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DESCRIPTICN P PARI NG A ZEOLI TE' CATALYST FOR THEglﬁﬁgEE%ZING
OF LI NEAR OLEFI | ‘ INS Technical Field This inventi é‘o es to
gatal ysts for isomerizi Ng Tinear olefins to nethyl branched isoolseéfins.
Backround Art |ncreas®®y§ demand for high pctane gasoline blended with

_Aower aliphatic alkyl ethers such as octane boosters and suppl enentary

-~ Tuels has created a significant demand for isoal kylethers, especially the
Cs to C7 nethyl, _et hyI and |sopropylnmm:@t hers, such as net hyl

'i“.&t butyl ether, et hyI butyI et her et her and t-anyl ethyl
6t her . _Consequent |y, %@E‘% ﬁopﬁ?:lr’%’%& gigﬁ%ngs}ézLéf?‘ggHEcor respondi ng
~ isool efin starting mat er &1 es and

.petrochem cal processes such as cat

i sohexenes. To obtain isoolef ins, it is desirable to convert an olefin or

-al kene such as normal butene, to a nethyl- branched al kene, for exanple

i sobutyl ene, bﬁ mechani snms _such as structural isonerization. Such

converted iso an be reacted further, such as by - E

pol yneri zation, etheri flindat | ofnwéntidrat relates f otan u&fﬁ‘ﬂﬂlyﬂdﬂ&ducfS*

Nor el ol ef i ns; w&qﬂn@g mgrcaw?{aﬁtemé P lihendd 30%cdaBubene and
arb : trans-

ci s-2-butene) and five on at ons enten - pént ene; "and

~ Ci s-2- pent ene)=3f y inexpensive startiny conpounds.

Conventional |y, butenes Ianteasiymgaiemnd forliidimectana JasuyimXbedhded
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have catalytic Q)Jpq%%r)}l = afu&‘ 'E%%%r@ydrs%%{ bas methyl t-butyl ether,

ethyl t-butyl ether, t-amyl methyl ether and t-amyl ethyl
ether.. Consequently, there is an increasing demand for the
corresponding isocolefin starting materials such as
isobutene, isocamylenes and isohexenes.

To cbtain isocclefins, it is desirable to conver:
an olefin or alkene such as normal butene, to a methyl
branched alkene, for example isobutylene, by mechanisms such
as structural isomerization. Such converted isocolefins then
can be reacted further, such as by pblymer_ization,
etherification or oxidation, to form useful produc;,ts.
Normal olefins 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
iscanmylene, are obtained as a by-product from refinéry and
petrochemical processes such as catalytic and thermal
cracking units. Butenes are also conveniently obtained from
butadiene via selective hydrogenation.

Zeclite materials, both natural and synthetic, are
known to have catalytic properties for many hydrocarbon
processes. Zeolites typically are ordered porous
crystalline aluminosilicates having a definite structure
with cavities interconnected by channels. The cavities and
channels throughout the crystalline material generally can

LT

*ACTION*




processes. . Zeolites typically are ordered porous «crystalline
alum nosilicates having a definite structure wth cavities interconnected
- by channels. The cavi-ties-and channels throughout the crystalline material
~generally can ~JI~IIl ~II1~11 1i ~~~~ 11111 ~OIl ~3 *ACTIO\N* 2 ~ be of

such a size to allow sel ective sepa;stion of hydrocarbons. Such hydrocarbon
separation by-the' crystalline aluntnosilicates _essentially depends on
di'scri mi nation between nDIecular di mensi ons. Consequently, these materials
are known in the art as "nolecul ar sieves" and are used, in addifion to
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reversibly, gueh as by teali ngWm ch Ieaves a crystal | i ne host structure
avail able for catalytic act|V|ty The term"zeolite” as used |nI I S

specification is not I99R4%dWo crBRst BEFR né'zeSFbFrf- odPFibgess 2 Serm as
used herein ahspetycl udfes ithi coahtmrabphcsmhat eyntB8AROr, npésitive egrat ed

35T Coal um BaEEOAPEALs imxﬁé%?%ﬁﬁ%@ YL R 2 apo
and ELAPSO f ARF}P@EPFay @G EAEnal Sk ¥fent s  They  general
characterized as crystalline aluminosilicates which comprise’
networks of Si0, and AlO, tetrahedra in which silicon and
aluminum atoms are cross-linked in a three-dimensional
framework Ly sharing of oxygeh atoms. This framework
structure contains cavities and channels or interconnected
vbids that are occupied by cations, such as sodium,
potassium, ammonium, hydrogen, magnesium, calcium, 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), 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 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.
Developments in the art have resulted in the
formation of many synthetic zeolitic crystalline materials.



included in their framework. For exanple, M represents the elenents Co,
Fe, My, Mh, or Zn, and EL represents the elenents Li, Be, G, Gel As, or
"Ti. An alternative definition would be "zeolitic type nolecular sieve" to
enconpass the materials useful for this invention. Devel opnents in the art
have resulted in the formation of many synthetic zeolitic crystalline
materials. 3 Crystall ine_alumnosilicates are the nost preval ent and are
‘designated by letters or other convenient synbols. Various zeolites which
have been specifically. named and described are Zeolite A (US-A-2,882,243),
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- K Doralsmany | soneri.zation -But ene to Isobutene QL i,on of
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54- 60, 1971. &té désdiidsml ieatusk-pst 8, HeacéSyatand HLARSY. cAcabydtsngazte) t he

exanpl es IN  geceriped in EP-A-159,624.

' Two general classes of catalysts have "been
cdisclosed as particularly useful fcr isomerizing a linear
olefin to the corresponding methyl branched isocolefin.
These include the porous, non-crystalline, refractory oxide-
based catalysts and the zeolitic-based catalysts.

Illustrative of the porous, non-crystalline
refractory oxide catalysts are those described in US-A-
4,434,315, .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 Cataleﬁ by Group Screening," Journal of
Catalysis, volume 23, pages 54~60, 1971. 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 catalyst 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 zeolite-based catalysts, the
most significant use has involved large pore zeolites or
zeolites having two or more—dimen§iona1 interconnecting
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GB- A- 2,060,424, run life can be as short as 1 to 2 hours. Oten, it is
necessary to add steam and hal ogen conpounds to prolong the catalyst run
i fe. DE-A-3,000,650 states that the run life can be increased to
approximately 50 hours by these nmethods although this is still less than
desirable. Wth regard to the zeoliteybased catalysts, the nost
significant use has involved |arge pore zeolites or zeolites having two or

ttor e- di mensi onal interconnecting 4 channels. Illustrative. of these

mat eri al's are US-A- . 4,503, 282, 5,227,569, 4,435,311, and 4, 392, 003. Mire
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shaped, dried and calcined to form the catalyst composition.

However, it is desirable to have a more active and
stable catalyst composition toc obtain increased efficiency
cr overall yield of the desired iscolefins. Such an
increase can be obtained by increase in run length, higher
selectivity and/or higher activity of the catalyst used in
the olefin isomerization process.

It is therefore an ocbject of the present invention
to provide a medium pore zeolite for structurally
isomerizing a linear olefin to its corresponding methyl
branched isoolefin with improved stability, efficiency
and/or yield.

Disclosure of the Invention

According to this invention, a process for
preparing a catalyst for structurally isomerizing a linear
olefin of at least 4 carbon atoms to its corresponding
methyl branched isocolefin is provided. This comprising:

(a) mixing (i) a zeolite powder comprising at
least one zeolite with at least one one-dimensional pore
structure having a pore size small enough to retard by-
product dimerization of the linear olefin and coke formation
within the pore structure and large enough to permit entry
of the linear olefin and allow formation of the methyl



.

L

preparing a catalyst for structurally isonerizing a linear olefin of at
| east 4 carbon atons to its corresponding nethyl branched isoolefinis

"~ provided. This conprising: (a) mxing (i) a zeolite powder conprising at

|l.east one zeolite with at | east one one-di nensional pore structure having
a pore size small enough to retard by-gproduct dinerization of the |inear
olef in and coke formation wthin the pore structure and | arge enough to
Pernit entry of the linear olefin and allow formation of the met hyl 5
“branched isoolefin, (ii) a generally alunina-containing binder, (iii)
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or an inorganic acid and a promoting organic acid having at

least two carboxylic acid groups, the resulting catalyst
compositidn after forming and calcining has_  superior
activity, selectivity and run 1length for structurally
isomerizing linear olefins to isocolefins. By using a
combination of two types of acids in the preparation of the
catalyst, a catalyst composition that is more active and
stable is produced. '
Catalyst

The isomerizing catalysts used in the process
contain a zeolite as hereinafter defined, and a binder.

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



<

about 0.42 nmand |ess -than about 0.7 nm Zeolites with this specified
pore size are typically referred to as medium or internediate pore
zeolites and typically have a 10-nmenber (or puckered 12-nenber) ring
channel structure in one dinension and an 9-nmenber or |less (small pore) in
the other dinmensions, if any. For puL poses of this invention, a one-

di mensional pore structure is considered one in which the channels havi ng
the desired pore size do not interconnect wth other channels of simlar

“or larger dinmensions; it may 6 also be considered alternatively as a
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bet ween about 42 nm a I nc rogen
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~magnesi um or (T < ithanf absuefo /Ay 4ei)i 86 ASE allow for diffusion of the

methyl branched isoolefin product.

Examples ©f 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, A1PO-31, SAPO-
11, SAPO-31, SAPO-41, FU-9, NU-10, NU-23; ZSM-i:,‘ZSM-ZZ,
ZSM-23, ZSM-35, ZSM-48, 25M-50, 2SM-57, 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, 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 comp051t10ns of many
of these zeolites is provided in New Developments in Zeolite
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
strugture with a pore size at or slightly smaller than about



"~ partheite. The isotypic structures of these frameworks,» known under ot her
names, are considered to be equivalent. _ An overview describing the
framewor k conpositions of many of these zeolites is provided in New

Devel opnents in Zeolite Science Technol ogy, "Al um nophosphate Mol ecul ar
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-di nensional pore structure with a pore size at or
slightly smaller than .ahout 7 0.42 nmdianeter. These sanme zeolites can be
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‘'structure |nc?u%e n errlerlt t horh IC or

nonoclinic), Sr-D, FU & ‘-’EP—%&’ 5’29}'“?’5?“—“3 Feplites) age §h?§§) 2Xt)'23
(EP. A 103 98A2, f&%t&%d’tfpﬂiﬁrﬂﬂé\)’ork structure (or homeotypic) .

See the Atlas of Zeclite Structure es, by W.M. Meier and

D.E. Olson, published by Butterworth-Heinemann, third
revised edition, 1992, pagé 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 (orthorhombic or
monoclinic), Sr-D, FU-9 (EP-B-55,529), ISI-6 (US-a~
4,578,259), NU-23 (E.P. A-103,981), ZSM~35 (US-A-4,016,245)
and ZSM-38 (US-A-4,375,573). The 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 enough to permit entry of the linear
olefin and diffusion of the methyl branched isoolefin and
small ehough 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.

Exemplary of zeolites that are not useful for the
processes of this invention include ZSM-5, ZSM-20, Beta,



and ZSM 38. (US- A-4,375,573). The hydrogen formof - ferrierite
- (H-ferrierite) is the nost preferred zeolite and considered to be
conprised substantially of a one- dinensional structure having an
elliptical pore size (<0.54 rimand >0.42 nm |arge enough to permt entry
of the Iinear olefin and diffusion of, the nethyl branched isoolefin and
smal | enough to retard coke formati on.” Methods for preparing various
Hferrierite are described in US-A- 4,251,499, 4,795,623 and 4, 942, 027.
Exenpl ary of zeolites that are not useful for the processes of this
*invention include ZSM5, ZSM 20, Beta, 8 erionite, zeolite Y, hydrogen
foorm of nordenite, and faujasite. The zeolite used in this |nvent|on S
conmbi ned wi elrianiber ackeslitexi de thudrasanefor® mbhi meEdeniteyi And
Sui t abl e ref Fagteytoxi des incl ude natural _clays, such as bentonlte
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of zeolite wathi AdseERREEPTYI OXide AHaF rsaarge§ pEof RBBAET GBARET 1B about
99.5:0.5, prelecably i-éﬁfﬁh@b@ﬂ} .oxided5 inelabeuhafrd) aDags, pswiterably from

- about 80: 20 bo 98: 2 a ef er abo 5: about
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useful in prepgapring; tMmraFyé%GatﬁlﬁﬂwalahYdEFt‘E%eﬂ(}B‘ﬁ\i@nt Fbﬁ%ﬂ“a'
- al um na- cont %lﬂbeﬂlblmrﬁﬂﬁm@ tReréde. amefaélwewﬁmoﬁatabyus and

I ncl ude, for _ex um as, h h ys. For
pur pose of t k&8 ?fqg%%’f mc?r‘fer'lglluﬁ‘il (YL gf’ | ng B%Q%OW&% g}ﬁf}k%f t he
al um na prec@ﬁsér@ Prncbueferphbhe ﬂwaﬂf@@t f’ér’ﬁﬁ §P abPauf n8S stchnese

bayeri te, lrerably 9i Bhsh t Qabthl ceoupon €al @Hta.iﬁ omgare’ apdnvessed to

o 2: :Jlmcgaal( ﬁ#zr? §fe§g%ﬁie gcfnﬁg {"rcﬁasnol U?Lf@e 98rs tgeﬁ%@#@%@l\ga Fhit ng
exanpl es of @riefabhrbly| bye bmq}désbeﬁt ahnpgnahectorite, kaolin, and
attapul gite. The b'ndeBin@éﬁ%Fﬂé&ﬁddednlﬁréﬁ&rlng 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
purpose of the invention, "alumina-containing binder"
include any of the alumina precursors including the hydrated
forms of alumina such as bayerite, bohmite 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,
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
.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 and gamma and bayerite aluminas. These
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
preparing the instant catalysts. Preferred alumina binders
-to-be used in the preparation of the catalyst, particularly



conveni ent form such as powders, slurries, gels or sols. Wen the binders
are provided as slurries, gels or sols, at |east part of the water used in
the mulling step will be found as part of the slurry, gel or sol.
Preferred binders are alum nas such as pseudoboehmte and gamma and
bayerite al um nas. These binders areE;eadin avai |l abl e commercial ly.
LaRoche . Chemi cal s, through its VERSALe famly of alum nas and Vista
Cheni cal Conpany, through its CATAPALe al uminas, provide suitable alum na
powder s whi ch can be used as binders in preparing the instant catalysts.
‘Preferred alumna binders .to -be used in the preparation of the catalyst,
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portion of th@ectic acid, hydroxylbutyric acid, hydroxycyclopentanoic
: acid, salicylic acid, mandelic acid, benzoic acid, and other

fatty acids. Preferred inorganic acid includes mineral

acids such as nitric acid, phosphoric acid, sulfuric acid

and hydrochloric acid. The preferred first acid is acetic

acid, formic acid, glyceolic acid or nitric acid.

The preferred polycarboxylic acid is an organic
acid with two or more, e.g. 3, carboxylic acid groups
attached through a carbon-carbon bond to an hydrocarbyl
segment. The linkage can be at any portion of the
hydrocarbyl segment. The polycarboxylic acid preferably has
an hydrocarbyl segment from 0 to 10 carbon atoms which can
be aliphatic, cyclic or aromatic. The hydrocarbyl segment
has 0 carbon atoms for oxalic acid with two carboxylic acid
groups attached through the carbon-carbon bond. Examples of
such polycarboxylic acids include tartaric acid, citric
acid, malic acid, oxalic acid, adipic acid, malonic acid,
galactaric acid, 1,2-cyclopentane dicarboxylic acid, maleic
acid, fumaric acid, itaconic acid, phthalic acid,
terephthalic acid, phenylmalonic acid, hydroxyphtalic acid,
dihydroxyfumaric acid, tricarballylic acid, benzene-1,3,5-
tricarboxylic acid, isocitric acid, mucic acid and glucaric -
acid. The polycarboxylic acids can.be any isomers of the



hydr ocar byl segnment. The pol ycarboxylic acid preferably has an hydrocar byl
segnent fromO to 10 carbon atons which can be altphatic, cyclic or
aromatic. The hydrocarbyl segnment has O carbon atons for oxalic acid with
two carboxylic acid groups attached through the.carbon-carbon bond.
Exanmpl es of such pol ycarboxylic acidsyinclude tartaric acid, citric acid,
malic acid, oxalic acid, adipic acid, malonic acid, galactaric acid,
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The . nost preftamteahpobycdrmwabl%@iq}@ -are citric acid, tartaric acid and

malic acid. The catal yghs ggﬂanesﬁgeﬁa{eﬁ byeﬁhxe@gbﬁtmimsj atodeastolite

as herein defined, nder wat er o, baxy l4iga <ACbde0r
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be formed into catalytically useful shape by pressing
hydrostatically or mechanically by pressing into die or
pold. When extrusion is used cptional extrusion aids such
as cellulose derivativee, e.g., METHOCEL® F4M hydroxypropyl
methylcellulose, can be utilized. The term "pellets" as used
herein can be in any shape or form as long as the materials
are consolidated. ‘The formed pellets are calcined at a
temperature from a lower 1limit of from about 200°C,
preferably from about 300°C, more preferably from about
450°C, to an upper limit of up to about 700°C, p;eferably
up to about 600°C, mdre preferably up to about 525°C.

The ratio of the first acids to second acids is
preferably from about 1:60 to about 60:1, more preferably
1:10 to about 10:1. The amount of the first acid used
should be effective to peptize the mixture. Preferably the
amount of the first acid used is from about 0.1 weight
percent to about 6 weight percent, more preferably from .
about 0.5 weight percent to about 4 weight percent based on
the combined weight of zeolite and alumina-containing binder
(anhydrous solids basis). Aluminas with lower
dispersibilities than Vista Catapal D may require greater



tenperature froma lower limt of fromabout 200C, preferably from about
300C, nore preferably fromabout 450C, to an upper |imt of up to about
700C, preferably up to about 600C, nore preferably up to about 525C. The
ratio of the first acids to second acids is preferably fromabout 1:60 to
about 60:1, nore preferably 1:10 to ?Fout 10: 1. The anount of the first
acid used should be effective to peptize the mxture. Preferably the
‘amount of the first acid used is fromabout 0.1 weight percent to about 6
“wei ght. percent, nore preferably from about 0.5 wei ght percent 'to about 4

- “wei ght percent based on the combined weight of zeolite and
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suff1c1ent water has been added to form a thick paste and

wherein the mixing is accompanied by 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 mixing. - A commercial blender such as a ribbon blender
and/or a powder mill can also be used to carry out the
mixing.
Hydrocarbon Feed Stream

The hydrocarbon feed useful for this invention
contains at least one linear olefin containing at 1least
four, preferably four to ten, carbon atoms. Also considered
a linear olefin for purposes of this invention is a compound
containing a linear alkene segment with four to ten carbon
atoms. It is believed that long chain linear alkenes and
compounds containing iong chain 1linear segments may
penetrate the zeolité catalyst for a 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
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 l1-pentene, cis- or



. W.% n-buty

contains at |east one linear olefin containing at |east four, preferably
four to ten, carbon atons. Al so considered a linear olefin for purposes of
this invention is a conpound containing a |inear alkene segnment with four
to ten carbon atoms. It is believed that |ong chain |linear al kenes and
conpounds contai ning | ong chain Iineqb segnents nmay penetrate the zeolite
catalyst for a distance effective to "allow isonerization. Thus, the entire
ol ecul e need not be. small enough to fit entirely within the pore
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referred to as "al Kene™, Fe rer I near” can
n-butylene. Feed streams from steam crackers and catalyst
crackers may also contain substantial amounts of alkanes,
say, up to about 80 wt.%$. Olefins obtained by selective
hydrogenation of dienes, such as butadiene, may also be
used.

As used herein, the term "olefin" can be
alternatively referred to as "“alkene"; 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
to the same four carbon alkene; and pentene and amylene
refer to the same five carbon alkene.

Isomerizing Conditions i

-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, pressure and space velocity.
Generally, suitable reaction <conditions include a
temperature of about 200°C to about 650°C, preferably from
about 320°C to about 600°C, an olefin partial pressure of
above about 0.5 atmosphere, and a total pressure of about



be alternatively referred to-as "normal"; and the term "isoolefin" can be
alternatively referred to as "nethyl branched isoolefin.”" Simlarly,

but ene and butylene refer to the sane four carbon al kene; and pentene and
anylene refer to the sanme five carbon al kene. Isonerizina Conditions In
the processes of this invention, a hyggocarbon stream conprising at |east
~one Tinear olefin is contacted wth the catalytic zeolite under
i'sonerizing conditions. Generally, the hydrocarbon streamis contacted
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temperature from about 200°C to 650°C while higher molecular
weight olefins are best isomerized at lower temperatures.
Pentenes are best isomerized at a temperature form about
200°C to 550°C, and hexenes are best isomerized at a
temperature from about 200°C to 500°C. Mixed butenes 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 hr'. Preferred
isomerizing conditions are carried out at a temperature of
between about 320°C to 450°C, at atmospheric pressure, and



200C to 600C and m xed pentenes and hexenes from about . 200C to 525C. The
~use of a lower tenperature may be advantageous when the olefin is easily
cracked to lighter wunwanted species at higher tenperatures. It is also
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' The procesé of the present invention can utilize
a combination of zeolites with one or more one dimensional
pore structures having a pore size small enough to retard
by-rroducts dimerization and coke formation with the pore
structure 1large enough to permit entry of the 1linear
olefin(s) and diffusion of the isoolefin product(s). These
combinations can include pellets of mixed zeolites and
stacked bed arrangements of catalysts such as, for example,
ZSM-22 and/or 2ZSM-23 over ferrierite, ferrierite over ZSM=22
and/or 2SM-23, and 2ZSM-22 over ZSM-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.
In a particularly preferred embodiment a process
for structurally isomerizing a linear olefin of at least 4
‘carbon atoms to its corresponding methyl branched isoolefin
is provided, comprising contacting at a temperature of from
about 200°C to about 650°C a hydrocarbon feed strean
containing at 1least one said 1linear olefin with an
isomerizing catalyst produced by the process which
comprises:
(a) mixing (i) a zeolite powder comprising at least one
zeolite with at least one one-dimensional pore



conbi nati ons can include pellets of m xed zeolites and stacked bed
arrangenents of catal ysts such -as, for exanple, ZSM 22 and/or ZSM 23 over
ferrierite, ferrierite over ZSM 22 and/or ZSM 23, and ZSM 22 over ZSM 23.
The stacked catalysts can be of the sane shape and/or size or of

di fferent shape and/or size such as 1/? inch tril obes over 1/32 inch
cylinders for exanple. In a particula} y preferred enbodi nent a process

for structurally isonmerizing a linear olefin of at least 4 - carbon atons to
its.correspondi ng met hyl branched isoolefin is provided, conprising
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wat er, and (iv) an effectiv an aci rrsing at Ieast one
pol ycarboxylic acid to pepti(3él) t¥&*S%013%% powder, the binder or a mixture
t hereof thereby produci ng aiw) xt dhe; efipctdwvei ngmoanpel bét ah saadd
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to about 700C. Pr car resent '1.n an anount
~ of from about 0.1thei %ecwdf-ﬁr FbeuindgEi it apé?’c’@“rﬂre &SN (i)
and (ii). More prtexfeere@bl prblacasd da apntAires conponent (1) one or nore

- gglnggar boxyl |&)acif%%mqr inor g’ﬂge gfléj;l@rkqx(t%)reqngnar nore pol ycarboxylic
(¢) calcining said pellet at a temperature of from about
1 200°C to about 700°C. Preferably the polycarboxylic acid
is present in an amount of from about 0.1 weight percent to
about 6 weight percent, based on (i) and (ii). More
preferably the acid contains component (1) one or more
monocarboxylic acids or inorgénic acids and (2) one or more
polycarboxylic acids.
Regeneration
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 30% 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
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 ongen-containing
gas. Stripping may be carried out at high pressure, under
vacuum, or by cycling the reactor by pressurizing and
depressurizing.



Regeneration. 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
cat al yst when 30% by wei ght of coke | | d-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
Strippabl e hydrocarbon on the catalyst is stripped with hot gas (e.g.
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" The fol | owi ng1exatPiesvd |Bnisddiddenrtmet hods of preparation of the catal ysts.

An amoniumferrieri te,mtﬂeavi Pg, Oawgtl)l ar ifitllét‘f %eal um &{ﬁﬂ% ofar6 1, a
surface area of 369 square neters %mn rann%&g o:O.%%§, a soda content of
480 ppm and RrAExded %@rfpm‘féwrcaééeﬁf:yage e ipyantimes g of zeolite was
used as the startphgpzemtidre.of the catalyst

The following examples illustrate methods of
preparation of the catalysts. An ammonium-ferrierite having
a molar silica to alumina ratio of 62:1, a surface area of
369 square meters per gram (P/Po=0.03), a soda content of
480 ppm and n-hexane sorption capacity of 7.3 g per 100 g
of zeolite was used as the starting zeolite.

The catalyst components were mulled using a
Lancaster mix muller. The mulled catalyst material was
extruded using an 1 inch or a 2.25 inch Bonnot pin barrel
extruder.

The binder wutilized was CATAPAL® D alumina
METHOCEL® (R) F4M hydroxypropyl methylcellulose was used as
an extrusion aid. The acids were obtained from The Aldrich
Chemical Company.

Catalyst A

Catalyst A was prepared as a comparative example
using 1 weight percent acetic acid and no polycarboxylic
acid in the catalyst preparation. '

The Lancaster mix muller was loaded with 632 grams
of ammonium-ferrierite (3.4% loss on ignition ("LOI")) and
92 grams of CATAPAL® D alumina (LOI of 26.2%). The alumina
was blended with the ferrierite for 5 minutes during which
time 156 milliliters of de-ionized water was added. A
mixture of 6.8 grams glacial acetic acid and 156 milliliters



The catal yst conponents were nulled using a Lancaster mx nuller. The
mul |l ed catal yst material was extruded using an 1 inch or a 2.25 inch
Bonnot pin barrel extruder. The binder utilized was CATAPALe D al um na
VETHOCEL(r) (R) F4M hydr oxypropyl nethylcellul ose was used as an extrusion
aid. -The acids were obtained from Th drich Chem cal Conpany. Catalyst A
Catal yst A was prepared as a conparative exanple wusing 1 weight percent
‘acetic acid and no pol ycarboxylic acid in the catalyst preparation. The
~Lancaster mx nuller was |oaded with 632 grans of amoniumferrierite
"(3.4% 1 oss on ignition ("LO ")) and 92 grans of CATAPAL(r) D al um na (La
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' . Catalyét B was prepafed as a comparative example
using 2 weight percent acetic acid and no polycarboxylic
acid in the catalyst preparation.

The Lancaster mix muller was loaded thh 64.5

grams of ammonium-ferrierite (5.4% LOI) and 9.1 grams of
CATAPAL® D alumina (LOI of 25.7%). The alumina was blended
with the ferrierite for 5 minutes during which time 15
milliliters of de-ionized water was added. A mixture of 1.4
grams of glacial acetic acid and 15 milliliters of de-
ionized water was added slowly to the muller in order to
peptize the alumina, The nmixture was mix-mulled for 10
minutes. 0.02 Grams of tetraammine palladium nitrate in 15
grams of de-ionized water was then added slowly as the
mixture was mulled for a period of 5 additional minutes.
One gram of METHOCEL®(R).F4M hydroxypropyl methylcellulose
was 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 1.0
inch Bonnot extruder and extruded using a stainless steel
die plate with 1/16" holes.

Catalyst C

This example demonstrates a preparation of the
invention. Catalyst C was prepared using 1 weight percent

acetic acid and 1 weight percent citric acid.



with the ferrierite for 5 mnutes during which tine 15 mlliliters of
de-ioni zed water was added. A m xture of 1.4 granms of glacial acetic acid
and 15 mlliliters of de- ionized water was added slowy to the muller in
grder to peptize the alumna. The mxture was mx-nulled for 10 minutes.
0.02 Grams of tetraamm ne pal ladiumnj{grate in 15 granms of de-ionized

wat er was then added slowy as the mxture was mul led for a period of 5
‘additional mnutes. . One gram of METHOCEL(r) (R) -. F4M hydr oxypr opyl

et hyl cel lul ose  was added and the zeolite/alumina mxture-was nulled for
15 - addi tional. mnutes. The extrusion m x had an LO of 43.5% The 90:10
zeol'i te/ al um na m xt urkhendantasber erinegiul bet heasl 18adedcyi tBo 646t gEaRT uder
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The 90:10 zecolite/alumina mixture was transferred to the
2.25 inch Bonnot extruder and extruded using a stainless
steel die plate with 1/16" holes.

Catalysf D

Catalyst D was prepared as a comparative example

. using 2 weight percent citric acid and no monocarboxylic
acid or inorganic acid in the catalyst preparation.

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 155 milliliters .
of de-iocnized water was added. A mixture of 14.0 grams of
citric acid and 154 milliliters of de-ionized water was
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 155 grams of de-ionized
water were then added slowly as the mixture was mulled for
5 additional minutes. Ten grams of METHOCEL®(R) F4M
hydroxypropyl methylcellulose was added and the
zeolite/alumina mixture was mulled for 15 additional
minutes. The extrusion mix had an LOI of 43.5%. The 50:10
zeolite/alumina mixture was transferred to the 2.25 inch



Catal yst D was prepared as a conparative exanple wusing 2 weight percent
citric acid and no nonocarboxylic acid or inorganic acid in the catal yst
preparation. The Lancaster m x nuller was | oaded with 645 granms of
ammoniumferrierite (5.4% LA) and 91 grans of CATAPAL(r) D alum na (LO
of . 25.7%.. The alum na was bl ended wi{h the ferrierite for 5 minutes
during which tinme 155 mlliliters of de-ionized water was added. A m xture
‘0f 14.0 grans of citric acid and 154 mlliliters of de-ionized water was
added slowy to the nullet in order to peptize the alumna. The mxture
‘was mx-nulled for 10 mnutes. 0.20 Gans of tetraanmine palladiumnitrate

- -in-155-grans of de-ionized water were then added slowy as the nixture was
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hydr oxypr opypbiaee hyigeliuesacles.added and the zeolite/alunmina mixture
was. nmul | ed for 15 addiﬁmnut es. The extrusion mx had an LA of
43.5% The 90:10 zeolTtt 'ha m xture was transferred to the_2.25 inch
19 Bonnot extruder arffhist redRRPLSsi (ETRNStEARPESSPEERRTAIR?N Phtwith
1./16" hol escaCatptyshsidhi ¢ @xagpt epdeoonst aeétesc paedhrand on wéight -
cat al yst usi ng 1 V\fi%ft rcent. acet Ic acid and 1 weight percent glycolic
acid. The LaREASERY MICHAT s | oaded with 598 grams. of

ammoni um ferrierite (1BhoO%ANCRFtaRmiPe MYAARE WAS CI,RF%PAL‘(H“ 98 FTAPRa (LO
of 25.7% . The ahwdhNenves-Aleendedwitds tivr) bear vergtand @t GATARAL®S

during which_ti 107 ymllildters,, of - 1_qQnl RS : m xture
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mlliliters derdderbhezter atmnutes 48889 sYRIFY time RO7 RlRaLtiFAT®rder to
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granms of METHOCELZ{ERRr&4NEh@é-drppeedywaterhpase/daddasseslowly to the
. '~ muller in order to peptize the alumina. The mixture was
mulled for 10 minutes. 0.167 Grams of tetraammine palladium
nitrate in 107 grams of de-ionized water were then added
slowly as the mixture was mulled for 5 additional minutes.
Ten grams of METHOCEL® (R) F4M hydroxypropyl methylcellulose
was 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
2.25 inch Bonnot extruder and extruded using a stainless
steel die plate with 1/16" holes.
Catalyst F
This example demonstrates preparation of the
invention. Catalyst F was prepared using 1 weight percent
acetic acid and 1 weight percent tartaric acid.
The Lancaster mix muller was loaded with 598 grams
of ammonium-ferrierite (14.5% LOI) and 76 grams of CATAPAL®
D alumina (LOI of 25.7%). The alumina was blended with the
ferrierite for 5 minutes during which time 107 milliliters
of de-ionized water was added. A mixture of 5.7 grams
glacial acetic acid, 5.7 grams of D,L-tartaric acid and 107
milliliters of de-ionized water was added slowly to the
muller in order to peptize the alumina. The mixture was
mix-mulled for 10 minutes. 0.167 Grams of tetraammine

palladium nitrate in 107 grams of de-ionized water were then



was added and the zeolite/alumna m xture was nmulled for 15 additional

m nutes. The extrusion mx had an LO of 43.5% The 90: 10 zeolite/al um na
m xture was transferred to the 2.25 inch Bonnot extruder and extruded
ysing a stainless steel die plate with 1/16" holes. Catalyst F This
exanple ‘denonstrates preparation of t%@ I nvention. Catalyst F was prepared
using 1 weight percent acetic acid 1 weight percent tartaric acid. The
‘Lancaster mx muller was | oaded with 598 grams of amoniumferrierite
(14.9% LA ) and 76 grans of CATAPAL(r) D alumina (LO of 25.7%. The
‘alum na was btended with the ferrierite for 5 mnutes during which tine
107-milliliters of de-ionized water was added. A nixture of 5.7 grans
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" the react or s.caleshefg ifr qaetiing alisoradr i@ rfor two hours and at a
maximum temperature of 500°C for two hours. The extrudate“
was allowed to cool in a nitrogen filled desiccator before
loading into the reactors.

Testing Procedure
Isomerization
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
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 about 10 1nches 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
into the thermowell and was positioned such that the
temperature above, below and at three different places in
the catalyst bed could be monitored. The reactor was
inverted and installed the furnace.



A stainless steel tube, 1 inch OD, 0.6 inch ID and 26 inches | ong was used
as a reactor. A thernowell extended 20 inches fromthe top of the tube. To
| oad the reactor, it was f irst inverted and a small plug of glass wool
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- added at a r§t¥% 8 T§PGTATRLRY 74t e Y P ShESPRSE VT 8pakd
vel ocity — of of. 9.brhd!. Taer reattor was operated at am auttlett ppeessuee of 3
- psig and at t : gt 4 aLkopsnelonversion and sel ectivity
“are cal cul at %5 ?gpgégcﬁﬁ&_s%érrpﬁ é"%&@re?%g&?gs#n?? u%. Therefore the
cal cul ation of c&ALERERRIOAMJ selectivity reflect the feed (FD) and
effluent (EFF) concentcehaversisy ahdtsekeckiivBty arel dalicanated for each

sample during testing runs. Therefore the calculation of

conversion and selectivity reflect the feed (FD) and
effluent (EFF) concentrations of butene-l1 (Bl) and butene-2

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

(wt%Bl+wt%B2)RD-(wt%Bl+wt%BZ)ERFXloo

% Conversions=
(wt$Bl+wt¥ B2) FD

selectivity is calculated as:

(wt$ IB1) EFF- (wt% IB1) FD
(wtB1l+wt¥B2) FD- (wt$ B1+wt%B2) EFF

§Selectivity= x100

and yield is calculated as

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

$Yield= (wt% Bl +wt$B2) FD

X100

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. "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 33



(B2) and isobutylene (IBl). Conversion is calculated as: Conversion=

(wt 9Bl+wt 982) FD- (wt 9YB1l+wt %82) EFFX100 (wt 98Bl+wt 9%82) FD selectivity is

cal cul ated as: %sel ectivity= (w % B1) EFF- (wt % B1) FD x100 (wt %8I +wt %B2)
ED- (wt9%Bi +wt B2) EFF and yield is calculated as %ield= (W% Bl) EFF-
(mﬁ@ﬂBl) FDX100 (wt% Bl + wt% B2) FD_Table 1 shows the results of the
testing of the various catalysts pr red above. This Table provides the
‘hours of run life of the catalyst in the isonerization process. "Run life"
is defined herein as the time from start-of-run to the tine at which the
-concentration of . nmethyl branched isoolefin in the product has declined to
33 22 Ww.%after having reached its peak. The Table al so provides the

_. ‘sel ectivity wf.% hefteat hhying atearimd k9 Pedlon, TheogakihpdsSi BROYHIES0%

conver si-on a@ﬁ tQ@lQbGEG?EYCQ:@CQﬂ{é agh e ydtveh ghts oper esrter siforiet 454
branched i soo

efin (isobut in.the_pro t g 23y
U Clala Q°@’?¥F’NP’CG %P% ?52 EF aﬁldc%% h%iﬁst% °[’E—ef3§§§t% Cltl
Il C 0 v 4wdigly p@rcegtj]lof methyN dranched. isoelefitm (Zsebutylene
' in the product during the testing.
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As can be seen from Table 1, the catalyst in which both acetic acid and
citric acid was used in the preparation of the catalyst (Catalyst O
exhibited a run length that was roughly 3 tines greater than obtained with
the catalyst where only acetic acid was used (Catalyst A and B). It can

al so be seen that Catal yst C exhibits S|gn|f|cantly | onger run length and
hi gher isobutylene yield (i.e., hlghe? concentration of isobutylene in the
‘product) then the catalyst in which.. only citric acid was used (Catal yst
D). Further, selectivity to'isobutylene at the measured conversion |evels
‘for Catalyst C was found to be higher when conpared to Catal yst A and B.
For™ exanpl e, Catal yst C achieved a selectivity to isobutylene at 40%
conversi on of 88% colared ke s¥ensgYeBIRakYeed  bthCaagalyss M AHE® O her

CogblF nal I Onsbgéllx t%@edﬁcsh'éhd 3&31(% EQE?lwmd QraEP@s@d GRALAk Qf'epﬁatﬁaifrm ysts E
an al so resulted S in_iso r|z or mance
when conpar e 194 f2 a6¥g€)c§% ts(% qv%t 9P Gt thi® hggcgsjﬁ ysts in
the above excopitely wer simbé Qweamerghhapeﬁ¢€ﬁunséoMM§Bz%h?]ﬂﬁﬁﬁ%%ﬁﬁ

~percent al unjR@-e (oaﬁfw%aﬁcsgéi&iw@%g&h §9£@1 ttm%nlahzslcaitwawertles

?];nz} h)e Kaaﬁ;%%’?éé\f{e ISt{‘ﬁEFI : %%gyﬁé) e lfﬁN% Sﬁﬁé@g’&é 1140

C 306 364 417uf. 1eS@thD S0 MQhAIS -'(SOPPW]-RBGC vield Have subdsighan al |y

 the same crusfh&dn@n@idn 2éf %%yiené PiPCeRs fpfocm@uqar tRena wad al yst
for structurally isoneriz

|
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Further, selectivity to isobutylene at the measured
conversion levels for Catalyst C was found to be higher when
compared to Catalyst A and B. For example, Catalyst C
achieved a selectivity to isobutylene at 40% conversion of
88% compared to 80-83% obtained by Catalysts A and B. Other
combinations of acids such as those used in the preparation
of Catalysts E and F also resulted in improved skeletal

" olefin isomerization performance when compared to that of
Catalyst B.

Catalyst Properties
The catalysts in the above examples were all S0
weight percent zeoclite and 10 weight percent alumina
(anhydrous® sclids basis). Some of the physical properties
of the catalysts are listed in Table 2.

TABLE 2
CATALYST ___SURFACE ARFA (m?’/g) ~~  MICROPOREVOLUME
(mL/g)
BET P/Po=0.03 LANGMUIR
A 301 358 408 0.1140
(o] 306 364 417 0.1150
D 304 362 415 0.1148

A, C and D have substantially the same crush strength.



" (a) mxing (i) a zeolite powder conprising at | east one zeolite with at

| east one one-di nensi onal pore structure having a pore size small enough
to retard by-product dinerization and coke formation and | arge enough to
permt entry of the linear olefin and allow formation of the nethyl
branched i soolefin, (ii) a binder, élll) water, (iv) fromabout 0.1

wei ght percent to about 6 weight per 8nt, based on (i) and (ii), of at
‘'east one nonocarboxylic or inorganic acid and (v) from about 0.1 weight
percent. to about . 6 wei ght percent, based on (i) and (ii), of at |east one
‘pol ycarboxylic acid; (b) formng one or nore consolidated particles from
-the " resulting m xture; and (c) calciqﬂggnﬁgid particles at a tenperature
of fromabout 200C to abou é rocess accordln 5%31§%€|@6¥
wherein the . component (v) Eﬁfiﬁ%ﬁuu cPEERWAN &
‘hydr ocar byl sagnsnnuaﬂdyat1$Qn§nlammg darbenywrcodeﬁdngNShpst 3eagtpriocess
according to ¢l aidA ht@hs2e¥NHELidorreSPBAREAY Kebhy 1S b2AnehedM soclefdrhavi ng
at least two _carboxylic acid groups and at |east one hydroxyl group. 4. A
process accortffHRF*¥T™@'ai m 1 wherein the conponent (v) is tartaric acid,
citric acid, (mlioiging oxXd)is zedldteapppier seonbriminenet derst Yl actric
‘acid, 1,2 cycl Op%ﬂ&%ed'&?&bwlleageldnerrahswlﬂ&wmrmrm;sme‘e aci d,
itaconic acid, phthalic acid, terephthalic agc SFEFg yl_mal nic aci d,

a

hydr oxypht hal i ¢ act'd,*HHPdr XA el £C& 3%:‘7%1 AU i %° aci d,
benzene-1, 3, 5-trimstraiwk plyi-praduct diimegdizationsaid cmcfera%tbplbr gl ucaric

acid. 5. A process,AfooldidteAdudi Ve dNSei ] @iesy log (@nd MHsgEn Component

iv) Is a nonocarboxylic acid,havin substi tut'ed substituted Cl to
é20)hydrocarbyl %ﬂ.and allow fé%mé%lon o% the me granch é
- 1soolef1n, . '

(ii) a binder,
(iii) water,
(iv) from about 0.1 weight percent to about
6 weight percent, based on (i) and (ii), of at least
one monoccarboxylic or inorganic acid and
(v) from abdut 0.1 weight percent to about
6 weight percent, based on (i) and (ii), of at least
one polycarboxylic acid;
(b) formlng one or more consolidated particles from the
resulting mixture; and
(c¢) calcining said particles at a temperature of from about
200°C to about 700°C.

2. A process according to claim 1 wherein the
component (v) 1s an organic acid having a ¢, to (), -
hydrocarbyl segment and at least two carboxylic acid groups.

3. A process according to claim 1 or 2 wherein
component (v) is an organic acid having at 1least two
carboxylic acid groups and at least one hydroxyl group.

4. A process according to claim 1 wherein the
component (v) is tartaric acid, citric acid, malic acid,
oxalic acid, adipic acid, malonic acid, galactric acid, 1,2-
cyclopentane dicarboxylic acid, maleic acid, fumaric acid,
itaconic acid, phthalic acid, terephthalic acid,
phenylmalonic acid, hydroxyphthalic acid, dihydroxyfumaric



an'inorganjic acid. 6. A process according to claim5 wherein conponent

- (iv) is formc acid, acetic acid, glycolic acid or nitric acid. 7. A
process according to-claim1l wherein conponent (iv) is acetic acid and
conponent (v) is citric acid. 8. A process according to any one of the
precedi ng clains wherein the ratio of gorrponent (iv) to conponent (v) in
step (a) is fromabout 1:60 to about $0:1. 9. A process according to claim
‘8 wherein conpanent (iv) is present in an amount from about 0.5 to about
4 wei ght percent based on the mixture and the ratio of conponent (iv) to
-conponent (v) is fromabout 1:10 to about 10:1. 10., Arproc%ss according to
any -one of taeid ptriearballkykigacifePenaepszl bi myd iC@rRMNLTS 2% ca-

al um na or cigycithdic Adiagceasiacaoidioy gimadrdicnat@dwherein the binder is

" a high-dispersity alurdna. ,1 A.DLO ptela] e O Yo 2NE) HmgPriecedi ng
“clains wherein the fi nrgail cg‘t §F§ngéo§§§‘?ﬁs t 9§ N

] > 0 .5 ,percegt by. wei ght of
- zeolite and 9 dmvbegeip gompenetnt(iyy 1fed PRNAIFATROFHLAS. 2T l)*f\“>p;'7’}§'cess
accor di ng 't 0a a&ubsyitutkdt b2 unpseesditeged! @j e ChanEimvdarbylegtotr dras a

pore size fra(l)rrln.i rearer. tatéqg about 0.42 nm and | ess than about 0.7 nm 14.

A process accordin 0 any of the preceding, clains wherein the zeglite has

‘a ferrierite isotypic 6+rafewBFRCeSF uASHELLIPY, B0 prH@S Por" 7t ural Iy
i-somerizi ng gompém@dy @f iis dortiticl @eeddl, 4acatbonaatdpsglycolic Heid

- corre—spondi-n%r_rrrrlat@gic ranched isoolefin conprising contacting at a
tenperature TTom about 200C to about 650C a hydrocarbon feed stream

containing at |east ofe sa& dPFPRESF ASSOTRIRGt ht@n GiddMer Lzi TP yst

produced by aomRpo&sts eSv)Cliad nrétie acdiy anad ebmpbrept ecedi by citarins.

acid.

8. A process according to any one of the
preceding claims wherein the ratio of component (iv) to
component (v) in step (a) is from about 1:60 to about 60:1.

9. A pfocess according to claim 8 wherein
component (iv) is present in an amount from about 0.5 to-
about 4 weight percent based on the mixture and the ratio
of component (iv) to component (v) is from about 1:10 to
about 10:1.

10. A process according to any one of the
preceding claims wherein the binder is alumina, silica-
alumina or clay.

11. A process according to claim 10 wherein the
binder is a high-dispersity alumina.

12. A process according to any one of preceding
claims wherein the final catalyst contains 60 to 989.5
percent by weight of zeolite and from 0.5 to 40 percent by
weight of alumina. '

13. A process according to any one of the
precedin§ claims wherein the zeolite has a pore size from
greater than about 0.42 nm and less than about 0.7 nm.

14. A process according to any of the preceding
claims wherein the zeolite has a ferrierite isotypic
framework étructure.

15. A process for structurally isomerizing a
linear olefin of at least 4 carbon atoms to its



16. A process for structurally isonerizing a linear olefin of at |east 4-
carbon atons to its corresponding nethyl branched isoolefin conprising
contacting at a tenperature of fromabout NOT to about 650C a hydrocarbon
feed stream containing at |east one said linear olefin with an isonerizing
cat al yst produced by a process V\:hl cbconprises: (a) m xi ng (i) a zeolite

wd t t.h at | t di I
Bore stroctnes ik ‘Eﬂﬁ%r g ishaﬁpmﬁ“ﬂaagﬁomﬁﬁia ARSI
d t d t t f th
i near ol afR BB PR KR e i on T e Bitns sgesti (i 1) an
- al ffect t of
Reid 23&?@%@%@%&%%%&@%#@% eld fla Sicsipe casmata oo, 1 ¢ "

powder , hin Qr_a.mixture thereof thereby producing a mxture; (b)
form ng on y°|pe§§ PR gﬁ‘lgic 'd particles fromsaid mxture; and (c¢)
"cal cining said %artl |l es_at. a tenperature.af from about 200C to about

700C. 17. A process W&Fﬁlfﬂb WWF@PWW“}'M&)XW ic acid
' t di t | 16 17 wh
the zeol | (ARSI depndng noB A bt o o bomeriappcomacing -

at a temperature of from about 200°C to about 650°C a hydrocarbon feed stream

containing at least one said linear olefin with an isomerizing catalyst produced by a
_process which comprises: |
(2)  mixing () a zeolite powder comprising at least one zeolite
with at least one 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;
(i)  an alumina-containing binder;
(i)  water; and
(iv)  an effective amount of an acid comprising at
least one polycarboxylic acid to peptize the zeolite powder, the binder or a mixture
thereof thereby producing a mixture;
(b)  forming one or more consolidated paxﬁclcs from said mixture; and _
- (e)  calcining said particles at a temperature of from about 200°C to about
700°C.
17. A process according to claim 16 wherein the polyc;rboxylic acidisa

tricarboxylic acid.

18. A process according to claim 16 or 17 wherein the zeolite hasa

ferrierite isotypic framework structure.



