-1- Ne @GP SKEL ETAL | SOVERI ZATI ON PROCESS This invention relates to a
pgocess for the skeletal isomerization of n-olefin-containing, .e.g.,

‘n- but ene- cont ai ni ng, hydrocarbon streans to 5 i so-olefin-rich, e.g.,
| sobut ene-rich product streans. The demand-for iso-al kenes has recently

i ncreased in response to a greater denmand for oxygenated gasoline
additives. For exanple, relatively |arge anounts of isobutene are required
for reaction with 10 nmet hanol or ethanol over an acidic catalyst to
.produce nethyl tert-butyl ether (MIBE) or ethyl tert-butyl ether (ETBE)
whjch is useful as an octane enhancer for unIeaded gasollnes | soanyl enes
~are required for reaction w B E1L.EY ER BROCESS to 15
produce tert-anyl nethyl ether (TANE) _ VVth passage of the Clean Ar Act
im.the United States man rease oI | ng ate.cqntent, MIBE,
ETBE and TAME have takenq@% "e‘%ﬁuﬁ £ aqﬁ Eaneal I’&%S?I %gxé a{even for
‘l'ower octane gasol i rﬂ?l%adlmééemmwfzG)“‘°1efm“i?&§éll¥‘h’é%v igr9Aest er n
Europe has further |Mxﬁaﬁedcémmeﬁqnmyfdﬂocaubbn@qmnstes An article by
J.D. Cnase, £t al. nl%) -038¢; gkgugn i%%rbhltege- Prgaﬁéy%sﬁ%ahge

advant ages whi ch can be achieve é |ng such materials 1o enhance 2
gasol i ne octane. The bl dR8i RPN SAE 1SARIEePPS \WHE DIRAERT LY JHiFeased
typi cal unl eaded gasigi |I1¢6pbase touel greateOdenand gfonVoNygengted R+M / 2 =

109. The bl ending ofds¥@n¥addatitites JAMeeANBUE e d-d1ataveyPpi Kalgelnl -eaded
gasoline base fuel az[nﬁauggél of ]lle%'bum :azgeg’regﬁ%éd 2fo?': reaction with
10 methanol or ethanol over an acidic catalyst to produce
‘methyl tert-butyl ether (MTBE) or ethyl tert-butyl
ether (ETBE) which is useful as an octane enhancer for
unleaded gasolines. Isoamylenes are required for

reaction with methanol over an acidic catalyst to
. 15 produce tert-amyl methyl ether (TAME). With passage
of the Clean Air Act in the United sStates mandating
increased gasoline oxygenate content, MTBE, ETBE and
TAME have taken on new value as clean-air additives,
even for lower octane gasolines. Lead phasedown of.
20 gasdlines in Western Europe has further increased the
demand for such oxygenates.
An article by J.D. Chase, et al., 0il1 and Gas
Journal, April 9, 1979, discusses the advantages which
can be achieved by using such materials to enhance
25 gasoline octane. The blending octane values of MTBE
when added to a typical unleaded gasoline base fuel
are RON = 118, MON = 101, R+M / 2 = 109. The blending
octane values of TAME when added to a typical unleaded
gasoline base fuel are RON = 112, MON = 99, R+M / 2 =

30 106. Isobutene (or isobutylene) is in particularly
high demand as it is reacted with methanol to produce
MTBE.

The addition of shape-selecti?e zeolite additives
such as 2ZSM-5 to cracking catalysts, e.g. -those used
35 in fluidized catalytic cracking (FCC), is beneficial
in producing gasoline boiling range product of



30 v w6, | sobutene (or isobutylene) is in particularly high demand
as it is reacted with nmethanol to produce MIBE. The addition of

shape-sel ective zeolite additives such as ZSM5 to cracking catal ysts, e.g.
t hose used 35 in fluidized catalytic cracking (FCC), is beneficial

I n produci ng gasoline boiling range product of -2- increased octane

rati ng. However, increased amounts of olefins result, including n-butenes,
_creating a need for their conversion to hlgher val ue products such as

i sobut ene whi ch can be used to produce MIBE275 But ene exists in
four isoners: butene-1, cis-butene-2, its stereo-isoner trans-butene-2, and
i sobut ene.. Conver si on betmeen t he butene-2 i somers is known as geonetric

i somerization, whereas that between butene-1 and the butene-2 isoners is
known as position lfncreased bstare ratingn, Hbwever, binwrensgdaanountsor

hydrogen- shift 'SOgFrdlzﬁtihQnres-mﬁz a&ﬁéﬁi@mgl e.nsdtémsee &u&eﬂﬁgléorrers are
not branched and are‘ﬁgomn col ] ectiv é nes ,thnverS|on
of the n-butenes to F¥DHTEhRE EWﬁQFﬁefél%P ah&ﬁ &% %%ﬁ? PEPAUGES el y known
15 as skel et swch sondspbutensn whivk ‘F%é’lel yeeditq aroddre BFRE-ns with
al kanol to groduce al kylpitenti ekistal kil f@ihdsonersel mitianes1yi th respect to

| so-olefins. Linear plefjifeds e HY §REELYS: ddhe e rfd thuftdhalyZethd €action,
even to the extent
isobutene. Conversion between the butene-2 isomers is

known as geometric isomerization, whereas that between

butene-~1 and the butene-2 isomers is known as position
10 isomerization, double-bond migration, or hydrogen-

shift isomerization. The aforementioned three butene

- isomers are noﬁ branched and are known collectively as

normal or n-butenes. Conversion of the n-butenes to

isobutene, which is a branched isomer, is widely known
15 as skeletal isomerization.

The reaction of tertiary olefins with alkanol to
produce alkyl tertiary alkyl'ether is selective with
respect to iso-olefins. Linear olefins are unreactive
in the acid catalyzed reaction, even to the extent

20 that it is known that the process can be utilized as a
method to separate linear and iso-olefins. The
typical feedstream of FCC C4 or c4+ crackate used to
produce tertiary alkyl ethers in the prior art which

_ contains normal butene and isobutene utilizes only the

25 branched olefin in etherification. This situation |
presents an exigent challenge to workers in the field
to discover a technically and economically practical

" means to utilize linear olefins, particularly normal
butene, in the manufacture of tertiary alkyl ethers.

30 ’ In recent years, a major development within the

- petroleum industry has been the discovery of the
special catalytic capabilities of a family of zeolite
catalysts based upon medium pore size shape selective
metallosilicates. Discoveries have been made leading

35 to a series of analogous processes drawn from the



20 that it is known that the process can be utilized as a nethod to

sgparate linear and iso-olefins. The typical feedstreamof FCC (Jerr] or
err]+ crackate used to produce tertiary alkyl ethers in the prior art

whi ch contains nornmal butene and isobutene utilizes only the 25

branched olefin in etherification. This situation presents an exigent

challenge to workers in the field to discover a technically and

econom cally practical nmeans to utilize linear olefins, particularly nornal

butene, in the manufacture of tertiary al kyl” ethers. 30 In
recent years, a mjor devel opnent within the petrol eumindustry has been
the discovery of the special catalytic capabilities of a famly of zeolite
catal ysts based upon nedi um pore size shape sel ective netallosilicates.

Di scoveri es have be€RERNFEC| EaRRRIG i%Y of zeolitgs,im the Iegrruptinigius
processes drawn froeftdiefins.3- catal ytic capability of zeolites in the

restructuring of ol ef i nsgpt5R> Bo 2B LcHbSES G5 ProreBs OEAS HEOr the
restructuring of olefins in_con ] ol i st to

produce iso-olefins?gi?ﬁqﬁﬁﬁﬁﬁn%;gf%%%%%ﬂﬁéﬁéf%%%8gti¥§ﬁ9ﬂ%§%?%§é¥o MTBE and
TAMVE. The ¥ estruct 8rbalystofai presusec daprolafipsnpépbianass biyethen 204[err] C,
and 315[err] C and peesmstisdohebp\Visol-oiB8ind tEMTAE24rdBOfAME.t Thet aught t hat
L;{‘gf‘;sf' efins 10  pageructdRil§ dfitYShy " Eshdrl sCOPLAR ratint-Bs 260kl deh
’ 204°C and 315°C and pressure below 51 kPa.
In EP-A-247802, it is taught that linear oclefins
10 can'be.restructured in contact with zeolite catalyst,
including Theta-1 (ZSM-22) and 2SM-23, to produce
branched olefins. The restructuring conditions
comprise temperature between 200-550°C, pressure
between 100 and 5000 kPa and WHSV between 1 and 100.
15 Selectivities to isobutene up to 91.2% are reported
using a calcined Theta-1 tectometallosilicate at 400°C
and 30.6% l-butene conversion. _
U.S. Patent 3,992,466 teaches the use of zsm—ss
as a catalyst for hydrocarbon conversion reactidns,
20 including "isomerization of aromatics, paraffins and
olefins." ' .
U.S. Patent 4,922,048 discloses the use of a wide
variety of medium pore size zeolites, e.g. ZSM-5,
ZSM-11, 2ZSM-12, 2ZSM-22, ZSM-23, ZSM-35 and ZSM-48, in
25 low temperature (232-385°C) oclefin interconversion of
C,~C, olefins to products including tertiary c,-C
clefins and olefinic gasoline.
U.S. Patent 4,886,925 discloses low pressure,
high temperature conversion of light olefins to
30 produce higher olefins rich in isocalkenes. The
n-alkenes to a product comprising

5

process converts C
€4~Cs
gasoline boiling range hydrocarbons, and unconverted
hydrocarbons over ZSM-5. The reference teaches

35 further treatment of the alkene effluent with methanol.

2+
alkenes rich in iso-alkenes, Cos clefinic



i ncl udi ng Theta-1 (ZSM 22) and ZSM 23, to produce branched ol efins. The
restructuring conditions conprise tenperature between 200-550[err]C,
pressure bet ween 100 and 5000 kPa and WHSV between 1 and 100. 15
Selectivities to isobutene up to 91.2% are reported using a cal ci ned
Theta-1 tectonetallosilicate at 400[err] C and 30. 6% 1-but ene conver si on.

U S. Patent 3,992,466 teaches the use of ZSM 35 as a cat al yst for

hydr ocar bon conversi on reactions, 20 - dgacl udi ng "isomerization of
aromatics, paraffins and olefins." U S Patent 4,922,048 discl oses the use
of a wide variety of nedium pore size zeolites, e.g. ZSM5, ZSM 11, ZSM 12,
ZSM 22, ZSM 23, ZSM 35 and ZSM 48, in 25 Iow t enperat ure

(232- 385[err]C) ol efin interconversion of er CTL‘ n%J qlefins to products
including tertiary Cif EhepPEeFPRCHPE Betyhi r§a§6 olites puch s

- 4,886, 925 di scl oses IsMw3yr @SMHlE, ASMgh2i ARIE3SL UESMcHh\AdSZEM-48. | | ght

ol efins to 30 producs. hbghaie Ql, 864 /586 laeBcl Bsés Ginkapesnt The

process converts Cerr enﬁ_é%atgenes togﬁtsgrodog%goggﬁé%s%p%ﬁgkené]usg err]

al kenes rich in iso-4l aso
hydr ocar bons® and un%oﬁﬁ?é‘ﬂ-ﬁeat?vﬁ%ﬁ/@z’éib%sc ¥sgs\ The Tﬁ&aﬂ-&;*érence
t eaches 35 f usstdapl ifieat pidtuces faeemibranehed folefrinswihian net hanol

-4- in the presence QindBALYE RN &G i31Z8rdLUF EeSrSeFltfiSind the
reference teaches that ferrierite-containing catalysts
exhibit improved selectivity to linear olefins than

10 convenﬁionally prepared disproportionation catalysts.

Despite the efforts exemplified in the above

references, the skeletal isomerization of olefins,
e.g., to produce iscbutene, has been hampered by
relatively low selectivity to isobutene perhaps owing

15 to the reactivity of these olefins. It is further
known that skeletal isomerization becomes more
difficult as hydrocarbons of lower molecular weight
are used, requiring more severe operating conditions,
e.g. higher temperatures and lower linear olefin

20 partial pressures.

Generally, the conversion of n-butenes to
iso-butene is conducted at selectivities below 90%.
In order to obtain higher selectivities, operation at -
_ high temperatures (>500°C) and with high nitrogen feed

25 dilution (butene partial pressure, typically less than
5 psia (34.5 kPa)) is generally required.
Selectivities of greatef than 90%, 95% or even 99% are
highly advantageous in commercial conversion of
n-butenes to isobutene in order to avoid the need to

30 separate out materials other than n-butene from the
product stream. Such high selectivities will permit
direct introduction (cascading) or indirect

" introduction of the isomerizer effluent to an
_ etherification zone where isobutene is reacted with
35 alkanol to produce alkyl tert-butyl ether, e.g. MTBE.



ZSM 5 ZSM 11, ZSM12, ZSM 35, ZSM 38 and ZSM 48. U.S. Patent 4, 996, 386
di scl oses concurrent | soneri zation and di sproportionation of ol efins using
5° a ferrierite/ Mo/ WAl [err]derr] catalyst:. The catalyst
exenplified produces fewer branched olefins than a conparable material free
of ferrierite and the reference teaches that ferrierite-containing
catal ysts exhibit inproved selectivity to linear olefins than 10
conventional |y prepared disproportionation c%t al ysts. Despite the efforts
exenplified in the above references, the skéletal isonerization of olefins,
e.g., to produce isobutene, has been hanpered by relatively |ow selectivity
to i sobutene perhaps ow ng 15 to the reactivity of these ol efins.
It is further known that skeletal isonerization becones nore difficult as
hydr ocar bons of | owdinaesvertedm-aitghes ol thecdsoneriizer AIHISRE F@er e
operating conditionsge azmdha@h&htheafpﬁéﬁiw efeaathdiicakiorazomd ki n 20
partial pressures. t e t S butene is
AE3hbYy [ fhonl oRY! éé{eggﬂtael AR ﬁ‘fﬁkﬁé&

conducted at selecti er to taln
sel ectivities, oper a’c"ﬁﬂ?aat 2hi e Fé’fﬁﬁ’é%%&‘iﬂ%"( SSﬁ‘b‘f’éﬁ“r PEFLIEES AT hi gh
nitrogen feed 25 the idbbutems dompbrert pfr thel iprmssizer, stygacal |y | ess

than 5 psia (34.5 kRmz)eaic%eaeM@Aeln\ésr%rt% eBRéLtiicULibRSzOe T €At er

t han 90% 95% or even.,29% are_hi.ghly adva S, r er si on
of n-butenes to |sobu§f21ne gn o"r‘ci’(L ¥8y%1v%&1 %?%ggnlé%net%qqg% ﬁﬁé‘i-e Ct%r; par at e
out materials other ¥WRSORVETERhE S AeRPETRNG ASIRLTN SeleshivibEh H 1=g
selectivities wi |l peferirecycle stream contains not only unconverted

10 linear olefins, e.g. n-butenes, but also by-product

such as other olefins (e.g. propylene) or paraffins,
they have to be removed from the recycle stream, such
as by distillation or by taking a slip stream. These
- removal steps are expensive and can lead to
15 considerable loss of not only the by-products but
butenes as well. These losses are larger when the
by-products formed are present in higher
concentration. Thus, even small improvements in the
isobutene selectivity during n-butene isomerization
20 ‘have a major effect on the commercial viability of the
' process. However, high selectivities in skeletal
isomerization processes have generally required low
linear olefin partial pressures and high temperatures
which place substantial limitations on such processes,
25 It would, therefore, be advantageous to provide a
skeletal isomerization catalyst ¢apable of maintaining
relatively high selectivity at low temperatures and
high linear olefin partial pressures.
Certain zeolites have been shown to be highly
30 effective in skeletal isomerization of normal olefins.
Such zeolites include those selected from the group
consisting of zeolites having the framework structure
of ZSM-22, ZSM-23, and ZSM-35.
Although such catalyst compositions exhibit _
- 35, adequate thermal stability and cycle length, improving



di regt introduction (cascading) or indirect introduction of the isonerizer
effluent to an etherification zone where isobutene is reacted with 35

al kanol to produce al kyl tert-butyl ether, e.g. MIBE. Unconvert ed
n-butenes in the isomerizer effluent can be withdrawn either before the
etherification zone or preferably, fromthe etherification zone effl uent

I nsofar as the etherification reaction utilizes only 5 t he i sobutene
conponent of the isomerizer stream - Unreacted n-butenes fromthe
etherification zone effluent can beﬁrecycleﬁFTo the isomerizer where they
are converted to isobutene at high selectivity. If the recycle stream
contains not only unconverted 10 | inear olefins, e.g. n-butenes, but
al so by-product such as other olefins (e.g. propylene) or paraffins, they
have to be renoved bucinpduperetys|woulir banpconanicadlpyadiantiageaus oy or by

taking a slip streaged; caERYPdt 9ligBSand recteRSiyen afitheCan lead to 15

consi derabl e-l oss of not, onl v.the by-product L. These
| osses are |arger when tM&€ -"B?&Uc?‘% Pg'ra?r%.dt g’?‘é'eggégg%srﬁd}%?g er
concentration. Thuspregess Siex Fonvgrsdeaneht3inepn Reefidi%®ne selectivity
during n-busene i soretréspdrd@ingOiso-olefihavef sthenjsemeet¢dhxin agmbhe

commerci al viabil it yn9by t OGN Q6ESSontHAMRUE a TirdaArS8L&F - ddnk@Sning
skel et al |soner|zat|onﬁ$rocesses ave egegg%éf&géggured Jomll%ggf{tolefln

partial pressures afgIntHh F8845EP omprising a e

which has a Constraint Index of 1-12 and which has
been treated with a dicarboxylic acid under conditions

10 sufficient to effect a significant reduction in

_ surface acidity of the zeolite as determined by
tri-tertiarybutylbenzene conversion.
The dicarboxylic acid treatment of the present
invention is found to selectively deactivate the

15 surface acidity of the zeolite without substantially
reducing the alpha value (as hereinafter described) or
overall activity of the zeolite, which in turn is
found to result in reduced catalyst aging and longer
cycle length. .

20 The skeletal isomerization reaction of the
present invention is preferably carried out at a
temperature between 100 and 750°C; weight hourly space
velocity based on linear olefin in the feed between
0.1 and 500 WHSV; and linear olefin partial pressure

25 between 2 and 2000 kPa. The preferred conditions are
a temperature between 200 and 600°C, more preferably
between 250 and 550°C, WHSV between 1 and 400, more
preferably between 5 and 100; and a linear olefin
partial pressuré'between 10 and 500 kPa, more

30 preferably between 2 and 200 kPa. Under these
conditions the conversion of linear olefin, e.g.,
n-butene, can be at least 10%, préferably at least 25%
and more preferably at least 35%. Generally,
economically feasible isomerization is maintained at



whi che pl ace substantial [imtations on such processes. 25 It woul d,
t perefore, be advantageous to provide a skeletal isonerization catalyst
capable of maintaining relatively high selectivity at |ow tenperatures and
high Iinear olefin partial pressures. Certain zeolites have been shown to
be highly 30 effective in skeletal isonerization of normal ol efins.
Such zeolites include those selected fromthe group consisting of zeolites
having the framework structure of ZSM 22, ZSM 23, and ZSM 35. Al t hough such
catal yst conpositions exhibit 35 : adequate thermal stability and
cycle length, inproving - such properties would be econom cally

advant ageous by extending catalyst |life and reactor down tinme. Accordingly,
t he present invention provides a process for conversion of |inear olefins
to 5 corres anﬁf?@-q SONBLEF RS 18V} F AROYfe 28 A Bbm BREFBERR i ch
conpri ses contacti ngbave izeatsol ef i n-contai ni ng organic feedstock with a

catal yst comprising a zofld b olbhe triahe S0 1t ldabbllal [yluiekaled 2 and

whi ch has been treated w (M(:J oxyl #q% q}ﬂ_un er gqg_ %IOHS 10
sufficient to effecPr39%ﬁiﬁﬁ FPESﬁ? PEFLRE BT T 1RGPF a2 1A Pty of the
zeolite as %et er ni négotylafin setectivibie ye enAdndeashvidsiadn. The

di carboxylic acid tpepitBadlyololheonvees8eth tempithaitGfes SaddWight Dinear
sel ectively deaCt'VgiSfiﬁ“ia¥%1a1 pressibl 2C& RG] drb¥edled Ran ZGQLhEf M t hout

substantially

P

selectivities of at least 90, 92 or 95% at a
conversion temperature'less than or equal to §50, 400
10 or even 350°C, and linear olefin partial pressures
above 2 psia (14 kPa), e.g above 5 psia (34 kPa).
Zeolites used in these processes treated with
dicarboxylic acid exhibit maintain substantially
equivalent overall catalystic activity as measured by
1s alpha value. However, the treated zeolites retain
their operable activity (permitting overall n-olefin
conversion of at least 30%) for a significantly longer
period, representing a reduction in aging rate of at
_ least 25%, preferably at least 40% or even 50%.

20 Preferred feedstreams include C, or C,+ _
hydrocarbon feedstreams. Linear olefins suited to use
in the present invention may be derived from a fresh
feedstream, preferably comprising n-butenes and/or
n-pentenes, or from the effluent of an iso-olefin

25 etherification reactor which employs alkancl and c4 or
C4+ hydrocarbon feedstock. Typiqal hydrocarbon
feedstock materials for isomerization reactions
according to the present invention include olefinic
streams, such as cracking process light gas containing

30 butene isomers in mixture with substantial amounts of
paraffins including n-butane and isobutane. The C
components usually contain a major amount of un-
saturated compounds, such as 10-40% isobutene, 20-55%
linear butenes, and small amounts of butadiene. Also,

35 : c4+ heavier olefinic hydrocarbon streams may be used,

4



-,

reduci ng the al pha value (as hereinafter described) or overall activity of
the zeolite, which in turnis found to result in reduced catal yst aging and
| onger cycle length. 20 The skel etal isonerization reaction of
the present invention is preferably carried out at a tenperature between
100 and 750[err]C, weight hourly space velocity based on linear olefin in
the feed between 0.1 and 500 WHSV; .and |inear olefin partial pressure 25
between 2 and 2000 kPa. The preferred conditions are a tenperature between
200 and 600[err]C, nore preferably between 50 and 550[err]C, WHSV bet ween
1 and 400, nore preferably between 5 and 100; and a linear olefin parti al
pressure between 10 and 500 kPa, nore 30 preferably between 2 and
200 kPa. Under these conditions the conversion of |inear olefin, e.g.,
n-butene, can be atei®astCc,108)Cyyclreribrablat J,e80t Co0efiidigore preferably
at | east 35% Genergydpoca®B8hOstrcdinsy feasible isonerization is maintained
at | -7- n-olefin converyl ool avel §eBROY S Pt dollel Yelihy above 30 wto%
The present invention IS_eSpeCIEl?y SUI ed 10 pnBcesses carried out at high
linear olefin to 5 inventionshave of isdlien ceq iatiupjnacnglan, ratdgset Ay, at
relatively $ow conveeaston2t anfed adansesabme Indglx bEnkel2.0loshshrpint i al

pressures. Such proggsses sCalsSPidd@if us Patent No. 4016218 and the
Constraint Index of some typical zeolites are listed

below:
Constraint Index

10 ZSM-4 | 0.5
ZSM-5 | - 8.3
ZSM~11 _ 8.7
ZSM-12 2
ZSM-23 9.1

15 ZSM-35 4.5
ZSM-38 . _ 2
TMA Offretite 3.7
Beta _ 0.6 - 2
H-Zeolon (mordenite) 0.4

20 ' REY . ’ 0.4
Amorphous Silica-Alumina 0.6

Erionite 38

Within the above group of zeolites having a

Constraint Index of 1-12 is a preferred group of

25 zeolites for the purposes of the present invention.
These preferred zeolites, exemplified by ZsSM-22,
ZSM-23, and ZSM-35, have channels described by
10-membered rings of T (=Si or Al) or oxygen atoms,
but differ from other intermediate pore 10-ring

30 zealites, sﬁch as ZSM-5, ZSM-11l, Z8SM-57 or stilbite,
in having a smaller 10-ring channel. If the crystal
structure (and hence pore system) of a particular
zeolite is known, a convenient measure of the channel
cross-section is given by the product of the



selectivities of at |east 90, 92 or 95% at a conversion tenperature |ess
than or equal to 550, 400 10 or even 350[err]C, and linear olefin
partl al pressures above 2 psia (14 kPa), e.g above 5 psia (34 kPa).

- Zeolites used in these processes treated with dicarboxylic acid exhibit
mai ntai n substantially equival ent overall catalystic activity as neasured
by 15 al pha value. However, the treated zeolites retain their
operabl e activity (permitting overall n-olefPm conversion of at |east 30%
for a significantly |onger period, representing a reduction in aging rate
of at least 25% preferably at |east 40% or even 50% 20

Preferred feedstreans include CJerr] or (Jerr] hydrocarbon feedstreans.

Li near ol efins suit elindefisions i (1n AAgPteaerinitsy et ithe tay bajceraxesd from a

fresh feedstream pr b S /5 es, or
fromthe effl uent 8f°eéc %Ig %A’r%)”p&hgé&%ﬁéﬂ%&@ﬂﬁearxf’é‘?.é%{hfgn%e“%%‘m whi ch

enpl oys al kanol and '@F138 efZ29Rldt8cSFHTFFEd PRk P¥TYpi Bal ™ 388 bon
f eedstock materi al s H.0H.i obswen, Autterworthst,i pnblishear.dsegond Edicionesent

i nvention imsclude olwigi Creé rRakRs stlctlﬁhﬁss pebaskt NGeRmeacthe | by gas
cont ai ni ng 30 Qloét ?R&el & SRS ?.1%@ q.ra%g\ngqh substantial anmounts of
?ane

paraffins including n- ané and i 50 err] conponents usually
contain a major amount of un- saturated compounds, such as 10-40%

i sobut ene, 20-55% i near butenes, and small anmounts of butadi ene. Al so, 35
Cerr] heavier olefinic hydrocarbon streanms may be used,



e.g.,«C[err] to (Jerr], preferably CJerr] to Cferr] ol efinic hydrocarbon
streanms. The zeolites useful in the process of the invention have a silica
to alumna nolar ratio of at 5 | east 12 and a Constraint |ndex of
1-12. Constraint Index is described in US RPatent No. 4016218 and the
Constraint Index of sonme typical zeolites are |listed bel ow Constraint

| ndex 10 ZSM 4 0.5 ZSM 5

8.3 ZSM 11 , -10- 8.7 ZSM 12

2 ZSM 23 ' : 9.1 15 ZSM 35

4.5 ZSM 38 2 TMA Ofretite

3.7 Beta 0.6 - 2 H Zeolon (nordenite)
0.4 20 REY _ 0.4 Anor phous
Silica-Al umna 0.6 Erionite 38
Wthin the above group of zeolites having a Constraint Index of 1-12 is a
preferred group of 25 zeolites for the purposes of the present

i nvention. These preferred zeolites, exenplified by ZSM 22, ZSM 23, and
ZSM 35, have channel s described by 10-nmenbered rings of T (=Si or Al) or
oxygen atonms, but differ fromother internediate pore 10-ring '
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30 =« zeolites, such as ZSM5, ZSM 11, ZSM 57 or stilbite, in having a

spal ler 10-ring channel. If the crystal structure (and hence pore system
of a particular zeolite is known, a convenient neasure of the channel
cross-section is given by the product of the -9- dinmensions (in angstrom

units) of the two major axes of the pores. These dinensions are listed in
the "Atlas of Zeolite Structure Types"™ by W M Mier and D. H 0 son,
Butterworths, publisher, Second Edition, 1987. The values of this
product, terned the Pore Size Index, are Ilé}ed in Table A [err] It
can be seen that small pore, eight-rlng zeolites have a Pore Size |Index

bel ow about 20, the internediate pore, 10-ring zeolites of about 20-31, and
| arge pore, 12-ring zeolites above about 31. It 5 i s al so apparent,
that the 10-ring zeol i t et agan geoseenl thatt gpall poneet edghtsring Type 2 with
a Pore Size |Index belevtetes havieda2fordGikepEnderiddlow Eboet Sme thadex

bet ween 28 and 31. intermediate pore, 10-ring zeolites of about 20-31,
and large pore, 1l2-ring zeolites above about 31. It
5 is alsc apparent, that the 10-ring zeolites are
grouped in two distinct classes; Type 2 with a Pore
Size Index between 20 and 26 and Type 3 with a Pore
Size Index between 28 and 31.
The zeolites preferred for use in this invention
10 are those of Type 2 with a Pore Size Index of 20-26.
The Type 2 zeolites are distinguished from the other
types by their sorption characteristics towards
3-methylpentane. Representative equilibrium sorption
data and experimental conditions are listed in Table
15 B.
Type 2 zeolites sorb in their intracrystalline
voids 10 to 40 mg of 3-methylpentane per gram dry
zeolite in the hydrogen form at 90°C and 12 kPa (90
torr) 3-methylpentane pressure. In contrast, Type 3
20 zeolites sorb greater than 40 mg 3-methy1pehtane under
the conditions specified.
The equilibrium sorption values are obtained most
conveniently in a thermogravimetric balance by passing:
a stream of inert gas such_as helium centaining the
25 hydrocarbon with the indicated partial pressure over
the dried zeolite sample held at 90°C for a time
sufficient to obtain a constant weight.
Samples containing cations such as sodium or
_ aluminum ions can be converted to the hydrogen form by
30 well-known methods such as exchange at temperatures
between 25° and 100°C with dilute mineral acids, or
with hot ammonium chloride solutions followed by
calcination. For mixtures of zeolites with amorphous
material or for poorly crystallized samples, the
35 sorption values apply only to the crystalline portion.



The zeolites preferred for use in this invention 10 are those of
Type 2 with a Pore Size Index of 20-26. The Type 2 zeolites are

di stingui shed fromthe other types by their sorption characteristics

towar ds 3-net hyl pent ane. Representative equilibriumsorption data and
experinmental conditions are listed in Table 15 B. Type 2 zeolites
sorb in their intracrystalline voids:10 to 40 ng of 3-nethyl pentane per
gramdry zeolite in the hydrogen form at 9Q{§IY]C and 12 kPa (90 torr)

3- et hyl pentane pressure. In contrast, Type 20 zeolites sorb
-greater than 40 ng 3-net hyl-pentane under the conditions specified. The

equi librium sorption val ues are obtai ned nost conveniently in a

t her nogravi nmetric bal ance b assing_.a_stream of, i neft gas such as. helium
containing the 25 T’Hy%r“%&ﬁf’ﬁo \)ﬁhf“ﬁa?ﬁ%r’rzﬁd’igcgg‘%d § 13 §F°8?‘*é%§ure
over the dried zeol hag thenHdvanghde dthad0fitr ¢3:C Heoapplipdeta Feolditent to
obtain a constant WehgBé.c:SHHEstEFtuReNhAg KoY iveRs beds hadteramadedam or

al um numions can be converted to the hyd%or m by 30 wel | - known
met hods such as exchange at tenperatures 25[ er r%?and 10Q[err]C with

dilute minefPal acids, BAuidibrinm: SarpianyRREN f Mediug) bere keoddbedwed by

cal cination. For m xtures of zeolites with anorphous material or for poorly

crystallized sanples, the 35 SOr Piahgtnt M di®aad Phd Yooy zb8) i

crystal line portion, zeolite 3-Methylpentane?’

2 ZSM-22 20
ZSM-23 o 25
10 ZSM-35 25
3 ZSM-5 61
ZSM-12 58
ZSM-57 | 70
MCM-22 79
1s a) at 90°C, 90 torr 3-methylpentane

ZSM~22 is more particularly described in U.S.
Patent No. 4,556,477. 2ZSM-22 and its preparation in
microcrystalline form using ethylpyridinium as
directing agent is described in U.S. Patent No.
20 4,481,177. For purposes of the present invention,
ZSM-22 is considered to include its isotypes, e.qg.,
Theta-1, Gallo-Theta-1, NU-10, ISI-1, and KZ-2.
ZSM-23 is more particularly described in U.S.
Patent No. 4,076,842. For purposes of the present
25 invention, ZSM-23 is considered to include its
isotypes, e.g., EU-13, ISI-4, and KZ-1.
ZSM-35 is more particularly described in U.S.
Patent No. 4,016,245. For purposes of the present
invention, zZSM-35 is considered to include its
30 isotypes, e.g., ferrierite, FU-9, ISI-6, NU-23, and
' ~Sr-D. An example of a piperidine-derived ferrierite



-12- sThis nethod of characterizing the Type 2 zeolites has the advantage
that it can be applied to zeolites whose crystal structure has not yet been

determ ned. TABLE B 5 - Equi l'i brium Sorption Data of Medi um Pore
Zeol ites Anount sorbed, ng per g zeolite Type Zeolite _

3- Met hyl pentane[err]) 2 ZSM 22 20 ZSM 23

25 10 ZSM 35 25 3 ZSM 5

61 ZSM 12 58 ZSM 57 © 70 MCM 22
79 15 a) at 90[err]C, 90 torr 3- net ylpentane ZSM 22 is nore

particularly described in U S. Patent No. 4,556,477. ZSM 22 and its
preparation in m'crocrystalline form using ethyl pyridi nium as directing

agent is described in U S. Patent_ No. 177. For purposes of

the present - inventi &ff, "PSV\PIF iUl &gﬁ‘éﬁ“’[’%‘i Hﬁ‘cf’uﬁe ﬁ%e’itsgf’ypes e.g.,
Theta-1, Gall o- Thet 4,343 MN92L0, OtBer IsynthetkZ-Perrignipe prepsyasipnsticul arly
descri bed i Qs& ?3 Pa&enaeé‘&mégom tBéls?.l' pgeén@mdmse%@i ,STE preéantl 325
~invention, | er t Sod .SQLYUPES .
8 and ko1 7y SRERAE, 80b 40Ky USByt I Sd SADERsf e, D N o
4,016, 245. For pur pEYEEhex qeﬁé’erE’s‘@?ﬁ qfn%ﬁﬂ?ﬁ?-teZSﬁFS%m}’Ld dBnBibR¥ ed to

InCIude its et al, "Composition and catalytic Properties of
Synthetic Ferrierite," Journal of Catalysis, 35, pages
256-272 (1974).
The zeolite catalyst used is preferably at least

10 partly in the hydrogen form, e.g., HZSM-22, HZSM-23,

or HZSM-35. Other metals or cations thereof; e.g.
e rare earth cations, may also be present. When the
' zeolites are preparad in the presence of organic
cations, they may be quite inactive possibly because

15 the intracrystalline free space is occupied by the
organic cations from the forming solution. The
zeolite may be activated by heating in an inert or

- oxidative atmosphere to remove the organic cations,
e.g. by heating at over 500°C for 1 hour or more. The

20 hydrogen form can then be obtained by base exchange

with ammonium salts followed by célcination, e.g., at

' $500°C in air. Other cations, e.g. metal cations, can
be introduced by conventional base exchange or
impregnation technigques.

25 In order to obtain desired linear olefin skeletal
isomerization activity/selectivity, the zeolite,
preferably in the hydregen form, should have an alpha
value of at least 1, preferably at least 10 when used
in the catalyst of the present invention. Alpha

30 value, or alpha number, of a zeolite is a measure of
zeolite acidic functionality and is more fully
described together with details of its measurement in
U.S. Patent No. 4,016,218, J. Catalysis, 6, pp.
278-287 (1966) and J. Catalysis, 61, pp. 390-396

35 (1980). The experimental conditions cited in the



30 s | sotypes, e.g., ferrierite, FU-9, I1SI-6, NU23, and Sr-D. An
exanpl e of a piperidine-derived ferrierite -13- is nore particularly
described in U S. Patent No. 4,343,692. O her synthetic ferrierite
preparations are described in U S Patent Nos. 3,933,974; 3,966, 883;

4,000, 248; 4,017,590; and 4, 251,499. 5 Furt her descriptions of
ferrlerlte are found I n Blbby et al,, "Conposition and Catal ytic Properties
of Synthetic Ferrieriite,"” Journal of Cat al ys#s, 35, pages 256-272 (1974).
The zeolite catalyst used is preferably at |east 10 partly in the
hydrogen form e.g., HZSM 22, "HZSM 23, or HZSM 35. O her netals or cations
thereof, e.g. rare earth cations, may al so be present. Wen the zeolites

are prepared in thelaee‘gfmfee%eqieneagm el Q2 SondriREeFRYIAP W Le [ nactive

possi bl y because 15 I'ntracrystalline free space 1s occupi ed by
t he organic catlonscFF8ﬁ¥??ﬁeq%§FﬁfFEF T%fon. The zeolite may be activated
by heating in an inert oPrixt d=t use in rhhepkkebetal risguerizakiamw ganic

cations, e.g. by hegiroB@sstoO e 599&@1{& liGvbRtidn hane 2éo1mteL isThe 20
hydrogen fogm can t@gaggdoht | neg f)%fh @éﬁégxgg@%%d\grtgcmghg@gal ts

fol l oned by calcinatio cati ons
nmetal cations, can lif Fﬁ?r%cﬁﬁi’é‘&tb?ncdﬁ@éﬁt’?-%}ﬁa?f PR3 4R XTh BYFR §
| mpregnati on techni@désts surface activity. The treatment with

dicarboxylic acid is believed to remove aluminum from
the crystal surface of the zeolite and thereby reduce

10 the surface activity.

Suitable dicarboxylic acids for use in the
surface treatment include oxalic, malonic, succinic,.
glutaric, adipic, citric, tartaric, maleic, phthalic,
isophthalic, terephthalic, and fumaric acid or

15 mixtures thereof, with oxalic acid being preferred.
The dicarboxylic acid may be used in solution, such as
an agueous dicarboXylic acid solution. Generally, the
acid solution has a concentration of 0.01 to 4 M, more
preferably 1 to 3 M.

20 : The dicarboxylic acid is generally in a volume
solution to volume catalyst ratio of at least 1:1,
preferably at least 4:1.

Treatment time with the dicarboxylic acid
solution is as long as required to provide the desired

25 reduction in surface acidity. Generally the treatment
time is at least 10 minutes, more preferably at least
1 hour. The treatment temperature is generally 0°C.
(32°F) to reflux, preferably 15°C to 93°C (60°F to
200°F), and more preferably 49°C to 82°C (120°F to

30 180°F).

More than one dicarboxylic acid treatment step
may be employed in the process of the present
invention for enhanced deactivation of surface
acidity.



25 . In order to obtain desired |inear ol efin skeletal

i someri zation acti vi ty/selectivity, the zeolite, preferably in the hydrogen
form should have an al pha value of at least 1, preferably at |east 10 when
used in the catal yst of the present invention. Al pha 30 val ue, or

al pha nunber, of a zeolite is a measure of zeolite acidic functionality and
IS nore fuIIy descri bed together with details of its nmeasurenent in U S
Patent No. 4,016,218, J. Catalysis, 6, pp. 2{#£-287 (1966) and J. Catalysis,
61, pp. 390-396 35 : (1980). The experinental conditions cited in the
-14- latter reference are used for characterizing the catal ysts descri bed
herein. Prior to use in the skelet aI | soneri zation process of the present

i nvention, the zeoliteis,&ﬁ: %rg_ V\% (Igarbox |ic acid under
conditions to effect a re F“Eﬁ“?ﬁﬁ A y©bf 27(?° 26% 072\ 50% of its
surface activity. Théetemn@nbywwwqmsearxb@&y#mc-ta@?cdamwlbequo :
remove al um num fr om(fPeB)C; &S ballkp Uidiaealefl thde c@obhig Pautd hetrbshe educe

10 t he surfacg tgl\@etsym%é %loﬁlgé Cakhaa! Eﬁr?&ééjs for use in the
surface treatment in e 0Xxq | oni,c, succinic aric,
citric, tartdric, ﬁﬁ?y‘ylﬁﬁt’ﬁﬁl PE T“]'B?oﬁﬁtﬁaﬁ‘bueﬂef'é Fedngible ’&ﬁﬁg%rrarl c

acid or 15 m iourxwmnedurmcehagxd\itxc ofcicdtakysts.pr Bkbermal
surface acidity can be measured exclusive of internal

activity for zeolites with pore diameters up to and

including faujasite. As a test reaction, dealkylation
10 of TTBB occurs at a constant temperature in the range

25 to 300°C and pfeferahly in the range 200 to 260°C.

The experimental conditions for the test used
herein include a temperature of 200°C and atmospheric
pressure. The dealkylation of TTBB is carried out in

15 a glass reactor (18 cm x 1 cm OD) containing an 8 g
14/30 Vycor'™™ chip preheater followed by 0.1 g
catalyst powder mixed with VycorTM chips. The reactor
is heated to 200°C in 30 cc/g nitrogen for 30 minutes
to remove impurities from the catalyst sample. Ten

20 g/hr of TTBB dissolved in toluene (7% TTBB) is
injected into the reactor. The feed vaporizes as it
passes through the preheater and passes over the
catalyst sample as vapor. After equilibrium is
reached the nitrogen is switched to 20 ce/min

25 hydrogen. The test is then run for 30 minutes with
the reaction products in a cold trap.

The reaction products are analyzed by gas
chromatography. The major dealkylation product is
di-t-butylbenzene (DTBB). Further dealkylation to

30 t-butylbenzene (TBB) and benzene (B) occurs but to a
lesser extent.

Conversion of TTBB is calculated on a molar
carbon basis. - Dealkylation product weight %s are each
multiplied by the appropriate carbon number ratio to

35 convert to the equivalent amount of TTBB, i.e. DTBB X



The dikcarboxylic acid may be used in solution, such as an aqueous
di carboxylic acid solution. Generally, the acid solution has a
concentration of 0.01 to 4 M nore preferably 1 to 3 M 20 The
di carboxylic acid is generally in a volune solution to volune catal yst
ratio of .at least 1:1, preferably at least 4:1. Treatnent tinme with the
di carboxylic acid solution is as long as required to provide the desired 25
reduction in surface acidity. Cenerally the treatnment tine is at least 10
m nutes, nore preferably at | east 1 hour. Jphe-treatnent tenperature is
generally O[err]C (32[err]F) to reflux, -preferably 15[err]C to 93[err]C
(60[err]F to 200[err]F), and nore preferably 49[err]C.to 82[err]C
(120[err]F to 30 ' 180[err]F). Mre than one dicarboxylic acid
treatnent step ma I rqces ntlon for
p may bg,e {psqﬁéréﬁg': &Q/{J‘ﬁax}% 8% felﬂsfe sif Qé"«?aeﬂf . dren

enhanced deactlvatlon ace “aci Pace aC| g
zeol ite can be det ethPREtFeYy %ﬁ%rfﬁ]dﬁwéf‘gt?‘?m{eé}st’-Pﬁr%iﬁ °ﬂeﬁ erR (TTBB)
a bul ky nol ecul e thasteziskswhydieatﬁ adjubthémt ao dthei eqeivaienite. zeolite

crystal surface. Deal kyl at igaipgdf + TggE* iss g facile, reproducible

met hod for geasurlng éurface aC|d|ty of catal ysts. External §# rface acidity

can be meastred excluSPVESH efﬁa+—ae%rvrry—+ﬁf—ieﬁ+;te th pore

dianeters up to and TTBB + DTBB + TBB + B

' In addition, thermal background experiments using
reactors filled with VycorTM chips only show nc TTBEB

conversion due to VycorTM or other reactor components.

10 Preferably, the dicarboxylic acid treatment is
conducted so as to result in a reduction in surface
acidity of at least 20%, preferably at least 40%, more
preferably at least 50%, as measured by tri-tertiary-
butylbenzene conversion, without a significant

15 reduction in overall activity as measured by alpha
test. By significant reduction in overall activity is
meant a reduction in alpha value of not greater than
20%.

The dicarboxylic acid treatment of this invention

20 may also be combined with other conventional
dealumination techniques, such as steaﬁinq and
chemical treatment. |

Prior to or following contact with dicarboxylic
acid, the zeolite may be composited with a porous

25 matrix material, such as alumina, silica, titania,
zirconia, silica-alumina, silica-magnesia,
silica-zirconia, silica-thoria, silica-beryllia,
silica-titania as well as ternary compositions, such
as silica-alumina-thoria, silica-alumina-zirconia,

30 silica-alumina-magnesia, and silica-magnesia-zirconia.
The matrix may be in the form of a cogel. The
relative proportions of zeolite component and
inorganic oxide gel matrix may vary widely with the
zeolite content ranging from between 1 to 99, more

35 usually 5 to 80, percent by weight of the composite.



i ncluding faujasite. As a test reaction, deal kylation 10 of TTBB
ogcurs at a constant tenperature in the range 25 to 300[err]C and
preferably in the range 200 to 260[err]C. The experinental conditions for
the test used herein include a tenperature-of 200[err] C and at nospheric
pressure. The deal kyl ation of TTBB is carried out in 15 a gl ass
reactor (18 cmx 1 cm OD) containing .an 8 g 14/ 30 VWcor[err] chip preheater
followed by 0.1 g catal yst powder m xed with _Vycor[err] chips. The reactor
is heated. to 200[err]Cin 30 cc/g nitrogen Tdr 30 minutes to renove
impurities fromthe catal yst sanple. Ten 20 g/ hr of TTBB di ssol ved
in toluene (7% TTBB) is injected into the reactor. The feed vaporizes as
it passes through the preheater and passes over the catal yst sanple as
vapor. After equilibriunmThe regariesdtinn of t9RePENZe8lENd caltadysd W@dcc/ i n
25 hydrogen. idh@el @8bméiSidatebnl véadtion3@sntantiRm wuth the reaction

products in a cold t

chr omat ogr aphy. The ‘%r’gfﬁl%{)art-E k%paﬂylagﬁ pré%uc?yagﬁﬁﬂfiﬁggfgenzene (DTBB) .
Further deal kyl ati oH“FB"BGn the artt HeHXEe O TBI PXSFBEnzene (B)
occurs but to a Iessmvmntcamweeadblwcxfea“E‘EBBate;doaltbahat ed on a nol ar

carbon basis. Deal kyg ﬂlcf&cgﬁeﬁj%d%h.ﬂ&tse’iﬁac'%r:@l@flcfbxmi'sbl-eiéfﬂxtﬁ{rthe

appropri ate carbon nu er rat convert, to _the qui vaI ent
amount of TTBB, i e @© L %m%roqen for a suléahle perlog

overnlght.
The invention will now be more be particularly
10 with reference to the following examples and the
A accompanying drawing which is a graph comparing the
—_ catalyst aging for oxalic acid treated and untreated
silica bound ZSM-35 when used in an n—-olefin skeletal
isomerization process according to one example of the
15 present invention..

EXAMPLE 1
Preparation of As-Syntheéized ZSM-35
1.18 parts of aluminum sulfate (17.2% Al2
added to a sclution containing 9.42 parts HZO and 1.38
20 parts of 50% NaOH solution in an autoclave. 0.03
parts of ZSM-35 seeds and 3.20 parts of Hi-Sil

precipitated silica were added with agitation,

03) were

followed by 1.0 part of pyrrolidine.
The reaction mixture had the following

25 composition, in mole ratios:
sigz/p.l?_o3 | 21.5
OH /sio, 0.11
H,0/A1,0, - 13.5
R/A1,0, 6.45 _
30 where R = pyrrolidine. The mixture was crystallized

at 105°C for 74 hours with stirring. The 2ZSM-35
product was filtered, washed with deionized water, and
dried at 120°C.



18/ 14, TBB x 18/ 10 and B x 18/ 6. These values are then used in the
foll owi ng conversion equation where asterisks indicate adjustnment to the
equi valents. DIBB* + TBB* + B* 5 % Conversion =
------------------------ - x 100 TTBB + DIBB + TBB + B In addition, thernma
background experinments using reactors filled with Vycor. chips only show
no TTBB conversion due to VWcor[err] or other reactor conmponents. 10
Preferably, the dicarboxylic acid treatnment is conducted so as to result in
a reduction in surface acidity of at |east -38% preferably at |east 40%
nore preferably at | east 50% as neasured by tri-tertiary- butyl benzene
conversion, wthout ‘a significant 15 reduction in overall activity
as neasured by al pha test. By significant reduction in overall activity is

meant a reduction in al p}gﬁe\r/]%e%ﬁc% gglﬁpcgi%%;ﬁ/r %% L%ﬁbégg%u tpgﬂ%i'\(,:V?%lboxyI iC

- acid treatment of this inve _ I ne h ot her
.conventi onal .deal uni¥f3ghsnPexteitiques, such as steani ng and cheni cal
treatment. Prior to or follovs contact with dicardaaxylic acid, the
zeolite may be conposited w tfy & porous 25 ' Rlyri x material, such as
alumna, silica, titania, ziqgﬁh?a, silica-alunina,, gilica-magnesia,
silica-zirconia, silica-thori‘a, silica-beryllia, sil®¢a-titania as well as
ternary conpositions, such asCsilica-alunina-thori&,-26
silica-alum na-zirconia, 30 N silica-al'um na- magaesi a, and
si | i ca-magnesi a-zirconi a. Ash @ 1000°C 85.5
with a silica/alumina ratio for the product, in moles,
10 of 20.3/1.
EXAMPLE 2
Preparation of Silica-Bound HZSM-35
A catalyst was prepared by dry mixing 65 parts of
the as-synthesized 2ZSM-35 of Example 1 with 35 parts
15 of precipitated silica, in proportion to give, after
calcination, 65% ZSM-35 / 35% silica in the catalyst.
A solution containing 2% NaOH (based on solids) was
added toc the mix to create an extrudable mull, the mix
was extruded to 1/16 inch (1.6 mm) diameter and dried
20 at 120°Cc. The extrudate was exchanged two times with
1N NH4NO3 solution at room temperature, rinsed with
deionized water, dried at 120°C and calcined in
nitrogen for 3 hours at 538°C. It was again exchanged
with 1N NH4NO3
25 dried at 120°C, and calcined in air for 9 hours at
538°C. .
The resulting catalyst had an alpha activity
(measured using n-hexane conversion) of 102 and a

solution two times at room temperature,

surface acidity (measured using tri-tertiary-
30 butylbenzene conversion) of 18.



The matrix may be in the formof a cogel. The rel ative proportions of
zeolite conponent and inorganic oxide gel matrix may vary widely with the
zeol i te content rangi ng frombetween 1 to 99, nore 35 usually 5 to
80, percent by weight of the conposite. -17- The regeneration of spent
zeolite catalyst used in the isonerization reaction is carried out

oxi datively or hydrogenatively enploying procedures known in the art. The
catal yst of the present 5 i nvention can be readily reactivated

wi t hout significantly reducing selectivity_ghgr iso-olefin by exposing it to
hydrogen for a suitable period, e.g. overnight. The invention will now be
nore be partlcularly 10 with reference to the foll ow ng exanpl es and
t he acconpanying drawi ng which is a graph conparing the catal yst aging for
oxalic acid treated and untreated silica_Jyoun ;§N¢35 when used i'n an

n-ol efin skeletal isomerization process to one exanple of the 15
present invention. EXAVMPLE 1 Pref%abi¢ deigh TReatgd138¥B3Sed ZSM 35 1. 18
parts of al um num sul f at B ¢dtalRKcAvhergdedared] by warentdedea partdonobati on

containing 9.42 part:gx H[zséaiﬁta%@ i:x%xl’i_ol?eoz with zﬁ@rmleé 2694 '31%0'7'18?' ution

in an autocl_ave. seeds and 20 ar s_of
: 5 gne hour. The treate sample ‘was ed w1ég

water, dried at 150°C, and calcined at 375°C for 3
hours. The resulting oxalic acid treated catalyst
exhibited an alpha value (activity) of 92 and a
surface acidity of 10. The 10% change in alpha

10 activity from the untreated to treated catalyst is
well within the accuracy of the alpha test. However,
the 45% reduction in surface acidity represents a
significant decrease.

Example 4
15 Preparation of ZSM-23
ZSM-23 was prepared by charging 85.5 parts water

to an autoclave followed by 2.64 parts KOH solution
(45% by weight), 1.0 part aluminum sulfate (17.2%
A1203) and 0.5 parts ZSM-23 seeds (100% basis). After

20 mixing thoroughly, 14.5 parts of Ultrasil VN3
precipitated silica (Nasilco), then 5.1 parts of
pyrrolidine were added and mixed thoroughly. The
autoclave was heated to 160°C with stirring and
maintained at these conditions until crystallization

25 was complete. The product was identified as ZSM-23 by
X-ray diffraction. After flashing the pyrrolidine,
the slurry was cooled, washed, filtered and dried. 65
parts of the dried ZSM-23 were combined with 35 parts
of sio2 (Hi-sil, a product of PPG Industries Chemical

30 Division, dry mulled and extruded to form 1/16 inch
pellets which were dried at 120°C. The pellets were
then calcined in flowing nitrogen for 2 hours at 538°C
and 3 hours in air at the same temperature. The
cooled catalyst was exchanged with 1 N NH No (5 cc/g

35 catalyst) at room temperature for one hour then washed



precipitated silica were added with agitation, followed by 1.0 part of
pyrrolidine. The reaction m xture had the follow ng 25 conposition,
in nmole ratios: SiJerr]/A[err]Jerr] 21.5 OH/Sigerr]

0.11 Herr]OQ A [err](err] 13.5 RRAI[err](err]

6.45 30 where R = pyrrolidine. The mxture was crystallized at
105[err]C for 74 hours with stirring. The ZSM 35 product was filtered,
washed with deionized water, and - dried at 120[err]C. The chemi cal
conposi tion of the product was, in weight pggcent: Si(ferr]
76.7 Al[err]derr] f . 6.4 5 Na

0.84 C ' 7.26 N 2.03 Ash @
1000[err] C 85.5 with a silica/lalumna ratio for the product, in
nmol es, 10 of 20.3/1. EXAVPLE 2 Preparation of Silica-Bound HZSM 35 A
catal yst was prepar ¥éthywaker.ni e eiahapget Rrefedure was Sanesed 2R ZSM 35

of Exanple 1 with 3%hpatdtallyst dried asf 1pPECi piThet edchangeazh exkru@atoporti on

to give, after was then calcined at 538°C in flowing air for 3 hours.
The resulting catalyst exhibited an alpha activity of
5 27 and a surface acidity of 3. :
Exampie 5

A sample of ZSM-23 from Example 4 was treated
with 2 M oxalic acid at 71°C* for one hour. The
treated sample was washed with water, dried at 150°C

10 for 8 hours, and calcined at 375°C for 3 hours. The
resulting catalyst had an alpha value of 33 and a
surface acidity of 1.5. While the difference in alpha
value is within the accuracy of the alpha test, the
50% reduction in surface acidity represents a

15 significant decrease.

Example 6
Isomerization of 1-Butene with ZSM-35 at 400°C

The catalysts of Examples 2 and 3 were sized to

14/24 mesh and used in butene skeletal isomerization

20 reactions. The approximaté experimental conditions
were:
Temperature 400°C
Pressure 207 kPa
, 1-Butene WHSV 33 hrt
25 (based on active component)
Nz/Bﬁtene in feed 1 vol/vol

The Figure graphically depicts the respective
conversions and isobutene yields obtained for treated
and untreated ZSM-35. Isobutene yield from the

30 untreated catalyst dropped from more than 40% to less
than 30% in less than 11 days. However, the same drop
in yield with the treated catalyst tock over 16 days,
representing a 40 to 50% reduction in aging rate.



cal ci,nation, 65% 2ZSM 35 / 35%silica in the catalyst. A solution containing
2% NaOH (based on solids) was added to the mx to create an extrudabl e
mul |, the mix was extruded to 1/16 inch (1.6 nmm dianmeter and dried 20

at 120[err]C. The extrudate was exchanged two tines with 1IN NH err]NJ err]
solution at roomtenperature, rinsed with deionized water, dried at 120C
and calcined in nitrogen for 3 hours at 538[err]C. It was again exchanged
with IN NH err]NOJ err] solution two tinmes at.-pgaom tenperature, 25

dried at 120[err]C, and calcined in air for 9 hours at 538[err]C. The
resulting catal yst had an al pha activity (neasured using n-hexane
conversion) of 102 and a surface acidity (neasured using tri-tertiary- 30

butyl benzene conversion) of 18. -19- Exanple 3 Oxalic Acid Treated
ZSM-35 A catal yst wa &red by treating a portion of the catalyst of
Exanple 2 wwth 2 Moxalic acid at 71[err]C 5 for one hour. The

treated sanple was washedavpidresat €br cbrvettsaién G0 [1dnehf, orerinsakoi ned at
375lerr]C for 3 hours. Thgoﬁ%o%hgggoi@Jo(ie@Eﬁg CF %Eegaﬁ@téﬂr!@h exhi bi t ed

an al pha value (activity) surf.ace aci '-‘1% .. _he 10% change
in al pha 10 acti vi PYuReR, ¥hifh GORRTESLECPUFATERPd tHI%R st is wel |
within the acuracy of thelefirrecontsinindgwagenic feedstock with a

catalyst comprising a zeolite which has been
treated with a dicarboxylic acid under conditions
sufficient to effect a significant reduction in
surface acidity of the zeolite as determined by

10 tri-tertiarybutylbenzene conversion without
substantially reducing the overall activity of
the zeolite as indicated by alpha value.

2. The process of claim 1 wherein the zeolite sorbs
10 to 40 mg 3-methylpentane at 90°C and 12 kPa
15 (90 torr) per gram of the dry zeolite in the
hydrogen form.

3. = The process of claim 1 wherein said zeolite is
selected from 2SM-22, ZSM-23, and ZSM-35.

4. The process of claim 1 wherein said dicarboxylic
20 acid is selected from oxalic, malonic, succinic,
| glutaric; adipic, ﬁaleic, phthalic, isophthalic,
terephthalic, fumaric, tartaric acid and mixtures
thereof.

5. The process of claim 4 wherein said dicarboxylic
25 acid is oxalic acid.

6. The process of claim 1 wherein treatment with the
' dicarboxylic acid is effected for a time of at
least 10 minutes at a temperature of 15°C to 93°C
(60°F to 200°F).

* C L M S %



the 45% reduction in surface acidity represents a significant decrease.
Example 4 15 Preparation of ZSM 23 ZSM 23 was
prepared by charging 85.5 parts water to an autoclave fol |l owed by 2.64
parts KOH solution (45% by weight), 1.0 part alumnumsulfate (17.2%
Alferr]Jerr]) and 0.5 parts ZSM 23 seeds (100% basis). After 20

m xi ng thoroughly, 14.5 parts of Utrasil VN3 precipitated silica
(Nasilco), then 5.1 parts of pyrrolidine Weé? added- and ni xed thoroughly.
The autoclave was heated to 160[err]C with Irring and mai ntai ned at these
conditions until crystallization 25 was conplete. The product was
identified as ZSM 23 by X-ray diffraction. After flashing the pyrrolidine,
the slurry was cool ed, washed, filtered and dried. 65 parts of the dried
ZSM 23 were conbi ned wi tH'hSSPIERﬂet% 8f Stadmed pherpimireagmenyglich sheppG

| ndustries Chemical 30 dicarbdiyliiei aeid disy embbtddaswasxtbm&ﬂ;deotﬁer m

1/ 16 inch pellets which ‘éﬁf:faé’é 184 gty 190 [1elef ]zQ 1J_r EEEﬁIEloudeb hen

calcined in flow.ng n|tr 2 hours at rs nalr at
the sanme tenperature. g(’:o‘b?’é"'d'a(?éf PUFYAR e‘\ﬁ&é‘e Eﬂ‘é “\/\P¥ha"1 0%.
NH err]NJerr] (5 cc/g 35 cat al yst) at roomtenperature for one hour

then washeds - 20- thhmetpfoceElgeoexemrmq RhesetrRiwesoheRadnhgdiand the
catalyst dried at 120[erly; 1€ @¥¢PANGEGRXLERIR S 100 to 750°c, a
weight hourly space velocity based on linear
olefins in said feedstock between 0.1 and 500
WHSV, and a linear olefin partial pressure of 2
10 to 2000 kPa.

9. The process of claim 1 wherein said contacting is
carried out at a temperature of 200 to 600°C, a
weight hourly space velocity based on linear
olefins in said feedstock between 1 and 400 WHSV,
15 and a linear olefin partial pressure of 10 to
500 kPa.

10. The process of claim 1 wherein said feedstock

comprises C, to C

10 linear olefins.
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was then calcined at 538[err]Cin flowing air for 3 hoursH
catal yst exhibited an al pha activity o a

of 3. Exanple 5 A sanple of ZSM 23 f@%}%’é‘:@féﬂ d e
ate

oxalic acid at 71l[err]Cerr] for one ganpl € was wasned
with water, dried at 150[err]C 10 for 8 hours, and cal cined at
375[err]C for 3 hours. The resulting catalyst had an al pha val ue of 33 and
a surface acidity of 1.5. While the difference in alpha value is within the
accuracy of the al pha test, the 50% CONVERBION OR aEkDal{¥a)ity represents
a 15 significant decrease Exanpl @ 6 Isgierizglion @f 1-Bytene with
ZSM 35 at 400[err] C The cat |Psts & Exa@l es @ and SD\NereOS| zedto 14/ 24
mesh and used in butene sketefal isbneriZation20 fe asct | ohs. The
approxi mat e experinental conditions were: Tenperature 400[err] C
Pressure 207 kPa 1-Butene WHSV BLhr[err] 25
(based on active conponent) Njerr]/Butene in feed vol / vol The

Fi gure graphically depicts ¢h¢ respective conversions fand [i sobut ene yi el ds
obtained for treated and untreé¢ated ZSM 35. | sobutene P fromthe 30
untreated catal yst dropped frgmnore than 40%to |ess . 30% in |less than
11 days. However, the sane drop in yield with the tre cat al yst took
over 16 days,
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.reprgsenting a 40 to 50% reduction in aging rate. -21- CLAIMS: 1. A
process for conversion of linear olefins to corresponding iso-ol efins of
t he sane carbon nunber which conprises contacting a |inear 5
ol efin-containing organic feedstock with a catalyst conprising a zeolite
whi ch has been treated with a di carboxylic acid under conditions sufficient
to effect a significant reduction in surface acidity of the zeolite as
determ ned by 10 tri-tertiarybutyl benzene conversion w thout
substantially reducing thé overall activity of the zeolite as indicated by
al pha val ue. 2. The pr oceg<onErIn SKERETALHZSOMERIAMTITOYOPROGESSr bs 10 to 40
ng 3-net hyl pentane at 90[err] C and 12 kngéigé%% (90 torr) per gram
of the dry zeolite in the hydrogen form 3. e process of claim1l
wherein said zeolite is selected fromZSM 22, ZSM 23, and ZSM 35. 4. The
process of claim 1l whereln sgmbcgsgafdnrekeletad isomerization @y Lizeas| ect ed
fronLoEa:ic lnalonLQﬁe§g§§|$5(asdgbygguﬁg;,eadelﬁhbdﬁﬂnesctophthal|c
i sopht halic, terepht urma a ﬁé@re

P P %L Wﬁglene o'érlga %algt%g.ggt 8&992%@111@ %E&'.{t% 2

The process “of clai i~ rein s icar
oxalic acid. zeolite, e.g., a zeolite seiected from ZSM-22, ZSM-23

and ZSM-35, the zeolite is pretreated with a

dicarboxylic acid, e.g., oxalic acid. The pretreatment

significantly reduces aging rate and increases cycle
10 length of the catalyst.

FIGURE 1 IS SUGGESTED FOR PUBLICATION.



6. ,The process of claim1l wherein treatnment with the di
effected for a tine of at |least 10 m nutes at a tenperatur
93[err]C (60[err]F to 200[err]F). -22- 7. The process
wherein treatnent with the dicarboxylic acid is effected S
the surface acidity of the zeolite as deierm’ ned by
tri-tertiarybutyl benzene conversion by at_|east 20% 5 8. The
process of claim1 wherein said contacting is carried out at a tenperature

of 100 to 750[err]C, a weight hourly SONVERSION tORbREEIDOML) i near ol efins

in said feedstock between 0.1 and 500 WHQY, andya lingar olgfin rtial
pressure of 2 10 t® 2008 kPa.O9. he prm:ess of cldml
wherein said contacting is cArfTed oul atla tenperatun U 10
600[err]C, a weight hourly spafe velocity based on |ingar olfefins in said
f eedst ock between ‘1 and 400 WHSV, 15 and agl i r olefin
partial pressure of 10 to 500 kPa. 10. The process of ifm1l wherein said
feedst ock conprises (Jerr] tr% CJerr] linear ol efins.
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