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5 corresponding methyl branched isoolefins, a process to

prepare improved olefin isomerization catalysts and a
process to regenerate these catalysts as to maintain high
catalytic performance.
Background Art
10 Increasing demand for high octane gasoline blended
with lower aliphatic alkyl ethers such as octane boosters.
and supplementary fuels has created a significant demand for
isoalkylethers, especially the Cg to c, methyl, ethyl and
isopropyl-t—-alkyl ethers, such as methyl t-butyl ether,
15 ethyl t-butyl ether, t-amyl methyl ether and t-amyl ethyl
ether. Consequently, there is an increasing demand for the
corresponding isoalkene starting materials such as
isobutene, isoamylenes and isohexenes.
To obtain isocolefins, it is desirable to convert
20 an alkene such as normal butene, to a methyl branched
! alkene, for example isobutylene, by mechanisms such as
structural isomerization. Such converted isoalkenes then
can be reacted further, such as by polymerization,
etherification or oxidation,. to form useful products.

_25' __' Normal alkenes containing four carbon atoms (1-butene,
trans-2-butene and cis-2-butene) and five carbon atoms (1-

pentene, trans-2-pentene, and cis-2-pentene) are relatively

- inexpensive starting compounds. Conventionally, butenes and

amylenes, including to a minor extent isobutylene and

30 isoamylene, are obtained as a by-product from refinery and

petrochemical processes such as catalytic and thermal

cracking units. Butenes are also conveniently obtained from
butadiene via selective hydrogenation.

Zeolite materials, both natural and synthetic, are

35 known to have catalytic properties for many hydrocarbon
processes. Zeolites typically are ordered porous
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these materlals are known in the art as "molecular sieves"

and are used, in addition to catalytic properties, for '
10 certain selective adsorptive processes. Zeolite molecular
sieves are discussed in great detail in D. W. Breck, Zeolite
Molecular Sieves, Robert E. Krieger Publishing Company,

Malabar, Florida (1984).

Generally, the term "“zeolite" includes a wide
15 variety of both  natural and synthetic positive
ion-containing crystalline aluminosilicate materials,
including molecular sieves. They generally  are
characterized as crystalline aluminosilicates which comprise
networks of Sio4 and A104 tetrahedra in which silicon and
20 aluminum atoms are cross-linked in a three-dimensional
frémework by sharing of oxygen atoms. This framework
structure contains channels or interconnected voids that are
occupied by cations, such as sodium, potassium, ammonium,
hydrogen, magnesium, calcium, and water molecules. The
25 water may be removed reversibly, such as by heating, which
leaves a crystalline host structure available for catalytic
activity. The term *zeolite", as used in this specification
is not limited to crystalline aluminosilicates. The term
as used herein also includes silicoaluminophosphates (SAPO),
30 metal integrated aluminophosphates (MeAPO and ELAPO), and
metal integrated silicoaluminophosphates (MeAPSO and
ELAPSO). The MeAPO, MeAPSO, ELAPO, and ELAPSO families have
additional “elements included in their framework. For
example, Me represents the elements Co, Fe, Mg, Mn, or 2Zn,
35 and El represents the elements Li, Be, Ga, Ge, As, or Ti.

An alternative definition would be "zeolitic type molecular
sieve" to encompass the materials useful for this invention.
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known to have catal ytic properties for many hydrocarbon processes.

Zeolites typically are ordered porous 2 crystalline alum nosilicates
having a definite structure with cavities interconnected by channél’s.” The
cavities and channel s throughout the crystalline materi al generally can be

of such a size to allo ctive separ on of_hydrocarbon
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Breck, Zeolitgdiecslanichensse Bebar kpecilfiiceaay Ridhéshing §espaibed
are, for example, 2Zeolite A (US-A-2,882,243), Zeolite X
(US-A-2,882,244), Zeolite Y (US-A-3,130,007), Zeolite ZSM-5
(US-A-3,702,886), Zeolite ZSM-11 (US-A-3,709,979), Zeolite
ZSM-12 (US-A-3,832,449), Zeolite 2SM-23 (US-A-4,076,842),

10 Zeolite ZSM-35 (US-A-4,016,245 and 5,190,736), Zeolite ZSM-
48 (US-A-4,375,573), and Zeolite NU-1 (US-A—4,060,590).
Various ferrierite zeolites including the hydrogen form of
ferrierite, are described in US-A-3,933,974, 4,000,248 and
4,942,027 and patents cited therein. SAPO-type catalysts

15 are described in US-A-4,440,871. MeAPO type catalysts are
described in US-A-4,544,143 and 4,567,029; ELAPO catalysts
are described in US-A-4,500,651, and ELAPSO catalysts are
described in EP-A-159,624.

Two general classes of cataiysts have been

i 20 disclosed as particularly useful for isomerizing a linear

olefin to the corresponding methyl branched isoolefin.

These include the porous, non-crystalline, refractory oxide-

| based catalysts and the zeolitic-based catalysts.

Examples of the porous non-crystalline, refractory

25 oxide-based catalysts are aluminum oxides, such as gamma or

| eta Al,0,, halogenated aluminum oxides, aluminum oxides

: reacted with silicon, boron or zirconium, various phosphates
and solid phosphoric acids. Examples of these catalysts are
described in Us-A-5,043,523, 3,531,542, 3,381,052,

30 3,444,096, 4,038,337, 3,663,453, GB-A-2,060,424 and V.R.
Choudhary and L. K. Doraiswamy, "Isomerization of n-Butene
to Isobutene, I. Selection aof Catalyst by Group Screening,"
Journal of Catalysis, volume 23, pages 54-60, 1971.
Illustrative of the borous, non-crystalline refractory oxide

35 catalysts are those described in US-A-4,434,315, which
discloses as a cat_alyst a porous alumina acidifiéd with a
critical amount of silica and containing 5 ppm to 2% by
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Mal abar, Florida (1984). Generally, the term"zeolite" includes a w de
vari ety of bot h nat ur al and synthetic  positive ion-containing
'crystalline alum nosilicate mterials, including nolecular sieves.
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and ELAPO), amngh nours by these methods although this is still less than
10 "desirable.

With regard to the zeolitic-based catalysts, the
most significant use has involved the large pore zeolites
or those having two or more-dimensional interconnecting
channels. Examples of the zeolitic-based catalysts having

P 15 two or more-dimensional interconnecting channels used in
association with catalytic metals are US-a-4,435,311 (with
platinum and palladium) and US-A-4,503,282 and 5,227,569
(impregnated or ion-exchanged with metals including Group

VIII). Examples of the large pore zeolitic-based catalysts

20 used in association with catalytic metals are Us-a-5,227,569
(impregnated or ion-exchanged with metals including Group

VIII) and US-A-4,392,003 (with gallium).
_ More recently, EP~-A-523,838 has disclosed a
process- for structurally isomerizing a linear olefin to its
25 corresponding methyl branched isoolefin using as a catalyst
a zeolite with one or more one-dimensional pore structure
having a pore size small enough to retard by-product
- dimerization and coke formation within the pofe structure
and large enough to permit entry of the linear olefin and
30 allow formation of the methyl branched isoolefin. It has
been found that as these small pore catalysts are used, they
acquire a build—up' of coke which diminishes their
effectiveness. To restgre their effectiveness, the
catalysts must be regenerated at elevated temperatures by
35 contact with oxygen. This 'regeneration process, when
repeated a pumber'df times, can have an adverse -effect on

the catalyst life and selectivity.
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metal integrated silicoal um nophosphates (MeAPSO and ELAPSO). The
MeAPO, MeAPSO, ELAPO, and ELAPSO fam |lies have additional elenents included
in their franmework. For exanple, Me represents the elenents Co, Fe, M,
Wnh, or Zn, and El represents the elenents Li, Be, G, Ce, As, or Ti. An

alternative definition voul depgsic cdeol i $ég11¥pe mobgeyh Ets'e¥3ge5%ratlon
enconpass the materials useful for this _invention. Devel opnents 1n the

art have resultePeTAHEE f ot fimt AEACEAPRANY 1y nt'idieRisthY | t PE cFptpdntife
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desianat od b JEhisl 3P hhek, BRYSRLCTlR SAOAS o ZEgltes HhLEh
(US-A-2, 882, 248)tenpeptature ¢F 30 2C 862, 2445C. Zeblreeent(USeAd3;$3@pgaiﬁ,
Zeolite ZSMShigher regeneration temperatures. For example, a
regeneration temperature as high as 850°C is used in the
commercial regeneration of zeolitic catalysts used in Fluid
catalytic Cracking ("FCC"). J. Biswas and I.E. Maxwell,
10  Applied catalvsis, 63 (1990), .197-258.

However, it has been found that use of such high
regeneration temperatﬁres such as those used in FCC-results
in poor olefin isomerization performance (lower selectivity)
for a medium pore-sized zeolite—based-catalyst such as those

15 described in EP-A-523,838. According to US-A-5,043,523, a
regeneration temperature of 550°C to 600°C is recommended
for a modified alumina catalyst of the type discussed
earlier. The modified alumina catalyst was reported to show

| no signs of deactivation after undergoing 10 regeneration

20 cycles at 575°C by method A of Example 29. However, it has
been found that zeolitic catalysts with one or more one-
dimensional pore structure having a pore size small enough
to retard by-product dimerization and coke formafion within

the pore structure and large enough to permit entry of the
25 linear olefin and allow formation of the methyl branched
isoolefin, such as ferrierite, 2SM-22 and ZSM-23 tend to
lose selectivity for the formation of isocolefins when
exposed to temperatures of greater than 565°C for a period
of time such as those used in the regeneration processes

! 30 mentioned above.

Commercialization of an isomerization process to
manufacture isoolefins from linear olefins has been further
hampered by longer regeneration times compared with run
life.

35 It is therefore an object of the present invention
to provide a medium pore zeolite catalyzed process for
structurally isomerizing a linear olefin to its
[ —
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(US-'A- 3,702, 886), Zeolite ZSM 11 (US-A-3,709,979), Zeolite ZSM 12

(US- A-3,832,449), Zeolite ZSM 23 (US-A-4,076,842), Zeolite ZSM 35
(US-A-4,016, 245 and 5, 190, 736), Zeolite ZSM 48 (US-A-4,375,573), and
Zeolite NU-1 (US-A-4,060,590). Various ferrierite zeolites including the

hydr ogen form,&éré Sh&ELH eme%ﬁglds%hbh%ﬁ urgolé'ie%ﬁ% W 7 fmp L0008 %gx%l and

4,942,027 and. p S Cit ein. SAPO-type catalysts are descn

US- A- 4, 440, 87111f%AP6/P§?pef%<&%¢f§/sFgg&r@reééeﬂ Heke naUS ALEDS 1 Amprovedy
4,567,029, ELN¥r&£¥l afys18. are described in US-A-4,500,651, and ELAPSO
catalysts are. described | - -159h 24. Two general classes of catalysts
have been di = ul for isonerizing a linear olefin
to the correspondi ng melhylthe aproeesssed] ethis Tmosntiwi udset her poores,

non-crystal|l 'i‘fn éffchfaéﬁﬁr[é' %'&%vehl%%%du%reai X§B§ne§&‘2ﬂn bRk k| ﬁsg%ed

catal ysts. or ous non- crysta Ine, refractory oxi
catal ysts arel%ﬁLRﬁ#ﬁﬁﬁEﬁmﬂbgg weEhy hsbxanehedr isoolefins by Ycontact at
a temperature of from 200°C to 650°C with an isomerizing

catalyst comprising (i) at least one zeolite having only in
10 one dimension a pore structure having a pore size small
enough to retard by-product dimerization ahd coke formation
and large enough to permit entry of the linear olefin and
allow formation of the methyl branched isocolefin, (ii) a
binder and (iii) up to 15% by weight of coke oxidation-~
15 promoting metal. After a period of operation, when
sufficient coke has deposited on the catalyst in an amount
to reduce the activity and/or selectivity of the catalyst,
the catalyst is separated from the olefin feed and contacted
at a temperature of less than about 565°C with an oxygen-
20 containing gas, with an oxygen partial pressure of from
about 0.001 to about 40 atmospheres, for a sufficient time
to substantially burn off the coke, i.e, to regenerate the
catalyst. After regeneration, the isomerization process is
continued. .
25 Enhanced cétalyst operating performance is
obtained when the catalyst is prepared by mulling together
: a zeolite powder, alumina powder, water, a peptizing amount
of acid and a compound of the coke oxidation-promoting
: metal, forming the mixture into a pellet, and calcining the
30 pellet at a temperature of from 300°C to 700°C.
The use of palladium and/or platinum as the coke

oxidation-promoting metal %f particularly desirable.
Brief Description of the Drawings
FIG. 1 is a plot of the selectivity to isobutylene
35 obtained over a number of regenerations with Catalysts A (no
palladium) and B (with palladium).
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eta [err], halogenated al um num oxi des, al um num oxi des reacted with
.silicon, boron or zirconium various phosphates and solid phosphoric acids.
ExXanpl es of whegeviat al ysts are descri bed in US A-5, 043, 52BCT/US94/14863

.3, 531, 542, 3,381, 052, 3,444,096, 4,038,337, 3,663,453, GB-A-2,060, 424 and
V. R Choudhary and L. K. Doraiswany, "lsonerization of n-Butene to
Isob:Jtene, . pSehétedopesicr@atdlons o fH\Ene mf&rmmfdﬁmﬁh @l of

Catal ysis, volunme 23, page 4 1 strative of_the
non-crystalline refract grqyﬁgga ggrc‘a%g ngtéh%#e ro%%esb%sfcorr 5 Q{cq-'l{&ally
US- A- 4, 434, 315gsomaréRings@ oddpeas aﬂcﬁm y§p a-‘qa)roq-’sra‘anqnﬂanacmmﬁm&d
with a criticgl,aBREA! Oisééiéﬁﬁ-x andleant ahith NO12£BPM idhgese bYthan4 wajght
of palladium chrom um, nicke anese or silver

i npr egnatsi on. r?ﬁ@“ﬁgét&P“tﬁémF|§?Edg %F%lg%d by 1ncorporat13§ into the

catalysts certain coke oxidation-promoting metals in an

effective amount to promote burning off coke from the
catalyst and carrying out the regeneration at a temperature
of less than about 565°C until the coke is substanﬁially
10 burned off. By incorporating the coke-oxidation-promoting
metals and use of specific oxygen partial pressures, it has
been found that the regeneration of the medium pore zeolites
can be effected at lower temperatures which does not
substantially negatively affect the performance of the
15 catalyst. In addition, it has been found that by preparing
the catalyst by consolidating and calcining a mulled zeolite
powder, alumina powder, water, peptizing agent and coke
oxidation-promoting metal provides an olefin isomerization
catalyst with enhanced performance.
20 Isomerization Catalysts
The isomerizing catalysts used in the process
comprise “a zeolite as hereinafter defined, a binder and a
coke-oxidation promoting metal. '
| The zeolite used in the isomerization catalyst of
25 this invention comprises a zeolite having one-dimensiocnal
pore structures with a pore size generally greater than
about 0.42 nm and less than about 0.7 nm. Zeolites with
this specified pore size are typically referred to as medium
or intermediate pore zeolites and typically have a 10-member
30 (or puckered 12-member) ring channel structure in one
dimension and an 9-member or less (small pore) in the other
dimensions, “if any. For pufposes of this invention, a one-
dimensional pore structure is considered one in which the
channels having the desired pore size do not interconnect
35 with other channels of similar or larger dimensions; it may
also be considered alternatively as a channel pore structure
(see US-A-3,864,283) or uni-directional sieve.

eet Has Been R laced

T ll\




said to result in a nore facile catalyst regeneration. Al of these

catal ysts deactivate rapidly. According to the exanples in GB-A-2, 060, 424,
run [ife can be as short as 1 to 2 hours. Oten, it is necessary to add

st eam and hal ogen conmpounds to prolong the catalysts run life. DE-A-3,

000, 650 states that theThen | zkeldae becaﬂalpa'sed Prte BRHIEDS rratceln;pﬁ&;ekmurs
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R A T e
' dimensions permit dlmerlzatlon and trlmerlzatlon of the
alkene. Hence, zeolites having a pore diameter bigger than
10 about 0.7 nm in any dimension or having a two or three-
dimensional pore structure in which any two of the
dimensions has a pore size greater than about 0.42 nm are
generally excluded. Zeolites that contain only small pores
(less than about 0.42 nm) do not allow for diffusion of the
15 methyl branched isoolefin product.
Examples of zeolites that can be used in the
processes of this invention, which have one-dimensional pore
structures with a pore size between about 0.42 nm and 0.7
nm, include the hydrogen form of ferrierite, AlPO-31, SAPO-
20 11, SAPO-31, SAPO-41, FU-9, NU-10, NU-23, 2SM-12, 2ZSM-22,
ZSM-23, ZSM-35, ZSM-48, 2ZSM-50, 2ZSM-57, MeAPO-11, MeAPO-31,
. MeAPO-41, MeAPS0O-11, MeAPSO-31l, and MeAPS0-41, MeAPS0-46,
[ ELAPO-11, ELAPO-31; ELAPO-41, ELAPSO-11, ELAPSO-31, and
ELAPSO-41, laumontite, cancrinite, offretite, hydrogen form
25 of stilbite, the magnesium or calcium form of mordenite and
partheite. The isotypic structures of these frameworks,
Xnown under other names, are considered to be equivalent.
An overview describing the framework compositions of many
of these zeolites is provided in New Developments in Zeolite
30 Science Technology, "Aluminophosphate Molecular Sieves and
the Periodic Table," Flanigen et al. (Kodansha Ltd., Tokyo,
Japan 1986).
Many natural zeolites such as ferrierite,
heulandite and stilbite feature a one-dimensional pore
35 structure with a pore size at or slightly less than about
0.42 nm diameter. These same zeolites can be converted to
zeolites with the desired larger pore sizes by removing the
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(i nmpregnated or ion-exchanged with nmetals including Goup VIIl) and
US-A-4,392,003 (with gallium. Mre recently, EP-A-523,838 has. disclos
process for'etTucturaIIy isomerizing a linear olefin toits déﬂf%§ﬁﬁﬁaﬁng
~nmethyl branched isoolefin using as a catalyst a zeolite with one or nore
one-di nensi onal pore structure having a pore size small enough to retard
by- product di szsoctated akkatbkmetalnari sakailineneanshpoesadt bychgtdossd

| arge enough { tdt Of utéhe dd edforBhAf idrPR%cRlangy,f ebtainan 19f
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catal ysts aref@%bﬂwe@hé%’a&@&Q%?%¥%Rﬂddfﬁb ¥ielgketiRi FHEM HrSi Stiks
effectivenessyygrodén rshdr esekheelq. ¢f festaveess, sz3henﬁﬁtalpsnsomast be
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effect on thetgat ahydtogehe &fndmselmntriaspgndingly enlarges the pore
diameter. It is understood that the pore diameter or
"gize", as used herein, shall mean the effective pore
diameter or size for diffusion. Alternatively, natural
10 zeolites with too large a pore size, such as mordenite, can
be altered by substituting the alkali metal with larger
ions, such as larger alkaline earth metals to reduce the
pore size.
Particularly preferred zeolites are those having
15 the ferrierite isotypic framework structure (or homeotypic).

See the Atlas of Zeolite Structure Types, by W.M. Meier and
D.H. Olson, published by Butterworth-Heinemann, third

‘ revised edition, 1992, page 98. The prominent structural
features of ferrierite found by x-ray crystallography are
20 parallel channels in the alumino-silicate framework which

are roughly elliptical in cross-section. Examples of such
zeolites having the ferrierite isotypic framework structure
include natural and synthetic ferrierite (can be
_orthorhombic<n:monoclinic), Sr-D, FU-9 (EP-B-55,529), ISI-6
25 (US-A-4,578,259), NU-23 (EP-A-103,981), 2ZSM-35 (US-A-
4,016,245) and ZSM-38 (US-A-4,375,573). ZSM-22 and ZSM-23
are also useful zeolites for preparing the catalysts.
Hydrogen form of ferrierite (H-ferrierite) is the most

preferred zeolite and considered to be comprised
30 substantially of a .one-dimensional structure having an

elliptical pore size (<0.54 nm and >0.42 nm) large enough

to permit entry of the linear olefin and diffusion of the

methyl branched isoolefin and small enough to retard coke

formation. Methods for preparing various H-ferrierite are
35 described in US-A-4,251,499, 4,795,623 and 4,942,027.
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5 A typical zeolitic catal yst regeneration tenperature is described
in "Chemstry O Catalytic Processes", B. C Gates, J. R Katzer and G C
A Schuit, McGawHi Il Book Conpany, New Yor k (1979) at pages 1-5 as a
terrperature of [err] to [erri. A recent_trend is toward higher

ar

regeneration tenperat UF¥EPlary qhprzeqddfif} dhaty angyady &FFSHlt ERpeFBture
as high as [ eifdcdssasest tﬁlbhﬁnﬁéﬁﬁ'ﬁbﬁlmcllﬁﬂéms omsef-20e0ktibAite,

catal ysts us in Fluid. Ca tic Crac BIS S

Maxwel |, Appl ee%%a’t"a‘?’y’s"r% %‘Yf’fé’s?(?) lgf# %§8 ﬁ%)’v@{ 2pdalifa e%%g?ound
that use of such high rByeneealibe tuaqsﬂerm utbsssusw&aé‘—ltOMDsles useubine®CC
results gn pqs’itrplgffgffée H,Za&aaa RO SBAGSS (AéJV‘@rb§ﬁééPth¥té¥iai0r

medi um pore-si zed zeollte-based catalyst such as those descri bed
EP- A- 523, 838.SWkeahtr n@eﬁﬁawwwms}%z&nc&u‘ie natural clays, such as
bentonite, montmorillonite, attapulgite, and kaolin;

alumina; silica; silica-alumina; hydrated alumina; titania;
zirconia and mixtures thereof. The weight ratio of zeolite
10 and binder material suitably ranges from about 60:40 to
about 99.5:0.5, preferably from about 75:25 to about 99:1,
more preferably from about 80:20 to about 98:2 and most
preferably from about 85:15 to about 95:5, measured as the
oxide in the final catalyst. Preferably the binder is an

15 alumina.
Binders useful in preparing the catalysts can be

any of the conventional alumina-containing binders known in

the art for preparing catalysts and include, for example,

the aluminas, the silica-aluminas and the clays. For

20 purpose of the invention, "alumina-containing binder"

| include any of the alumina precursors including the hydrated

forms of alumina such as bayerite, boehmite and gibbsite

which upon calcination are converted to alumina (Al,0;).

Preferred silica-aluminas are the amorphous silica-aluminas

25 such as the aluminosilicate gels and sols. Non-limiting

examples of suitable clays include bentonite, hectorite,

kaolin, and attapulgite. The binders are provided in any

convenient form, such as powders, slurries, gels or sols.

When the binders are provided as slurries, gels or sols, at

30 least part of the water used in the mulling step will be
found as part of the slurry, gel or sol.

Preferred binders are aluminas such as
pseudoboehmite, gamma and bayerite aluminas. These alumina
binders are readily available commercially. LaRoche

35 Chemicals, through its VERSAL® family of aluminas and Vista
i Chemical Company, through its CATAPAL® aluminas, provide
suitable alumina powders which can be used as binders in

10 Sheet Has Been RTlaced
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regeneration tenperature of [err] to [err] is recommended for a nodified

al um na catal yst of the type discussed earlier. The nodified alum na
cdt al yst was“repdtfed to show no signs of deactivation after Under§oritg 10
regeneration cycles at [err] by nmethod A of Exanple 29. However, it has
ibeen found that zeolitic catalysts with one or nore one- dinensional pore
struct ure havpngparpogetle zinstait crlphsto. r cuarfbiryed rdducina ibiBrdezs | on
and coke for [ Lt i r (-1 u rJy
ntry of the Toroa ardih R R G e A e P e 1Y

i sool efi n, su¢ReBseXeFR$EPRtES WANM tBRdN ST hight diFRasd ik [Bdaming v

for the fornmabbpaeps. | socddn Nhifien cpdinsas €0 AMERdr e @Raiflle
than [err] for a eigod of tinme such as thqQse used in the regeneratiaon
processes nen??Bﬁgﬁ BoTeTARS el PaVP2 8t AORPEF SATYi O5neretE oriiedds to

manuf act ur e i $noh eddrusotiscacid nédspersfipnshhadinhean turidheontanteicsd day
| onger regene&fiiggrgﬁngéugggygﬁgg gktgcﬁan(acetic) per gram of Al,0,.

The metals incorporated into the catalysts are
metals that promote the oxidation of coke in the presence

10 of oxygen at a temperature greater than, say, 250°C. While
the term "metal(s)" is used herein in reference to the
oxidation catalysts, it will be understood by one skilled
in the art that these metals will not necessarily be in the
zero-valent oxidation state and in many cases will be in the

15 higher oxidation states. Thus "metal" can encompass the
metal oxides as well as the metals.

Preferably the coke oxidation—-promoting metal used
is a transition or rare earth metal. More preferably the
coke oxidation-promoting metal is selected from Groups 1B,

20 VB, VIB, VIIB and VIII of the transition metal series of the
Periodic Table (CAS version). Specifically preferred are
P4, Pt, Ni, Co, Mn, Ag and Cr. Most preferred are the noble
metals such as palladium and/or platinum.

The amount - of the coke oxidation-promoting

25 metal(s) introduced generally varies up to about 15% by
weight, preferably with a lower range of from about 5 parts
per million (“ppm") to an upper range of up to about 15% by
weight, preferably up to about 10% by weight, more
preferably up to about 5% by weight measured as the metal

30 per total weight of the catalyst. When using noble metal
such as platinum and/or palladium, smaller amounts rather
than larger - amounts -of -metals incorporated into the
zeolite/binder are preferred. Preferably the noble metals
will be present in an amount from about 5 ppm to about 2%,

35 preferably about 1%, more preferably about 3000 ppm, most
preferably about 2000 ppm by weight, basis metal, of the

final catalyst. In a most preferred embodiment, it is
T




life. It is therefore an object of the present invention to provide a
medi um pore zeolite catal yzed process for structurally isonerizing a |inear
olefintoits 6 correspondi ng net hyl branched isoolefin with inproved
run |ife and/or reduced regeneration tine and with inproved overall yield.
Di scl osure of pheflerred: iton use tite maebs smetalsi $ni anermoomto s fifii gimrd:

linear ol efinsgps CPP%EBESO' én{ef?{@éﬁﬂ NG GRARM U1 kb dofst in the
correspondi ng net hy ranched 15oolefins by contact at a tenperatufe o
from[err] to PeriPrwenRea®fi hfergatianty Tt afyRicabhprati agopt) 38 Ppsudio
one zeolite hawkdgtORbY HPmONEiEheRNEhAINEs Y ©IHH itHiin ahdydY R 13 480hsh,
stze Snal% say, greater than about 2% by weight, can have an adverse
effect on the run life, olefin isomerization activity and/or
selectivity of the catalyst.
The catalysts can be prepared by a variety of
methods. In one embodiment, the zeolite is combined with
10 the binder and formed into pellets by e.g. compaction or
extrusion and the catalytic metal added by impregnation of
the pellet with a metals-containing solution. After
impregnation the catalyst may be calcined at a temperature
A from about 200°C to about 700°C, preferably about 200°C to
15 about 650°C, more preferably about 300°C to about 600°C.
In a preferred embodiment zeolite powder and
alumina powder are mixed, say by mulling, with water and one
or more compounds of the catalytic metal and the resulting
mixture is formed into a pellet. It has been found that the
20 catalysts prepared by mulling have superior olefin
isomerization performance than the catalysts prepared by
impregnation. The term "mulling" is used herein to mean
mixing of powders to which sufficient water has been added
to form a generally thick paste and wherein the mixing is

i 25 accompanied by concomitant shearing of +the paste.
Commercially available mullers such as the Lancaster Mix
Muller and the Simpson Mix Muller can be used to carry out
the mulling.

Preferably the pellet is formed by extrusion.

30 When extrusion is used, a peptizing acid(s), such as nitric
acid, acetic acid, citric acid or a mixture thereof, may be
added to the mixture; optional extrusion aids such as
cellulose derivatives, e.g., METHOCEL® F4M hydroxypropyl
methylcellulose, can be utilized. The amounts of peptizing

35 acid used can .- readily be determined by 1routine

| experimentation and will be an amount that provides a

plastic, extrudable material. The term "“pellets" as used

2 This Sheet Has Been Replaced
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enough to retard by-product dinerization and coke formation and | arge
enough to permt entry of the linear olefin and allow formati on of the

nmet hyl branched isoolefin, (ii) a binder and (iii) up to 15% by wei ght of
coke oxidation- pronoting netal. After a period of operation, when
sufficient cokerkas depobet & anyt Skapatalystrnnsnlemyund the meaiveeid he
activity and/ S Vi f the catalyst, the catalyst is separated from
the olefin fegﬁeaﬁéﬁggggg%¥§§’at a tenperature of |ess than about [err]

wi th an oxygen- cont ai nThgsgapeldietis axeorpdainsst Atala gramprratyre {Fioem

about 0.001 tg 88QEl 49m3atTBEPABLET, 20008 PHlferladly 1B dpsubsigiicd al |y
burn off the coke, i.e, to.regenerate the catalyst. After regeneration, the

i someri z&t i onBRFBcBEETRT AR | At Cat BPyeR 9PPEE: i erYortRince
i s obtai ned when &abeutat abpst,i s prlefeaatdydy upul KHong dleget heoee Ceolmde

powder, alumn eggwg&%yﬁagﬁ, a%oqlq,_ptsizzgj,r&g_ anount of acid and a conpound of

the coke oxid8 FON-pro
Hydrocarbon Feed Stream

The hydrocarbon feed useful for this invention

10 comprises one or more linear alkenes containing at least 4,
typically 4 to 10 carbon atoms. Also considered as linear
alkenes for purposes of this invention are those alkenes
containing a linear alkene segment with four to ten carbon
atoms which can penetrate the 2zeolite catalyst for a

15 distance effective to allow isomerization. Thus, the entire
molecule need not be small enough to fit entirely within the
pore structure of the catalyst. The preferred feed contains
butylene and/or amylene. |

As used herein, n-butylene includes all forms of

20 n-butylene, for example l-butene and 2-butene, either trans-

2-butene or cis-2-butene, and mixtures thereof. As used

herein, n-amylene or n-pentene, includes 1-pentene, cis- or
trans-z-ﬁentene, or mixtures thereof. The n-butylene or n-
amylene used in the processes of this invention is generally
25 in the presence of other substances such as other
hydrocarbons. Thus, a feed stream used in the process of
the invention containing n-butylene or n-amylene also can
contain other hydrocarbons such as alkanes, other olefins,
diclefins such as butadiene, aromatics, hydrogen, and inert
30 gases. Typically, the n-butene feedstream used in this
invention contains about 10 to about 100 wt.$% n~butene. For
example, a fractionated hydrocarbon feedstream from a fluid

catalytic ciécking effluent stream generally contains about
20 to about 60 wt.% normal butene and a hydrocarbon effluent
35 from an ethers processing unit, such as methyl-tert-butyl
ether (MTBE) generally contains from 40 to about 100 wt.$%
n~butylene. Feed streams from steam crackers and catalytic
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metal, forming the mixture into a pellet, and calcining the pellet at a
tenperature of from[err] to [err] The use of palladiumand/or platinum as
t he coke oxidation-pronmoting netal is particularly desirable. Brief
Description of the Drawings FIG 1 is a plot of the selectivity to

| sobut yl ene obt@iawcery enay amngE:oﬁf:aﬁ.ﬁgeI&eJ@a:Tajrmi&lWidxﬂbtﬁaiSiqutslléaflas,

pal | adi um anddgér?é ﬁsﬁ‘ {:’8" 5'89 ko wt % e elsed f%%%cré&' c)%ura P, Pe

Preferred Enbo has een f oun a process
i soneri zing a |foweesd cWesehet:a;lmeéymtheg%n@Ithggr@tmlm%mé‘érmsbbnearn
with run life Inpgsied han the regeneration time can be obtai ned by

|ncorporaggng into the catal ysts_certain coke. oxidation- pr?c ting metals in
an As “used herein, the term "Yalkene" ~ can be

alternatively referred to as "olefin"; the term "linear" can
be alternatively referred to as "normal”; and the term
"isoolefin" can be alternatively referred to as "“methyl
branched isoolefin." Similarly, butene and butylene refer
10 to the same four carbon alkene; and pentene and amylene
refer to the same five carbon alkene.
Isomerizing Conditions
In the processes of this invention, a hydrocarbon
stream comprising at least one linear olefin is contacted
15 with the catalytic zeolite under isomerizing conditions.
Generally, the hydrocarbon stream is contacted with the
above-described zeolite catalyst in a vapor phase at a
suitable reaction temperature, pressure and space velocity.
Generally, suitable. reaction <conditions include a
20 temperature of about 200°C to about 650°C, preferably from
about 340°C to about 600°C, an olefin partial pressure of
above about 0.5 atmosphere, and a total pressure of about
0.5 to about 10.0 atmospheres or higher, a hydrogen/-
hydrocarbon molar ratio of 0 to about 30 or higher, (i.e.
25 the presence of hydrogen is optional) substantially free of
water (i.e., less than about 2.0 wt% of the feed), and a
hydrocarbon weight hourly space velocity (WHSV) of about 0.5
to about 100 hr '. These reactor streams can contain non-
reactive diluents such as. alkanes. The hydrogen can be
30 added directly to the feed stream prior to introduction of
the isomerization zone, or the hydrogen can be added
directly to the isomerization zone.
The preferred reaction temperature will depend on
a number of factors such as the pressure, the weight hourly
35 space velocity and the feed composition. Lower molecular
weight olefins such as butenes are best isomerized at a
! - temperature from about 200°C to 650°C while higher molecular

I
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ef fective anount to pronote burning off coke fromthe catal yst and carrying
out the regeneration at a tenperature of |ess than about [err] until the
coke is substoait’?dr'ly burned off. By incorporating the Sttt
coke-oxi dation-pronoting netals and use of specific oxygen partial
pressures, it has been found that the regeneration of the nedi um pore
zeolites can heigit celefilns progebesdnpaanenizedithloves heppsypSua®S-al |y

negatively affect tde Rebl YENCEsGhet fedaktl ¥Stitengbddidd Ofront albdutbeen

found that b prcefggrl ng_the catal yst by consolidating and calci nén%oa

mul | ed zeol i t209pHndd®  aPANFma PBAdICXSRERr 25FepPPTFng- SRME 128G tke @

oxi dat i on- pr opgipaatetel £pervabBeatan ooleef ito iSuoTE) zatived cettbyes andh

enhanced performance. lsgnerization Catalyst he. | sonerj zin t al

used in $he rﬁ%’bteesréesco%?i seesg: zleso‘?l??rel%%gh%?elzna mé’rer%eéfulzrr?e ,JS%anirlf%Eelr% and

a coke- oxi datiaor ®rboo600gCnetrdd .mitked zpehtepegs@ad hexands ofirenzabout

catalyst of 200°C to 525°C. The use of a lower temperature may be
advantageous when the olefin is easily cracked to lighter
unwanted species at higher temperatures. It is also possible

to achieve higher concentrations of desired products at

10
lower temperatures due.to the fact that higher equilibrium
concentrations of the branched olefins are possible at lower
temperatures.
In a typical butene isomerization process scheme,
15 a butene vapor stream is contacted with such catalyst in a

reactor at about 320°C to about 650°C, at an olefin partial
pressure of about 5 psia to about 50 psia and a total
pressure of about 15 to about 100 psia and at an olefin
based WHSV of about 0.5 to about 50 hr’l. Preferred
20 isomerizing conditions are carried out at a temperature of
between about 320°C to about 450°C, at atmospheric pressure,
and an olefin based WHSV of between about 2 to about 25 hr,

more preferably between about 2 to about 15 hrl.
In a typical pentene isomerization process schene,

’ 25 a pentene vapor stream is contacted with such catalyst in

! a reactor at about 250°C to about 550°C, at an olefin
partial pressure of about 3 psia to about 100 psia and a
total pressure of about 15 to about 100 psia and at an
olefin based WHSV of about 1 to about 100 hr'!. Preferred

30 isomerizing conditions are carried out at a temperature of
between about 300°C to 425°C, at atmospheric pressure, and

i an olefin based WHSV of between about 2 to about 40 hr.

' For a mixed feed, reaction conditions between

pentene and butene isomerization processes can be used

35 depending on the desired product mix.
The process of the present invention can utilize
a combination of zeolites with one or more one dimensional
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this invention conprises a zeolite having one-dinensional pore structures
with a pore size generally greater than about 0.42 nmand | ess than about
0.7 nm Zeolites with this specified pore size are typically referred to as
nmedi um or internediate pore zeolites and typically have a 10-nmenber (or
pucker ed 12- neRbEe) strugtulesndavimaud were nsbae gbabhsepaughdten rebaasber

or less (small ppopebahBtEhe iteR8z BN HRScokd AOYmatPbnPHiBAS@ReOpdr S
i nvention, a one- dinensional pore structure is considered gne_in which the

channel s havi n§tEHECHES| 1 LR P8 ERGYE dFhoPFAEEr cORRE¥t U t HRR hertnear
channel s of si 6ilk8in@s)| angegifdfu®bshons;thée iwyolndSin erahns @gr.ed These
al .ter.”at'g?' y fé%m%iﬁg%%%'s pc%[]r? fﬁéfﬁ&%re ééff?@? ’é‘f3’n§$(%<128?¢l.of£tes and
uni -di recli onal”"sTéve. 8 e “zeolite atalyst “preferably ~conprises
stacked bed arrangements of catalysts such as ZSM-22 and/for
ZSM-23 over ferrierite, ferrierite over 2SM-22 and/or ZSM-
23, and ZSM-22 over 2ZSM-23. The stacked catalysts can be
of the same shape and/or size or of different shape and/or

: 10 size such as 1/8 inch trilobes over 1/32 inch cylinders for
§ example.

Regeneration Conditions
During the process, some coke will be formed on

! the surface of the catalyst. The surface of the catalyst

f 15 where the coke builds up can be on the-oute; surface and/or

f on the surface of the inner channels and/or pores of the

catalyst. Therefore, it is advantageous to regenerate the

catalyst when at least say 2%, preferably at least 5%, more

preferably at least 10%, but before 30%, preferably before

20 25%, most preferably before 20 % by weight of coke build-up
(basis uncoked catalyst).

When the build up of coke on the catalyst reaches

a point where it needs to be regenerated, the hydrocarbon

feed to the catalyst is stopped, any strippable hydrocarbon

25 on the catalyst is stripped with hot gas (e.g. nitrogen

and/or hydrogen) and the catalyst is then regenerated by

subjecting it to heat treatment with an oxygen-containing

gas. Stripping may be carried out at high pressure, under
vacuum, or by cyclin§ the reactor by pressurizing and

30 depressurizing. Stripping may be combined with
regeneration. For example, in a butene isomerization
process, the butene feed can be stopped and replaced with
hydrogen feed during stripping and then replaced with an
oxygen-containing gas stream for regeneration.

35 The regeneration is preferably carried out at a
temperature of at least 250°C. It is important that the
temperature during regeneration remains lesz than about

16 This Sheet Has Been Re;
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substantially only zeolites with the specified pore size in one dinension.

. Zeolites having pore sizes greater than 0.7 nm are susceptible .to
 upwant ed aromati zation, oligomerization, al kyl ati on, coki ng and

“by- product formation. Further, two or three-dinensional zeolites having a

pore size greater than 0.42 nmin t or nore di si ons roLg,

di meri zati on 28 G i%??%‘%l?&ﬁ 6?#&*‘8%8&?%@%3‘? z&?‘?‘?e@éa& ng°5%por e

di amet er bi ggarefidrablaboultess 7 timann any edquehsitm oabdati n§OA°Ewo Best

three- di nensiroépérﬁ%gf g&g%céﬂ% i&""@éﬁgla% tWe o hbe-8i IRyasipngihas a
an abou ) g

pore size gré’ater t nm ar ener al excluded. Zeolites that
contai n only efffatisg & Eudstanisialib RuUmn ££Ireg5oK6: °B BE FBrface

f'ihf I usi o bof 6;!13 @Eéhﬁhoﬁéan(:f&tdl%ﬂ.efi n phedugbkeExany| esegdrdeal i aes
ong-d??rgnsfolr%ebﬁﬁ?prbéjﬁ ﬁi%ﬁee@% tgp‘lﬁg’r Iﬂggggéﬁ%’gi%m@ﬁgraho&c}%\{%@. Z?iﬁlr%tand |
0.7 nm i ncl usfe thiee cbker hgenehoveadobaéed romrtilte indlth@13tot8APEGoke level
when olefin isomerization or the linear olefin feed is
stopped (hereinafter "weight % of the initial coke").
10 Preferably the regeneration is <carried out until
substantially all of the coke is burned off. Substantially
all of the coke is regarded as burned off when more than
about 95 weight % of the initial coke 1is renmoved.
Regeneration temperatures are measured as average reactor
15 environment temperatures (i.e;, bulk gas phase temperatures)
| and occasional spikes for a short period of time or within
i a portion of the reactor environment is within the process
| of the invention. Coke as herein used is any oxidizable
carbonaceous material. The coke levels can be conveniently
20 measured by the coke test described below.

Preferable regeneration conditions include system
pressures_ranging‘frontgreater than 1 atmosphere, preferably
from about 20 psig, to about 1500 psig, more preferably to

f about 1000 psig. The higher system pressure allows greater
25 oxygen partial pressure while maintaining the ratio of

oxygen to the inert gas used to absorb heat.

The oxygen partial pressure relative to total
system pressure is typically from about 0.001 atmosphere,
preferably from about 0.01 atmosphere, to about 40

30 atmospheres, preferably to about 10 atmosphere. Preferably
the oxygen-containing gas is air, although the air may be
diluted with additional _nitrogen, carbon dioxide or
hydrocarbon combustion products.

It is important in the regeneration process to

35 avoid runaway exotherms above the desired maximum
regeneration temperatures in the reactor. This can be

5 - accomplished by a suitable increasing of the temperature or
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11, - SAPO 31, SAPG-41, FU-9, NU- 10, NU 23, ZSM 12, ZSM 22, ZSM 23, ZSM 35,
 ZSM 48, ZSM 50, ZSM57, MeAPO- 11, MeAPO- 31, MeAPO-41, MeAPSO- 11, MeAPSO 31,
and MeAPSO 41, MeAPSO 46, ELAPO 11, ELAPO 31, ELAPO 41, ELAPSO 11,

ELAPSO 31, and ELAPSO 41, |aunontite, cancrinite, offretite, hydrogen form
of stilbite, the amgoesiemsing caf cihanchyrgaroicomethdriate cand np&hkehekygenthe
‘isotypic struc : h a r . : ;
‘considered to %Agﬁg(%ﬁfl?%g%eﬁé g kr% %\?\g?lv@ﬁlﬁg%%ﬁgé?ﬁép?{%ﬁgmng?ﬁcggg wn
conposi ti ons ofréarytefobhein 2ecsteady burprefi bg FRKRew PEGEREARENt $Pen

Zeolite SCi enCpedeREpRLPeY - isAbypL1eahesehabe bbtesul surSieyestatd baen-
Peri odi ¢ Tabl e, " Fl ani Kodansha Lt

natural 2eoli P& e§ﬁ€ﬁggagay1?|€?fli( et ke egm(ﬁq-r%?k‘i%ﬂn g€$?%| %gﬁg)e&f‘l\ﬁ/%gya

one- di MeENsi onabfpaeessthact Whout td. B poré sifzehat aatalysght | yTimes whan

cbout 042 1 SLAELEy HACY AR5 |65, SR S95VROES, Brisilibs
from about 10 to about 100 hours. Preferably, no water is
added during the regeneration process of the invention other

! 10 than water present normally in air and/or regeneration gas

| used in the regeneration process.

The regeneration process of the invention-allows
for a smooth and controlled catalyst regeneration. The
regeneration temperature can be sustained and controlled by

15 regenerating the coke oxidation~promoting metal(s)-
containing isomerization catalyst at elevated pressures.

The isomerization and/or regeneration process
accordingly can be carried out in a packed bed reactor, a
fixed bed, fluidized bed reactor or a moving bed reactor.

20 The bed of the catalyst can move upward or downward. The
isomerization process and the regeneration process may be
carried out in the same bed or in separate beds. A
continuous regeneration may be useful for the regeneration
process. Regeneration may also be carried out ex situ.

25 In a preferred embodiment the invention can be
defined as a process for structurally isomerizing a linear
olefin of at least 4 carbon atoms to its corresponding
methyl branched isoolefin which comprises:

(a) contacting at a temperature of from 200°C to 650°C

30 a hydrocarbon feed stream containing at least one said
linear olefin with an isomerizing catalyst comprising (i)
at least one zeolite with one or more one-dimensional pore
structure having a pore size small enough to retard by-
product dimerization and coke formation with the pore

35 structure and large enough to permit entry of the linear
olefin and allow formation of the methyl branched isoolefin,
(ii) a binder and (iii) a coke oxidation—promoting metal,

i8
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9 associated al kali netal or alkaline earth netal by methods known in the
~art, such as ammoni umion exchange, optionally followed by calcination, to

NIAMOVY

'yield the zeolite in its hydrogen form see e.g., US-A-4, 795,623 and
4,942,027. Replacing the associated alkali or alkaline earth netal with the

- hydrogen form correspondingly enlarges the pore djangter,. [t i,
under st ood t hat t H&)poreeas et &ongRcts 2&" the LE%%ghé;rté:ier‘Em sﬁ'd‘l%lh mE38 t he

Sfe 1; Ie_ct ieve p?[g_%tgglq;:’gi{ Hftlr Yok Tldmrildi—fu‘pjhibirolthe sAktfaceabifvEhy, catialysk
ites w oo l.arge ore size, suc It I b
rﬁ% a#ﬁiﬁﬁtﬁﬁggﬁ?%u%ﬂx 8§rf859§f% ggdeEapﬁoﬁlhﬁrEHe y

substituti ng 3¥¥e %A . _ I ONS, "~ suc arger al kal i ne
earth netal s daxalgdicevitte ook egss ze. Particularly preferred zeolites are

those ha;/i ng (c) contacting the thus-coked-catalyst with an oxygen-
containing gas stream at a temperature of from about 250°C
to at most about 565°C for a time effective to substantially
burn off the coke based on the uncoked catalyst thereby
regenerating the catalyst, and

10 (d) repeating step (a) with the thus-regenerated
catalyst.

In a preferred embodiment, steps (a) to (c) can

be repeated at least 3 cycles, more preferably at least 10
cycles before the catalyst selectivity and/or isoolefin
15 production decreases substantially. The isoolefin produced
can be recovered or directly used in another process such
as in a process to produce isoalkylethers as described in
EP-A-523,838 and US-A-5,191,146.
For this process, the catalyst utilized is
20 preferably prepared by the process comprising:

(1) mixing by mulling together zeolite powder,
alumina powder, water, a peptizing amount of
acid and a compound of the coke oxidation-
promoting metal,

25 (2) forming a pellet of the mixture of (1), and

(3) calcining the pellet of (2) at a temperature
of from 300°C to 700°C.

The following illustrative embodiments are
provided to further illustrate the invention.
30 Preparation of the Catalyst

The following examples illustrate methods of

preparation. of the catalysts. Two ammonium ferrierite
powders, ZSM-22 and ZSM-23 powders were used to prepare the
catalysts used in the examples described below. The two
35 ammonium ferrierites were prepared in an identical fashion
and exhibited similar physical and catalytic properties.
Catalysts A, C, E and F were prepared using ammonium-

I
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the ferrierite isotypic framework structure (or honeotypic). See the Atlas
of Zeolite Structure Types, by WM Meier and D.H d son, published by
Butterwort h-Hei nemann, third revised edition, 1992, page 98. The prom nent
structural features of ferrierite found by x-ray crystall ography are

paral | el chanr&gxrierite withniamasldr cat bida aevwal bmivhachatie p6ughlky, a

elliptical |n Ghopseeriddhe BATRLGY 9h/Bud. 369! Leachaviagedt or 297

ferrlerltelsotyplcfranewo struc i ncl ude natura

ferrierite (d2RR Weadfk RoRhbairre crormhberiFARICILY 9f T3 @r(al’_”is- Be3518909)
SI-6 (US-A-4 @:7&5258f zB133e( EP‘@&%QB]-)B,, ASM a3 ( DSwardd hdde 265in§nd

ZSM 38 A-4, 375 573 ZSM 2 f
prepari El?t he cm?%'?l)}ﬁ) e%’f)ﬁte%q?%\ﬁﬁ’%f f%?f?rgr'léﬁeﬂ%%-#%r?i‘éﬁ‘%‘g)srf’gl?he

nost preferredZebRrie andsevfizscdererda cobe 36Gnn2 fed (Wmm:ta)l /& sbda
one- di mensi ongly JINCIYE €, 53VHHE @8 ghb! t'rﬁ@Jex%‘?{ee s°6 £<§9 %E}?;Edof

>0. 42 nnm Iarg7e enough to perhit entry o] I'1 near |n an sl on
of the 3 grams per 100 grams of zeolite. Catalyst H was prepared

using 2SM-22 (also known as Theta-1 and TON) prepared
10 according to the procedures in Example TON-C in EP-A-
247,802, Catalyst I was prepared using ZSM-23 prepared
according to the procedures in Example 2ZSM-23 in EP-A-
247,802,
The catalyst components were mulled using a
15 Lancaster mix muller. The mulled catalyst material was
extruded using a Bonnot pin barrel extruder.
The binder utilized was CATAPAL® D alumina and
METHOCEL® (R) F4M hydroxypropyl methylcéllulose was used as
an extrusion aid.

20 Catalyst A - No Palladium
[ The Lancaster mix muller was loaded with 944 grams

of ammonium-ferrierite (34.2% loss on ignition (“LOI“)
determined at a temperature of 900°C) and 93 grams of
CATAPAL® D alumina (LOI of 25.8%). The alumina were blended

25 with the ferrierite for 5 minutes during which time 78
milliliters of de-ionized water were added. A mixture of
8 grams glacial acetic acid and 78 milliliters of de-ionized
water were added slowly to the muller in order to peptize
the alumina. Ten grams of METHOCEL®(R) F4M hydroxypropyl

30 methylcellulose were added and the zeolite/alumina mixture
was mulled for 15 additional minutes. The extrusion mix had
an LOI of 42.5%. The 90:10 zeolite/alumina mixture was
transferred to the Bonnot extruder and extruded using a
stainless steel die plate with 1/16"™ holes. The extrudate

35 was dried at 120°C for 16 hours and then calcined in air at
500°C for 2 hours. '
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met hyl branched isoolefin and smal|l enough to retard coke formation.

Met hods for preparing various Hferrierite are described in US-A-4, 251, 499,
4,795, 23 and’ 4, 942, 027. 10 Exenplary of zeolites that are not useful
for th processes of this invention |nclude ZSM5, ZSM 20, erionite, Beta,
zeolltg Y, hydrogen forgg Ll dEnLt mfgghi |Ee e wg8qlidge used in
this i fvention is conbi a bi nder
materi bl . Suitabl e refrEBbeckyneastes nine mydd evavasal osdegswith@d hgrans

bentonfte, mopt Midd Qi t Serrdldad 0161 &d3.439! | Bhgal 981 Ngramd | io¥a;
silicatalum na; hydrated_ alumna, titania; zirconia and m xtures_thereof.

The wef ght ra€h L?Bo?}Fﬂlﬁﬁd(BPﬁdEF #8t2F1al Shet apIPipanyas PLERCAsSout
60:40 o abou&lﬁﬁ €hé. Perpietetabkyrf foveahdntitds: dbriagahichotine 156

milliliters of de-ionized water were added. A mixture of

6.8 grams of glacial acetic acid and 156 milliliters of de-
ionized water were added siowly to the muller in order to
peptize the alumina. The mixture was mix-mulled for 10
minutes. 0.20 Grams of tetraapmine palladium nitrate in 15¢

[x]
[

milliliters of de-ionized water were then added slowly as

the mixture was mulled for 5 additional minutes. Ten grams

of Methocel® F4M hydroxypropyl methylcellulose was added and

) the zeolite/alumina was mulled for 15 additional minutes.
| The extrusion mix had a LOI of 43.5%. The 90:10 extrudate
E was transferred to a Bonnot pin barrel extruder and extruded
| using a stainless steel die plate with 1/16 inch holes. The
extrudate was dried at 120°C for 16 hours and then calcined

.o
"N

| in air at 500°C for 2 hours.

| iz - Catalyst B' ~ 100 ppm Palladium by Mulling

j The Lancaster mix muller was loaded with 645 grams
of ammonium-ferrierite (5.4% LOI) and 91 grams of CATAPAL®
D alumina (LOI of 25.7%). The alumina was blended with the
ferrierite for 5 minutes during which time 152 milliliters
of de-ionized water were added. A mixture of 6.8 grams
) glacial acetic acid, 7.0 grams of citric acid and 152
milliliters of de-ionized water were added slowly to the
muller in order to peptize the alumina. The mixture was
mulled for 10 minutes. 0.20 Grams of tetraammine palladium
nitrate in 153 grams of de-ionized water were then added
slowly as the mixturé was mulled 5 additional minutes. Ten
grams of METHOCEL® (R) F4M hydroxypropyl methylcellulose were
added and the zeolite/alumina mixture was mulled for 15
additional minutes. The extrusion mix had an LOI of 43.5%.

(%3]

[ Y]

A
<y

= The 90:10 zeolite/alumina mixture was transferred to the
Bonnot extruder and extruded using a stainless steel die
plate with 1/16" holes. The extrudate was dried at 120°C

e
e
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nor.e preferably from about 80:20 to about 98:2 and nost preferably from
about 85:15 to about 95:5, neasured as the oxide in the flnqklgaL h&g

" Rreferably the binder is an alum na. Binders useful in preparing t

catal ysts can be any of the conventional al um na-containing binders known

in the art for preglrlng catalysts and include, for exanple, the al um nas,
“the silica- & &haps calcigedningads st PAR°FnEakt ? opours.-

"al um na- cont ai ni ng blwﬁiy$ﬂ0¢udes@[ypwfpéhm@iwm memnmgors i ncl udi ng
the hydrated forns of unmi n ayer| e b b whi ch
upon cal cination are é@hve??gﬁ°?o“§? ﬁapfe%afe %%QF &Ped 5| Q 3é%§h1nas
are the annﬂﬁﬁ@uSappropalatenadasssmentagﬂﬂmmqnaﬁmanﬁn¢¢nqs@tg@tsonﬁd
sol s. Non- | iy AL 6P| ek Aly st hb3hg §ba155ml Byluéﬁgﬂenaﬁ%éﬁa@morl te,
kaolin, and attapulgite. The blnders are erVI |n any ﬁonvenlent form

such as powders, slurr% , S A 18dovi ded as
slurries, gels or SOlSRh@Imethod used to prepare Catalyst B was used,

-~ v ‘

with appropriate adjustment of ingredient concentrations,
to prepare a catalyst having 2500 ppm by weight of
10 palladium.
Catalyst E -~ 100 ppm Palladium by Impregnation

Catalyst E was prepared by pore volume
impregnation of Catalyst A. 15 Grams of Catalyst A were
impregnated with a solution containing:

15 1) 0.015 grams of a palladium nitrate aqueous
solution containing 10%wt of palladium and
2) 9.6 grams of absolute ethyl alcohol.
The contact was maintained for one hour at room
] temperature. Then the mixture was dried at 120°C for 16
10 hours and calcined in air at 500°C for 2 hours.

Catalyst F 100 ppm Palladium by Tmpregnation
Catalyst F was prepared in a manner similar to

Catalyst E except 0.0043 grams of Bis(acetylacetonato)
palladium was dissolved in 9.6 grams of absolute ethyl
5 alcohol.

Catalyst G - 1000 ppm Palladium by Mulling

The method used to prepare Catalyst B was used,
with appropriate adjustment of ingredient concentrations,
to prepare a catalyst having 1000 ppm by weight of

p) palladium.

catalyst H-100 ppm Palladium by Mulling
The method used tao.prepare Catalyst B was used

except 2ZSM-22 was used instead of ammonium ferrierite to
prepare a catalyst having 100 ppm by weight of palladium by
E mulling. The zeolite/alumina mixture was extruded using a
Bonnot extruder equipped with a stainless steel die plate

e
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| east part of the water used in the nulling step will be found as part of
the slurry, gel or sol. Preferred bi nders are al um nas such as
pseudoboehm te, ganma and bayerite al um nas. These al um na binders are

readily avail able comrerci all y LaRoc‘he Chem cal s, through its
VERSAL[err] famy % Afe aldun i O e Q%”H'i“iléd st&r QYghd s
CATAPAL[ err] iﬂﬁun Kgé rOVI e SUIta glun1ﬁh Eg ers which can be ugéd

as binders in6 h?ﬂﬁﬁxﬂﬁ@mﬁh?ﬁe?%%@hﬁ?dchaFy§t§ PPEFEr fel 2 BRYEE bi nders
to be used in the pr epafaa@épig@f;[lb@oc@ﬁl ¥8llaganhi gyl gﬁu ingen extrusion
is utilized, are the high-dis é gr n1na owder hé€i9h g
di'spersity al uninas, € &P § FSFFf Bhavea® use
di spersity obxyapneﬂsmham Eegnusaﬂznnmmmadaofdammqmmum(ﬁB#EWéngtantacid

content of 0.4 dPJd/d & YWRAYMALY Pl o?F bl B8GeLEGYNREE£IHATH 1 LGN bl
mulling. The zeolite/alumina mixture was extruded using a
Bonnot extruder equipped with a stainless steel die plate
with 1/16 inch holes. The extrudate was dried at 120°C for

10 16 hours and then calcined in air at 500°C for 2 hours.

Testing Procedure
Coke Test

In an analytical test, the weight of coke on the
catalyst is determined by measuring the amount of weight
15 lost after complete combustion of the coke in an oxygen
containing stream at an elevated temperature, typically at
P 750°C for one hour. Care should be taken to minimize uptake
of water by the catalyst.
_ Isomerization I
| 20 A stainless steel tube, 1 inch OD, 0.6 inch ID and
26 inches long was used as a reactor. A thermowell extended
20 inches from the top of the tube., To load the reactor,
it was first inverted and a small plug of glass wool was
slid down the reactor tube over the thermowell until it hit
; - 25 the bottom of the tube. Silicon carbide (20 mesh) was added
|

to a depth of about 6 inches. Over this was placed a small
plug of glass wool. Approximately 4 grams of catalyst
particles, 6-20 mesh, admixed with about 60 grams of fresh
silicon carbide (60~80 mesh) were added in two parts to
30 distribute the catalyst evenly. The catalyst bed was
typically about 10 inches long. Another piece of glass wool
was added to the top of the catalyst and the reactor was
topped with 20 mesh silicon carbide, followed by a final
plug of glass wool. A multipoint thermocouple was inserted

| 35 into the thermowell and was positioned such <that the
f temperature above, below and at three different places in

Tl -



The-netals incorporated into the catal ysts are netals that pronote the

oxi dation of coke in the presence of oxygen at a tenperature greater than,
'say, [err]. Wiile the term"netal (s)" is used herein in reference to the
oxi dation catal sts it will be understood by one skilled in the art that
‘these metal s witfe n@iithbléétsémd yCDeldn heéhempoitovetient d)hledareeqtsratwaand

[ many cases wiledted rd& didel ARl es. Thus "retal ® can

enconpass the netal oxides as nmetals. Preferably the coke
- OXi ngl on- pronoti ng net al hﬁsgﬁefisu'élﬂ%ﬁ‘%|‘f§%ﬁ‘8PtF§Pe°€S?f~ﬁeﬁfef’é‘Pm St

preferabl y the Spelkd adtiyd atd ses pwmrrnt lahg1ABhBéne S coakeateth s I gFeStouP ks
VB, VIB, ¥lIB dz\él LJe 5 %fhltt_he,f; b&@é\ngeﬁgdgé eél\fo %I} the P r| odl cd‘gabl e

(CAS version). peC|f|c pre ®ried are
Most pr ef erredgalsephﬁéenobl e nmetal s such as pall adi um and/ or pI at| num The

amount of the coke oxi datrpORtARY MY Nhd Bt éSdr | N ¢ oS ed s geReh etV dd es

up to about 154%byd351red operating temperature over a four hour period

and held at the operating temperature for 2 hours, all under
10 flowing nitrogen. After this pretreatment, the nitrogen
flow was shut off and the 1l-butene was added at a rate of
36 g/hr to give the desired weight hourly space velocity of
9.0 hr'!'. The reactor was operated at an outlet pressure of
3 psig and at a temperature of 430°cC.
15 Regeneration I
After running the catalysts in the isomerization
process described above, they were found to be black due to
the build-up of carbonaceous material (coke). comprising
_ about 10 to 20% wt. Each catalyst was removed from the test
20 reactor and its weight was measured. The catalysts were
each reloaded into a test reactor and regenerated by the
following procedure. The unit was pressurized to 90 psig
and a flow of approximately 6 standard liters per hour of
air was started. The sample was heated by the following
25 controlled heating procedure: ramp from 25°C to 125°C at
10°C per minute; hold at 125°C for 30 minutes;_ ramp from
125°C to 350°C at 2°C per minute; ramp from 350°C to. 470°C
at 1°C per minute and hold at 470°C for 24 hours. The
reactor was then cooled and the catalyst unloadéd.
30 Substantially complete regeneration of the catalyst was
confirmed by the disappearance of the black color of the
unregenerated catalyst. Samples of the catalysts were
weighed to measure coke 10Ss.
Isomerization IX
35 A flanged, stainless steel pipe, 2.88 inch OD, 2.5
inch ID and 17 feet long was used as a reactor. A second
! ) flanged, stainless steel pipe, 2.38 inch OD, 2 inches ID and

24 This Sheet Has Been Re ﬂ
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wei ght, preferably with a | ower range of fromabout 5 parts per mllion
("ppnt) to an upper range of up to about 15% by weight, preferably up to
about  10% byosei'§it, nore preferably up to about 5% by wei ght* ‘mea¥ured~as
the netal per total weight of the catal yst. When using noble netal such as
pl ati num and/ or palladium smaller amounts rather than | arger anmounts of
met al s i ncor pogat elet ntong heasecosed el di thierfead pradfemted. Fhed ardiigatdr

noble netals w gynﬁgg o} 5 ke
preferably abou%L QSSE%?ERQFe erablg a outé%%%%&p ﬁ#dngggng%g eragfkfé%out

2000 ppm by wetbfriee %%%FsUnB?BP abf W%étQ?rwﬂA(Eﬂﬁﬂﬁﬂﬁe 1 (FP GRS ten
preferred enmboghgpibeoliples ran&ZnQrﬁﬁ ardrefti Erivhe 3ohgnenbketaed @lihdhesn

amount sufficient o, REAP L, HEEeNELALER" £1h20Una IEhaL QS 1AEs Wik
reactor. Electrical heating elements span the length of the
reactor and preheater. The preheater was loaded with 1/4
inch support balls to a level of four feet measured from the
top. The reactor was first loaded with 1/4 inch support
10 balls to a level of 15 feet from the top of the reactor.
Next, six inches of 1/8 inch support balls were added. 3.43
Pounds of catalysts was then poured into the reactor
directly on top of the 1/8 inch support balls.
The feed utilized was a commercial grade
15 raffinate-2 containing approximately 40 wt. % 1-butene, 20
wt. % trans-2-butene, 13 wt. % cis-2-butene, 3 wt. 2
g isobutane, 23 wt. % n-butane and 1 wt. % isobutylene. The
| raffinate-2 was fed to the preheater in the gas phase
following vaporization in a low pressure steam preheater.
20 At start up, the reactor was heated to 288°C under
flowing nitrogen. After a period of four hours, the gas
exiting the reactor was sampled for oxygen content. Once
the oxygen content dropped below 0.02 vol.%, the
pretreatment step was complete and nitrogen flow was
25 discontinued. This step took approximately 9 hours. The
raffinate-2 was added to the reactor at a rate of 24 lbs/hr
to give a desired weight hourly space velocity of 7.0 hr'
As soon as raffinate-2 feed was introduced to the reactor,
the temperature was increased to the desired ‘operating
30 temperature. The isomerization reaction was continued until

an average of 35% normal olefin conversion was reached.
Regeneration II— '
The reactor outlet was lined up to a flare header.
The feed was blocked and nitrogen was introduced to the
35 reactor and the bed temperature was cooled to 343°C.

Nitrogen flow was slowly increased to a maximum of 350
standard cubic feet per hour ("SCFH") at atmospheric
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performance of the catalyst, typically at about 30 ppmto about 100 ppm
H gher amounts of platinumand/or palladium say, greater than about 2% by
wei ght, can have an adverse effect on the run life, olef in isonerization
activity and/or selectivity of the catalyst. The catalysts can be prepared
by a vari ety presssideodeor bevemalehbutsnantilt hbezebHflbent spuogdigesl was h

t he binder a int N i ti _ n
catal yii o metdaRLrEy St Shiats ol o PASRRT R Al Bpm L AR, A The

met al s- cont ateMRET A PEN343 °CAf tRYY iadt agfatpSRoAREedatal YRe RS
cal'cined at at amey e dHDle aheihtd €hihgt @habouti thogeh fMIkf afatd yombout

[0rL 8,200t ity o cioleheR! Yyaboul oot tl oho PO L et 1Ay
mul | i ng, W t tenplegratanc: dmereasweecrosspthedsabhlybt badadycé ctinetmixethd
the resul ting U xgyLe | cfoddegal He 8neelLehctbt. Nasrhgencionipst haled he
catal ysts prepare y nmulTing have superior olefin
temperature was maintained so as not to exceed 471°C. Once
the oxygen content (both oxygen and carbon dioxide) reached
10 1.75 mol%, temperature was recorded across the catalyst bed.
The temperature was maintained at 471°C.
once the carbon dioxide produced fell below 0.05
mol%, the temperature was slowly increased at a rate of 3-
6°C per hour up to a temperature of 485°C using an electric
15 heater. As the bed temperature began to drop, air flow rate
to the reactor was slowly increased in 5-10 SCFH increments
to reach a maximum bed temperature of 487°C. Air flow of
! up to the maximum of 205 SCFH was continued while
? o maintaining the bed temperatures at 487°C until the bed
20 temperatures started to fall at which time nitrogen flow was_
slowly removed from the system. The regeneration was
; continued in pure air at the 205 SCFH air rate for 12 hours
| while maintaining ‘the bed temperature at 487°C. The
regeneration was further continued until less than 0.01 mol%
25 of carbon dioxide was present in the flue gas for one hour.
Then the reactor was cooled to a temperature of 288°C and
purged with nitrogen.
Isomerization IIYT
_ The reactor was a 2 inch OD and 1.6 inch ID
30 stainless steel pipe with 2-inch flanges welded to each end.
' The pipe also had 1/4 inch feed and effluent lines welded
on 6 inches from the bottom and top of the reactor,
respecti%ei&l The top sealing flange was fitted with a
pressure gauge and rupture disk. The bottom sealing flange
35 was fitted with a thermwell welded directly in the center
of the flange that was extended up through the middle of the
reactor pipe when attached. The thermowell was a stainless
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i someri zation performance than the catal ysts prepared by inpregnation. The
term"mlling” is used herein to mean mxing of powders to which sufficient
wat er has been added to forma generally thick paste and wherein the m xing
i's acconpani ed by conconitant shearing of the paste Commerci ally avail abl e
mul I ers such as t@f caster Mx Miuller and th son M x I 1 er can be
used to carryS IY?%ﬁedPFBPEréﬁyPQ%ee IFB Rl gyroht o

ext rusi on. Wh@mnwdthgmmbb¢mpuseﬂclﬁtpemnmhmgraacﬁés)pipﬁﬂw&s entlosed

act d, acetic aghdh oChlihhBedg! Indbedr DLE HLELINE' POIn agayceﬁtéeﬂfﬂggehms

m xt ure; opt [ on rusi on al such as ce ose erl vati1ves
METHOCEL [ err] MMWW qr@ryhﬁhﬁalhqﬁm zenm WRs ue$ed k. PoRheat

anmount s % pel%tﬂezw&ya%@ £esRdtoCBAe FEalkhi¥n BBctdBher MrAgdrubiackowhsne
experinmentation and be an anount that provides a BlaSt'éﬁe %ffdable

material . The S8 Totged de - SHuogoggntrolidrs. Lotate uent

line was tubing and equipment for sampling the hydrocarbon
effluent directly to a gas chromatograph.

The feed utilized was an MTBE processing effluent

10 and contained approximately 25-35 weight percent butene-2,

40-50 weight percent butene-1, and 20-30 weight percent

butanes.
. The reactor was first loaded with an inert packing
' material in the preheating =zone. The inert packing
15 materials used were either a small mesh corundum or inert

clay catalyst support balls. Above the packing material a
preweighed amount of catalyst was added to form a distinct
: zone of catalyst.
| At start up, the reactor was heated to a minimum
20 operating temperature usually greater than 200°C under
flowing nitrogen purge at approximately 15-50 psia. Once
@I the reactor was heated, the feed was introduced to the
reactor and the nitrogen purge was stopped. The
isomerization reaction was carried out at a WHSV of 7 hr'
25 and at a temperature of 430°C.
Regeneration III
A muffle furnace was preheated to 500°C. The
coked catalyst was separated from the catalyst support
balls. The catalyst was placed evenly in a stainless steel
30 pan with approximate dimensions of 12 inches by 6 inches.
The metal pan with the catalyst was placed into the
preheated muffle furnace. Once the catalyst reached a white
or near white appearance, the metal pan was removed from the
muffle furnace. The catalyst was transferred to a beaker
35 and allowed to cool in a desiccator to room temperature.
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13 herein can be in any shape or formas long as the materials are
consol i dated. These pellets are calcined at a tenperature froma | ower
limt of about [err], preferably fromabout [err] nore preferably from

~about [err] to an upper limt of up to about [err] preferably up to about
[err] nore prefera@;fﬂmblt&ﬂbput_ [err]. Hydrocarbon Feed Stream The
“hydrocarbon feed usefulcéd@yet8isni RHANSONe SOIPIL P CHeRRE OL1ERILL LA NERL
al kenes contai ning at |east_ 4, typical l'é§4 to 10 carhon atqQms.. Al so

0

p
consi dered as®?fhediPERI&NEY puPFEd FuBfit s i t Co A TRk e ©F
%keﬂes cont aconmWgr i dn nedrtd al dehsctsiegitent nédfledtourches tferdar(Pd) abods _
ich c pene e th ol | 0 I stanc f,f i al,l ow °
o PenekEfignt PeaffP ddifc SALAYRInd Yr Dublede?10qa) GG KBebRedl! OW .
' (B2) and isobutylene (IB1). Conversion is calculated as:

(wt$ Bl +wt%$B2) FD- (wt$ Bl +wt$B2) EFF

Conversion=
% Conv (wt$ Bl +wt$B2) FD

X100

selectivity is calculated as:

- (wt% IB1) EFF- (wt% IB1) FD

lectivity=
¥Selectivity (wt%$ B1+wt%$B2) FD- (wt$B1+wt%$B2) EFF

x100

and yield is calculated as

(wt% IB1) EFF- (wt$ IB1) FD

ield=
$Yie (wt% B1+wt%B2) FD

X100

EXAMPLES 1-9
10 Table 1 shows the results of the testing of the
various catalysts prepared above. This Table provides the

| hours of run life of the catalyst in the isomerization
process after various regeneration cycles. Butene was
isomerized according to Isomerization I and the catalyst was
15 regenerated according to Regeneration I for Table 1. "Run
life" is defined herein as the time from start-of-run to the
time at which the concentration of methyl branched isoolefin
in the product has declined to 27 wt.% after having reached
its peak. The Table also provides the instantaneous
20 selectivities to isobutylene of the catalysts at 403%

conversion, 45% conversion, and 50% conversion and the

highest concentration (%wt) of the methyl-branched isoolefin
_ ~ (isobutylene) in the product achieved during testing.
‘ Examples 1-9 are listed from top to bottom in Table 1.
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for exanple
I ncl udes 1-pentene,
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a feed stream used

Thus,

forms of n-butyl ene,
n- pent ene,

enough to fit entirely within the pore structure
2- but ene or

hydr ocar bons.

n- anyl ene or

m xtures thereof.
in the processes of this invention is generally in the presence of other

ei ther trans-
subst ances such as ot her

As used herein,

The preferred feed contains butyl ene and/ or anyl ene.
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yst.
n- but yl ene i ncl udes al

-
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of the catal

~

used herein,
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20 to about 60 wt.% normal butene and a hydr ocarbon effluent froman ethers
processi ng ufi.t.,..such as nethyl-tert-butyl ether (MIBE) generally contains
from40 to about 100 wt. % n-butyl ene. Feed streans from steam crackers and

catal ytic 14 cracker ammws@eﬁt arBmsulsLani i a:La@éTP*E‘E§ &En@ekfﬁﬂ?&
al so

say, up to ab The ed .streans ma

sel>lect Pvely h rc:)%(%n Zsﬁut acﬁtfﬁgstt Pgrrﬁq‘f%g&f’ngﬁfer@éﬂ ggfﬁse‘?f‘%é?’él n,
the term "al kasitieved be%qremﬁitaq@vtmsamceds@tasylmefovér d heuhiegn
"linear” can Rg gldsufatdvebys r@ﬁ@fé&&' Egtaiyseer(rﬁ R.{)L&b&)an?ﬁa&dﬁ{m (see

"isoolefin" can be alternatively referred to” as
i sool ef i . " SIGRY2ANSE AﬁuﬁéﬁgegnﬂuBEF?P§ﬁélr6?6?196 %ﬁecéﬁﬁ%Y$burunalb®m

al kene; and penicgns asdlasyienty. For catalyst B, catalyst run 1life
remained above 130 hours over 4 regenerations whereas for
Catalyst A run life droppéd below 100 run hours within 2
regenerations. The time required for regeneration was much
10 less than the run lives for the catalysts of the present
invention. Further, the selectivity of the catalysts with
palladium remained substantially the same with minimal
decline (0-2% change for Catalysts B, B', E, and H) whereas
the selectivity of the catalysts without palladium declined
15 significantly every regeneration (3-5% decline for catalyst
a). _
Regenerations at higher temperatures, atmospheric
pressure and without palladium resulted in a loss in the
catalyst selectivity at fixed conversions. This loss became

20 more pronounced with repeated regenerations.

Further, as can be seen from Table 1, the
catalysts in which palladium has been incorporated by
mulling demonstrate increased run life, higher isobutylene

| yield and higher selectivities at 40% conversion, 45 %
25 conversion and 50% conversion levels when compared to
catalyst(s) prepared by impregnation. The long cycle life
and high selectivities of the palladium co-mulled catalysts
were maintained after multiple regenerations at elevated

pressure and lower temperatures.

30 The selectivity of 2500 ppm palladium-incorporated
Catalyst D is lower than the selectivity of 100 ppnm
palladium- incorporated Catalyst B. High 1levels of

oxidation-promoting metal(s) incorporated in the catalysts,
above 15% by weight, basis metal, of the total weight of the
35 catalyst results in unacceptably reduced selectivity and/or
run length. In the preferred embodiment, palladium is used
in a sufficient amount to assist with the regeneration but
less than an amount which will severely limit the run life

of the catalyst.
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refer to the same five carbon al kene. |sonerizing Conditions In the
processes of this invention, a hydrocarbon stream conprising at |east one
lihear ol$fin is contacted with the catal ytic zeolite under isonerizing
conditiong. Generally, the hydrocarbon streamis contacted with the
above- destrib %Pﬁ% catal yst in a vapor phase at a suitable reaction
tenperatwre ‘iﬁ&- S ace velocity. Generally, suitable reaction
conditions include aTadrerdatiaysofthebduitngser(dt maxiom Yempérature)
preferably 11 o@galiodls le8h! Lokd 2BAUYaLCEELn BRCOLOLLD RALAGA P SPoLI Sl

above about 0.5 "at nosphere, and a total pressure 0f about 5 to about 10.0
at nospher es oFeﬁpﬁﬁéﬁuﬁf%URRQxRﬁﬁSS¥E%ﬁocEPb%ndﬁBPaWaﬁaﬂ%9%ﬂaV?q(P%&Rmt
30 or higher, preseuriehenuremyics itfe tHid egRIlLysSi<opti onal ) substantially
free of water (i.e., less than about 2.0 wt% of the feed), and a

hydr ocar bon wei ght hourly space velocity (WHSV) of about 0.5 to about 100
[err]. These reactor streans can contain non-

This Sheet Has Been Rep.
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reactive diluents such as al kanes. The hydrogen can be added directly to
the feed streamprior to introduction of the isonerization zone, or the
hydr ogen can bé ‘added directly to the isonerization zone. The preferred
reaction tenperature will depgnhd on a nunber of factors such as the '
pressure, the weight hourly sigace velocity and the feed conposition. Lower
nmol ecul ar wei ght ol efins such as butenes are best isonerized at a
tenperature from about [err] &o [err] while higher nolecul ar 15 wei ght
olefins are best isonerized a | ower tenperatures. Pentenes are best

iisomeri zed atya—terperaturey f Pom about [érr] to [err], and hexenes are best

i sonerized jat ja tenperature}l fgom-about [err] to [err]. M xed butenes and
pent enes arfe ﬁest i sonerizefd ﬁt a tenperature from about
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[ert] to [err] and m xed pentenes and hexenes from about [err] to [err].
, The use of a lower tenperature may be advantageous when the ol efin is

Al \IKJ)'?II‘I"'UUJ

;ea5|ly cracked to lighter unwanted species at higher tenperatures

al so possible to achieve higher concentrations of desired products at | ower
tenperatures due to the fact that higher equilibriumconcentrations, of the
branched ol efins are p&iw hise of peddrdismandyreBiohsraokygrRaP2akktahe

i soneri zat i O%r@é%‘%ﬁ%% s thdWsHe yRPeie Séé@émysﬁ ﬁenbaCi-eﬁloweahlauch
catalyst in reactor at, about [err] to_ abou ‘% at a ol efln artial
pressure of &BEFteT RETiqds Modind P n%o %%\’f‘pﬁ?‘ﬁ YEPR- of %bgﬁf’ 15

EO a]bOUt I})OObe@I ac(ejaﬂd falordNT@bBé i mdbacaedamt/soflmnoxmﬁng) pabdladson
err re red .isonerizin ondi ti
Of bet V\esen a 0 51808?5: é}fnfat rmsl%?e rie%t%"tata}eaugé ‘éiﬁ&ur €

r c pressure
ol efin based dmarmfd belmmmtaohcﬁtsz w:etlamtpazsl?@wr &Exemsileﬁeilabppd

bet ween about; 4 t0pgheUer15ther philadium-containing catalyst in Example
14 which was regenerated at a pressure of 8 atmosphere (and
elevated oxygen partial pressure) regenerated faster at

10 lower temperature compared to Examples 10 and 11. As can
be seen by Examples 13 and 14, elevated pressure allows
catalysts to be regenerated at lower temperatures within a
shorter time.

EXAMPLE 15

15 catalyst A (no palladium) was used to isomerize
a butene feed stock under Isomerization III and Regeneration
IITI conditions. The average selectivity to isobutene over
a number of regenerations is plotted in Figure 1. Catalyst
B (with palladium) was used to isomerize a butene feed stock

20 under Isomerization II and Regeneration II conditions. The
average selectivity to isobutene over a number of
regenerations is plotted in Figure 1 for this catalyst. The
line for cCatalyst B represents a linear regression of 19
data points.

25 As can be seen from Figure 1, the high selectivity
of Catalyst B can be maintained through at 1least 19
regenerations by using the process of the preseﬁt invention.

All of the data presented in Table 1 were obtained
using a commercially available butene feed with a purity of

30 99.2% or greater. The data shown in Figure 1 were obtained
using a feed stream containing 70-75% butenes and 25-30%
butanes. These differences in the feeds result in higher
selectivities for butane-containing feeds as can be seen in
Figure 1. The presence of butanes (or other diluents such

35 as nitrogen) in the olefinic stream serves to lower the
olefin partial pressure which leads to a reduction in the

amount of non-C, products produced. Similar increases in

33 : Sheet Has Been Replaced

||II\I|| i




In a typical pentene isonerization process schene, a pentene vapor stream

is.contacted with such catalyst in a reactor at about [err] to about [err]

at an olefin partial pressure of about 3 psia to about 100 psia and a total
pressure of about 15 to about. 100 psia and at an ol efin based WHSV of about
1 to about 10®Yegtivitpres davsd beepnrteberhgdcendn tilmolafdncgentedtobasat a
tenperature Qediptaepipopicheibkst th%rtrﬂveatgaa.;te@%qﬂﬁ{'é‘s PhEeSsgen agd an
ol efin based WHSV of between about to about, 40 [err] For_a m xed geed

reaction condi¥§brd Feldsed ﬁénpé‘ﬁ'QP&ﬁ‘a‘ BEPdS At IO Pz atl dn8BrocedSedScan

be used depentiefnond hetdeshatdwptwdild fereielhidtpbasedscatalipetpr esaent

|nventian can Uil 28 & MY h9n0Le32Rt 8t i RadBeObnPREfel i th
both diluted and undiluted olefinic streams.
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pore structures having a pore size snmall enough to retard by-products
dimerization and coke formation with the pore structure |arge enough to
peérmt entry of the linear olefin(s) and diffusion of the i soolef in
product (s). These conbi nati ons can include pellets of m xed zeolites and
stacked bed arrangenents of catal ysts such _as ZSM 22 and/or ZSM 23 over
ferrierite, ferrierite over ZSM 22 and/ &&B4834 23, and ZSM 22 over ZSM 23.

The stacked catal ysts canpheceisst forsaersteptaddy/ 9otz zohgofa difdenent
shape and/ or é g such. as,1/.8 i ch tril bes oyer 1/32 LECh c Ilndplrns lfnor
exanpl e. RegeR&PEiPoPTooRbi (i%8WE hr SRE AL Broless qrging
forned on themethyacbrehchkd dabalpstin mmmmes the cat al yst where
the coke builds Upfﬁ?“ éSnEQc}*ﬂﬁﬁoé'é%( I ACE AW £2Bm DG 8ETERGE Pl t he

I nner channel s and pores o e catalyst. Therefore, It Is advantageous
to regener at edt RYITAGALKRAN whsRdatStRaaR ~ soptagnincefatadigpstt PREsSHHA

nor e linear olefin with an isomerizing catalyst comprising (i)
at least one ieolite with one or more one-dimensional pore
structure having a pore size small enough to retard by-
product dimerization and coke formation and large enough to
permit entry of the linear olefin and allow formation of the
methyl branched isoolefin, (ii) a binder and (iii) up to 15%
by weight of a coke oxidation-promoting metal,

(b) ceasing contact of the feed stream with the
catalyst after coke build-up on the surface of the catalyst,

(c) contacting the thus-coked catalyst with an oxygen-
containing gas at a temperature of less than about 565°C,
a system pressure of greater than 1 atmosphere, and an
oxygen partial pressure of from about 0.001 atmosphere to
about 40 atmospheres to burn off coke from the catalyst, and

(d) repeating step (a) with the catalyst from step
(c).

2. A process according to claim 1 wherein the amount

of the coke oxidation-promoting metal compound is sufficient
to provide in the final catalyst from about 5 ppm to about
15% by weight of the metal.

3. A process according to claim 2 wherein the amount
of the coke oxidatibn—promoting'metal compound is sufficient
to provide in the final catalyst from about 5 ppm to about
10% by weight of the metal.

4. A process according to claim 3 wherein the amount

_ of coke oxidation-promoting metal compound is sufficient to
é provide in the final catalyst from about 5 ppm to about 3000
ppn by weight of the metal.

5. A process according to claim 4 wherein the amount

of the coke oxidation-promoting“metal compound is sufficient

This Sheet Has Been Rerlaced
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preferably at |east 10% but before 30% preferably before 25% nost
~preferably before 20 % by wei ght of coke build-up (basis uncoked catalyst).
“WWhen the build up of coke on the catal yst reaches a point where it needs to

otri pable. hyd? AN APERRTLAES LarhIRoERkRLNShrbR) SPBRA o2 BKout
ni trogen and/%QOQyHPthh)Wahﬁhth@fcgbalF?Faﬂs t hen regenerated by =9

subjecting it to heat tgeatnﬁnberbgsaada@gamhgxﬁaeaﬂyr@hgasf Shaipgi RY
may be carried o

t d
react or by prEgsngEFﬁﬁlgnﬁ %g;ig@gmgﬂkg%ffgﬁlﬂgg f%ﬁ?%g XCIIngggcglve

conbi ned w thorsgestantiahly bhon efénphe, cokea butene isonerization

process, the butene feed canAbggéggggegc@y}d g'.%lea&edaryytghgygfog@gl%geg

during stripping and then repl an ox n- contalnlng as streamfor
regener ati on. t¥hé ngéﬁbﬁaPhénCPgep@é%@?ﬁbP?‘EEPWPEG“EuFeﬁﬁ alBeApBehalre

of at |east [gpibctbdl $rioPatiandst hat, ti®, vIB, VIIB and VIII of the
Periodic Table of Elements.

8. A process according to claim 7 wherein the
coke oxidation-promoting metal is a metal selected from Pd,
Pt, Ni, Co, Mn, Ag, Cr and mixtures thereof.

9. A process according to claim 7 wherein the
coke oxidating-promoting metal a noble metal.

10. A process according to any one of the
preceding claims wherein step (b) is carried out after the
coke build-up is at least 2% by weight based on uncoked
catalyst.

11. A process according to any one of the
preceding claims wherein the catalyst contains from 60 to
99.5 percent by weight of zeolite and from 0.5 to 40 percent
by weight of binder.

.12. A process according to claim 11 wherein the
catalyst contains from 80 to 98 percent by weight of zeolite
and from 2 to 20 percent by ﬁeight of binder and the coke-
oxidation metal is a noble metal. q

13. A process according to any one of the
preceding claims wherein the binder is a natural clay,
titania, zirconia or a mixture thereof.

14. A process according to claim 13 wherein the
natural clay is attapulgite, bentonite, kaolin, |
montmorillonite or a mixture thereof.

15.. A process according to any one of claims 1
to 12 wherein the binder is alumina, silica-alumina or clay.

16. A process according to any one of the
preceding claims wherein the zeolite has a pore size from
Qreater than about 0.42 nm to less than about 0.7 nm.

36
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tenperature during regeneration remains |ess than about 17 [err]
 preferably less than or equal to about [err] nmore preferably Iless than or
zequal to about [err] nost preferably |less than or equal to about [err]
‘for atime effective to substantlally burn off t he coke on the surface of
ithe coked catalyst. is re substantlall rned

! cok
‘of f when nore than abouf780 @% 9rﬂﬁ?§ﬁt 3F ?ﬁ lE%keE?s ?%%Dvedabased 5h t he
initial total pn@kediﬁgeICMmsolmemlsoMe zateahitoe tie |d ndmrroldafiite

feed is stoppfgoé98£g|9@£ﬁg&o ﬂeEthco the initial coke"). Preferably

the regeneration substantially all of the coke is
burned off. SubstantialBy abl PEPCERE é@@@rﬁénﬂeﬁﬁrﬁéelasIEUNN&EQﬁﬂ=tﬁﬁb

nore than aboggoPbr¥eiights,Yopf #hegi nirkirals ,Cokd-d Ser pP®Yefu-23, zsM-35,
ZSM-38 or a mixture thereof. .
19. A process. according to any one of the
preceding claims wherein the hydrocarbon feed stream
comprises a linear alkene having four to ten carbon atoms.
20. A process according to claim 19 wherein the
hydfocarbon feed stream comprises n-butylene and/or n-
amylene.
21. A process according to any one of the
preceding claims wherein the catalyst is prepared by a
! process comprising:
| (1) mulling together zeolite powder, alumina-
containing binder, water, a peptizing amount of acid and a
compound of the coke oxidation-promoting metal,

(2) forming one or more consolidated particles
of the mixture of (1), and

(3) calcining the particles at a temperature of
from 200°C to 700°C.

22. A process according to any one of the
preceding claims wherein the coked catalyst is contacted
with the oxygen-containing gas stream at a temperature of
from 250°C to less than 565°C.

23. A process according to any one of claims 15
to 22 wherein the weight ratio of ferrierite to alumina is
from about 85:15 to about 95:5, the amount of palladium
and/or platinum is from about 5 ppm to about 1000 ppm by
weight, the temperature in step (c) is from about 400°C to
about 500°C, and the calcining temperature in step (3) is
from about 450°C to about 525°C.

24. A process according to any one of the

preceding claims wherein steps (a) to (c) are repeated for

i at least 3 cycles under conditions effective to produce a
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Regeneration tenperatures are measured as average reactor environment
tenperatures (i.e., bulk gas phase tenperatures) and occasional spikes for
a short period of tine or within a portion of the reactor environment is
w thin the process of the invention. Coke as herein used is any oxidizable
car bonaceous Fegenexiktefhcatolysiteinl stepn (50 ebwererine mubs heedsialdd, it he

coke test desgki bRE BgkoW s Feafrabad ﬁ.g%%asi LN CPPEL t ORFer r\ﬁf&ﬁ*%e
system pressures ranging from.greater than 1 atnosphere, preferably ffom
about 20 psi gFegEngEEoNs¢admssi g, nore preferably to about 1000 psig. The

hi gher system pressure alsl.owa geggheysexygemppaitieh peeaprisingil gy a
mai nt ai ni ng th% raéio oL.oxy?e€-éo.éhe infrt as ed to bsq{b eat. The
oxygen partialz Srlé §uP8 FEPT VTR b A %?/@%%’fﬁ B%reaggem%r $ %‘f e YW rom
about 0. 001 atisogEer2? andferaBBy f(ddn adoualemdbaatimosderer whereiabdiie 40
atmospher es, Qeehataphyib0iAPON AthANDS Ry LTANY1dd%0 alunina
oxygen-containing gas is alr, althou the alr g e L.
if from about 60:40 to about 99.5:0.5, and (iil) from about
5 ppm to about 15% by weight of palladium and/or platinum,
which has been prepared by a process which comprises:
(1) mixing by mulling together powder of the
zeolite, alumina, water, a peptizing amount
of acid and a palladium and/or platinum ¢
| compound,
f (2) forming a pellet of the mixture of (1), and
g (3) calcining the pellet of (2) at a temperature
f of from 300°C to 600°C.
26. A composition according to claim 25 wherein
the weight ratio of zeolite to alumina is from about 85:15
; to about 95:5, the amount of palladium and/or platinum is
from about 5 ppm to about 3000 ppm by weight and the
calcining temperature in step (3) is from about 450°C to
about 525°C. |
27. A composition of claim 25 or 26 wherein the

zeolite is a ferrierite.
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Teactor. This can be acconplished B
j-tenperature or his is the replacene
. oxygen concentration in the oxygen-

dijuted with additional nitrogen, carbon dioxide or hydrocarbon conbustion

products. It is inportant in the regeneration-process to avoi
exotherns above the desired nmaxinmumregeneration tenperatgFgéggﬁﬂ@ﬁ%
Jmﬂ

¥ reasi ng of the
an increasing of the
or both during the

regeneration process in order to obtain a steady burn of the coke.
Preferably the regeneration is carried out for a time sufficient to burn-

off essentially all—of the coke say to-a-coke level g O
about 0.1 wt.% of tlhe cdtlalydgt. Times will {typically pe frlom about 5/ {0
about 200 hours, preferdtly fifrom gbout {10 td about 100 houris. Prleferaply,
no water is N
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added during the regeneration process of the inveniion other than water
present normally in air and/or regeneration gas usled iRERUACEMENTGHEBISN 8G
process. The regeneration process of the inventio EB’Dw&ip‘t'@h :@aﬁé@.dt.ho@ﬁgedﬂ‘.
controll ed catal yst regeneration.- The regenerati nﬂ’@rﬁﬁi(@tur;gagamgg% paged 38..

nmetal (s) - containing isonerization catalyst at el em&wtesggageﬂﬁTw aged -
i soneri zati on and/ or regeneration process accordingly can be carti ed out$h

a packed bed reactor, a fixed bed, fluidized bed rea‘ﬁ&ﬂﬁu@éwﬁ’ 4 B0T 1996

reactor. The bed of the catal yst can (= Al

| someri zat i on procqstcuil ¥BR FSGRERTAHHE L ARG S EINCDRoC RELL LR S 1

contrnuous regeneration may usef ul

t he sane bed or in separate
for the regeneraﬁ@ﬂ%&@é@ﬂ%generation may al so be carried out ex situ.

In a preferred enbodi nent This inventiomredatas tiehiprskhess £opr camwearting
structurally i sogkid?| Bgofleri #66ion conditions linear olefins to their
corresponding methyl branched isocolefins, a process to
prepare imprmied olefin isomerization catalysts and a
process to regenerate these catalysts as to maintain high
catalytic performance.
Backaround Art
_ Increasing demand for high octane gasoline blended

with lower aliphatic alkyl ethers such as octane boosters
and supplemeixta:y fuels has created a significant demand for
isoalkylethers, especially the Cg to C, methyl, ethyl and
isopropyl-t-alkyl ethers, such as methyl t-~butyl ether,
ethyl t-butyl ether, t-amyl methyl ether and t-amyl ethyl
ether. Conseguently, there is an increasing demand for the
corresponding iscalkene starting materials such as
isobutene, isocamylenes and isohexenes. '

- To obtain isoolefins, it is desirable to convert ™
an alkene such as normal butene, to a methyl branched A
alkene, for example isobutylene, by mechanisms such as
structural isomerization. Such converted isoalkenes then
can be reacted further, such as by polymerization,
ei:herification or oxidation, to form useful products.
Normal alkenes containing four carbon atoms (l1-butene,
trans-2-butene and cis-2-butene) and five carbon atoms (1-
pentene, trans-2-pentene, and cis-2-pentene) are relatively
inexpensive starting.compounds. Conventionally, butenes and
amylenes, including to a minor extent isobutylene and
isoamylene, .are obtained as a by-product from refinery and
petrochemical processes such as catalytic and thermal
cracking units. Butenes are also conveniently obtained from
butadiene via selective hydrogenation.

Zeolite materials, both natural and synthetic, are

known to have catalytic properties for many hydrocarbon
processes. v Zeolites typically are ordered porous

This is the reptacement sheet
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olefin of at |least 4 carbon atons to its correspondi ng nmethyl branched
I sool efin which conprises: (a) contacting at a tenperature of from/[err]
to*[err] a hydrocarbon feed stream containing at |east one said |inear
olefin with an isonerizing catalyst conprising (i) at l|east one zeolite
with one or nore one-di nensional pore strugture having a pore size snall
enough to retard by- product dinerization and coke formation with the pore
structure and |l arge enough to pernmt entry of the linear olefin and all ow
formati on of the nethyl branched isoolefin, (ii) a binder and (iii) a coke
trctare

oxi dat i on- pr onot | $RyShaldiine almmingsidigates Bawingt apMdefiiaitecs
with the catal ystwity eavitiesbimtéregnrettiedeby Wsianreld. t Phe codwitids and

optional Iy strippid, 4% $hibBBABLE BYE'QSAHR99:188 hl€erial generally can
be of such a size to allow selective separation of
hydrocarbons. Such a hydrocarbon separation by the
crystalline aluminosilicates essenﬁial}y depends on
discrimination between molecular dimensions. Consequently,
these materials are known in the art as "molecular sieves"
and are used, in addition to catalytic properties, for |
certain selective adsorptive processes. Zeolite molecular
sieves are discussed in great detail in D. W. Breck, Zeolite
Molecular Sieves, Robert E. Krieger Publishing Company,
Malabar, Florida (1984).

Generally, the term "geolite" includes a wide
variety of both natural and synthetic positive
ion~containing crystalline aluminosilicate materials,
including molecular sieves. They generally are
characterized as crystalline aluminosilicates which comprise
networks of sio4 and Alo4 tetrahedra in which silicon and
aluminum atoms are cross-linked in a three-dimensional
framework by sharing of oxygen atoms. This framework
structure contains channels or interconnected voids that are

. occupied by cations, such as sodium, potassium, ammonium,
hydrogen, magneéium, calciun, and water molecules. The
| water may be removed reversibly, such as by heating, which
leaves a crystalline host structure available for catalytic
activity. The term "zeolite", as used in this specification
is not limited to crystalline aluminosilicates. The term
as used herein also includes silicoaluminophosphates (SAPO),
nmetal integrated aluminophosphates (MeAPO and ELAPO), and
metal integrated silicoaluminophosphates (MeAPSO and
ELAPSO). The MeAPO, MeAPSO, ELAPO, and ELAPSO families have
additional elements included in their framework. For
example, Me represents the elements Co, Fe, Mg, Mn, or Zn,'
and El represents the elements Li, Be, Ga, Ge, As, or Ti.
An alternative definition would be "zeolitic type molecular
.sieve" to encompass the materials useful for this invention.
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catalyst with hot gas, (c) contacting the thus-coked-catalyst wth an
_oxygen- containing gas streamat a tenperature of fromabout [err] to at
nest about [err] for a tinme effective to substantially burn off the coke
based on the uncoked catal yst thereby regenerating the catal yst, and (d)
repeating step (a) with.the thus-regeneraged catalyst. In a preferred
enbodi ment, steps (a) to (c) can be repeated at |east 3 cycles, nore
preferably at |east 10 cycles before the catal yst selectivity and/ or
i sool efin production decreases substantially The isool ef in produced can

roduce. T soal Kyl et hers. xs ool ghpkﬂ%e ﬁﬁxﬁsﬁé iga?""ﬁ??l%ﬁgpm
this process, th&ormakian,af many ?i’éﬁ‘* i&gF B?‘ﬁcess
conpri si ng: (1) mrysaglhynmdﬂwigosdgebhEeszmé the mti@nevalent and are
designated by letters or other convenient symbols. Various
zeolites which have been specifically named and described
are, for example, Zeolite A (US-A-2,882,243), 2eolite X
(US-A-2,882,244), Zeolite Y (US-A-3,130,007), Zeolite ZSM~-5
(Us-A-3,702,886), Zeolite ZSM-11 (US-A-3,709,979), Zeolite
ZSM-12 (US-A-3,832,449), Zeolite ZSM-23 (US-A-4,076,842),
) Zeolite ZSM-35 (US-A-4,016,245 and 5,190,736), 2eolite ZSM-
48 (US-A-4,375,573), and 2eolite NU-1 (Us-A-4,060,590).
Various ferrierite zeolites including the hydrogen form of
ferrierite, are described in US-A-3,933,974, 4,000,248 and
4,942,027 and patents cited therein. SAPO-type catalysts
are described in US-A-4,440,871. MeAPO type catalysts are
described in US-A-4,544,143 and 4,567,029; ELAPO catalysts
are described in US-A-4,500,651, and ELAPSO patalysts are
described in EP-A-159,624.

Two general classes of catalysts have been

' disclosed as particularly useful for isomerizing a linear
olefin to the corresponding methyl branched iscolefin.
These include the porous, non-crystalline, refractory oxide-
based catalysts and the zeolitic-based catalysts.

Examples of the porous non-crystalline, refractory
oxide-based catalysts are aluminum oxides, such as gamma or
eta Al,0;, halogenated aluminum oxides, aluminum oxides
reacted with silicon, boron or zirconium, various phosphates
and solid phosphoric acids. Examples of these catalysts are
described in Us~-A-5,043,523, 3,531,542, 3,381,052,
3,444,096, 4,038,337, 3,663,453, GB-A-2,060,424 and V.R.
Choudhary and L. K. Doraiswamy, "Isomerization of n-Butene
to Isobutene, I. Selection of Catalyst by Group Screening,"
Journal of Catalysis, volume 23, pages 54-60, 1971.
Illustrative of the porous, non-crystalline refractory oxide
catalysts .are those described in US-R-4,434,315, which
discloses as a catalyst a porous alumina acidified with a
critical amount of silica and containing 5 ppm to 2% by
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al uni na powder, water, a peptizing anpunt of acid and a conpound of the
coke oxidation- promoting metal, (2) formng a pellet of the mxture of
(%), and (3) calcining the pellet of (2) at a tenperature of fromJ[err] to

[err] The foll owing illustrative enbodinents are provided to further
illustrate the invention. Preparation of #he Catalyst The follow ng
exanples illustrate nethods of preparation of the catal ysts. Two amoni um

ferrierite powders, ZSM 22 and ZSM 23 powders were used to prepare the
catal ysts used in the exanpl es described bel ow. The two ammoni um

oy ool oot JURER 88 pis el bt g cayiLs] hgiaiiees

ﬁs?/ng anmoni un i}ll Q: impre%%at% ".i yi‘i’xe use bf l'is%ﬁemgltgﬂér ig

said to result in a more facile catalyst regeneration. All

of these catalysts deactivate rapidly. According to the

examples in GB-A-2,060,424, run life can be as short as 1

to 2 hours. Often, it is necessary to add steam and halogen

- compounds to prolong the catalysts run life. DE-A-3,000,650

states that the run life can be increased to approximately

50 hours by these methods although this is still less than
desirable.

With regard to the zeolitic-based catalysts, the
most significant use has involved the large pore zeolites
or those having two or more-dimensional interconnecting
channels. Examples of the zeolitic-based catalysts having
two or more-dimensional interconnecting channels used in
association with catalytic metals are US-A-4,435,311 (with
platinum and palladium) and US-A-4,503,282 and 5,227,569
(impregnated or ion-exchanged with metals including Group
VIII). Examples of the large pore zeolitic-based catalysts
used in association with catalytic metals are US-2A-5,227,569
(impregnated or ion-exchanged with metals including Group
VIII) and US-A-4,392,003 (with gallium).

More recently, EP-A-523,838 has disclosed a
process for structurally isomerizing a linear olefin to its
corresponding methyl branched isoolefin using as a catalyst
a zeolite with one or more one-dimensional pore structure
having a pore size small enough to retard by-product
dimerization and coke formation within the pore structure
and large enough to permit entry of the linear olefin and
allov formation of the methyl branched isoolefin. It has
been found that as these small pore catalysts are used, they
acquire a build-up of coke which diminishes their
effectiveness. To restore their effectiveness, the
catalysts must be regenerated at elevated temperatures by
contact with oxygen. This regeneration process, when
repeated a number of times, can have an adverse effaect on
the catalyst life and selectivity. R
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20 ferrierite with a nolar silica to alumna ratio of 53:1, a surface area
of 391 [err] (P/Po=0.03), a soda content of 292 ppmw and a n-hexane
sorption capacity of 7.2 grams per 100 grans of zeolite. Catalyst B, B and
D were made using amoniumferrierite having a nolar silica to alum na
ratio of 62:1, a surface area of 369 n2/g §P/ Po=0.03),a soda content of 480
ppmwt and a n-hexane sorption capacity of 7.3 granms per 100 grans of
zeolite. Catalyst H was prepared using ZSM 22 (al so known as Theta-1 and

TON) prepared according to_the cedures in Exanple TONC in EP-A-
247,802. Catalyst | was phe paFgal(?E% }ng Mﬁ%reﬁ&?“&”ﬁ'&corﬁ?ﬁ;}"ﬁ’@tﬁﬁé‘

procedures I N ExatsnperASiir23 is EBeAerIBEdSO:En Techemistimst abnCatalytiver e

mulled using a Las%%ﬁs%esm,xgwb' eéateérh?.mﬂ.' gdtcatahidtcme el AlsdiRtit,

extruded using a_Bonnot pi.n barrel extruder.

McGraw-Hill Book Company, New York (1979) at pages 1-5 as

- a temperature of 650°C to 760°C. A recent trend is toward
higher regeneration temperatures. For example, a
regeneration temperature as high as 850°C is used in the
commercial regeneration of zeolitic catalysts used in Fluid
Catalytic Cracking ("FCC"). J. Biswas and I.E. Maxwell,
Applied cCatalvsis, €3 (1990), 197-258.

However, it has been found that use of such high
regeneration temperatures such as those used in FCC results
in poor olefin isomerization performance (lower selectivity)
for a medium pore-sized zeolite-based catalyst such as those
described in EP-A-523,838. According to US-A-5,043,523, a
regeneration temperature of 550°C to 600°C is recommended
for a modified alumina catalyst of the type discussed
earlier. The modified alumina catalyst was reported to show
no signs of deactivation after undergoing 10 regeneration
cycles at 575°C by method A of Example 29. However, it has
been found that zeolitic catalysts with one or more one-
dimensional pore structure having a pore size small enough
to retard by-product dimerization and coke formation within
the pore structure and large enough to permit entry of the
linear olefin and allow formation of the methyl branched
isoolefin, such as ferrierite, ZSM-22 and 2SM-23 tend to
lose selectivity for the formation of isoolefins when

' exposed to temperatures of greater than 565°C for a period
of time such as those used in the regeneration processes
mentioned above.

Commercialization of an isomerization process to
manufacture isoolefins from linear olefins has been further
hampered by longer :regeneration times compared with run
life. :

It is therefore an object of the present invention
to provide a ‘medium pore zeolite catalyzed -process for
structurally disomerizing a 1linear olefin "to its
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The binder utilized was CATAPAL[err] D alum na and METHOCEL[err] (R) F4M

. hydroxypropyl nethylcellul ose was used as an extrusion aid. Catalyst A - No
Pat | adi Um The Lancaster m x nuller was | oaded with 944 grans of
ammoniumferrierite (34.2% 1l oss on ignition ("LO") determned at a
tenperature of 900[err]C) and 93 grams of &£ATAPAL[err] D alumna (LO of
25.8% . The alum na were blended with the ferrierite for 5 mnutes during

which tine 78 mlliliters of de-ionized water were added. A mi xture of 8
grans glacial acetic acid gand 78 m-lliliters_of de-ionized ter were added
slowy to the nul?%’?rﬁsr?%dgé‘ﬁ PSR Pranched Asppiefinrsithy rgved run

METHOCEL[ err] (R) X hamid oy predytedrerageneddtias cting canddwd thndmproved

zeol i te/al um na niwdadia Yaeiaul | ed for 15 additional mnutes. The extrusion
mx had an LO of 42.5% - The 90:10 zeoljte/alumna mxture was transferred

to the Bonnot extd#kRfeRSMRELk-a8etlYE P, st ainl ess steel die plate with
1/ 16" hol es. The extrudateIn the process of this invention one or more

linear olefins is converted under isomerizing conditions to
its corresponding methyl branched iscolefins by contact at
a temperature of from 200°C to 650°C with an isomerizing
catalyst comprising (i) at least one zeolite having only in
one dimension a pore structure having a pore size small
enough to retard by-product dimerization and coke formation
and large enough to permit entry of the linear olefin and
allow formation of the methyl branched isoolefin, (ii) a
binder and (iii) up to 15% by weight of coke oxidation-
promoting ‘metal. After a period of operation, when
sufficient coke has deposited on the catalyst in an amount
to reduce the activity and/or selectivity of the catalyst,
the catalyst is separated from the olefin feed and contacted
at a temperature of less than about 565°C with an oxygen-
containing gas, with an oxygen partial pressure of from
about 0.001 to about 40 atmospheres, for a sufficient time
to substantially burn off the coke, i.e, tao regenerate the
catalyst. After regeneration, the isomerization process is
continued. '

Enhanced catalyst operating performance is
‘obtained when the catalyst is prepared by mulling together
a zeolite powder, alumina powder, water, a peptizing amount
of acid and a compound of the coke oxidation-promoting
metal, forming the mixture into a pellet, and calcining the
pellet at a temperature of from 300°C to 700°C.

The use of palladium and/or platinum as the coke
oxidaticn-promoting metal is particularly desirable.

FIG. 1 is a plot of the selectivity to isobutylene

= obtained over a number of regenerations with Catalysts A (no

palladium) and B (with palladium).
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was dried at [err] for 16 hours and then calcined in air at [err] for 2

. hours. 21 Catalyst B - 100 ppm Pal | adi-um by Mulling The Lancaster m x
mufl er was | oaded with 632 grans of ammoniumferrierite (LO of 3.4% and
92 grans of CATAPAL[err] alum na (LO of 26.2%. The alum na was bl ended

with the ferrierite for five mnutes durimg which tinme 156 mlliliters of
de-ioni zed water were added. A mi xture of 6.8 grans of glacial acetic acid
and 156 mlliliters of de- ionized water were added slowy to the muller in

order to peptize the al um na. The mxture was mx rrulled for 10 m nutes.
0.20 Grans of tetpatailed e b @ , -

de-i oni zed .water were then %%@ Bogi ottt VRS R Pl e o bt oot abaBly

addi ti onal mnutes. Ten 201{
isomeriZing a linear olefin to its corresponding methyl

branched isoolefin with run 1life longer than the

. regeneration time can be obtained by incorporating into the
catalysts certain coke oxidation-promoting metals in an
. _ effective amount to promote burning off coke from the

catalyst and carrying out the regeneration at a temperature
of less than about 565°C until the coke is substantially
o burned off. By incorporating the coke-oxidation-promoting
metals and use of specific oxygen partial pressures, it has
been found that the regeneration of the medium pore zeolites
can be effected at lower temperatures which does not
substantially negatively affect the performance of the
catalyst. In addition, it has been found that by preparing
the catalyst by consolidating and calcining a mulled zeolite
powder, alumina powder, water, peptizing agent and coke
oxidation-promoting metal provides an olefin isomerization
catalyst with enhanced performance.
e zatio s

The isomerizing catalysts used in the process
comprise a zeolite as hereinafter defined, a binder and a
coke-oxidation promoting metal.

The zeolite used in the isomerization catalyst of
this invention comprises a zeolite having one-dimensional
pore structures with a pore size generally greater than
about 0.42 nm and less than about 0.7 nm. 2eolites with
this specified pore size are typically referred to as medium

' or intermediate pore zeolites and typically have a 10-member
(or puckered 12-member) ring channel structure in one
dimension and an 9-member or less (small pore) in the other
dimensions, if any. For purposes of this invention, a one-~-
dimensional pore structure is considered one in which the
channels having the desired pore size do not interconnect
with other channels of similar or larger dimensions; it may
also be considered alternatively as a channel pore structure
(see US-A-3,864,283) or uni-directional sieve.

This is the replacement sheet

Date: ~ 4 OCT 0%



of Methocel [err] FA4M hydroxypropyl nethyl cellul ose was added and t he
zeolite/alumna was mul l ed for 15 additional mnutes. The extrusion m x had
. a:LA of -43.5% The 90:10 extrudate was transferred to a Bonnot pin barrel
extruder and extruded using a stainless steel.die plate with 1/16 inch

hol es. The extrudate was dried at [err] f@a 16 hours and then calcined in
air at [err] for 2 hours. Catalyst B - 100 ppm Pal |l adium by Ml ling The
Lancaster mx muller was | oaded with 645 grans of ammniumferrierite (5.4%
LAO) and 91 grans of CATAPAL[err] D alumna (LO of. 25.7% . The al um pa was
blended with the ferrieriteTher Zeplitees ARALYStuhH PFeferaPlY> FPPPFRPES: s
3f 0de-i oni z]gad vat gubstantidUey oriyTzsblitesiwitlS theaspegi fiedipaesiceaind,
.0 grans of citrigc agi 52 i h ki LLt =i QK ed
Si oul'y To the mui 19 Attehbton: C 2oL kbl AY piel BLGEE Bl HaR 847
milled for 10 nmi ndMes. ae0 FuReeREihlA [ aak®i neUpWRREEd um Arematdzphiong

grans of de-ioni zeiyoheriz&tfohien AaAkgddtion, coking and by-product
formation. Further, two or three-dimensional gzeolites
having a pore size greater than 0.42 nm in two or more
dimensions permit dimerization and trimerization of the
alkene. Hence, zeolites having a pore diameter bigger than
about 0.7 nm in any dimension or having a two or three-
dimensional pore structure in which any two of the
dimensions has a pore size greater than about 0.42 nm are
generally excluded. Zeolites that contain only small pores
(less than about 0.42 nm) do not allow for diffusion of the
methyl branched isocolefin product. . i

Examples of =zeolites that can be used in the
processes of this invention, which have one-dimensional pore
structures with a pore size between about 0.42 rm and 0.7
mm, include the hydrogen form of ferrierite, AlPO-31, SAPO-
11, SAPO-31, SAPO-41, FU-9, NU-10, NU-23, ZSM-12, 2SM-22,
25M=-23, ZSM-35, 2SM-4B, ZSM-50, ZSM=-57, KeAPO-ll, MeAPO-31,
MeAPO~-41, MeAPSO;ll, MeAPS0O-31, and MeAPSO-41, MeAPS0-46,
ELAPO-11, ELAPO-31, ELAPO-41, ELAPSO-11, ELAPSO-31, and
ELAPSO-41, laumontite, cancrinite, offretite, hydrogen form
of stilbite, the magnesium or calcium form of mordenite and
partheite. The isotypic structures of these frameworks,
known under other names, are considered to be equivalent.
An overview describing the framework compositions of many
of these zeolites is provided in New Developments in Zeolite
Science Technologv, "Aluminophosphate Molecular Sieves and
the Periodic Table," Flanigen et al. (Kodansha Ltd., Tokyo,
Japan 1986).

Many natural geolites such as ferrierite,
heulandite and stilbite feature a one-dimensional pore
structure with a pore size at or slightly less than about
0.42 nn diameter. These same zeolites can be converted to
zeolites with the desired larger pore sizes by removing the
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slowy as the m xture was nulled 5 additional m nutes. Ten grans of
- METHOCEL[err] (R F4M hydroxypropyl nethylcellul ose were added and the
~zeolite/alumina mxture was nulled for 15 additional mnutes. The extrusion
m x had an LA of 43.5% The 90: 10 zeolite/alum na m xture was transferred
to the Bonnot extruder and extruded using9a stainless steel die plate with
1/ 16" holes. The extrudate was dried at [err] 22 for 16 hours and then
calcined in air at [err] for 2 hours. Catalyst C - 30 ppm Pal | adi um by
Mul I'i ng The nethod used to prepare Catal yst B was used, with appropriate
adj ust nent of i ngssocdatedontkali matads ort alkatine ceartdumeatpd: byapeihods

ppm by wei ght of xpgkhath Whe @3it] ¥tith[as aabfdRiRANion! dachdHgd)y optlibhaylghe
method used 10 PLER3LGeFALR) YehiBiNEEi45 4o yield the zeolite in its
- hydrogen form; see e.g., US-A-4,795,623 and 4,942,027.
Replacing the associated alkali or alkaline earth metal with
the hydrogen form correspondingly enlarges the pore
diameter. It is understood that the pore diameter or
"gize", as used herein, shall mean the effective pore
diameter or size for diffusion. Alternatively, natural
zeolites with too large a pore size, such as mordenite, can
be altered by substituting the alkali metal with larger
ions, such as larger alkaline earth metals to reduce the
pore size.

. Particularly preferred zeolites are those having
the ferrierite isotypic framework structure (or homeotypic).
See the Atlas of Zeolite Structure Tvpes, by W.M. Meier and

' D.H. Olson, published by Butterworth-Heinemann, third
revised edition, 1992, page 98. The prominent structural
features of ferrierite found by x-ray crystallography are
parallel channels in the alumino-silicate framework which
are roughly elliptical in cross-section. Examples of such
zeolites having the ferrierite isotypic framework structure
include natural and synthetic ferrierite (can be
orthorhombic or monoclinic), Sr-b, FU-8 (EP-B-55,529), ISI-6
(Us-a-4,578,259), NU-23 (EP-A-103,981), 2SM-35 (US-2A-
4,016,245) and 2sM-38 (US-aA-4,375,573). ZSM-22 and ZSM-23
are also useful zeolites for preparing the catalysts.
Hydrogen form of ferrierite (H-ferrierite) is the most
preferred zeolite and considered to be comprised
substantially of a one-dimensional structure having an
elliptical pore size' (<0.54 nm and >0.42 nm) large enocugh
to permit _entry' of the linear olefin and diffusion of the

. methyl branched isoolefin and small enough to retard coke
formation. Methods for preparing various H-ferrierite are
described in US-A-4,251,499, 4,795,623 and 4,942,027.
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Wi th appropriate adjustnent of ingredient concentrations, to prepare a
cat al yst havi ng 2500 ppm by wei ght of palladium Catalyst E - 100 ppm

. Pal | adi um by ‘I npregnati on Catal yst E was prepared by pore vol une

I npregnati on of Catal yst A 15 Grans of Catalyst A were inpregnated with
a solution containing: 1) 0.015 grans afo a palladium nitrate aqueous
solution containing 10% w of palladiumand 2) 9.6 grans of absolute

et hyl al cohol. The contact was mai ntained for one hour at roon1tenperature
Then the m xture was dried at [err] for 16 hours and cal cined in _air

[err] for 2 hours. Catal yst EXeBRiRTY, EPREPLIkeR thRt) ﬁ?eﬁ?ﬁt%“éaFSFyE‘PeF
was prepared i n apracessesiof thistinvemtionsindlude ZggM-5, EBME-2fr,aesichite,

2: i é ﬁglet yl acet onaggkapazéSfi tdNWaRydtSSeh (il B nbrddiite ClandPEalihsi€d Ny

The zeolite used in this invention is combined
with a refractory oxide that serves as a binder material.
Suitable refractory oxides include natural clays, such ‘as
bentonite, montmorillonite, attapulgite, and kaolin;
alumina; silica; silica-alumina; hydrated alumina; titania;
zirconia and mixtures thereof. The weight ratio of zeolite
and »inder material suitably ranges from about 60:40 to
about 99.5:0.5, preferably from about 75:25 to about 99:1,
more preferably from about 80:20 to about 98:2 and most
preferably from about 85:15 to about 95:5, measured as the
oxide in the final catalyst. Preferably the binder is an
alumina. -

Binders useful in preparing the catalysts can be
any of the conventional alumina-containing binders known in
the art for preparing catalysts and include, for example,
the aluminas, the silica-aluminas and the clays. For

B purpose of the invention, "Yalumina-containing binder"
include any of the alumina precursors including the hydrated
forms of alumina such as bayerite, boehmite and gibbsite
which upon calcination are converted to alumina (Al,0;).
Preferred silica-aluminas are the amorphous silica-aluminas
such as the aluminosilicate gels and sols. Non-limiting
examples of suitable clays include bentonite, hectorite,
kaolip, and attapulgite. The binders are provided in any
convenient form, such as powders, slurries, gels or sols.
When the binders are provided as slurries, gels or sols, at
least part of the water used in the mulling step will be
found as part of the slurry, gel or sol.

Preferred binders are aluminas such as

, pseudoboehnite, gamma and bayerite aluminas. These alumina
' binders are readily available commercially. LaRoche
Chemicals, through its VERSAL® family of aluminas and Vista
Chemical Company, through its CATAPAL® aluminas, provide
suitable alumina powders which can be used as binders in
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Catal yst G - 1000 ppm Pal | adi um by Miulling The nethod used to prepare

Catal yst B was used, with appropriate adjustnment of ingredient
concentrations, to prepare a catalyst having 1000 ppm by wei ght of

pal | adium Catal yst H 100 ppm Palladium by Milling The nmet hod used to
prepare Catal yst B was used except ZSM 22 ams used instead of ammonium ~
ferrierite to prepare a catal yst having 100 ppm by wei ght of pall adi um by
mul I ing. The zeolite/alum na m xture was extruded using a Bonnot extruder
equi pped with a stainless steel die plate 23 with 1/16 inch holes. The
extrudate was dri eprepaXing thieoingtant watalystshecrPrafiexineddalumina bindesyrs |

for 2 hours. Cataly§ipd vked PRI /dragiad®t2n Mt |EHY catalyst, particularly
when extrusion is utilized, are the high-dispersity alumina
povders. Such high dispersi{:y aluminas, for example

generally CATAPAL® D have a dispersity of greater than 50%

: in a agueous acid dispersion having an acid content of 0.4
- milligram equivalents of acid (acetic) per gram of Al,0;.

' The metals incorporated into the catalysts are
metals that promote the oxidation of coke in the presence
of oxygen at a temperature greater than, say, 250°C. While
the tern "metal(s)" is used herein in reference to the
-oxidation catalysts, it will be understood by one skilled
in the art that these metals will not necessarily be in the
zero-valent oxidation state and in many cases will be in the
higher oxidation states. Thus "metal"” can encompass the
metal oxides as well as the metals.

Preferably the coke oxidation-promoting metal used
is a transition or rare earth metal. More preferably the
coke oxi:dation-promoting metal is selected from Groups 1B,
VB, VIB, VIIB and VIII of the transition metal series of the
Periodic Table (CAS version). Specifically preferred are
P4, Pt, Ni, Co, Mn, Ag and Cr. Most preferred are the noble
metals such as palladium and/or platinum. _

The amount of the coke oxidation-promoting
metal(s) introduced generally varies up to about 15% by
weight, preferably with a lower range of from about 5 parts
per million (Yppm") to an upper range of up to about 15% by
weight, preferably 'up to about 10% by weight, more
preferably up to about 5% by weight measured as the metal
per total weight of the catalyst. When using noble metal
such as platinum and/or palladium, smaller amounts rather
than larger amounts of metals incorporated into the
zeolite/binder are preferred. Preferably the noble metals
will be present in an amount from about 5 ppm to about 2%,
preferably about 1%, more preferably about 3000 ppm, most
preferably about 2000 ppm by weight, basis metal, of the
final catalyst. In a most preferred embodiment, it is
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The met hod used to prepare Catalyst B was used except ZSM 23 was used
~instead of ammoniumferrierite to prepare a catalyst having 100 ppm by
wei ght of palladiumby mulling. The zeolite/alum na m xture was extruded
usi ng a Bonnot extruder equipped with a stainless steel die plate with 1/16
i nch holes. The extrudate was dried at [ex2] for 16 hours and then cal ci ned
inair at [err] for 2 hours. Testing Procedure Coke Test In an anal yti cal
test, the weight of coke on the catalyst is determ ned by measuring the
amount of weight |ost after conplete conbustion of the coke in an oxygen
cont ai ni ng strearprafexred &panse thepnehlermetals)im an apouyndy suifjcient
hour. Care shoul dede pakasté0 Peyelezatiphakarithowt! er déyet horating ysthe

o o et RS, B the' WiEned ! i ilyf oy Shol® 3456l <o
about 100 ppm. Higher amounts of platinum and/or palladium,
. say, greater than about 2% by weight, can have an adverse
effect on the run life, olefin isomerization activity and/or
selectivity of the catalyst.

The catalysts can be prepared by a variety of
methods. In one embodiment, the zeolite is combined with
the binder and formed into pellets by e.g. compaction or
extrusion and the catalytic metal added by impregnation of
the pellet with a metals-containing solution. After
impregnation the catalyst may be calcined at a temperature
from about 200°C to about 700°C, preferably about 200°C to
about 650°C, more preferably about 300°C to about 600°C.

In a preferred embodiment zeolite powder and
‘alumina powder are mixed, say by mulling, with water and one
or more compounds of the catalytic metal and the resulting
mixture is formed into a pellet. It has been found that the
catalysts prepared by mulling have superior olefin
isomerization performance than the catalysts prepared by
impregnation. The term "mulling" is used herein to mean
mixing of powders to which sufficient water has been added
to form a generally thick paste and wherein the mixing is
accompanied by concomitant shearing of the paste.
Commercially available mullers such as thé Lancaster Mix
Muller and the Simpson Mix Muller can be used to carry out
the mulling.

Preferably the pellet is formed by extrusion.
When extrusion is used, a peptizing acid(s), such as nitric
acid, acetic acid, citric acid or a mixture thereof, may be
added to the nixture; optional extrusion aids such as
cellulose derivatives, e.g., METHOCEL® F4M hydroxypropyl
methylcellulose, can be utilized. The amounts of peptizing
acid used can readily be determined by routine
experimentation and will be an amount that provides a
plastic, extrudable material. The term "pellets" as used
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20 inches fromthe top of the tube. To load the reactor, it was first
inverted and a small plug of glass wool was slid down the reactor tube over
the thernowel | until it hit the bottomof the tube. Silicon carbide (20
mesh) was added to a depth of about 6 inches. Over this was placed a snall
plug of glass wool. Approximately 4 grams of catalyst particles, 6-20
mesh, adm xed with about 60 granms of fresh silicon carbide (60-80 nesh)
were added in two parts to distribute the catal yst evenly. The cat al yst
bed was typically about 10 inches |ong. Another piece of glass wool was

added to the top t t I S el {&5d
silicon carbide, h?%ﬁ'%\;e\c/eﬁ?tﬁ éﬁf fﬁg?s%gliﬁeg %?Qg?gsg\@mjb%ﬁ%d#t iiﬂap’)(%igxr'lt
t her mocoupl e was@FRsEPRERLIAAR®Sne t her nowel | and was positioned such that

t he tenperature above, belThesmngpedlletisr aredcdicinad all acsempprature from
a lower limit of about 200°C, preferably from about 300°C,
more preferably from about 450°C, to an upper 1:I.mit' of up
to about 700°C, preferably up to about 600°C, more

- preferably up to about 525°C. '
Hydrocarbon Feed Strean

The hydrocarbon feed useful for this invention
comprises one or more linear alkenes containing at least 4,
typically 4 to 10 carbon atoms. Also considered as linear
alkenes for purposes of this invention are those alkenes
containing a linear alkene segment with four to ten carbon
atoms which can penetrate the =zeolite catalyst for a
distance effective to allow isomerization. Thus, the entire
molecule need not be small enough to £it entirely within the
pore structure of the cataiyst. The preferred feed contains
butylene and/or amylene.

' As used herein, n-butylene includes all forms of
n-butylene, for example 1-butene and 2-butene, either trans-
2-butene or cis-2-butene, and mixtures thereof. As used
herein, n-amylene or n-pentene, includes l-pentene, cis- or
trans-2-pentene, or mixtures thereof. The n-butylene or n-
amylene used in the processes of this invention is generally
in the presence of other substances such as other
hydroéarbons. Thus, a feed stream used in the process of
the invention containing n-butylene or n—-amylene also can
contain other hydrocarbons such as alkanes, other olefins,
diolefins such as butadiene, aromatics, hydrogen, and inert
gases. Typically, the n-butene feedstream used in this
invention contains about 10 to about 100 wt.% n-butene. For
example, a fractionated hydrocarbon feedstream from a fluid

- catalytic cracking effluent stream generally contains about
20 to about 60 wt.% normal butene and a hydrocarbon effluent

. from an ethers processing unit, such as nethyl-tert-butyl
' ether (MTBE) generally contains from 40 to about 100 wt.%
n-butylene. Feed streams from steam crackers and catalytic
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24 the catal yst bed could be nonitored. The reactor was inverted and
installed the furnace. The feed utilized was 1-butene -obtained from Scott
Speci alty Gases with a 1-butene content of greater than 99.2% wei ght. The
1-butene was fed to the reactor in the gas phase. To start up the reactor,
it was first heated to the desired- operatiseg tenperature over a four hour
period and held at the operating tenperature for 2 hours, all under flow ng
nitrogen. After this pretreatnent, the nitrogen flow was shut off and the
1-butene was added at a rate of 36 g/hr to give the desired weight hourly
space vel ocity ofciadkdray mayl 2 soeceohtainagubednt full E&muaﬁxﬁwtdzetamae;ﬁur e

L 2ok d T ot A oAl e soetels CORMELE 0y oSl H 0SS
be bl ack due to formed by selectively hydrogenating butadiene %o form linear
butenes. |

As used herein, the term "“alkene" can be
alternatively referred to as "olefin"; the term "linear" can
be alternatively referred to as "normal"; and the term
"isoolefin" can be alternatively referred to as "“methyl
branched isoolefin." &imilarly, butene and butylene refer
to the same four carbon alkene; and pentene and amylene
refer to the same five carbon alkene.

Isomerizing Conditions

In the processes of this invention, a hydrocarbon
stream comprising at least one linear olefin is contacted
with the catalytic zeolite under isomerizing conditions.
Generally, the hydrocarbon stream is contacted with the
above-described zeolite catalyst in a vapor phase at a
suitable reaction temperature, presstire and space velocity.
Generally, suitable reaction conditions include a
temperature of about 200°C to about 650°C, preferably from
about 340°C to about 600°C, an olefin partial pressure of
above about 0.5 atmosphere, and a total pressure of about
0.5 to about 10.0 atmospheres or higher, a hydrogen/-
hydrocarbon molar ratio of 0 to about 30 or higher, (i.e.
the presence of hydrogen is optional) substantially free of
water (i.e., less than about 2.0 wt% of the feed), and a
hydrocarbon weight hourly space velocity (WHSV) of about 0.5
to about 100 hr'l. These reactor streams can contain non-
reactive diluents such as alkanes. The hydrogen can be
added directly to the feed stream prior to introduction of
the isomerization zone, or the hydrogen can be added
directly to the isomerization zone.

The preferred reaction temperature will depend on
a number of factors such as the pressure, the weight hourly
space velocity and the feed composition. Lower molecular
weight olefins such as butenes are best isomerized at a
temperature from about 200°C to 650°C while higher molecular
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the buil d-up of carbonaceous material (coke) conprising about 10 to 20% wt .
Each catal yst was renoved fromthe test reactor and its wei ght was
nmeasured. The catal ysts were each reloaded into a test reactor and
regenerated by the follow ng procedure. The unit was pressurized to 90 psig
and a flow of approximately 6 standard liggrs per hour of air was started.
The sanpl e was heated by the follow ng controll ed heating procedure: ranp
from([err] to [err] at [err] per mnute; hold at [err] for 30 mnutes; ranp
from[err] to [err] at [err] per minute;, ranp from[err] to [err] at [err]
per minute and heledght pefinéoaréibéstrtsondrrizednGitoNower Hempetatuedsand
the catal yst unl u anti.al | ea.kege . C st
was -confirmed bygﬁﬁgggfga%%%aggﬁgeiﬁfﬁgﬁgkgéagﬁ goﬁgﬁggkggﬁgauﬁggmegéég ed

catalyst.  SanplRO9°G; ¥he S8R Gy yaANE \BeXenRS o ATE (RefoadgrRerized) & 2
| someri zation || tempexatude Sram dbmst ROMAC HP&E002C8 MixedOButanés and

. pentenes are best isomerized at a temperature from ‘about
200°C to 600°C and mixed pentenes and hexenes from about
- 200°C to 525°C. The use of a lower temperature may be
advantageous when the olefin is easily cracked to lighter
unwanted species at higher temperatures. It is also possible
to achieve higher concentrations of desired products at
lower temperatures due to the fact that higher equilibrium
concentrations of the branched olefins are possible at lower
temperatures.
In a typical butene isomerization process scheme,
—— a butene vapor stream is contacted with such catalyst in a
reactor at about 320°C to about 650°C, at an olefin partial
pressure of about 5 psia to about 50 psia and a total
pressure of about 15 to about 100 psia and at an olefin
based WHSV of about 0.5 to about 50 hri. Preferred
isomerizing conditions are carried out at a temperature of .
between about 320°C to about 450°C, at atmospheric pressure,
and an olefin based WHSV of between about 2 to about 25 hr,
more preferably between about 2 to about 15 hrl.
In a typical pentene isomerization process scheme,
a pentene vapor stream is contacted with such catalyst in
a reactor at about 250°C to about 550°C, at an olefin
partial pressure of about 3 psia to about 100 psia and a
total pressure of about 15 to about 100 psia and at an
olefin based WHSV of about 1 to about 100 hr'. Preferred
isomérizing conditions are carried out at a temperature of
between about 300°C to 425°C, at atmospheric préssura, and
an olefin based WHSV of between about 2 to about 40 hrl.
. For a mixed feed, reaction conditions between
pentene and butene isomerization processes can be used
- depénding on the desired product mix.
The process of the present invention-can utilize
a combination of zeolites with one or more one dimensional
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inch 1D and 17 feet long was used as a reactor. A second flanged, stainless
steel pipe, 2.38 inch OD, 2 inches ID and 25 12 feet |long was used as
~the feed preheater. The preheater was positioned next to the reactor and
was connected by a three foot U-bend at the top. A thernmowell, containing
ten thernocouples ranging in | ength fromi¥ inches to 80 inches, was
attached to the.bottomflange and runs up into the reactor. Electrical
heati ng el enents span the length of the reactor and preheater. The
preheater was |oaded with 1/4 inch support balls to a |evel of four feet
measur ed from t hepaws. stiiveturest baving & pore | mige EwiXlh enapgbnde FESA5R:
balls to a level pi-phpdifle Giaeribstion Ma tdvke epsrmatioNextithsithel poires

O rnd 1 heh SuPPOLL Pl “Phgd I Uaitugt ‘Fo PRiBReCTarf! ¥ SelS 168RAr
olefin(s) and diffusion of the isoolefin product(s). These
combinations can include pellets of mixed zeolites and
stacked béd arrangements of catalysts guch as ZSM-22 and/or
ZSM-23 over ferrierite, ferrierite over ZSM-22 and/or ZSM-
23, and ZSM-22 over 2ZSM-23. The stacked catalysts can be
of the same shape and/or size or of different shape and/or
size such as 1/8 inch trilobes over 1/32 inch cylinders for
example. ' ;
Regeneration Conditions
During the process, some coke will be formed on
the surface of the catalyst. The surface of the catalyst
where the coke builds up can be on the outer surface and/or
on the surface of the inner channels and/or pores of the |
catalyst. Therefore, it is advantageous to regenerate the
catalyst when at least say 2%, preferably at least 5%, more
preferably at least 10%, but before 30%, preferably before
25%, most preferably before 20 % by wéight of coke build-up
(basis uncoked catalyst). ' .
‘When the build up of coke on the catalyst reaches
a point where it needs to be regenerated, the hydrocarbon
feed to the catalyst is stopped, any strippable hydrocarbon
on the catalyst is stripped with hot gas (e.g. nitrogen
and/or hydrogen) and the catalyst is then regenerated by
subjecting it to heat treatment with an oxygen-containing
gas. Stripping may be carried out at high pressure, under
vacuum, or by cycling the reactor by pressurizing and
- depressurizing. Stripping may be combined with
regeneration. For example, in a butene isomerization
process, the butene feed can be stopped and replaced with
hydrogen feed during stripping and then replaced with an
' oxygen-containing gas stream for regeneration.
The regeneration is preferably carried out at a
temperature of at least 250°C. It is important that the
temperature during regeneration remains less than about
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directly on top of the 1/8 inch support balls. The feed utilized was a
commercial grade raffinate-2 containing approximtely 40 wt. % 1-butene, 20
- WL. % trans-2-butene, 13 wt. %cis-2-butene, 3 wt. % isobutane, 23 w. %
"'n-butane and 1 wt. % isobutylene. The raffinate-2 was fed to the preheater

I n the gas phase follow ng vaporization in7a | ow pressure steam preheater.
At start up, the reactor was heated to 288 C under flowing nitrogen. After
a period of four hours, the gas exiting the reactor was sanpl ed for oxygen
content. Once the oxygen content dropped below 0.02 vol.% the

g[ et rteat Ir(fent St epe¥ag Cﬁf@%&&ﬁﬂ@.éﬁd ROGH orl @quadstei abeati augdc, Those
ep took approxinate raffinate- t r r
at arate of 24 Pﬁg%'ﬁ?x?gy gic#éesssa eglnr eé];"vvelgé‘g?fh\g%fl ?q%%gceg\?gl g&i ag%é)
7.0 [err] As soobraferably niess  thandoraeanalr §udbeuto 4302C &axt & ting

tenperature was pfgec65ed to subetdntiablly Quafmoerithengska ol thelsarface
I sorrer‘l zation re%gt ' Ale"P 2okl | @H@QW&E.‘ | The coke is regaz_:déd as
substantially burned off when more than about 80 % by weight

. of the coke is removed based on the initial total coke level
when olefin isomerization or the linear olefin feed is

stopped (pereinafter “yeight & of the initial coke").

- ' preferably the regeneration is carried out until
substantially all of the coke is burned off. Substantially
all of the coke is regarded as burned off when more than
about 95 weight % of the initial coke is removed.
Regeneration temperatures are measured as average reactor
environment temperatures (i.e., bulk gas phase temperatures)
and occasional spikes for a short period of time or within
a portion of the reactor enviromment is within the process
of the invention. Coke as herein used is any oxidizable
carbonaceous material. The coke levels can be conveniently
neasured by the coke test described below. _

Preferable regeneration conditions include system
pressures ranging from greater than 1 atmosphere, preferably
from about 20 psig, to about 1500 psig, more preferably to
about 1000 psig. The higher system pressure allows greater
oxygen partial pressure while maintaining the ratio of
oxygen to the inert gas used to absorb heat.

The oxygen partial pressure relative to total
syétem pressure is typically from about 0.001 atmosphere,
preferably from about 0.01 atmosphere, to about 40
atmospheres, preferably to about 10 atmosphere. Preferably
the oxygen-containing gas is air, although the air may be
diluted with additional nitrogen, carbon dioxide or
- hydrocarbon combustion products.

It is important in the regeneration process to

. ) avoid runaway exotherms above the desired maximum
regeneration temperatures in the reactor. -This can be

accomplished by a suitable increasing of the temperature or
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an average of 35% normal ol efin conversion was reached. Regeneration Il The
reactor outlet was lined up to a flare header. The feed was bl ocked and
ni4rogen was introduced to the reactor and the bed tenperature was cool ed
to [err] Nitrogen flow was slowy increased to a maxi num of 350 standard
cubic feet per hour ("SCFH') at atnosphejgc 26 pressure for several
hours until the effluent purge gas was hydrocarbon free while nmaintaining a
uni form catal yst bed tenperature of [err]. Dry air was introduced to the
reactor at 13.6 SCFH while nmaintaining the nitrogen flow rate of 350 SCFH

The burn was nonbyoardirmyrexdsing ofothe \oxygenccohcentratimndn theoosyddm-

gg% Z: ﬁ% Egg ONCRohg il A lyds Sor Aot e Ene® redenkPatioh proddés in
order to obtain a steady burn of the coke. Preferably the
regeneration is carried out for a time sufficient to burn-
off essentially all of the coke, say down to a coke level
of less than about 0.1 wt.% of the catalyst. Times will
typically be from about 5 to about 200 hours, preferably
from about 10 to about 100 hours. Preferably, no water is
‘added during the regeneration process of the invention other
than water present normally in air and/or regeneration gas
used in the regeneration process.

The regeneration process of the invention allows
for a smooth and controlled catalyst regeneration. The
regeneration temperature can be sustained and controlled by
regenerating the coke oxidation-promoting metal(s)-
containing isomerization catalyst at elevated pressures.

_ The isomerization and/or regeneration process
accordingly can be carried out in a packed bed reactor, a
fixed bed, fluidized bed reactor or a moving bed reactor.
The bed of the catalyst can move upward or downward. The
isomerization process and the regeneration process may be
carried out in the same bed or in separate beds. A
continuous regeneration may be useful for the regeneration
process. Regeneration may also be carried out ex situ.

In a preferred embodiment the invention can be
defined as a process for structurally isomerizing a linear
olefin of at least 4 carbon atoms to its corresponding
methyl branched isoclefin which comprises:

(a) contacting at a temperature of from 200°C to 650°C

a hydrocarbon feed stream containing at least one said
linear olefin with an isomerizing catalyst comprising (i)
at least one zeolite with one or more one-dimensional pore
structure having a pore size small enough to retard by-
product dimerization and coke formation with the pore
structure and large enough to permit entry of the linear
olefin and allow formation of the methyl branched isoolefin,
(ii) a binder and (iii) a coke oxidation-promoting metal,
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tenperature was nmai ntained so as not to exceed [err] Once the oxygen
content (both oxygen and carbon di oxide) reached 1.75 nol % tenperature was
‘recorded across the catal yst bed. The tenperature was maintained at [err]
Once the carbon di oxide produced fell below 0.05 nol% the tenperature was
slowy increased at a rate of 3- [err] g hour up to a tenperature of
[err] using an electric heater. As the b 4 tenperature began to drop, air
flowrate to the reactor was slowmy increased in 5-10 SCFH i ncrenents to
reach a maxi mum bed tenperature of [err] Air flowof up to the maxi num of
205 SCFH was contin(e) wmedsingi contachgofhethed femdpestreans with ethé

Slowly remved |FaEeiRer FrturCofl beild up Bn Helbubbdbs Ur tH6Rats et
ot The 05 SorH aRf SRELSARNIY, STHIBPLAGRE it IREAR G SYERBSBEHODHRCES ur o
at [err] The r egbatyst iwkthwawotf gmasher continued until less than 0.01 nolt
of carbon di oxi de was(gy esgdfitactingorid ¥huld8ok8d-E4 a1 with an oxygen-
containing gas stream at a temperature of from about 250°C
to at most about 565°C for a time effective to substantially
burn off the coke based on the uncoked catalyst thereby
regenerating the catalyst, and
(d) repeating step (a) with the thus-regenerated °
catalyst. ' .
In a preferred embodiment, steps (a) to (¢) can
be repeated at least 3 cycles, more preferably at least 10
cycles before the catalyst selectivity and/or iscolefin
production decreases substantially. The isoolefin produced
can be recovered or directly used in another process such
as in a process to produce isoalkylethers as described in
EP-A-523,838 and US-A-5,191,146. .
For this process, the catalyst utilized is
- preferably prepafed by the process comprising:

(1) mixing by mulling together zeolite powder,
alumina powder, water, a peptizing amount of
acid and a compound of the coke oxidation-
promoting metal,

(2) forming a pellet of the mixture of (1), and

(3) calcining the pellet of (2) at a temperature
of from 300°C to 700°C.

The following Jillustrative embodiments are

provided to further illustrate the invention.
e t st
The following examples illustrate methods of
preparation of the catalysts. Two ammonium ferrierite
- ) powders, ZSM-22 and ZSM-23 powders were used to prepare the
catalysts used in the examples described below. The two
- ammonium ferrierites were prepared in an identical fashion
and exhibited similar physical and catalytic properties.
catalysts A, C, E and F were prepared using ammonium-
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Then the reactor was cooled to a tenperature of [err] and purged with
nitrogen. Isonerization |l The reactor was a 2 inch @D and 1. 6 inch ID
stainless steel pipe with 2-inch flanges wel ded to each end. The pipe al so
had 1/4 inch feed and effluent Iines welded on 6 inches fromthe bottom and
top of the reactor, respectively.- The togosealing flange was fitted with a
pressure gauge.and rupture disk. The bottom sealing flange was fitted with
a thermnell welded directly in the center of the flange that was extended
up through the mddle of the reactor pipe when attached. The thernowel | was
a stainless Ferdietitblhitad deslaxhisiildtacte sluninwd radkioaiofcg3elgha or

more thernocoupl g, BAIAL Sred NSr RRACHS Y gPIPAPOMES 03)G! 85864a content of 292
ppm wt and a n-hexane sorption capacity of 7.2 grams per 100
grams of zeolite. Catalyst B, B' and D were made using
ammonium-ferrierite having a molar silica to alumina ratio
of 62:1, a surface area of 369 m2/g (P/Po=0.03),a soda
content of 480 ppm wt and a n-hexane sorption capacity of
7.3 grams per 100 grams of zeolite. Catalyst H was prepared
using 2SM-22 (also known as Theta-l and TON) prepared

- according to the procedures in Example TON-C in EP-A-
247,802. Catalyst I was prepared using 2ZSM-23 prepared
according to the procedures in Example 2ZSM-23 in EP-A-
247,802.

The catalyst components were mulled using a
Lancaster mix muller. The mulled catalyst material was
extruded using a Bonnot pin barrel extruder.

The binder utilized was CATAPAL® D alumina and
METHOCEL® (R) F4M hydroxypropyl nethyli:ellulose was used as
an extrusion aid.

a =) - a

The Lancaster mix muller was loaded with 944 grams

of ammonium-ferrierite (34.2% loss on ignition ("LoI"™)
determined at a temperature of 900°C) and 93 grams of
CATAPAL® D alumina (LOI of 25.8%). The alumina were blended
with the ferrierite for 5 minutes during which time 78
milliliters of de-ionized water were added. A mixture of
8 grams glacial acetic acid and 78 milliliters of de-ionized
water were added slowly to the muller in order to peptize
"the alumina. Ten grams of METHOCEL®(R) F4M hydroxypropyl
methylcellulose were added and the zeolite/alumina misxture
was mulled for 15 additional minutes. The extrusion mix had
an LOI of 42.5%. ‘The 90:10 zeolite/alumina mixture was
transferred to the Bonnot extruder and extruded using a
gtainless steel die plate with 1/16" holes. The extrudate
was dried at 120°C for 16 hours and then calcined in air at
500°C for 2 hours. '
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wi th -a Lindberg three foot heating furnace containing three heating zones
“but only the bottom zone was used to preheat the butylene feed to the
‘reaction section. The furnace was controlled by three controllers. Located
on the effluent Iine was tubing and equi pnent for sanpling the hydrocarbon
effluent directly to a gas chromatograph. 2The feed utilized was an MIBE
processi ng effluent and contai ned approxi mately 25-35 wei ght percent

but ene-2, 40-50 wei ght percent butene-1, and 20-30 wei ght percent butanes.
The reactor was first |oaded with an |nert packlng naterlal in the
preheating zone. The i netht®3 ' p

mesh corundum or inert clay y g TN

material a prewei ghed anoun?ga‘}ﬂ%a%%atle%u’?gg ﬁuﬂ?g ga?méferﬁt giﬁﬂa{ﬁ %? zone
of catalyst. At $farsmmen ‘PhefFEﬁéFBi Ba(ldat 28 B0 4%) niandufRosFrans ngt

t emper at ur e usualdarapar@pealtvhina [ (0] af@®.2%). The alumina was blended

* with the ferrierite for five minutes during which time 156
milliliters of de-ionized water were added. A mixture of
- 6.8 grams of glacial acetic acid and 156 milliliters of de-

ionized water were added slowly to the muller in order to
peptize the alumina. The mixture was mix-mulled for 10
minutes. 0.20 Grams of tetraammine palladium nitrate in 156
nillilitexrs of de-ionized water were then added slowly as
the mixture was mulled for 5 additional minutes. Ten grams
of Methocel® F4M hydroxypropyl methylcellulose was added and
the zeolite/alumina was mulled for 15 additional minutes.
The extrusion mix had a 1OI of 43.5%. The 90:10 extrudate
was transferred to a Bonnot pin barrel extruder and extruded
using a stainless steel die plate with 1/16 inch holes. The
extrudate was dried at 120°C for 16 hours and then calcined

in air at 500°C for 2 hours.

~= Catalvst B' - 100 ppm Palladium bv Mulling

The Lancaster mix muller was loaded with 645 granms
of ammonium-ferrierite (5.4% LOI) and 91 grams of CATAPAL®
D alumina (LOI of 25.7%). The alumina was blended with the
ferrierite for 5 minutes during which time 152 milliliters
of de~ionized water were added. A mixture of 6.8 grams
glacial acetic acid, 7.0 grams of citric acid and 152
milliliters of de-ionized water were added slowly to the
muller in order to peptize the alumina. The nixture was
mulled for 10 minutes. 0.20 Grams of tetraammine palladium
' nitrate in 153 grams of de-ionized water were then added
slowly as the mixture was mulled 5 additional minutes. Ten
grams of METHOCEL® (R) F4M hydroxypropyl methylcellulose were
. added and the zeolite/alumina mixture was mulled for 15
‘ additional minutes. The extrusion mix had an LOI of 43.5%.
. The 90:10 zeolite/alumina mixture was transferred to the
Bonnot extruder and extruded using a stainless steel die
plate with 1/16" holes. The extrudate was dried at 120°C
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flowi ng nitrogen purge at approximately 15-50 psia. once the reactor was
heated, the feed was introduced to the reactor and the nitrogen purge
was st opped. The isonerization reaction was carried out at a WHSV of 7
[err] and at a tenperature of [err] Regeneration IIl A nuffle furnace was
preheated to [err] The coked catal yst wag2separated fromthe catal yst
support balls. The catal yst was placed evenly in a stainless steel pan ywith
approxi mat e di nensions of 12 inches by 6 inches. The netal pan with the
catal yst was placed into the preheated nuffle furnace. once the catalyst

reached a whi e Gior$R nibid ARPREZROEEFCIAII HPLIL REISUP<C FREDYCHohERD

the nuffle furnace he catal yst was transferre tg a heaker..and all owed to

cool in a desiccator to r
The method used to prepare Catalyst B was used,

with appropriate adjustment of ingredient concentrations,
to prepare a catalyst having 30 ppm by weight of palladium.

Catalyst D = 2500 ppm Palliadium by Mulling

The method used to prepare Catalyst B was used,
with appropriate adjustment of ingredient concentrations,
to prepare a catalyst having 2500 ppm by weight of

} palladium.
- ati

Catalyst E was prepared by pore volume
impregnation of Catalyst A. 15 Grams of Catalyst A were
impfegnated with a solution containing:

1) 0.015 grams of a palladium nitrate aqueous
solution containing 10%wt of palladium and
2) 9.6 grams of absolute ethyl alcohol.

The contact was maintained for one hour at room
temperature. Then the mixture was dried at 120°C for 16
hours and calcined in air at 500°C for 2 hours.

Catalvs 00 a 4a ' T on

Catalyst F was prepared in a manner similar to
Catalyst E except 0.0043 grams of Bis(acetylacetonato)
palladium was dissolved in 9.6 grams of absolute ethyl

- alcohol. ' .
ata t G =~ 1000 1 b 1

The method used to prepare Catalyst B was used,
with appropriate adjustment of ingredient concentrations,
to prepare a catalyst having 1000 ppm by weight of
palladium.

t t _H=-10

The method used to prepare Catalyst B was used
except ZSM-22 was used instead of ammonium ferrierite to
prepare a catalyst having 100 ppm by weight of palladium by
mulling. The zeolite/alumina mixture was extruded using a
Bonnot extruder equipped with a stainless steel die plate
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28 Cal cul ati ons Conversion and selectivity were cal culated for each sanple
during testing runs. The cal cul ation of conversion and selectivity
‘reflect the feed (FD) and effluent (EFF) concentrations of butene-1 (Bl)
and butene-2 (B2) and isobutylene (I1Bl). Conversion is calculated as: [err]
selectivity is calculated as: [err] and yizgld is calculated as [err]
EXAMPLES 1-9 Table 1 shows the results of the testing of the various

catal ysts prepared above. This Table provides the hours of run life of the
catalyst in the isonerization process after various regeneration cycles.

Butene was i sonegigR01 A6 Fridin folies| SOffe iestiruaitlk WhE diied aitahyobevesr
16 hours and then calcined in air at 500°C for 2 hours.
c - m b
The method used to prepare Catalyst B was used
: except 2SM-23 was used instead of ammonium ferrierite to
prepare a catalyst having 100 ppm by weight of palladium by
- mulling. The zeolite/alumina mixture was extruded using a
Bonnot extruder equipped with a stainless steel die plate
with 1/16 inch holes. The extrudate was dried at 120°C for
16 hours and then calcined in air at 500°C for 2 hours.
Testing Procedure
" Coke Test
In an analytical test, the weight of coke on the
catalyst is determined by measuring the amount of weight
lost after complete combustion of the coke in an oxygen
containing stream at an elevated temperature, typically at
750°C for one hour. Care should be taken to minimize uptake
of water by the catalyst.
Isomerization I
A stainless steel tube, 1 inch OD, 0.6 inch ID and
26 inches long was used as a reactor. A thermowell extended
20 inches from the top of the tube. To load the reactor,
it was first inverted and a small p1u§ of glass wool was
slid down the reactor tube over the thermowell until it hit
- the bottom of the tube. Silicon carbide (20 mesh) was added
to a depth of about 6 inches. Over this was placed a small
plug of glass wool. Approximately 4 grams of catalyst
particles, 6-20 mesh, admixed with about 60 grams of fresh
silicon carbide (60-80 mesh) were added in two parts to
distribute the catalyst evenly. The catalyst bed was
typically abcut'lo inches long. Another piece of glass wool
was added to the top of the catalyst and the reactor was
topped with 20 mesh silicon carbide, followed by a final
plug of glass woodl. A multipoint thermocouple was inserted
g - into the thermowell and was positioned such that the
temperature above, below and at three different places in
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regenerated according to Regeneration | for Table 1. "Run life" is defined
herein as the tine fromstart-of-run to the tine at which the concentration
ofs met hyl branched isoolefin in the product has declined to 27 w. % after
havi ng reached its peak. = The Table al so provides the instantaneous
selectivities to isobutylene of the catal pats at 40% conversion, 45%
conversion, and 50% conversion and the hi ghest concentration (%) of the
met hyl - branched i soolef in (isobutylene) in the product achieved during
testing. Exanples 1-9 are listed fromtop to bottomin Table 1. 30 As
can be seen from ¥hel eatalyatalbed: sconid abai mpnitored. The reactor was

inverted and installed the furnace.

The feed utilized was 1-butene obtained from Scott
Specialty Gases with a 1-butene content of greater than
99.2% weight. The l-butene was fed to the reactor in the
gas phase.

To start up the reactor, it was first heated to
the desired ocperating temperature over a four hour period
and held at the operating temperature for 2 hours, all under
flowing nitrogen. After this pretreatment, the nitrogen
flow was shut off and the l1l-butene was added at a rate of
36 g/hr to give the desired weight hourly space velocity of
9.0 hr'l. The reactor was operated at an outlet pressure of
3 psig and at a temperature of 430°C. ’

- Regeneration I

After running the catalysts in the isomerization
process described above, they were found to be black due to
the build-up of carbonacecus material (coke) comprising
about 10 to 20% wt. Each catalyst was removed from the test

- reactor and its weight was measured. The catalysts were
each reloaded into a test reactor and regenerated by the
following procedure. The unit wae pressurized to 90 psig
and a flow of approximately 6 standard liters per hour of
air was started. The sample was heated by the following
controlled heating procedure: ramp from 25°C to 125°C at
'10°C per minute; hold at 125°C for 30 minutes; ramp from
125°C to 350°C at 2°C per minute; ramp from 350°C to 470°C
at 1°C per minute and hold at 470°C for 24 hours. The
reactor was then .cooled and the catalyst unloaded.
Substantially complete regeneration of the catalyst was
confirmed by the disappearance of the black color of the
unregenerated catalyst. éamples of the catalysts were
weighed to measure coke loss.

1 {zati 1T

A flanged, stainless steel pipe, 2.88 inch OD, 2.5
inch ID and 17 feet long was used as a reactor.” A second
flanged, stainless steel pipe, 2.38 inch OD, 2 inches ID and
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palladlun1(see Cat al yst B) gave longer run life and/or achieved higher
selectivities to isobutylene over a nunber of regenerations whereas

catal ysts without palladium (see Catalyst A) showed substantial decline in
catalyst run |ife and/or selectivity. For Catalyst B, catalyst run life
remai ned above 130 hours over 4 regenerati®ns whereas for Catal yst A run
life dropped bel ow 100 run hours within 2 regenerations. The tine required
for regeneration was nuch less than the run lives for the catalysts of the
present-invention. Further, the selectivity of the catalysts with pall adi um
r emai ned substantualfqetripnsaMBSMMsGﬂrH$nthﬂ faed| preheatery, c Fhggpreheater

g:lt ?Lé.sbfn 5eC|B'i ne5°§a ﬁsl:hc&t@a Gext! :t% @ee(ifelab{tbi‘ fhdt UesCabah¥stea by hout
catal yst A). Regeggf g %‘?‘% ﬁ] (FJ egtelrjs éhg"é’é ?gfer%%%'ltgriegg #nd
wi t hout pal | adi unthesmbceuples araméggu tlengtht i&t%t3°sé¥'l€b?$ wa yOa%me?(%d
conversions. Thi syh@Satk8eBER to the bottom flange and runs up into the
reactor. Electrical heating elements span the length of the
reactor and preheater. The preheater was loaded with 1/4
inch support balls to a level of four feet measured from the
top. The reactor was first loaded with 1/4 inch support
balls to a level of 15 feet from the top of the reactor.
Next, six inches of 1/8 inch support balls were added. 3.43
Pounds of catalysts was then poured into the "reactor
directly on top of the 1/8 inch support balls. '
The feed utilized was a commercial grade
raffinate-2 containing approximately 40 wt. ¥ l-butene, 20
wt. % trans-2-butene, 13 wt. % cis-2-butene, 3 wt. %
isobutane, 23 wt. § n-butane and 1 wt. % isobutylene. The
raffinate-2 was fed to the preheater in the gas phase
following vaporization in a low pressure steam preheater.
At start up, the reactor was heated to 288°C under
flowing nitrogen. After a period of four hours, the gas
exiting the reactor was sampled for oxygen content. Once
the oxygen content dropped below 0.02 vol.%, the
pretreatmgnt step was complete and nitrogen flow was .
discontinued. This step took approximately 9 hours. The
raffinate-2 was added to the reactor at a rate of 24 lbs/hr
to give a desired weight hourly space velocity of 7.0 hrl
As soon as raffinate-2 feed was introduced to the reactor,
the temperature was increased to the desired operating
temperatﬁre. The isomerization reaction was continued until
an average of 35% normal olefin conversion was reached.
Regeneration II
The reactor outlet was lined up to a flare header.
The feed was blocked and nitrogen was introduced to the
reactor and the bed temperature was cooled to 343°C.
Nitrogen flow was slowly increased to a maximum of 350
standard@ cubic feet per hour ("SCFH") at atmospheric
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mor e pronounced with repeated regenerations. Further, as can be seen from
Table 1, the catal ysts in which pall adi um has been incorporated by mulling
- denonstrate increased run life, higher isobutylene yield and higher
~selectivities at 40% conversion, 45 % conversion and 50% conversion | evel s
when conpared to catalyst(s) prepared by 2émregnation. The |ong cycle life
and high selectivities of the palladiumco-nulled catal ysts were naintai ned
after nultiple regenerations at el evated pressure and | ower t enper at ur es.
The selectivity of 2500 ppm pal | adi umi ncorporated Catalyst D is |ower than
the selectivity gires3irgpfiopaévatialnhourscntpids Fhedeftlinenty quige gag yas
;g‘és'esﬁoo/j bOX:NglatrLt og:geggh'ngﬁegeﬁﬁhé Sﬁa:%ﬁﬁﬁrﬁ%ahedlﬁilfoﬁec&&hakﬁﬁtBed‘
results in ﬁnaccgﬁm&’ﬂ' %’Eﬁ&%%‘?e?’éc Ke? £%%%$&QBF rf%@ﬂteakﬁétor
preferred enbodi memnt13.6alSCxti while maintaining ke cF'é-ﬁFOERDuﬂ-"Y’orﬁ'S%l%f
with the regener aiggongbpf, The burn was monitored by observing any
temperature increase across the catalyst bed once the mixed
- gas was introduced to the reactor. = The catalyst bed
temperature was maintained so as not to exceed 471°C. Once
the oxygen content (both oxygen and carbon dioxide) reached
1.75 mol%, temperature was recorded across the catalyst bed.
The temperature was maintained at 471°cC.

Once the carbon dioxide produced fell below 0.05
mol%, the temperature was slowly increased at a rate of 3-
6°C per hour up to a temperature of 485°C using an electric
heater. As the bed temperature began to drop, air flow rate
to the reactor was slowly increased in 5-10 SCFH increments
to reach a maximum bed temperature of 487°C. Air flow of
up to the maximum of 205 SCFH was continued while
maintaining the bed temperatures at 487°C until the bed
temperatures started to fall at which time nitrogen flow was
slowly removed from the system. The regeneration was
continued in pure air at the 205 SCFH air rate for 12 hours
while maintaining the bed temperature at 487°C. The
regeneration was further continued until less than 0.01 mol$%
of carbon dioxide was present in the flue gas for one hour.
Then the reactor was cooled to a temperature of 288°C and
purged with nitrogen. ' '

erjzati

The reactor was a 2 inch OD and 1.6 inch ID
stainless steel pipe with 2-inch flanges welded to each end.
The pipe alsc had 1/4 inch feed and effluent lines welded
on 6 inches from the bottom and top of the  reactor,
respecti\;ely. The top sealing flange was fitted with a
pressure gauge and rupture disk. The bottom sealing flange
was fitted with a thermwell welded directly in the center
of the flange that was extended up through the middle of the
reactor pipe when attached. The thermowell was a stainless
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| ess than an anmount which will severely limt the run life of the catalyst.
31 EXAMPLES 10-14 Table 2 shows the tines (at maxi num tenperature) required
for coke-renobval from Catalysts A and B at various tenperatures and
pressures. This data was generated using pressure thernogravinetric
anal ysi s. 32 . 27

steel tube welded shut at one end and contained eight or
more thermocouple points. The reactor pipe was enclosed
with a Lindberg three foot heating furnace containing three
heating zones but only the bottom zone was used to preheat
* : the butylene feed to the reaction section. The furnace was:
controlled by three controllers. lLocated on the effluent
) line was tubing and equipment for sampling the hydrocarbon
effluent directly to a gas chromatograph.
The feed utilized was an MTBE processing effluent
and contained approximately 25-35 weight percent butene-2,
40-50 weight percent butene-l, and 20-30 weight percent
butanes.
The reactor was first loaded with an inert packing
material in the preheating zone. The inert packing
- materials used were either a small mesh corundum or inert
clay catalyst support balls. Above the packing material a
prewveighed amount of catalyst was added to form a distinct
zone of catalyst.
At start up, the reactor was heated to a minimum
- operating temperature usually greater than 200°C under
flowing nitrogen purge at approximately 15-50 psia. Once
the reactor was heated, the feed was introduced to the
reactor and the nitrogen purge was stopped. The
isomerization reaction was carried out at a WHSV of 7 hr!
and at a temperature of 430°C.
ege io I
A muffle furnace was preheated to 500°C. The
coked catalyst was separated from the catalyst support
balls. The catalyst was placed evenly in a stainless steel
pan with approximate dimensions of 12 inches by 6 inches.
The metal pan with the catalyst was placed into the
preheated muffle furnace. Once the catalyst reached a white
* or near white appearance, the metal pan was removed from the
) muffle furnace. The catalyst was transferred to a beaker
- and allowed to cool in a desiccator to room temperature.
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33 The use of palladi um and/ or hi gher oxygen partial pressures allows the

~ coke on the catalyst to be renoved in shorter periods of tine and at |ower
tenperatures. As can be seen from Table 2, catalysts incorporating

pal | adi um (Exanples 12 and 14) were able to regenerate at reduced tine
conpared with catalysts with no palladi umg Exanples 11 and 13). Further

the pall adium contai ning catal yst in Exanple 14 which was regenerated at a
pressure of 8 atnosphere (and el evated oxygen partial pressure) regenerated
faster at | ower tenperature conpared to Exanples 10 and 11. As can be seen

by Exanples 13 and 14,%%%% all ows catal ysts to be regenerated
at | ower tenperatures

rter tine. MPLE 15 Cat al yst 0,
pal | adi um) was used to i sorePRversion At SERPVIY WRFS TR %%éé{]i%%r
|11 and Regener at ieagh! |dampiedi Guping FEestdngr agms-e| ecThei cplcmlatdont ff
over conversion and selectivity reflect the feed (FD) and

effluent (EFF) concentrations of butene-1 (Bl) and butene-2

(B2) and isobutylene (IB1). Conversion is calculated as:

(wt$B1+wt$B2) FD- (wt$B1+wtlB2) EFF »100

f Conversion= (wts B1+wt$B2) FD

selectivity is calculated as:

. . S cr——————————————————— T ————————,—
§Selectivity (wt® B1+wt%B2) FD- (wt$B1+wt¥B2) EFF

and yield is calculated as

(wts IB1) EFF- (Wt IB2) FD 100

¥ Yields St Bl + wEk B2) FD

EXAMPLES 1-9
Table 1 shows the results of the testing of the
various catalysts prepared above. This Table provides the
hours of run life of the catalyst in the isomerization
process after various regeneration cycles. Butene was
isomerized according to Isomerization I and the catalyst was
- regenerated according to Regeneration I for Table 1. "Run
life" is defined herein as the time from start-of-run to the
time at which the concentration of methyl branched isoolefin
in the product has declined to 27 wt.% after having reached
its peak. The Table also provides the instantaneous
selectivities to isobutylene of the catalysts at 40%
conversion, 45% conversion, and 50% conversion and the
highest concentration (%wt) of the methyl-branched isoolefin
(isobutylene) in the product achieved during testing.
Examples 1-9 are listed from top to bottom in Table 1.
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| sonmeri zation ||
conditions. - The average selectivity to isobutene over

regenerations is pl'otted in Figure 1. Catalyst B (with

pal | adium) was used to isonerize a butene feed stock under

of
“and Regeneration ||

a nunber

As

The

the high selectivity of Catalyst B can be
| east 19 regenerations by using the process of the

regenerations is plotted in Figure 1 for this catalyst.
line for Catalyst B represents a linear regression of 19 data points.
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in the feeds result

of the data presented in Table 1 were obtained using
These differences

a comercially available butene feed with a purity of 99.2%or greater.
hi gher selectivities for butane-containing feeds as can be seen in Figure

The data shown in Figure 1 were obtained using a feed stream contai ni ng

70- 75% but enes and. 25- 30% but anes.
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olef in partial pressure which leads to a reduction in the anbunt of non-C4
products produced. Simlar increases in 34 selectivities have been

" reported when the olefin content has been diluted with | ess reactive gases
such as nitrogen as seen in Table 7 of European Application No. 247,802. It
I's useful to note that with the feérrierit30based catal ysts such as Catalyst
B' very high selectivities can be obtained with both diluted and undiluted
ol efinic streans. 35 1. A process for structurall Lsomeri z

linear olef in of at |eastA% 3% B8R TR TAPLE dyy XGRS °“t‘qim“9
palladiun (see Catalyst B) gave longer run :I.:I.te and/or

achieved higher selectivities to isobutylene over a number.
of regenerations whereas catalysts without palladium (see

; catalyst A) showed substantial decline in catalyst run life
and/or selectivity. For Catalyst B, catalyst run life
remained above 130 hours over 4 regenerations whereas for
Catalyst A run life dropped below 100 run hours within 2
regenerations. The time reguired for regeneration was much
less than the run lives for the catalysts of the present
invention. Further, the selectivity of the catalysts with
palladium remained substantially the same with minimal
decline (0-2% change for Catalysts B, B', E, and H) whereas
the selectivity of the catalysts without palladium declined
significantly every regeneration (3-5% decline for catalyst
a). _

Regenerations at higher temperatures, atmospheric
pressure and without palladium resulted in a loss in the
catalyst selectivity at fixed conversions. This loss became
more pronounced with repeated regenerations.

Further, as can be seen from Table 1, the
catalysts in which palladium has been incorporated by
mulling demonstrate increased run life, higher isobutylene
yield and higher selectivities at 40% conversion, 45 %
conversion and 50% conversion levels when compared to
catalyst(s) prepared by impregnation. The long cycle life
and high selectivities of the palladium co-mulled catalysts
were maintained after inultiple ‘regenerations at elevated
pressure and lower temperatures.

The selectivity of 2500 ppm palladium-incorporated
Catalyst D is lower than the selectivity of 2100 ppm
palladium- incorporated Catalyst B. High levels of
oxidation-promoting metal(s) incorporated in the catalysts,
above 15% by weight, basis metal, of the total weight of the

- catalyst results in unacceptably reduced selectivity and/or
run length. In the preferred embodiment, palladium is used
in a sufficient amount to assist with the regeneration but
less than an amount which will severely limit the run life

of the catalyst.
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rret hyl branched isool efin which conprises: (a) contacting at a tenperature
of from[err] to [err] a hydrocarbon feed stream containing at |east one
''said linear olefin with an isonerizing catalyst conprising (i) at |east one
" zeolite with one or nore. one-di nensional pore structure having a pore size
smal | enough to retard by- product dinerization and coke formation and

| arge enough to permt entry of the |linear olefin and allow fornation -of
the nethyl branched isoolefin, (ii) a binder and (iii) up to 15% by wei ght
of a coke oxidation-pronoting netal, (b) ceasing contact of the feed stream
with the catal yBXAXMBEI®ES doke4build-up on the surface of the catal yst, (c)

contacting the thus-cokedpaghgl Séh gw%ge atCﬁQJ: hitth "t dtlure)
t enper at ure of Iess t hgn _about err stem ressure greater than'1
at nosphere, and ﬁ“‘ﬁaﬁ’?’F ?g'u €°ch %’rﬂ‘ﬁfo&t apdop 2t tgﬁ‘!\ﬁ

to about 40 at ndwspiperaturesbeand pféssuxesf rTinds datmivis enenatediusing
repeating step (Fhesthire EhSrﬁééﬂVﬁeéfﬂ“a‘ﬂaﬁﬂsis.
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(c) . 2. A process according to claim1 wherein the amunt of the coke

oxi dation-pronoting nmetal conpound is sufficient to provide in the final
catal yst ‘fromabout 5 ppmto about 15% by wei ght of the netal. 3. A
process according to claim2 wherein the anount of the coke _

oxi dati on-pronoting netal conpound is suff3d2cient to provide in the final
catal yst fromabout 5 ppmto about 10% by wei ght of the netal. 4. A --
process according to claim3 whergin the amount of coke oxidation-pronoting
nmetal compound.is sufficient to @ovide in the final catalyst from about 5
ppm to about 3000 ppm by weight of the netal. 5. A process according to
‘claim4 wherein the anpbunt of th& coke'oxidation-pronoting netal conpound

is sufficient '§
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36 to provide in the final catalyst fromabout 5 ppmto about 2000 ppm by

“wei ght of the netal. 6. A process according to any one of clains 1 to 5
‘wherein step (c) is carried out for a tine effective to substantially burn
of f the coke. .7. A process according to any one of clainms 1 to 6 wherein

t he coke oxidation-pronoting netal "is a ndBal selected from G oups |IB, VB,
VIB, VIIB and VIII of the Periodic Table of Elenents. 8. A process -
according to claim7 wherein the coke oxidation-pronoting netal is a metal
selected fromPd, Pt, Ni, Co, M, Ag, C and m xtures thereof. 9.

process according to cl ai mTheNsecph pailadimm andfer ikighewn esvoey mtaiala
nobl e metal. 10. prefiweésaXiciue ¢heJcbReady e citalyetPtecBei Pemévéd 'En
wherein Step (b) Liofflt sk Uls Ye' Bink"ind AP Tbld: tilipedallrb82S' a2 6d

wei ght based on uncok
g be seen from Table 2, catalysts incorporating palladium

’ (Examples 12 and 14) were able to regenerate at reduced time
. compared with catalysts with no palladium (Examples 11 and
. 13) . Further, the palladium-containing catalyst in Example

14 vhich was regenerated at a pressure of 8 atmosphere (and
elevated oxygen partial pressure) regenerated faster at

- lower temperature compared to Examples 10 and 11. As can
be seen by Examples 13 and 14, elevated pressure allows
catalysts to be regenerated at lower temperatures within a
shorter time.

EXAMPLE 15 -
Catalyst A (no palladium) was used to isomerize
a butene feed stock under Isomerization III and Regeneration
III conditions. The average seleci:ivity to isobutene over
a number of regenerations is plotted in Figure 1. cCatalyst
B (with palladium) was used to isomerize a butene feed stock
under Isomerization II and Regeneration II conditioms. - The
average selectivity <to iscbutene over a number of
regenerations is plotted in Figure 1 for this catalyst. The
line for Catalyst B represents a linear regression of 19
" data points. _
-, As can be seen from Figure 1, the high selectivity
of Catalyst B can be maintained through at 1least 19
regenerations by using the process of the present invention.
All of the data presented in Table,1l were obtained
using a commercially available butene feed with a purity of
99.2% or greater. The data shown in Figure 1 were obtained
using a feed stream containing 70-75% butenes and 25-30%
butanes. These differences in the feeds result in higher
» selectivities for butane-containing feeds as can be seen in
Figure 1. The presence of butanes (or other diluents such
. as nitrogen) in the olefinic stream serves to lower the
olefin partial pressure which leads to a reduction in the
amount of non-C, products produced. Similar increases in
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catalyst. 11. A process according to any one of the preceding clains
- wherein the catal yst contains from60 to 99.5 percent by weight of zeolite
- and from0.5 to 40 percent by weight of binder. 12. A process according to
~claim 11 wherein the catalyst contains from80 to 98 percent by wei ght of
zeolite and from2 to 20 percent bhy wei g4 of bi nder and the coke-
oxidation netal is a noble netal. 13. A process according to any one of the
preceding clains wherein the binder is a natural clay, titania, zirconia or
a mxture thereof. 14. A process according to claim 13 wherein the natural

clay is att a%%gﬂhk@vit;@? U been rdiRleiel willl'WHY LILPIA (Brflerd nas

m xt ure thereof r0Cess accor é(FZ] to any one al s

wherein the bi nd&eei“sd& BEeAawith | 1ess Fenafitive, gases, such ag Biﬁf@ggn as
according to any seea bh Tdkkle 7 of European Application No. 247,802. It is

useful to note that with the ferrierite based catalysts such
as Catalyst B' very high selectivities can be obtained with
both diluted and undiluted olefinic streams.
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preceding clains wherein the zeolite has a pore size fromgreater than
~about 0.42 nmto less than about 0.7 nm 37 17. A process according to

- amy one of the preceding clainms wherein the zeolite is a ferrierite
cisotypic framework structure. 18. A process according to claim 17 wherein
the zeolite is Sr-D, Fu-9, ISI-6, ferrierBbe, NU-23, ZSM 35, ZSM 38 or a

m xture thereof. 19. A process according to any one of the preceding .

cl ai ms wherein the hydrocarbon feed stream conprises a |linear al kene having
four to ten carbon atons. 20. A‘'process according to claim19 wherein the
hydrocar bon feéd stream conpri ses n-butyl egazged/ or n- anylene.

1. A process for structurally isomerizing a linear
olefin of at least 4 carbon atoms to its corresponding
methyl branched isoolefin which comprises:

? {a) contacting at a temperature of from 200°C to 650°C
a hydrocarbon feed stream containing at least one said
* linear olefin with an isomerizing catalyst comprising ( i)

at least one zeolite with one or more one-dimensional pore
structure having a pore size small enough to retard by-
product dimerization and coke formation and large enough to
permit entry of the linear olefin and allow formation of the .

' methyl branched isoolefin, (ii) a binder and (iii) up to 15%
by weight of a coke oxidation-promoting metal,

(b) ceasing contact of the feed stream with the
catalyst after coke build-up on the surface of the catalyst,

(c) contacting the thus-coked catalyst with an oxygen-
containing gas at a temperature of less than about 565°C,
a system pressure of greater than 1 atmosphere, and an
oxygen partial pressure of from about 0.001 atmosphere to

" about 40 atmospheres to burn off coke from the catalyst, and

(d) repeating step (a) with the catalyst from step
(e).

2. A process according to claim 1 wherein the amount
of the coke oxidation-promoting metal compound is sufficient
to provide in the final catélyst from about 5 ppm to about
15% by weight of the metal. ,

3. A process accofding to claim 2 wherein the amount
of the coke oxidation-promoting metal compound is sufficient
to provide in the final catalyst from about 5 ppm to about
10% by weight of the metal. : '

4. A process according to claim 3 wherein the amount
of coke oxidation-promoting metal compound is sufficient to
provide in the final catalyst from about $ ppm to about 3000
ppn by weight of the metal.

5. A process according to claim 4 wherein the améunt
of the coke oxidation-promoting metal compound is sufficient
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21. A process according to any one of the preceding clainms wherein the
catalyst is prepared. by a process conprising: (1) nmulling together zeolite
powder, dl um-na- containing binder, water, a peptizing anount of acid and a
~conpound of the coke oxidation-pronoting netal, (2) form ng one or nore
consolidated particles of the mxture of 3&), and (3) calcining the
particles at a tenperature of fromJ[err] to [err] 22. A process according
to any one of the preceding clains wherein the coked catalyst is contacted
with the oxygen-containing gas streamat a tenperature of fromf[err] to

|l ess than [err] 2%o prpvddesinathertiinagl tcatalystngroh abdautss Ppnt do23bout

wherei n the wei ghty gt 59 oi,yf é{é@g id€ dHa ?Je‘t@lf.‘a i S from about 85:15 to

about 95:5, the anount 011'Il pgl adium and/ or (P:l. atdlinumtl s from abo%t E ng to

about 1000 ppm by . process according to any one of claims 1
to 5 wherein step (c) is carried out for a time effective
to substantially burn off the coke.
' 7. A process according to any one of claims 1
to 6 wherein the coke oxidation-promoting metal is a metal
selected from Groups IB, VB, VIB, VIIB and VIII of the
Periodic Table of Elements.

8. A process according to claim 7 wherein the
coke oxidation-promoting metal is a metal selected from P4,
Pt, Ni, Co, Mn, Ag, Cr and mixtures thereof.

9. A process according to claim 7 wherein the
coke oxidating-promoting metal a noble metal.

10. A process according to any one of the
preceding claims wherein step (b) is carried out after the
coke build-up is at least 2% by weight based on uncoked
catalyst. :
. -11. A process according to any one of the

preceding claims wherein the catalyst contains from 60 to
99.5 percent by weight of zeolite and from 0.5 to 40 percent
by weight of binder.

' 12. A process according to claim 11 wherein the
catalyst contains from 80 to 98 percent by weight of zeolite
and from 2 to 20 percent by weight of binder and the coke-
oxidation metal is a noble metal. :

13. A process according to any one of the
preceding claims wherein the binder is a natural clay,
titania, zirconia or a mixture thereof.

14. A process according to claim 13 wherein the
natural clay is attapulgite, bentonite, kaolin,
montmorillonite or a mixture thereof.

15. A ~procesé according to any one of claims 1
to 12 wherein the binder is alumina, silica-alumina or clay.

16. A process according to any one of the
preceding claims wherein the zeolite has a pore size from
greater than about 0.42 nm to less than about 0.7 nm.
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wei ght, the tenperature in step (c) is fromabout [err] to about [err] and
the calcining tenperature in step (3) is fromabout [err] to about [err]
- 24. A process according to any one of the preceding clains wherein steps
(a) to (c) are repeated for at |east 3 cycles under conditions effective to

produce a 38 regenerated catal yst in st¥p (c) wherein substantially all
of the coke is renobved and having a run life |longer than the regeneration
time. . 25. A catal yst conposition conprising (i) a zeolite having a

ferrierite isotypic framework structure or is ZSM 22 and/or 23, (ii) an

al um na bi nder wherein the jagi gt pRbbess N ddtdridingShed Gyl orle Obszogidt e

to alumna if from abotlnfO0ciBihg AN0Mail) tnd Sredlfed ' '{d b OPLPOUite
isotypic framework structure. '

18. A process according to claim 17 wherein the

v zeolite is Sr-D, Fu-9, ISI~-6, ferrierite, NU-23, 2sSM-35,
2SM-38 or a mixture thereof.

' .19. A process according to any one of the
preceding claims wherein the hydrocarbon feed streanm
comprises a linear alkene having four to ten carbon atoms.

20. A process achrding to claim 19 wherein the
hydrocarbon feed stream comprises n-butylene and/or n-
amylene.

21. A process according to any one of the
preceding claims wherein the catalyst is prepared by a
process comprising:

(1) mulling together 3zeolite powder, alumina~
containing binder, water, a peptizing amount of acid and a
compound of the coke oxidation-promoting metal,

(2) forming one or more consolidated particles
of the mixture of (1), and

(3) calcining the particles at a temperature of
from 200°C to 700°C.

22. A process according to any one of the
preceding claims wherein the coked catalyst is contacted
with the oxygen-containing gas stream at a temperature of
from 250°C to less than 565°C. _

23. A process according to any one of claims 15
to 22 wherein the weight ratio of ferrierite to alumina is
from about 85:15 to about 95:5, the amount of palladium
and/or platinum is from about 5 ppm to about 1000 ppm by
weight, the temperature in step (c) is from about 400°C to
about 500°C, and the calcining temperature in step (3) is
from about 450°C to about 525¢C.

24. A process according to any one of the

. preceding claims wherein steps (a) to (c) are repeated for
" at least 3 cycles under conditions effective to produce a
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5 ppmto about 15% by wei ght of palladi um and/or platinum which has been
~prepared by a process which conprises: (1) mxing by nulling together

powder of the zeolite, alum na, water, a peptizing amount of acid and a

pal | adi um and/ or pl ati num conpound, (2) formng a pellet of the m xture of

(1), and (3) calcining the pellet- of (2)3&t a tenperature of fromJ[err] to

[err] 26. A conposition according to claim?25 wherein the weight ratio of

zeolite to alumina is fromabout 85:15 to about 95:5, the amount of

pal | adi um and/or platinumis fromabout 5 ppmto about 3000 ppm by wei ght

and the cal cini NGdoRifieatear catalydtedin Steps (&) ovhabein gubstantdallyuall -

]EZ: ” er2|7t eA COMQY th@cHfe P rihoved arf nAIEHE! & i 1526/ 1 65gdr® than the
regeneration time.

. 25. A catalyst composition comprising (i) a
zeolite having a ferrierite isotypic framework structure or
is 2SM-22 and/or 23, (ii) an alumina binder wherein the
weight ratio in the finished catalyst of zeolite to alumina
if from about 60:40 to about $9.5:0.5, and (iii) from about
5 ppm to about 15% by weight of palladium and/or platinum,
which has been prepared by a process which comprises:

(1) mixing by mulling together powder of the
zeolite, alumina, water, a peptizing amount
of acid and a palladium and/or platinum
compound,

(2) forming a pellet of the mixture of (1), and

(3) calcining the pellet of (2) at a temperature
of from 300°C to 600°C.

26. A composition according to claim 25 wherein

the weight ratio of 2eolite to alumina is from about 85:15
to about 95:5, the amount of palladium and/or platinum is
from about 5 ppm to about 3000 ppm by weight and the
calcining temperature in step (3) is from about 450°C to
about 525°C.

27. A composition of claim 25 or 26 wherein the

zeolite is a ferrierite.
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39
PROCESS FOR ISOMERIZING LINEAR OLEFINS TO ISOOLEFINS

ABSTRACT

This invention relates to a process in which a linear olefin
is converted under isomerizing conditions to its corresponding
methyl branched isoolefin by contact at a temperature of from
200°C to 650°C with an isomerizing catalyst comprising (i) at
least one zeolite having only in one dimension a pore structure
having a pore size small enough to retard by-product dimerization
and coke formation and large enough to permit entry of the linear
olefin and allow formation of the methyl branched isoolefin, (ii)
an alumina binder and (iii) up to about 15% by weight of coke
oxidation-promoting metal. After a period of operation, when
sufficient coke has deposited on the catalyst in an amount to
significantly reduce the activity of the catalyst, the catalyst
is stripped of hydrocarbon and then contacted at elevated

temperature with an oxygen-containing gas for a sufficient time
to burn off the coke, i.e. to regenerate the catalyst at a
temperature of less than about 565°C. After regeneration, the
isomerization process is continued. The use of palladium and/or
platinum as the coke oxidation-promoting metal is particularly

desirable.

FIGURE 1
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