each of the
three cycles the amount of propylene adsorbed or desorbed was essentially identical
for a given elapsed cycle time indicating that there is no propylene polymerization

at these conditions over this adsorbent (see Figure 2).

[0057] Examples 7 and 8, which use K-SSZ-13 (Si0»/Al,03 = 20) as the

adsorbent, show that converting the H-form of the zeolite to the potassium form
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sorption corresponds to a sorption level of ~4.4 C; /K"

[0059] Examples 7 and 9 show that dealumination of the zeolite is important in
producing an effective adsorbent. An effective adsorbent must exhibit a relatively
rapid adsorption and desorption of propylene. We see that the dealuminated K-
SSZ-13 (Si0y/Al,05 = 160) in Example 9 desorbs 62% of its sorbed propylene very
rapidly compared with only 31% for K-SSZ-13 (SiO,/Al,05 = 20) in Example 7,

which was not dealuminated.

Example 10: Adsorption of Propylene over K-SSZ-13 Three Times

[0060] In athermogravimetric analyzer using the K-SSZ-13 (SiO,/Al,0; = 160)
of Example 5, the experiment of Example 9 was repeated 3 times. For each of the

three cycles, the amount of propylene adsorbed or desorbed was essentially
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relatively rapid adsorption and desorption of

propyl ene. W see that the deal um nated KSSzZ- 3

(Si(VAI O = 160) in Exanple 9 desorbs 62%of its

sor bed propyl ene very rapl dl y conpared with only 31%

for K-SSz- 3 (SIO /A = 20) A Exanpl e 7, which was

not deal umi nated. Exanple 10:“"Adsorption of Propyl ene

over K-SSZ-13 Three Tinmes [0060] In a

t hernogravi netric anal yzer using the K-SSZ- (SiO/A =
identicalffoER ghyaneclapsadesaaRipeit timerindisnting Ahgll thex inao propylene

palSBERtzaGet ot HsF candliols Predihis Sdhetbi deraigire 3.

essentlally 21- identical for a given elapsed sorption

[dp())lg?;rrer Kol 1649 4 PB‘TO H98Lov, aﬁ%oﬁ{r&‘a IgecpﬁH -form of the

Ion at these cond I'ons ove Sor bent

dda3@Rirtit 817 &o1Re to HROSIthsdmablaeldnidRtts 1he ﬁb%&iﬁh‘ﬂon reaction.

that converting the Hformof the deal um hat'ed zeolite
Thus, bpeinp alkasishetal tochangkiisram affestivemepnd pfrelimimdtingnthe

reaction. Thus, again, alkali netal exchange is an
P@V@@@l%@éﬁﬁ@l@fp@h’lﬁmnatl ng the propyl ene

poI yrrerl zatl on problem Exanple 11 Di ffusion Ratio of
[ fu3|on

'U
-
o
HD
=
[T°D
H
>
(@]

UU IIIII

t he K—SSZ- 3 (Sl(VAI O = 160) of Exarrple 5 wer e

R o e Lt e L

Ka88Y7-98 q@E@z/Aﬁz?;hg 1603 0f Bxanipld 5 {wete nd Ul Wing dAQdsorption
a

Dr2 v of is material for the adsorption of
upnkpapparats 3ThekD AN dale fuPthei adsarpdion dﬁprﬁpybmeht fsa&K and 80

Flgure ZJZQ , The ratio of the propyl ene/praopane
kRp wrlu8 xol rece (senEigme §)-i $he 3T Yé@%@? ﬂE&mﬁﬁﬂé&l for the

dﬁPE}gSt ] ergntaﬁ‘é‘at SOPKAld o Rba N 1 KUS1U5 LS S(see Figure 7). The

ratio of the propylene/propane diffusion rate constants is 1125.

[0063] Example 11 illustrates that the ratio of diffusivities of propylene and
propane is very large (Rp = D(C37)/D(C5°) =1125) as required for an effective

kinetic-based separation scheme.

[0064] The invention having been thus described, it will be apparent that the
same may be varied in many ways without departing from the spirit and scope of

the invention, as defined by the following claims.
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required for an effective kinetic-based separation
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described, it will be apparent that the sanme may be
varied in many ways w thout departing fromthe spirit
and scope of the invention, as defined by the
followi ng clains.-22- CLAIMS : . A process for
kinetically separating a |ighfy_hydrocarbon m xture
conprising at |east two conponents by preferentially
adsorbing a first conponent on a zeolite adsorbent
conprising 8-nmenber rings of tetrahedra as the pore
(1, § controlling hydrocarbon diffusion and al kal
metal cations bal ancing a framework charge, wherein a
second conponent is not preferentially adsorbed, the

process ¢ i 3 ' ' .
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contreliing diydserabon diffusien sed alkalicupisbertinns tmlantiag a framework

Brgerphrenn & Serod Comp et i htefsehtyly §0moed de process
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process of any preceding claim

further cgpypri §bﬁl§cﬁﬁ7§ﬂﬁi1 tHy dESR O Akt witlethe zeolite
zeol i te adsor bent, deal uninating step occurring

adzeibent halweng a SlOg/A1203 ratio greater than 50 and less than 200 and having a

diffusion rate at least 50 times greater for the first component as compared to the
second component; and
(b)  recovering at least one of the first component and the second

component.

2.  The process of any preceding claim wherein the zeolite adsorbent is

of a CHA structure type.

3. The process of any preceding claim wherein the zeolite adsorbent is

SSZ-13.

4,  The process of any preceding claim further comprising the step of
dealuminating the zeolite adsorbent, the dealuminating step occurring before the

contacting step.

5. The process of any preceding claim wherein the dealuminating step

comprises steaming the zeolite adsorbent.



contacting step. 5. The process of any preceding claim
wherein the deal um nating step conprises steam ng the
waQembiotegendsor bent . - 23- 6. The process of any PCEHUSI41032222
clai mwherein the steamng step is perforned at a
tenperature between 923 K and 123 K and a water
pressure between 5 kPa and 202 kPa. 7. The process of
any preceding claimwherein the alkali metal cations
are introduced by ion exchangg at a pH greater than
7.5. 8. The process of any précedi ng clai mwherein the
cations are selected fromthe group consisting of
sodi um potassium and cesium 9. The process of any
precedi ng claimwherein the first conponent conprises
propy%ene and the second conponent caqQnpr.ises ggopane.

The process of any preceding claim wherein the steaming step is
performed at a temperature between 923 K and 1123 K and a water pressure

between 5 kPa and 202 kPa.

7.  The process of any preceding claim wherein the alkali metal cations

are introduced by ion exchange at a pH greater than 7.5.

8. The process of any preceding claim wherein the cations are selected

from the group consisting of sodium, potassium and cesium.

9.  The process of any preceding claim wherein the first component

comprises propylene and the second component comprises propane.



