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DESCRI PTI ON PROCESS FOR PREPARI NG FERRI ERI TE

Technical Field This invention relates to new ferrierites of
high 5 SiJerr]/A[err]dJerr] ratio and high pUrlty, a met hod of

pr epari ng them and inproved olefin isonerization catalysts prepared
from ‘fogg,erl tes. Background Art PCT/USR6{0P378r i t e

is a crystal I | ne al um nosilicate that %%R%%F_Loq’been found useful as an
adsor bent, catal yst or catal yst . The syntheses of ferrierit.e
and ferrierite-type MROCESES FAHCORBSARENG FERRIERLEE! known (see
e.g., Journal of Catalysis, Vol. 35, 256-272 (1974) and
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t enper at ur es. ;I;Qﬁ el S{eriddyTPEr At Ur €S t hat pr onot e

crystallization require pressure vessels. The SiJerr]/A[err](err]

mol e ratio of t%%ﬁé@%i&ﬁrelatlvely | ow, usually |less - t han about

30 and the products exhréaitienitienis acepstalline alubkingsilicat3sthak/has 25

The use ofy sor gapanh QAGH %%QEQ!”%% ; Jridid eci:atalystt | deslyst
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partially overcorres Sone o cu t|e g {J i
crystal | i zati onSupPpPRES. aFae ?W'Ehes%%/rﬂ%ef:ﬁ%rlente Fﬁap PEFEPEL YRS R® £ r om
using a vari et ymatepialstsugl alsc ZSM-35 afecwelk . powdS{see, €09, 24Bpurnal
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that is desirabPe9p6y883; 3:?1%315/4%619 )j es4 038,739; t he
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bet ween 7-12 s
alumina and silica.

These synthesis methods have several disadvantages.
Typicélly, they require long periods of time and elevated

20 tenmperatures. The high temperatures that promote
crystallization require pressure vessels. The Si0,/Al;0,
mole ratio of the product is relatively low, usually less
than about 30 and the products exhibit surface areas of
less than 350 m?/g.

25 The use of organonitrogen compounds commonly called
tplatés partially overcomes some of these difficulties.
Shorter crystallization times and 1lower synthesis
temperature result from using a variety of such templates
(see, e.g. US-A-4,000,248; 4,107,195; 4,2_51.499; and

30 4,795,623). Even these methods do not provide ferrierite
of high 8i0,/A1,0, ratio and purity that is desirable for
many catalytic uses. ’

’ Many of the organic nitrogen compounds suggested as
templates are expensive and are difficult to store and use.
- 38 Many such compounds have pKa values between 7-12 such as

‘those disclosed in US-A-4,205,053. Pyridine has a pKa of
' 5.29 but its use in zeolite synthesis appears to be somewhat
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those di sclosed in US-A-4,205,053. Pyridine has a pKa of 5.29 but its
use in zeolite synthesis appears to be sonmewhat
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PCT/ US96/ 09272 conplicated. For exanple, US-A-4,797,266 indicates
that a WO §das@t | on i nvol ving pyridine provides a m Xt wce/usbeaw ite
ZSM5 and ferrierite. US- A- 4, 613, 488 i ndi cat es use of pyridine or a

d I I
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framewor k of fepnepsmagion invowwyasd%we Z’é’GP’rltiEsﬁ mixtyre qf zeclife or
and d son, ZSBiHs eandr EBsr Her deennn, UsHR-4] 613yiused idiicates 1888, gfage

98) with the use, [ﬂf 11! dwe an&ﬁrfo&%' HeR1tBi t{P98N dOvel ORI

conpounds or w cont a

| |ne Xy | conpoynds.
According tB USS A1r§'°5‘¥‘8 289t tf%"‘{fs"é-'lte' %&'Ap rP &% P cﬂges‘g'é&erg: the
result in the fcGoraatdonobf "ISI-6'tr{arersotypic framework oﬂ&-eﬂnzh,%ﬂt,eq,%

teaches the use gle PPRE e 78R1118. seodldelles Ui, UiSh o BB Gt o0

a tenplate. arative exanp e use pyri di ne as
tenplate in BUté'—ﬁé'WF@ﬂHﬂs@Pl!@lb pﬁltﬁenﬂctr%msa# md 196G, paqe
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- A- ine a ferrierite ¢ ving a ar
silica to &l uni r?é’ng:la ng pPRIRTHAS | Sh am'tr‘% yﬁ&%é@%l on %é‘* %'} h%glyrﬁﬁnar
conposi ti on of S®ntaindhgregmpownds. Acaprding qCEFJS]'AﬂtLFF\&[%ﬁ] (¢hie upe
Na2SO4/ 30. 0 pyrio# neyrfdthd] 81686 doae M result O %Hd efbimaBibn ioF the

reaction gel Wa%e%gjigri EP- A-523, 838 discloses in exanple 4, a
ferrierite 25 ysf"'2 with a nolar sili:ca to alumna ratio of 87:1
havi ng a surface HPeA-$i23DaA9] ckeaghes the use of piperiding emdect

of thihs ihrl\selntlarlktyq-ahbudeueea pipéxmma%f?rs tlae pemplatelon ofAshhl ahly
P L oh, oL chmgaSRive, b AR b 6 PR 5B I s
used in example 12 led to a product which contalned 50% ferrlerz.te,
30% other zeolitic material and 20% amorphous material.
EP-A-501,577, in example 2, a ferrierite catalyst
20 having a molar silica to alumina of 72:1 prepared from a
reaction gel with a molar composition of 93.5 Si0,/1.0
-Al,0;/7.4 Na,0/19.6 Na,S0,/30.0 pyridine/1938 H,O;' the molar
OH'/Si0, ratio in the reaction gel was 0.16.
EP-A-523,838 discloses in example 4, a ferrierite
25 catalyst with a molar silica to alumina ratio of 87:1 having
a surface area of 326 m?/g.

It is an object of this invention to provide a
process for the preparation of highly pure high molar silica
to alumina ratio ferrierites having high surface areas which

30 exhibit excellent catalytic performance when used in
skeletal olefin isomerization.
Disclosure of the Invention
Ferrierite powders of exceptional crystal phase
purity with very high Si0,/Al,0; ratio can be prepared by
35 formirig an aqueous mixture of silica, alumina, alkali metal,
and pyridine and heating said mixture wuntil the
aluminosilicate crystallizes. Various parameters must be



skeletal olefin isonerization. Di scl osure of the |Invention

Ferrierite powlers of exceptional crystal phase purity with very high
Sigerr]/A[err]derr] ratio can be prepared by 35 form ng an aqueous

m xture of silica, alum na, alkali netal, and - pyridine and heating
said mxt Urewo‘é@hdsb t he ~alum nosilicate crystal I | ZesSPCH/USINITT2
paraneters nust be WO
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An i nport ant asp our 1 nven
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Further, the invemountspof\other srystallinef paterialssuelx asazeglite ZSM—.

i sonerizing a |igearggl@énitd ah B&ii’&e, vara.dir%r bpdyetd B mhGetrifls and
correspondi_ng math | branched is

SO ool T ket 35 ampuripies, iR gontrat th Bri art BEineas to

i sobutyl ene yi el priepare highomelar ngioy/aflid rathostreans conpared to
catal ysts cont ai ni nmﬁ&er s mhg%n{:ggﬁr pqglvg&eél |al C@agzglgg thf%é

rati o and/or | ower surface area’ prepar.e | i"er E
Det ai | ed Descri pﬁté'HcGFrPPrEYPrWé&’-Eﬂbcﬁjl Fréﬂ?%r ole 1Ferqf| e‘? té-eas"" 4
The process of odarbewncatons tedts esrrbeponding methyl brapchédsisoolefine

of specifi (i.sconp%iitc&mo%xlﬁ%ligoﬁg%% C@legtivities at fixed conversions,
| greater run life and improved isobutylene yield in
processing ‘olefin rich streams compared to catalysts
containing ferrierites with lower molar silica to alumina
ratio and/ or lower surface area prepared by earlier reported
20 nmethods.
Detailed De i he Preferred Embodiments
Ferrierite .
The process of our invention requires the use of a
synthesis mixture of specific composition. Aqueous sources
25 . of silica, alumina, alkali metal, pyridine and optionally
an acid or acid salt are used. The source of silica is
typically an alkali metal silicate, a silica sol or a
readily soluble silica gel or precipitate. The alumina
source is typically sodium aluminate, aluminum sulfate or
30 a combination of alumina and NaOH. In addition to the
alkali metal included with the silica and alumina sources,
alkali metal hydroxides and alkali metal salts can be used.
Mineral acids can be added if the alkaline nature of the
synthesis mixture needs to be reduced. Pyridine is used as
35 a crystal structure directing compound or template. The
synthesis mixture should have the following molar com-
position to provide the high molar silica to alumina ratio,



25 of silica, alumna, alkali netal, pyridine and optionally an
acid or acid salt are used. The source of silica is typically an

al kali metal silicate, a silica sol or a readily soluble silica gel
or precipitate. The al um na source is typically sodium al um nate,
al um num sul s ss/4058730 a conbi nation of alum na and NaOHPCT/USK/RME t i on
to the al kal I rret al included with the silica and al um na sources,
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alumna ratio, yherein M an alkali metal usuall sodium
96/ 40587 vherein M is '
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Sigerr]:18-40 # ééu%eaé}‘q,gw 2000 H[ err] wherein Mis
sua

an al kali netal, nt hesi s mxture is
seeded with ferri ePle®: $0-500 310" EQaﬁﬁFédl’?eﬁe‘l%\ﬁ) P H2O Q00 H |
conposi tion of the Accordihgiys the presentrinvention provides a method

Al 60-p0 0-
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ferrierite crys‘tmlﬂﬁein%il um nosilicate conpri si ng: '

a. I _prepar: ng a mXxture GANPrpdpdriRy! I« afivture comprlsmid(édurwsﬂof an

Compee o 1 ST AT, SELELD) b e Bl Lol e

R1.5-4 Merr] O s oimp Jthefeldpwing composi ion, Pl?i SR js pyr| d| ne, Mis

an alkali getal and 21,0,:60-500 Si0,:10-40 R:1.5-4 M,;0:950-2000 H,0
wherein R is pyridine, M is an alkali metal and
said sources of alkali metal and silica are such
that there are 0.05 to 0.15 moles of OH™ for each
mole of SiO,,

20 b. heating said mixture at a temperature of 140 to
180°C, and

c. recovering the ferrierite.
It also provides a crystalline aluminosilicate
having the x-ray diffraction pattern of ferrierite and a
-25  composition in the anhydrous state of
1-3 R:0.5-0.9 M,0:A1,0,:40-500 SiO,
where R is pyridine and M is an alkali metal, having a
surface area of at least about 350 mw /g, and being
essentially ferrierite crystalline phase.

30 The amount of silica in the mixture must be
relatively high to produce the high 8i0,/Al1,0; ratios
desired. The amount of M;0, usually Na,0, must be limited
as well. If the amount of alkali metal is too high, even

~if all the other conditions are maintained the product

35 purity is reduced. An additional requirement is that the
molar OH"/Si0, must be from 0.05 to 0.15 when preparing
product with molar S§i0,/A1,0; ratios from 40:1 to 70:1,

hi gh

4 .



said sources of alkali netal and silica are such that there

are 0.05 to 0.15 noles of OH err] for each : nole of Sierr],
20 b. heating said m xture at a tenperdture of 140 to

180[err] C, and c. recovering the ferrierite.

It al so prowygagsasssr ystal line al um-nosilicate havi nBCTNIE9609R Ry
diffraction pattern of ferrierite and a 25 conposition in the anhydrous
state of r g} x4k rr
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Sigerr]/A [err]fe{reﬁe}:itat havmgommbﬂ tao &Fuina ratio of 70:1 or less
4

/%8 roduce: ere 1s less OR™ resent, the
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ferrierite crystal I.ne um nosr i cat e | nvention and havi n |
mol ar silica to°§rF§H‘Pn&sPa‘FFézat on of i%gll“'ea%:'te 5 sYsheds dBSengs Iae'%st
50: 1. For thepenteneSk{err]/Si(Jerr] ratio from greater than 0 11 to 0.15

only gr;gre(rjr erite h KénQYM 413 g%f& | Ban "5d [}ﬁegfa ﬂ,yqﬁi,Lﬁ%f the

can be pro If t ere err] presen
crystal | i zati on2gyesuforeprsante watil Felitiye hamogane eirsf]attamed-
present, the femMhecwikeupeocdant besheapedcatinoheeicdr |l for a period of

time. Heating is carried out, typically under pressure at
about 140 to about 180°C until crystallization is complete,

20 typically about 12 to 72 hours. These conditions differ
from many of the earlier ferrierite synthesis methods in
that the time required for crystallization is shorter and
the temperature at which the crystallization occurs is much
lower. _

25 ' The addition of ferrierite to the synthesis mixture
can be used to lower the amount of pyridine required and
still obtain high molar silica to alumina ratio, high
purity, high surface area ferrierite in 24 hours at 170°C.
The type of ferrierite added to the synthesis mixture as

30 seed ("*seed ferrierite") is preferably high molar silica to
alumina ratio, high purity, high surface area ferrierite
made by the methods of this invention although other types
of ferrierite can also be used. Seeding the synthesis
mixture with low purity ferrierite can result in an inferior

35 ferrierite product and/or non-ferrierite contaminants such
as those described earlier. The amount of ferrierite useful
is typically from about 0.001, preferably from about 0.1,




useful for many catal yst applications such as skel et al olefin

I soneri zation of light ol efins such as butenes and pent enes. 15

The synthesis m xture can be prepared by m xi ng the aqueous reactants
until relative honogeneity is attained. The m xture can be heated at

once or aged wownegosgeri od of time. Heating is carried RERUSHHNPIXal | y

under pressure at about 140 to about 180C until crystallization is

conplete, 20 tyPaB&ht ys@b%efla%atbqﬁ%ohaaaﬁt 10 RS C UHdithieO Bhingatb8s
from many of the eg rlerl e Synthesis met hods i n that the -
time required foF® ?btt%#lfr T8 ?n ?%P T&hd the tenperature at
whi ch the crystallizati dﬂp@tmtaj-lﬂmlon; theofierriggite is recovemgd
?ﬁdltlon ff ]‘:e”b?rééﬁhf&fﬂéelgyﬁibﬁstﬁe fﬁd{'%ﬂélﬁrlell lt;or,%r@:aml%% he t
e anmoun py[i reguired an , St obf ai,n ar_s ca 0
bl urnar at Bo, PERELTeeethg o S0Rert fugin ang g £hen Hashingo: o
at 170 [err] C dry1n§he(at1ypa otemperature¢ e cfildedy, 0 '10@ stot [200°C)m andr e
as 30 seed ("§ r ef h | °
alunmina ratio, gﬁgoﬁﬁ{%/%%ﬁﬁhﬁnss gc€ 'gér %gprque??oéﬂ"é it Eeg Sth

met hods of this mventm'ﬂ‘%l Pﬁﬁﬁﬁﬁtoﬂ-ﬁerfw § te thak; ‘hﬂ%l’é‘l’?t@ﬁﬁﬁ ’&I so
be used. Seedi agditiormaht tegstalline gealite matériale pynot privetaliinée

can result 4jgn an%ﬁﬁﬁfﬂﬂs)% Febfi&d £Ed tss&m&%ogtp@& 3 r{er{hé

cont am nants suc hqose descri anmpunt
ferrierite usefuPRly crystalline, phage (pressut ®@sodetgrriredphy 1 Xohay
about 0.1, crystalline diffraction. SeeS the Atlas WP 9
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crystal | i zati on, features rqfeifieFé'iFS'iFEc%ﬁ%‘ch frameb§t§'é<b‘éliléﬁ |ﬁﬂjmdt byr¥m
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and typically thShX‘@é& eramework which are roughly elliptical in cross-
section. Examples of such zeolites having the ferrierite
isotypic framework structure include ferrierite
{orthorhombic or monoclinic), Sr-D, FU-9 (EP B-55,529), ISI-
20 6 (Us-a-4,578,259), NU-23 (EP-A-103,981}, 2SM-35 (US-A~-
4,016,245) and 2SM-38 (US-A-4,375,573), i.e. "essentially
ferrierite crystalline phase’.
The ferrierite produced contains preferably more
‘than about 50 moles, more preferably more than 60 moles,
25 most preferably more than 65 moles, preferably to about 500
moles, more preferably to 200 moles, of Si0O, for each mole
of Al,0,. The composition in the anhydrous si:ate is
preferably: . ) '
i-3 R : 0.5-0.9 M0 : Al,0; : 50-200 Sio,
30 wherein R is pyridine and M is an alkali metal.
The surface area is at least about 350 wn?/qg, preferably at
least about 370 m’/g, to about 450 m?’/g. It typically has
a platelet-like shape where in one dimension of the crystal
is very small, on average less than about 0.2um (thin),
35 typically about 0.1um, and the other two dimensions are much
“larger, 'typically an average of greater than about 0.6um to
about 2um. This ferrierite is suitable for use as a



drying (at a tenperature of say, 100 to 200C) and optionally
calcining at a tenperature of above about 200[err]C. The
product is ferrierite that does not contain additional crystalline
zeolite materials (no crystalline 10 i mpurities). Ferrierite isotypic
frame structwoelsdssy he only crystalline phase present PaS/US/ERTH ned
by X-ray crystalline diffraction. See the Atl as of Zeolite
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WD 96/ 40587 exchanged ferrierite at a temperafR(® B9% Gt 200°C to

700°C.
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The catalysts contain the ferrierite described

20 above, optionally a binder and a coke-oxidation promoting
metal such as palladium and/or platinum. To obtain higher
selectivities at fixed conversions, greater run life and
improved iscbutylene yield in processing olefin rich
streams, the catalyst is essentially ferrierite crystalline

25 phase and contains more than about 50 moles, preferably more
than 60 moles, most preferably more tlian 65 moles, to
preferably 500 moles of SiO, for each mole of Al,0; and the
surface area is at least about 350 m’/g, preferably at least
about 370 m¥/g.

30 A refractory oxide serves as a binder material.
Suitable refractory oxides include natural clays, such as
bentonite, montmorillonite, attapulgite, and kaolin and
hectonite; alumina; silica; silica-alumina; hydrated

- alumina; titania; zirconia and mixtures thereof . The weight

35 ratio of zeolite to binder material is suitably from about
60:40 to about 992.5:0.5, preferably from about 75:25 to



catal yst or carrier in nunmerous hydrocarbon conversion processes such
as catalytic dewaxing. It has been found that, by using this
ferrierite, an inproved skeletal olefin i someri zation catal yst can be
obtained. 5 Skeletal Qefin Isonerization Catalyst The
f'errierites ohobbsspr esent invention are pr ef erably corrGI/gsesoRm o
ammonium ferrierite by amoni um ~ ion-exchange and optionally cal ci ned

to yield ferrierifgut 9szigbﬁaga££aélﬂaé£gj.ts PR AAN Y U (3P@erS il an
US-A- 10 4,251,499, , 795,623, and 4,942,027) i.é. "hydrogen .
ferrierite". Thi®YPaR®be achi eved by, for exanple: d) renmovi ng at

| east a portion of the p¥nesermsuitabilebinders include silicaperany @fothe

about 500 to abeihyaRPishalC hfufPhalfortainingCaliniRes €l idrpa®ling
contacting the calcinped-ferrierite 1g gﬁlth f sour ce Qf anmmoni um_ion to
brovide an @moncateisAts, of.examale.  Epe| efminasy, the Tt Hanatymings

anmoni um i on anéx dhengsiciyfser r i Bort puaposet efpdhat umyventdengbdalunina-
200[err]C to oht8¥ning bi der" %nzgaasa §Y Bk th@N A IHIE drfldrShirke
descri bed 20 above, (_)pt?onafl y _a binder and”a coke-oxi dati on pronotlng.
netal such as paPngdpdinanther hperatednfomms A% Apmingsuch as bayerite,
sel gct i ?/i ties alt thtéwargimEgrmm.'wun taleindtion ared gonverted
i sobutyl en e in Si efing) tars2am at StalS
essenti al | ?oyerrggri?fe{hg{r}%té?ﬁfcr%'% #ﬁﬁggge%ncf%clg%t%g%%gh%g?% t%!éé/n anout

50 nol es, pref er ameyphous silicatminmsinampisach apsthe raluninnsilisate gadses

ol es, to Paabesalky S@heTicfedls Yad Ve provideacinmng Honvenient
Crbrermbly ot |oRskhs such, B bAGRRKS" erfiePlan 980188 odb, L fheh Yne
oxi de serves as Rippgyer apgt proyided as siyrripse gelsaerosplsxi a&s leastude

nat ur al Cljaxss, spaftasf the w&ﬁé&&i&é@,iim%ﬁ{l.iiﬁ@i?ﬁp a&atraﬁsdd@'d&g asd
o ", ¢ an 2PAEEL BB e FHUEDR 8 begops! | Cam el vcrated
zeolite to binder materiBrefersedt abbindersn abexe  alumggaso t sughout as
99.5: 0.5, prefer paeldbb6shiledt an®: gomih® and bayerite aluminas, which are
7 readily available commercially. LaRoche Chemicals, ‘Ehrough
20 its VERSAL® family of aluminas and Vista Chemical Company,

through its CATAPAL® aluminas, provide suitable alumina

powders. = Preferred alumina binders, particularly when

extrusion is utilized, are the high-dispersibility alumina

powders, for example CATAPAL D, which generally have a

25 dispersibility of greater than 50% in agqueous dispersion

having an acid (acetic) content of 0.4 milligram equivalents

per gram of Al,0,. '

The catalysts can be prepared by a variety of

methods. In one embodiment, the ferrierite is formed into

30 pellets by compaction or extrusion with a binder and

_ optionally a catalytic metal is added by impregnation of the

"pellet with a metals-containing ~“solution. After

impregnation the catalyst is calcined at elevated

temperature. In another embodiment, ferrierite powder and

35 alumina powder are mixed, (e.g., by mulling) with water and

one or more compounds of the catalytic metal and the

resulting mixture is formed into a pellet. Preferably the
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99: 1(anhydrous basis). Preferably the binder is an al um na.

These suitable binders include silica or any of the ' conventi onal

al um na-containing binders for preparing 5 catal ysts, for exanple, the
al um nas, trwosmdsg-ﬁ al um nas and .t he cl ays. For pur@mues689P272he

I nvention, "alum na- contai ni ng binder" include any of the alum na
precursors d (VT35 ¥} hsas erite,
boehnm te and glpoeb]b‘%f(iJ li%n%ﬁ%%%o% cgﬁﬁﬁ%%%%ﬁsaﬁihélonvertg % 18 uQéd uér‘n na

(Al[err]Qerr] )peptirzriageﬁpéé(ﬂ bi %IW&&E’“a‘Fﬁ"‘?hé’cetlc a&ﬁrﬁ}r pﬁbE§1°
si | i ca-al um nasaciié hos niituriesni tisrdofGat Esgaldsied to &hd amixturEieand

bi nders can be e Aq%ﬁdeﬁraggﬁﬁ%@"gsgﬁ aCFecelltﬂng éé%i\rﬁv%%v‘ﬂsrﬁes

slurries, gels are_provi sl'ur g
gel s ‘or sofs, METHQEFLS®) F4M hydroRyPrRpYhamethydesli H]-PEG' n@Fei REidigpdcan
be found as (Thd)éb“dw Themicall compangp! Orhédmounts of peptizi’ngf aciad

bi nder s are a a
bayerite al um r%se&]\%r# %eaardé'li%hdetgg%jdn? %W%{?r cla mﬂag che
Cheni cal s, t hr otigil 2be  ant amguntl that] mu@#%f a5 | RAASHS aﬁHzWQElHle
Chem cal COWpa%terial t hropghtets €pddbétEer ap alsed Mfrein @arldes uahgbl e

al um na referred alu

extrusi on*Ps uﬁ\warpzeeaor En{‘hﬁsh?ﬁﬁgd%pgpg E‘Q re?::.alga%r C%oﬁELL.&QV\gEd.

for exanpl e CATRWMPIBS wefch theser aFhgpesve W nm‘dl ddavites | FP) ohre
greater than 5 11&:&&@05&-%533; SR lobes, NEat - 1obel, dedB @hapals Aat ent

of 0.4 m'IIigrame i val.e err]Jerr].
The catal ysts AP %ee q:é}?}r&?ybf R@Xrﬁ%ﬁ?’%fh‘ﬂio et hods. In one
enbodi nent, the ferri er‘lmee fornes rpellietiso B} cabtined ay aokpmperatuse

extrusionagi th ﬁum nd%rayandabout ofgg )2l byetepabaiytasowet alooee, addedeby
i mpregnati on of

|
e O oty PR o118, o, S 100, FEbhtiBuy
tenperature. labautntéireGnimotienpreferably cabort pid&t¢. and 35 al umi na

powder are m xed, (e.g Thé)iﬁi%hlré@od’ﬁé BeiRida 2REroughl Pt FigBPbasly

conpounds of the c t
m'[rg a pel | et. fei;%'e gép;%{ ure appetat]res unlfoglgyltl'f‘i'ct’em )S:lixrxg Icsarlc Of;e red

20 performed by combining all of the components of the mixture
at once or by adding the components of the mixture at
different stages of mixing. The mixing can be accomplished
by mulling, i.e. mixing of powders to which sufficient water
has been added to form a thick paste and wherein the mixing

25 is accompanied by shearing of the paste. Commercially
available mullers such as the Lancaster Mix Muller and the
Simpson Mix Muller can be used. A commercial blender such
as a ribbon blender, a high shear mixer and/or a powder mill
can also be used for mixing.

30 Hydrocarbon Feed Stream

The hydrocarbon feed contains at least one linear
(or normal) olefin (or alkene) containing at least four,
preferably four to ten, carbon atoms, including a compound
containing a linear alkene segment with four to ten carbon

35 atoms. It is believed that long chain linear alkenes and
compounds containing long chain linear segments may
penetrate the zeolite catalyst for a distance effective to
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Is fornmed by conpaction. Wen extrusion is used, a pepti zi ng aci d(s),
such as nitric acid, acetic acid, citric acid or mxtures thereof, is
added to the m xture and optional extrusion aids such as cellul ose
derivatives, @obeqossy METHOCEL[err] F4M hydroxypropyl nethypCwUE/0938, are
utilized (The Dow Chem cal Conpany). The amounts of peptizing acid
used are readil Ya r {i e 3 F&gﬂ an
armunt that provi ggéaaﬁﬁ%%a%i% épeéﬂ rratEJgﬁga 1?1 need'riot B

"pel l ets" as use&mﬁéFePH°Bﬁh be &y %t r%ﬂb“ﬁ’r“\‘ il §§rﬁoﬁ§r3§tflﬁ8
materi al s are cothel icatiadyst. Ttaqupémxédtﬂm chnbains (butyhenel (ot ed

to) are CV'bﬂ@Sh& Qha}'tgpeﬁn(}rl]terﬂe (Qﬁ'eieni'.sﬁé? | obes, gear shapes and

spheres that may or The for med pel |l et’s are
cal ci ned at 5a terrperat urésl‘Bsed hegpin, saybutylpne ingdudes|all foxasofony

abO]cht 38?[ err] G, buﬁ?t(légg foﬂéﬁéﬁﬁf@'ﬁbﬂt?hb Aﬁ@[ze'gulttheT, Ch:.ﬁﬂét &pans-260C,
preferably u re pre abou
The m xture shou 883 {%1%’ 1012 r\# gf‘%ﬁ‘éﬁ/s tﬁ%g%%f t%ls Htseflure

appears uni f or m herggn, m-xamnglmosenment%.f dnedydes bm‘\tﬁnﬁ:y &is-pPrt he
conponents of therahét-ytgentene,atozomﬁtﬁfeayumdm t PRe GHHARIEN e Q:fr hke

m xture at dlf erent, stages .of, .m Xxi.n The can _be acco shed
ol T ag 10 o, ShvyERE" 48| Al Thada THE Thie D badadR 20O BERRECT
added to for m a shbskapa%eswm ashotder hydracarbones Thus,aecSepdstreany
shearing of the Eéﬁ%ﬁinlnm@ﬂﬂé’ or n—aaaﬂén@blaqssubhﬁr Sontainasthie

Lancaster M x Ml r an son M X I | e e
comerci al bl endgy&gﬂﬁﬁrb°ns %gc%aﬁ iﬁ?gﬂs 5 H’é‘éﬁi%’%ﬁ SRR or
a powder ml | as chntatlienbe amdd I:emtaﬂxerrgﬁ. Smaptﬂiﬁdnescar boetydeuves,

Stream 15 arom'a”esca dh?&f‘&?&i‘ f gl m&al é‘é?ééf | edghi Aty Inaaé n-
eas pour

four Lo teh, “car BBREERG %ﬁ%ﬁtﬁfﬁtﬁa' s b vent S8 containg! oBepralh!
al kene segnent wkeh 160r ve. %emmn-SS Faor onexample,i sabelflr-'sw&donhaed
long chain |ineapyabbelpBoR"teedstream from a fluid catalytic cracking
effluent stream generaily contains about 20 to about 60 wt.%
20 normal butene and a hydrocarbon effluent from an ethers
processing unit, such as methyl-tert-butyl ether (MTBE)
generally contains from 40 to about 100 wt.% n-butylene.
Feed streams from steam crackers and catalyst crackers may
also contain substantial amounts of alkanes, say, up to
25 about 80 wt.%¥. Olefins obtained by selective hydrogenation
of dienes, such as butadiene, may also be used.
Isomerizing Conditions
In the processes of this invention, a hydrocarbon
stream comprising at least one linear olefin is contacted
30 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
35 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

10



conpounds containing long chain |inear segnents nmay penetrate
the zeolite catalyst for a distance effective to

9 WD 96/ 40587 PCT/ US96/ 09272
al l ow i someri zation. Thus, the entire nol ecul e need not be smal
enough to fi{yvoagisbsse!l y Wi thin the pore structure of t RETASHYR |

The preferred feed contains butylene (or but ene) and/or anyl ene (or

pentene). 5 S Hagd ude I

butyl ene, for egés ‘Fo iéé e%g Qn%%%%ﬂg el ?ﬁ'er tr’a(r%sizoq& fhg g tene
ci s- 2-but ene, ahe hydxeeazbemcrakio of 4 taab 30, Seitiohex, il 8ne th

n- pent ene, incl pﬁleseﬂcepeafengdragen ds optionaams supenanndeamy ﬁmeuoes

thereof . The n-Qutyde(f.8] MNedd endflVhphe 2% (ERChE! the 1384) Tihﬂndt ke

presence PaRces such as of her gyrocar ons
f eedst ream5 hiéﬁ?‘éﬁﬂ?% Wilﬁﬁ‘f"yheﬁﬁhbrsﬁic&nVPéﬂ%l FHSY) eEmbauE Qtﬁer
hydrocar bons. sugb 5ot keo®shr Ot.herrheisef react 6t oktfémas semb contaias non-

but adi d t 1 d ,
ond et gaseorondfiydoaiilapte°aiin A6CRlENEY, | ime ShORBLIGH: B EA0CN
i nvention cont aad@e@mﬁ,nceqt)ly to the feed Sm'e%n Rriex che intmguctdempife,

a fractionatedgpe ié&i&ﬁcﬁﬂ% f gede] r &M theMiydidyeh Cehal Ybé C agdeaki ng
ef fl uent rea ene cant ai ns ahout, .20 to_about 60 wt. % 20 nor mal -
ThEERSE By e i &
y f r:"

but ene and“a hy#rbe% N ot OB REPS processing unit, such
as net hyl -tert butyl etThe praBEred reaption tepperatares wildndepend ot

100 \iivt % n- but yh%ﬁuber of E%ioi-tsr Qﬂ&ﬁ 4d GiRes pRadsakackens mﬂ;rﬁawuﬁy
crackers nmy

ontlns ial a unt ofa
5 about 50 wepege FefotilrleRd EAETEAE SRRGRAN.0 RS pculgy! ©
di enes, such asweightli Qﬂteflnﬁysalcboﬂﬁe hukenes are Ih@#{%riLEngr&:#@l atoms

In the prggesseg ei-éwré nYENBARe 3B0%dE8C85008 while HifeP GRRiculalg at
| east one Ilnear 1f:| leglﬁgnéggtgest 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 _
20 péntenes are best isomerized at a témperature 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
25 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
tenperatures.
In a typical butene isomerization process schene,
30 . 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
35 isomerizing conditions are a temperature of above 350°C to
about 450°C, at atmospheric ﬁressure, and an olefin based

21



30 with the catalytic zeolite under isonerizing conditions.

Cenerally, the hydrocarbon streamis contacted with the

above-descri bed zeolite catalyst in a vapor phase at a sui tabl e
reaction tenperature, pressure and space velocity. General ly,

sui tabl e reagbiogmosgrondi tions I nclude a 35 t enper at ur eP@INUSBORT2
200[err]C to about 650[err]C, preferably from about 320[err]C to about

600[err] C, an ol ggép sﬁrbéedze&s esgbdh€ 8f to abodR0O¥e ﬁP@uthré ﬁi»afépaﬂﬁ

and a total pressure of
PCT/ US96/ 09272 e?f’ §§1 aBo P TB°Uta?'¥8§5heres or higher, a nolar

hydr ogen t o hydr ocdirben typticelopeftene aisanerj@agion ghioreés. stheme,
presence of hydrgggé'nténé)R;déﬂla@tre%‘ﬂp%.@@drﬁlab!eﬁrﬁftﬁfsuch c&‘@%t %our

| ess than about % of the feed) ei/._or ocar bon wel
space vel ocPty (MHEFRCEPT a3k taRPEE 250°¢ ; ton Akoun BP0 TGy r pt 'Prﬂss@l?%tor
streans can contpartismh pressuzfeeaﬂ.t iakout |3grdia &u:fahimiali«m\qssla Tl a.

hydr ogen can be t e e p t

i ntroduction of total |sorrer| za |%§tzg§eiso§btgh{: %BB ?en c%rllldbe ad%ned
10 directly t&%?@ﬂs‘lﬁﬁﬂq RSV P, hout 1 to about ?ﬁe pi ef ePFeferred

reaction tenper aistmeridinglepaadtibns areca NtelipratiureasfoaboaticChoascite

pressure, e we h S oc d I O
Lower nol eic'ﬁl ar 429;% 2&5%%{;’1’ TS f‘é%sc,#ﬁ #‘%eg‘g g?gi% %%se?%\}ze at
a 15 tenper at 1kows hﬂ@@bss@[ éprPC t0 650[err] C while higher nol ecul ar
wei ght ol efins are best pgyONBI igBeed! FeREE! i:éﬁf@@{éﬁ U%ﬁdltionspeﬂéﬁﬁé& are

best isonerized at _,a te e form about 200 C to 55Q0C, and
hexenes are bestPTEHS {Tg‘é‘tgj E’Ptgne 1sq iop. BY 1S3 Le S,
M xed but enes ardependingeencttbe desipedtprodwet imdett at a tenperature from

about 15200[err]C t @h@OO&ennb&ﬁed &&ﬁp&é@ntﬁ&%ﬁeﬁndimﬁsﬁf&ér Offie
about 200C to 52%[er%

advant ageous whdiF THE o7& %r"gneas?#éeeg‘g%%%io?m’g P}‘gﬂgg Barts \ﬁn'ﬁ\%fﬁrbtd
speci es at hi ghetPhwinpdrexicenss by| weiight) smobes sitblegudyalentsachi eve hi gher
concentrations of desi rqd,eorgdf@}sdqrffractlohowt&mer@f Ukge dbigei feddre

fact that hi gherp el le&) in 'Qxe examples were determined. The radiation was

20 the K-alpha doublet of copper. The peak heights (I) and

their position as a function of two~theta were read from a

spectrometer chart. Theta is the Bragg angle. These

readings were used to calculate relative intensities and

interplanar spacings according to established practice. The

25 results generéted were compared with the results generated

from known samples of ferrierite. The crisp nature of the

XRD spectra of ferrierite prepared by our method also

indicates their phase purity.

The surface area of the ferrierite samples was

30 determined by a modification of ASTM test method D3663-92,

This method utilizes a modification of the gas adsorption

technique of surface area measurement described by Brunauer,

Emmett and Teller, (BET). Ferrierite samples that contained

template were calcined in air at 500°C for a period of 3

35 hours to remove the template before determining the surface

area of the ferrierite samples. The samples were degassed

by heating in vacuum at 350°C to remove sorbed vapors and

12



concentrations of the branched ol ef ins are possible at | ower

t enper at ur es. In a typical butene isonerization process
schenme, 30 a butene vapor streamis contacted with such catalyst in a
reactor at about 320C to about 650C, at an olef in partial pressure of
about 5 psi awW®ogdpast 50 psia and a total pressure of SOIRISISBIZTD
about 100 psia, and-at an olef in based WHSV of about 0.5 to about 50

hrlerr]. Preferred 35 | | 4Z4 L.t] t e f
above 50 er ] CuHsn codten ki ITRH NirFaagy LRttt MR kGERp e
ol efi n based nitrogen a@dsogbad ®t/low pressure is determined by measuring
PCT ]{ US9S{ 09272 the preddurerfairse !oﬁﬁaeabﬁﬁéthh[é phevbdRse ior af |a fiwed
preferably wee t @ _ahqut e s s a
typical pentene ‘1°gl§#eer i°zr}a§ﬁ%¥° rgcg'sosgg‘cghg#g‘?%'_ ﬁﬁhgrp‘é%?seerlec?/%dlé?léﬁ'eam
i s contactdd wi tHtnegercdsappsbefninte zeqlitm MiGroROrafouTheSHPEIRSEriQ
aEOUE igg[ err] C,so&tpﬁrbrphe‘a'tlsﬁfe?ent iﬁliﬁeiadufﬁaeﬁﬁ Lﬁﬁesﬁurmqweispgfa@;m
‘about. psia gangd.a 0 sgure

and at an %cﬂ(léﬁ% Baggdamwdi .?ggu?ggn?ggg%o#? t}%oﬁgg?é#ﬁs&%gd
Preferred iiss mmdcudiakgdc usdng i the BER eguatiieir.at ure of about 300[err]C

to 10 425[ er rggmpgagpgpheric pressure, and an ol efin based WHSV of
about 2 tao about 40 hr|

condi ti ons*®et ween %tmp&ﬁd ib‘l}tuﬁ*ﬁ';%rgga e;(?ﬁé&e?%%;&:?g’gg‘;eésoﬁﬁgp be
used depemdilay siliva desialaminaodeation xhidls purity, higlThsurface
foll ovw't Ng exanyirsa ffﬁﬂi%gite: E%tééi'&fﬁﬁ td Eﬁie prescegﬂ:?iﬁﬂéagiﬂﬁﬁm i @i\T eghe
o val ents. - of tdtdeed gy, ayysad M, Wredved’ o FB0. A1 68,
- prepared in the dedondlzesl vweatexiet efMei rkhifis Thelutibmt was wdded( 109.t2g of
K-al ppa d?ig)l et f;ﬁ{n. t [folir&?e&’eﬁ% fh%i.ga_t o1l |'§7%an9u1furict H@i.i.&.pof'i'ﬁign
SNt AT W NS v N VT e o
rel ative intensigiildecatedwith a dampesitinarof (28i7g8iencsr 8% p0e balance
establ i shed pragiith. THfrter mixing the resulting gel for 30 minutes, it
was placed in a stirred autoclave and heated at 170°C for
20 24 hours. The molar composition of the autoclave charge
was:
1.0 Al,0;/2.7 Na,0/60 Si0,/1938 H,0/36.7 pyridine
The OH/Si0, ratio of the charge was 0.09.
The resultant solid product was cooled to room
25 temperature, separated from the liquid by filtration, washed
with 33 ml of 150°F water per gram of product and dried at
250°F. A portion of the product was subjected to x-ray
analysis and was found to be pure ferrierite. After cal-
cination at 1000°F for 5 hours to remove the pyridine, the
30 surface area of the product was determined to be 393 m¥/g.
The product had a $i0,/A1,0; of 53 and contained 1.24% Nay,0,
anhydrous. '
The calcined product was then converted into the
ammonium form of ferrierite by ion exchange with agueous
35 ammonium nitrate, (4 parts by weight of ammonium nitrate per
part by weight of ferrierite). The ammonium ion exchange was
conducted at 200°F for two hours. The ion exchanged product .
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25 results generated were conpared with the results generated from
known sanples of ferrierite. The crisp nature of the XRD spectra of
ferrierite prepared by our nmethod al so i ndi cates their phase purity.
The surface area of the ferrierite sanples was 30 determ ned by a:

modi fi cati on ywéoddpidy t est net hod D3663-92. - Thi s nmet hod raTUSPE/9272a
nodi fi cati on of the gas adsorption techni que of surface area

qeasur enent des il sdplya @&anﬂa&g the 1ld§n1qes§,e§@itlsu ; wdiida mn

Ferrierite sanples_t cont al ne

) e_ca .CI etéa I n Al
500[err] C for a95dlPB§ ofT3138°F HahPE Pﬁrrg?r‘b‘% het TRt
det erm ni ng t he atuebae®. The swrfizweofarehcof cthe mnqd@@awp‘ae@etmmmbes"

were degassed pe 36y WEAGLNGHe) aﬁfa&maaﬁnoﬁiaﬁ t&éﬁ\%&;ﬁfb&&:ﬂa%ﬁs

and 96/ 4058
PCT/ US96/ 0272 analyzed,and. fauad tp M}tﬂ P YTy FiQéApesallr 3¢ #nand
quantity of contiaihogss pﬂﬁonbpd ahhymv)sessure i s deternined by

measuri ng the pre ed

vol unme of nitrogen to t%eg&g?%}r& %Uﬁg% rtiﬁé %m&on %é‘%gugééa%e@ﬁl%gle@r% S
sorbed into zeolWase presssger szushpd gndusieyed 1nt° 62 m¢$§’h Rﬁéﬁslmléﬁent

I's neasured at @hRSHH2® Infae Spéi:fti@l@k were d?ﬁimdo J.Qﬁoaﬁﬂxeo lﬁ@ro-ﬂéﬁ

magmtude t he nitraqg ula.ted T o
equat i on. £ w 2, fd‘enge by °a5' :é #?'* I%H?go ¢
preparation of Hoghtwo howgbar.silica to aI um na rat i 0, hi gh pur| ty, high
surface ar gieamPill 87 i te according to the present invention. 21. 6g

of hydrated al um num sul fate ol.ved ipn 100 de| on|

vater. ' To this sol uti oh HsSAINETaRSS spunfnds su1Fked wen.aiene e n
46. 99 of 97% sul9l8.i2g afi ddeiofMized watersol (o dthmssniu'edoneWBSb@ﬁdled
addi ng 47289 0f123QdguBE gyridihé' gRaCsY 64 e COMPORIIFI Ofack@.’Ymster

SiQerr], 8.9% Mg Pgécei‘.n]g{ glns sofu‘lez":l.on wel]\./vatsen Séf togrsgai(un[a] gs{{.'fcartees%l L ng

gel for 30 m nu
composition as Example 1) were added. The resulting gel was

mixed well for 30 minutes and charged to a stirred
autoclave. '

20 The autoclave was heated at 170°C for 24 hours. The
resulting solid product was cooled to room temperature,
separated from the liquid by filtration, washed with 33 ml
of 150°F water per gram of product and dried at 250°F. A
portion of the product was subjected to x-ray analysis and

25 was found to be pure ferrierite. After calcination at
1000°F for 5 hours to remove the pyridine, the surface area
of the product was deterinined to be 392 m?/g. The molar
composition of the autoclave charge was:

1.0 Al,0,/3.15 Na,0/70 5i0,/1938 H,0/42.8 pyridine

30 The OH/SiO, ratio of the charge was 0.09. The product had
a 8io0,/al,0; ratio of 65.1 and contained 1.34% Nay0,
anhydrous. . '

Example 3
- 23.1g of hydrated aluminum sulfate was added to
35 722.0g of deionized water and mixed until it dissolved. To
this solution was added 86.6g of pyridine and 81.8g of 97%
sulfuric acid. After good mixing of this solution, 736.4g
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was placed in a stirred autoclave and heated at 170[err]C for 20 24
hours. The nolar conposition of the autoclave charge was:

1.0 Alferr]derr]/2.7 Na[err]O 60 Si O2/ 1938 Herr]Q 36.7 pyridine The
OHerr]/Sigerr] ratio of the charge was 0. 09. The resul tant
sol i d producivougmosseol ed to room 25  tenperature, separat @ETUSHIRHe
liquid by filtration, washed wth 33 m of 150[err]F water per gram

af product and QE' §a fm siricatalfehhd e %o&d&@ibﬂnaﬁfnﬁéiﬁ:ﬂ 99 Uhs Red

subj ected to x-ra

f t
After cal - anél hei BRSH“{U@O‘F“‘* oYag ﬂ%’ﬁ?@ et g}r c’?%ler{}{ﬁqe%: ngme[ he
30 surface aged wasttRapgediund avast idetest mtedlaUebanG%ear{:Qd r§% 50°C

The product had f%rs‘lg[ ﬁ‘éﬁzlé Al hbhe" Edmfibs PELGH G eREAREScIavd énarge

Na[err] Q e ca cined product was then
converted iBnto WRS: armoni um form of ferrierite by ion exchange with

aqueous 35 . amTDfll Wﬂ;ﬁ,yat!}:’. Nd,07a7t.2 Bjloysierl. soH,@femil pymidine e per

part by wei ght %E" T 0 xgh e was

conducted at 20 & Wgﬁéﬁ 1?%voi%our Q'Jhlé!llr"O n gﬁghgne’gg pr oduct

13 WO 96/ 4088 result:.ng solid product was cooled to roonm
PCT/ US96/ 09272 temperat@tes WiPadated eeomitiee Niguid By Filkiragiban, wasisded

at 2500 er A%, “THY T AL At L o i 22 it chbpo ditd4ee

398 nferr]/g. TRSOAF.ed Mnpextion eﬂth&hged’rpﬂ&}eﬁctdaﬁ/a§ub5ecteénrﬂ%/z’é'cr%d
found to have a mll§g1§l Qi r Lha! [féﬁﬁcﬂ eol |é phard mﬂentes:.ont Afeehs9

rchanged ferr GAiganation aE 18pasE.fof B BREEE fa ety e PREd

particles. théhsurfatenasieapaft ithiee prmivetc vase dedermined; ke HialriRfen

flgr mLOLo@lﬁ)fs fs#i¢er'temhz Gddudd! i Rfai & TS QY/AL,GY radlicS00f erel.6 and
conta:.nedm.l)..osg Na,0, anhydrous.

The calcined product was then converted into the
ammonium form of ferrierite by ion exchange with aqueous
ammonium nitrate, (2 parts by weight of ammonium nitrate per

20 part by weight of ferrierite) - The ammonium ion exchange was
conducted at 200°F for two hours. The ion exchanged product
was separated from the liguid by filtration, washed with 3
gallons of 150°F water pet pound of ferrierite and dried '
at 250°F. The surface area of the product was determined to

25 be 395 n?’/g. The dried ammonium exchanged product was
analyzed and found to have a molar $iO0,/Al1,0; of 78:1 and
contain 92 ppm Na,0, anhydrous. '

A portion of the dried ammonium exchanged ferrierite
was pressed, crushed and sieved into 6-20 mesh particles.

30 The 6-20 mesh particles were converted into the hydrogen
form of ferrierite by calcination in flowing air at 500°C
for two hours. '

Example 4
38.4g of hydrated aluminum sulfate was dissolved in
. 35 1470.3g  of deionized water. To this solution was added
158.8g of pyridine and 150.3g of 97% sulfuric acid. This
solution was mixed well before adding 1307.2g of sodium
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21.0g of hydrated alum num sul fate was dissolved in 918. 2g of

dei oni zed water. To this solution was added 15 123.1g of pyridine and
54.6g of 97% sul furic acid. After m xing this solution well, 533.5g
of sodiumsilicate (same - conposition as Exanple 1) were added. The
resul ting gelwm§,40587 m xed well for 30 minutes and char geRCRES9O%%72 1 r ed
aut ocl ave. The autocl ave was heated at 170C for 24 hours. The

resul ting soI id %ﬁuﬁc‘% gggmgogéﬁ]éigi%o%tmﬁ 45e, '.l'he resSEBEhGgh

fromthe liquid tion Fvvat

0[ err
per gram of prod'iﬁﬂ ameﬂr 1otE05503 Ry f“%‘ﬁugﬂs and ?)Joaﬁ"fdon % jp’Fre uct
was subj ected t autochawnal y'hesawmbme wagabeatefddet d-ﬂ@é‘cplﬁm; Y%rhm@rs-t e.

After cal cinati %é"tresultln%gggifér produt ﬁagoé'ééléd) tEFRYR tEfpavitwide,

the surface area roduct rmned to be 392 /
The molar 5. =separRbted o Ii):f‘ﬁe g‘é‘t‘%@?@(/e&aﬁ%& owasnad Wﬂgrﬁl Igl
Alferr]Jerr]/3.06 bsberr watet/Grahens] /feducy eaniloatiea @t i 250eF30 A

The OH /'S t f d
Si GQerL]e/r,rA} [elrﬂ zre‘;!rjf riarcla |t(?l %’Qégﬁgéa‘g%‘scont al ne tBh%"-/o&r=l gﬁ %@fk and %

anhydr ous. was gfpred3to be pure ferpienites nAfitex ations A% at e
was added to 35 100062 £0g &f hdﬁt@&d&dmﬁbethemymm,uml sutrface satesd.

suI fUI‘I(-I a;C] 3 SOl#t{"ggoﬁdgﬁ@gge‘g& %ﬁe utlon eagg"%/%g Olrnd/ fiolar

14 - . v\@wugm;on of the autoclave charge was:
PCT/ US96/ 09272 - P08 ppgtm)suzbygo ﬁrﬂﬁi’&ﬂ e 1)

| v
was added nd t esu% ng n xe nm_put s
gel was charged"t%Ua f? SR b?o%#g;h? ??Erﬁga'f'ﬁﬁ ‘to 5('?"[1"& e‘q ct*ha o?‘ 72
hours. The nol arsism#pdLst oHN8Hi4 tarel mendalined 3h2B{eNE0, mabydrouS- 1.0
Al [err]Qeig]/3m§rg]O’87 2 SlCIerr]/1661 5 Herr]Q27.1 pyridine

20.5g of hydrated aluminum sulfate was added to

914.1g of deionized water and dissolved with mixing. To

this solution was added 98.3g of pyridine and 35.1g of

sodium hydroxide. 83.2g of sodium sulfate was added to the

20 solution and dissolved. After mixing well, 498.8g of a 40%

silica sol (composition 40% 8i0;, 0.5% Na,0, balance water)

was added. The resulting gel was mixed well for 30 minutes

before placing it in a stirred autoclave. The autoclave was

heated at 170°C for 36 hours. The resultant solid product

25 was cooled to room temperature, separated from the liquid

by filtration, washed with 33 ml of 150°F water/gram of
product and dried at 250°F. A portion of the product was °

subjected to x-ray analysis and found to be pure ferrierite.

After calcination at 1000°F for 5 hours to remove the

30 pyridine, the surface area of the product was determined to

be 351 m’/g. The molar composition of the autoclave charge

was:
1.0 A1,0,/4.3 Na;0/93.5 5i0,/1938 H,0/22.5 Na,S0,/30 pyridine
The OH/SiO, ratio of the charge was 0.092. The product had

35 a molar Si0,/Al,0; ratio of 77.2 and contained 1.64% Naj,0,
anhydrous.
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The OHerr]/Sigerr] ratio of the charge was 0.072. The
resulting solid product was cooled to room t enperat ure, separated
fromthe liquid by filtration, washed 10 wth 33 m of 150[err]F

wat er/ gram of product and dried at 250[err]F. A portion of the
product was syigdepatgad to x-ray anal ysi s and was found PCE/USB6/PAITE
ferrierite. Af ter calcination at 1000[err]F for 5 hours to renove
t.he pyridine, e.surface area of the product was determ ned to be

391 15 rr[err]fm pELnTﬁe product had a S err% err QerrJ ratlo of
78.0 and cont ai ne@his 088, 3 [eXaTPd 6§1 ¢ product fgymed

cal ci ned produciwhesns ﬁﬁuanpfesmtadventmonhas not zfmm:mamforato&g of
e ot a ) BRaBAERAN U1 el Rf UG e, was TEIULSHDEY | 14! 78] Soglidee DY

‘wei ght of ammoni rate

of ferrierite)
ammoni um i & exéﬁaﬁgézaﬂswager- c%ﬂdﬁ%ft-%ds% ubiRs é’f?ﬂ Fddsd 350 9% L?r% 9%1e
i on exchanged pe@dgaric acid \w@m smpegasmqbyhmmhe The)siodubyohi was atixed

Lesned Wt 3 yean 9peeBRS ohadplh ol i, 48! e PoloRAUR ST IcHd O ("

dried e SuUrftace area of ct was determned to
25 be 395 n{spmppgitine 29 i BeanpheoA) um %R%rréﬁﬁjﬂd:%e&étwmsmixed for

22ai yzedgand folg.jgdmiﬁueeyearm haéasho[aerst]u-&aemﬂ&m{e] ofhd it askhve
ntain pm er, n rti e
anmoni um chan 8% Pe%ﬁr%eéq? h% 186%¢ %8§ grzeské Ber ugﬁed r;%% &fglage‘\l;ecéjﬁ;

6-20 nesh parti preducgowasTheoked ko Hemperasunes eseparated E1om d=htehe

%8 { oge]nC fl.@.E;ﬁ‘itaf by £ {1EFd € forhy wagheanaitRe3 mf lo(f\/\/.'l.90°ﬁlﬁa€5r/gram
err f or

hydrated al uni n8h Bﬁ?&o?g Vb‘i d&'ifgo?ew‘%ﬁ pontion of gped% ‘ﬁl zeoY'ars
wat er. To thi ssubmitted tasx-zthic@nalysis]gpdgtowid 1a kg anorphouso. Khef

97% sul furjg ach@diaFNcémpositiéR! of itk AR JEIRE Whkbkrglekase adding 1307. 29
of _sodi um 1.0 Al,0,/1.53 Na,0/87.2 SiO /13& 5 H,0/27.1 pyrld%Gr{e40587
PCT/ US96/ 09272 2¥3 2 2
The OH/Si0, ratio of this formulation was 0.035. This is
below the amount required according to the present
invention.
20 Example 7
This is another example of the product formed when
the present invention is not followed. 23.4g of hydrated
alunminum sulfate was dissolved in 747.5g of deionized water.
To this solution was added 71.1g of 97% sulfuric acid and
25 87.5g of pyridine. This solution was mixed well before
adding 720.6g9 of sodium silicate (same composition as
Example 1). The resulting gel was placed. in a stirred
autoclave and heated at 150°C for 72 hours. The resultant
solid product was cooled to room temperature, separated from
30 the liquid by filtration, washed with 33 ml of 150°F
water/gram of product and dried at 250°F. A portion of the
product was submitted to x-ray analysis and found to contain
some ferrierite contaminated with magadiite-like
material(s). The molar composition of the autoclave charge
35 was: .
1.0 A1,0,/5.1 Na,0/84.4 $i0,/1661.5 H,0/27.1 pyridine

17



silicate (sanme conposition as Exanple 1). The resulting gel was m xed
well for 30 mnutes and placed in a stirred aut ocl ave. The autocl ave
was heated at 150[err]C for 72 hours. The resulting solid product was
cooled to roomtenperature, 5 separated fromthe liquid by filtration,
washed Wi th 3¢ gdeuessy Of 150[err] F water/gram of product aRCTAISH60MR7At
250[ err] F. A portion of the product was subjected to x-ray anal ysis
and was fopnd e ehiskeeormé | RAkIONMAL 3
1000[err] C for SI#ESUJ?%/F%O??#%#@ toﬁfle%%&%i gl?,ne, EIttﬁiemgf}’}r %(r:b'é‘ lazr' Tﬁ?[s ra'1(:)J'othe
product was det eifi ked PbgBefS’Bgﬂi‘ife‘P‘i’%/? Silkjga g Flumina regﬁﬁo'é???o " of

t he autocl ave chghge exsmple. 1.0 Alferr]derr]/2.81 Na[err] (O 93.5
Sigerr]/1938 H[E#EJI pyri di ne The OH err]/SiJerr] ratio of the
charge was 0. 06. e"g'g)o8

product had a SiQerr]/A[err]Qerr] of 84,4 and

cont ai ned 1528% Na[ er r | Thifm R pB Rxamle °Exqé?ﬁ) °§“L’% rquult{llg whepgtRg
hydrated al um nugresehtt dnventddeedis onot foldbdefig of 20e6gni e dhyaratednd
di ssolved with mxing. _To . [ o) s Ldi ne
and 35. 1g of aiu@‘gﬁ%rﬁW&tngég.éjB%g}ge of'{hs\(l)%i%d%%gg?f%%&\%aégda é{é%igf 0
the 20  sol uti Ba thisdsetutien wasiadded:i84.8¢ W PYridinggapd §4409,0f
sili cgdsgl (ﬁormgaisf bseaiﬂﬁfyq@aebl agbeibk. 0-#?1%5@?[&5 gécsaidml SUEatétwdg then
was added. e resyl ting.ge r
placing it 1|1;n a éafée%‘g eo&\ggé‘eméﬁg %ﬁd&&o&\;e Q\A%g m%ewgtseagg%g{fgd
170[err] C for 36unbiitsthaheclids|digsolvad.d Fisaddy 590.3¢asfc4Bke8ildcRoom
Fﬂ errp]gerfig g{e, fgpabgt @alieO Nt biSos 1 €101 as tExahgléi !.=.t)(r]I aﬁé@”gd\d&ﬁh%dl\ﬂ' f;he33f

0 err]F water/gram roduc | : P 0
the product was resuiégﬁ%j%% i 8‘i¥-89a€°5n3é1a %g'f’g&g%d %’ﬁgnoé){lov@es E%%%Q&
ferrierite. inAnt stizzedi autpochave apdoheztrd 5akol¥8°€ofPENBfchPHES SO
ﬁ%/ri di ?e, EI:!.EG SUFﬁécﬁeﬁiﬁ?a_rgﬂ édqudpﬁﬁdaﬁé%w&% debzﬁai.a@ckdcﬁn temperhtuBe]

err]/g. e nmolar _copposition,o oG, ge ;
1O W [orr] er r prreSeRER chityted 18R by B2 E180 yagmen ¥ 53 m.
Na[ err] SO er r]/ 30fpysotFnewater/grame off srognst Cpadr |driad oabf 25R8Feharde
was 0.092. The ppegttbnefl G prbdidtdiivas ShBhittdd [€d ni-AlRf Enangklie ahd

i 0
IZS 2 and contai nggur]id 40A)c|ga %rir Qbme ':ferri%rzlfll)égré)é'%well as guartz and other
20 crystalline silica phases. After calcination at 1000°F for

5 hours to remove the pyridine, the product had a surface
area of 254 m’/g. The molar composition of the autoclave
charge was: '
1.0 Al,0,/9.35 Na,0/93.5 §i0,/1938 H,0/19.1 Na,S0,/30 pyridine
25 The product had a 8i0,/A1,0; of 65.8 and contained 2.23% Na,0,
anhydrous. The OH/SiO, ratio of this formulation was 0.2.
This ratio is outside the amounts required for the present
invention.
Examnple 9
30 This is an example where ferrierite was prepared
using piperidine instead of pyridine as template. 21.5g of
hydrated aluminum sulfate was dissolved in 995.3g of
deionized water. To this solution was added 116.8g9 of"-
piperidine and 46.5g.of 97% sulfuric acid. This solution
35 was mixed well and 470.0g of sodium silicate (same
composition as in Example 1) was added. The resulting gel
was mixed well for 30 minutes and placed in a stirred
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Exanpl e 6 This is an exanple illustrating the product forned
when the present invention is not foll owed. 24. 4g of hydr at ed

al um num sul fate was di ssolved in 757.8g of 5 dei oni zed water. To this
sol uti on waswadmess92. 99 of 97% sul furic acid and 91. OFCHUSPSIRER ne.
The sol ution was m xed wel | before adding 774.1g of sodiumsilicate

(same conpg ﬁt&bggvés ":ﬁ@'&h@g&avlhﬁaé%liééd‘ﬁtg%o“\ésf&X:%j Hotlrs.

30 mi nutes and ace stirre

aut.ocl ave &ée 18’6 q}eat -ed
at 150C for 72 Eberzesulvant so}idprodyrt jwas re[?r 8°k ‘F%dufd: oom
t enper at ure, sepaé&iedsf eramples, and|wami fioumd ftd tbeatﬁmiemsﬁeectqntd‘n-SS

m of 150[err]Fy WQ“d- tgiﬁmmagadiqttbeo r 0gHE s RPfRl 1a2@adbe 26RE PrFdduct’ was

portion of the pro ted to,x-ray anal ysis ndfOLH’ldtO be
anor phous. 5The 382 mmﬁﬂar E'Bﬂp&?ﬂ-??or?%*l’r& 8Dt8 | Fbe arge
1.0 Al[err]J erwhsi. 53 Na[err]0’87 2 Sigerr]/1661.5 H[err]O’27 1 pyridine
The QHerr]/SiJerr], rat h | 3

bel ow t he anpunt rqut'u(?eiaf ?!fcorr7dh§l 6{%6“—%]&3 ?ggﬁo%g 7 ﬁIgbﬂa%?e

Exanpl e 7 TH®| §H/ssnéhotmicexaﬁp|*@%f CPﬂE‘Jﬁr Rt 0F 8P rred'-‘%en

LEFf 2[ :SS\IQL hp\éggbaaat: ﬁxaaoh fealo, m? | o, 8. 99.6f ah&dédhﬂdn_zred oategi lma;q.
0 s.solytdon
was added1P1.1g® B*‘Yglf%ﬁul i\.‘?ﬁggm gn%' q'er Bf S5d 5t B g‘bégde ﬁ éﬁlso

sol ution was n exdmpde| Heswse plpemrxg w2 se}bstl%’émﬂl nﬂs-rlei:&&l’e Q%ne

conposi tion as purjgkna™@kCtHe te tEesiy tun0 rephurasiehaced in a stirred
aut ocl ave and. heat ed_at 150C for 72 hours. The resultant solid product

was cool ed to r 5EAMPERpEPature, separated from30 the Iiquid by
filtration, washed w t hTB8snexafiplé0felldws the btmachingsarafofthe @resentnd

dried at 330F. 3-%%&89 gha! déscribed @ hitle W32 S4B spRiels 18 high

analy5|s andfoun to contaln errierite at ed W|th
magadi i t e- | | ke Wmolarpgidica tog 1@@%8&?%&}@5\ B f' ?’H@q’a
charge 35 wasarea ferrietri@ed [ &8.]5g ef |Hydriatesd erlundndum zsulfate was

Sigerr]/1661. 55kabhbea2{nl1P¥E] 44 "6¢ deionized water. To this solution
was added 166.5g of 97% sulfuric acid and 1681.0g of sodium
20 silicate (same composition as in Example 1). The resulting
gel was mixed well for 30 minutes before adding 208.6g of
pyridine followed again by 30 minutes of mixing. The final
mix was placed in a ‘stirred autoclave and heated at 170°C
for 24 hours. The molar composition of the autoclave charge
25 was: '
1.0 Al,0,/2.7 Na,0/60 §i0,/975 H,0/19.7 pyridine
The OH/Si0, ratio of the charge was 0.09. The resultant
solid product was treated as described in the previous
examples and was found to be pure ferrierite with a surface
30 area of 388 m’/g. The product had a Si0,/Al,0;, of 57:1 and
contained 1.97% Na,0, anhydrous.

The calcined product was then converted into the
ammonium form of ferrierite by ion exchange with aqueous
ammonium nitrate, (2 parts by weight of ammonium nitrate per

. 35 part by weight of ferrierite). The ammonium ion exchange was
conducted at 200°F for two hours. The ion exchanged product
was separated from the liquid by filtration, washed with 3
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17 WD 96/ 40587

PCT/ US96/ 09272 The OH err]/SidJerr] ratio of this fornul ati on was
0.12. This ratio is too high for the nolar silica to alumna ratio
used in this exanpl e. Exanple 8 * 5 This is an
exanpl e of thgoBEmsget resul ting when the present i nvearamussHRIhot
fol | owed. 20. 5g of hydrat ed al um num sul fate was dissolved in

899. 3g of dei oni [ o] n fl&d,

pyri di ne and 64 %4@ ot lg(y/o s-(');'&t%?n E)erg %HL a o%’afe@P aagi Qirlu@Tdf at e

was then 10 ai'd@é"fé' t Bhe\@urfage agreaoPhit Hof. Pr°ﬁ’ﬂ§’tm u?‘% GERl %‘b‘f

until the solidpgli 860! Wdg. FiTiad | irbeéd. pmunitids exchanged proeuct(m

conposition as Exampl e .b) r d

for 30 m nutes. aﬂ??ygzeﬁémaé'\?pﬁcg‘g{ég%é%‘ul]ﬁa "3 axr'rggaffht g%l ave an hrgeﬁéitaed

at 170[err]& f orcag 480 ppm Na;Phean ousi The iR¥ adyg o ane t o
aisu hydr ogustubad hRH

room t enperat ur gorption %&g&e&% dotr o tdyand Gexd 10w f;h'hinéabfoﬂeo]{\@ﬁé'l.ed

with 33 m. of 15 [err Fvvate f _product r

250[ err]F. A PBﬁ o) g t%e%géﬁﬁ‘cﬁ% ﬁg@c’%{] ’Pn%g{%?g’ﬁsg f%‘gﬁea%‘&r ySi s
and f ound was cp:rﬁaed.s ermshedr apdi sdevedwdhto a6-2@ apesh parbicikes .20
crystalline siling F%laﬁ@smesﬁfﬁﬁftfﬁéé R?éfé)rb&{vek% irto the hﬁdﬂf&j& to

The ol ar Eorpodim Pt ediriarite pi, galoindtisn ip fLathd o !SI0 0

Al [err]Jerr]/9.f3xr Mafcehop®e93. 5 SiJerr]/1938 H[err]O’19 1
Na[err]SQerr]/?&ﬂg digge 25 The product had a SlCIerr]/AI[err]CIerr]

of 65.8 and contal ned 2. 2 % err s The err err]
ratio of this formul ati df §’% f°11°‘fﬁ| gﬁ?a NG, 1 ts

required for thenwergdon but shpwsehhabra certalrEmmmamgaQOunt of pyri-
This is an1§><alff§ﬁelrﬁ erécfw]'iﬁ-é‘d 'w &Pfsﬁﬁaaree%lgh rams nmsralpe;smdme,

i nst ead of ridine as t sul fat e
was di ssol vgé i isdy ft?i‘nPe area rf@FEgF‘ZeﬁeWat ge- Xg m@r ‘{}taﬁdﬂnw

added 116. 8g of sulfate was dissolved in 1040.2g of de:l.om.zed water. To
' ‘this solution was added 34.5g of pyridine and 48.7g of 97%
sulfuric acid.. This solution was mixed well. 491.0g of

20 sodium silicate (same composition as in Example 1) was added
to the solution and the resulting gel was mixed well for 30
minutes. The gel was placed in a stirred autoclave and
heated at 170°C for 24 hours. The resultant solid product
was treated as described in the earlier examples and was

25 found to be e.morphous. The molar composition of the
autoclave charge was:

1.0 Al,0,/2.7 Na,0/60 S8i0,/1938 H,0/15.4 pyridine
The OH/Si0O, ratio of the charge was 0.09.
Example 12 ]

30 This example shows the effect of seeding the
synthesis mix with crystalline ferrierite on preparation of
high ratio, high purity, high surface area ferrierite
following the teachings of the present invention. 23.1g of
hydrated aluminum sulfate was dissolved in 1046.4g of

35 deionized water. To this solution was added 49.0g of
pyridine and 37.3g of 97% sulfuric acid with good mixing.
7.3g of high ratio, high purity ferrierite prepared by the

20



pi peridine and 46.5g of 97% sulfuric acid. This solution 35 was m xed
well and 470.0g of sodium silicate (sane conposition as in
Exanpl e 1) was added. The resulting gel -was mxed well for 30

m nutes and placed in a stirred WO 96/ 40587

PCT/ US96/ 092w 06/40587 aut ocl ave. The autocl ave was heat ed aPCT/PSTOFR 36
hour s. The resultant solid product. was treated as described in the

previ ous exanpl LIk . é&deWl h
magadiite. The § r?ace ar ea’rl%#mI s Dad ] Eéﬁﬂeemmgh and disp

t
nol ar conposi tiWAldf tFe %%%c?jhwlg% ugadd 3 4%39 >t Todliuhd %flécage
Alferr]gerr]/ Z(Zaﬁh[wmﬂﬁiﬁﬁoﬁl 8kein ]Ethekl[.)erar]me Tegpupbingliged was
The OHerr]/ S' &er r‘f ]'f(f\é%f gtohﬁaﬁﬁééle ge(igwa 1aced npré)@%%raad a

Sigerr]/Aferr contaln 78% NaJerr] O
anhydr ous. 5Cont anteglave fand ihgated @ts 17P5GuEeH ?‘hol?'%l%s The é")?&?‘?ﬁlt@nt

because pi peri dgaﬁwa?r&ah&tl twiecdefiédeed | isf @escribedpyin dthe wetvheus
tenpl.ate in the for

at i
follows the teasﬁF °% a?%e w?%séfr?t@ﬁ%fs & |1’nveh %nraar?d; esch#lge?ﬁa rmre
efficient synt hisr‘életlt# gwlt a swrfaceiarea P8 dlt?mlhdgr'atl'sheh

purity, high sugbppésition &f Gthd Qlutictiliave chaBgéowas: hydrated al um num

sul fate was di ssol v 3 | uti
was added +P6s6. 5g of 9 705 élq'?éa:}l % g gfgand W%wzig Bﬁgﬁimssfﬁl galtgn
(same conpositi PheaGHVBiOx matliieo of. thieccharas Maﬁgo -09. The|pxpducs had fel |

for 30 mnutes Beboid é,d%ns7298aﬁa @bntained Vo3 ha,6 | dvptk@gai n by 30
m nutes of mxin The {1 nal m X was placedlnastlrred aut ocl ave

and heated at 1BBa®Ple 13, 54 hours. The -nol ar conposition of the
aut ocl ave charge 25 Thais example describes AN exdditfiona]l/ advanipaer P&/ 60

Sidgerr]/ %7,-5 H ﬁgﬁ,hdé%ﬂ, pyr hfit,ﬂe purity, T*}ﬁgq*[ sﬁfﬂ@é Chees] féttx&@rqftet he

charge was O. e resul't ant was, t r eat as cri bed
in the previ ousprepuegx%‘ﬁ‘fo‘l”é@i%&‘?/\éj’q %ﬁge{‘g Hav é’e Berr é’c\%s a
surface 30 acean e 3&8nniexcHamged Thefqarmdaaﬂ.chadtaon to remove the

Siqerr]/A [e”bgrgﬁﬁ.keo't:rgzbédam. the zeolite. A 3N NH,NO, solution was
prepared by dissolving 200g of NH,NO, in 833.3g of deionized

20 water. To this solution was added 205.3g of a filter cake

(LOI = 51.29%) of as-synthesized high ratio, high purity

ferrierite made according to Example 10. The solids were
dispersed well with good mixing and the slurry was heated
at 200°F for 2 hours. The resulting solid product was
25 cooled to room temperature, separated from the ligquid by
filtration, washed with 25 ml of 150°F water per gram of
product and dried at 250°F. The elemental composition of
the product was émalyzed using atomic adsorption
spectroscopy. The product had a Si0,/Al,0; of 61.6 and
30 contained 270 ppm of Na,0. After calcination at 1000°F for
5 hours to remove the pyridine, the product had a surface
area of 385 m/g.
Bxample 14 .
A sample of ammonium ferrierite was prepared by the
. 35 methods outlined in Us-A-4,251,499, 4,795,623 and 4,942,027.
| The sample was pressed, crushed and sieved into 6-20 mesh
_particles. The particles were then calcined for two hours
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contained 1.97% Na[err] O, anhydr ous. The cal ci ned product
was then converted into the amoni um form of ferrierite by ion
exchange w th aqueous anmoniumnitrate, (2 parts by wei ght of

ammoni um nitrate per 35 part by weight of ferrierite). The ammoni um i on
exchange was woggosgPnducted at 200[err] F for two hours. TheCcT/asesse%ihanged
pr oduct was separated fromthe liquid by filtration, washed with 3

19 00°c td gg&iﬁ%@/ Q%Qerﬂ@%@é %&yst witfiah! e0s£Qbe

150 F wat d t d
i Pl O AR QR R e S

dri ed ammoni um exshanged product was anal yzed and found to have a

nol ar Slqerr]/%fgﬁé% £4r] of 62:1 and 5 contain 480 ppm Na[err] O
anhydrous. The pro had a n- hexane - sorption capacity .of 7.3 rams

per 100 graBs of zeol it ¢A sample of potasgiywyepaiuntarkdeFiteMithd Pain
exchanged ferriegilgca to @AAmMPHES ¥atioClofs Eat 1Arvhss i ediedlinad OfﬁoﬁOToseh

particl es. $BEpSr£01I "pRe " hhELERYCUES CAINERLE 1 8hOckalYEl O8R

formof ferrieri cination 1 n

hour s. Exanpoveveqted into 6-20 mepp @@&aﬁﬁﬂeé 2] #mﬁﬁ%@%aeﬁpﬁabeéf
the present abBve! | Pre bpdrsitnss thite ZIAY icaileinkai FuP eWOURbUPE Ayl -

surface ar 88 {or PPRFE ES PG “"' ¢ REEPATEL TR anEReB ks ot 3ol

di ssol ved i n 1048n@gacholhs oa‘mlz-lw Wwet @edlumina ratie % gilut i on was added
34.5g of pyridi ngeape1481¢d9 of 97% sul furic acid. This solution was

m xed well. 491.0¢g of 20 50|umS|I|caIe ositiaon as in, Ex
1) Vs added T to tnek SRk RE ARt CHHTOeRS B OFat S awArad RE| FoPor
30 m nut es. m&hhode | oukikinsdided Exanplet 2r p€dERTATRA AT 7anThe Oﬂ'lr%ed
at 170[err}§ forr#ihows. the Hdllad &RhArdePWAEICH.16. The ammonium
ferrierite was pressed, crushed and sieved into 6-20 mesh
particles. These particles were then calcined for two hours
at 500°C to produce a hydrogen ferrierite (H-ferrierite)
catalyst with a surface area of 326 m’/g and a bulk molar
20 silica to alumina ratio of 87:1. The sample contained about
5-10% non-ferrierite impurities after crystallization and
washing. The concentration of these impurities was reduced
(but not eliminated) upon the ammonium ion exchange and
calcination of the sample.
25 Example 17
This example demonstrates the preparation of an
extruded ferrierite catalyst useful in skeletal olefin
isomerization. ' :
A Lancaster mix muller was loaded with 645 grams of
30 ammonium-ferrierite (5.4% LOI) prepared by the method
outlined in Example 10 and 91 grams of CATAPAL® D alumina
(LOI of 25.7%). The alumina was blended with the ferrierite
for 5 minutes during which time 152 milliliters of de~-
ionized water was added. A mixture of 6.8 grams glacial
35 acetic acid, 7.0 grams of citric acid and 152 milliliters
of de-ionized water was added slowly to the muller in order
to peptize the alumina. The mixture was mulled for 10
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was treated as described in the earlier exanples and was 25 found to be
anor phous. The nol ar conposition of the aut ocl ave charge was:

1.0 Alferr]derr]/2.7 Na[err]OQ 60 Sierr]/1938 Herr] O 15.4 pyridine

The OH err]/SiJerr] ratio of the charge was 0. 09. ‘Exanpl e 12 30

Thi s exanpl ewg)wgupssyhe ef fect of seeding the synt hesi s PRTISHHQOR72 .
crystalline ferrierite on preparation of high ratio, high purity, high

surface area fe{ﬁhﬁ&hée %39, Epéiag\qﬂewsa{nﬁ?ﬁalﬁmﬁﬂdﬂmeﬁemn 153

i nvention. 23.1 um num sul fat'e 46.-4
of 35  dei oni zEHamﬁt of. de'l’t?"’cjﬁieQ IALEE rerRst %ﬂaeﬁgﬂgé QBVfY as jt?‘ ?
pyridi ne and 37migtate9was swhiled Eoxcisd adidiiitigned wiruhgs. Ten Hxgsofothi gh

rzgt io, high pu{l\%bgvggagggbgﬂ M hERA b By N Riethylcellulose was added and

PCT/ Us96/ 09272 the zeolitedalupina pivhureswagqoylisd: £ors dituadsi thepal
di spersed niAttesTo The sextimisipnimxahiae cart OV @foA3s6¥i urfhe |Gl

(same composi tig oiit%Zaféﬁf’RéemﬁF@’Pg bhE teanbibPfedCto"dhe 2.25 Mt

well for 30 m nutes In a st . _aut oclave and
heat ed at 170[eBP}‘1@°1=oFXZIuﬁ6€r §nd eErpded| P&ﬁf‘g a 5ta§6!1ie&
treated as descEg_agd wmthhg/psevn@_l@s exarrpl es and was found to be

high ratiq,. high purity r | f

b On T G DL DU Uime s bGAREINAE diide RIS i Pingli pa
1.0 Al [err]  er then. raligined] dneElowdngr |a]1F19‘3=8 Q-l[‘@’*’F Imym teppergtyge of -
The OH err]/Si Cepbkt Kokl @wdf Hoixrsthamge asaTihedd extiragedotad ahashrface
Sigerr]/A [erqu'eerr]E QE+57?2qeand contained 1.93% Na[err] O anhydrous..

Exanpl e 13 Ixanpl e descrl bes an additional advantage of
15 hi gh rati SkeletadhOhaf!] somepizatiioice area ferrierite

prepared aggording to theseafﬁﬂeéslﬂmwheﬁm $nBHOOD(G10.6 incledID lnd on

exchanged bef or %scal cﬁggtié)rpg tw%sr Sgg eae:.[ réerea.ctor. 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

20 the bottom of the tube. Silicon carbide (20 mesh) was added

' to a depth of about 6 inches. Over this was placed a small

rlug of glass wool. Approximately 4 grams of catalyst

particles, 6-20 mesh, (or small extrudates) admixed with

about 60 grams of fresh silicon carbide (60-80 mesh) were

25 added in two parts to distribute the catalyst particles

evenly. The catalyst bed was typically about 10 inches

long. Another piece of glass wool was added to the top of

the catalyst and the reactor was topped with 20 mesh silicon

carbide, followed by a final plug of glass wool. A

30 multipoint thermocouple was inserted into the thermowell and

was positioned such that the 'temperaﬁure above, below and

at three different places in the catalyst bed could be

monitored. The reactor was inverted and installed in a
temperature controlled furnace.

35 The feed utilized was l-butene obtained from Scott

Specialty Gases with a 1-butene content of greater than
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pyridine trapped in the zeolite. A 3N NHerr]NJerr] sol ution was
prepared by dissolving 200g of NH err]NJerr] in 833.3g of deionized 20

water. To this solution was added 205.3g of a filter cake (LA =
51.29% of as-synthesized high ratio, high purity ferrierite made
according to F@ogMess710. The solids were di spersed wel [pcarushs/agerzd
m xi ng and the slurry was heat ed at 200F for 2 hours. The resul ting

solid product wa ed rQQ (W=To g A XaTy P&y
liquid by ?i%??a?’?gﬁghﬁas?gﬁ TOBRE IR Y e e?rﬁ{eﬁ vvatéegro pé'rrn Sf‘gm
of product 98¥PBRPRd at 250[err]F. The el emental conposition of

the product was anal yredstamst np thieoreactexisdtpmiasnfirst hepiad rtms chey .

Th duct had is e i

opm of Narer 1] QeRiFed bhetatth | Cbbliafind oVt ¥ sl ey B
the pyridiné  t h&egdodictheaPreraking demperatyre,fgr 3gbomrerr pld. under
Exanpl e 14 flowing nAt2efBhe ORMAIGIOUNID fpatrdatinentss thetRdedgen

The sampl o was. pracdcyeEcHnbh 472 e Re Trhycers Yok Alta 2% 1388 pr.

The particles weBé ghbn @ xive dheofesived sipight hourly space velocity of -

21 / o 72V\0996/ RE537 '.l‘cl)10e reacé::or was %perated at an out.%et presgura o_ft .
PCT/ US96 . at err t 0_Rproduc errierite catalyst w

a surface %% Ar \?glgfaﬂgf %r‘l’ﬂ%e‘%é@rf r?%l EFBEFJH cato alumna ratio of
19: 1. ‘ExanmBegeneration A sanpl e of potassium sodi um

;erri $rols toa Wi th aCOrml ar after gﬁhhs t @nal eatadyEes| gnof;h@:ﬂsdmh i%ga'bagd
rom rporation. eri was_. anmoni i op- e nged an
converted into 6FP28CRREN ?)sﬁﬁ%?‘gf et'hghﬁ%t’ﬁ?ﬁ%%é‘é@rn}tﬁege 12’(fa“(”j}‘%‘b‘(?v o
The particles wetbet fadildaiup neti carbonsceous snaterdal (5O0BpEr roBprdsing
produce a qa al yaboWt!{o & B0iaGe. 2R baBdBy St Afdd r@movea £25H thdTRkat

silicato alum “%e%%%:? (a)Itdlg'.%'.weight was measured. To demonstrate that

the catalyst could be regenecrated, two of the catalysts
tested were reloaded separately into two test reactors and
regenerated by the following procedure. Each reactor was
20 pressurized to 90 psig and a flow of approximately 6
standard liters per hour cof air was started. The samples
were heated by the following controlled heating procedure:
ramp from 25°C to 125°C at 10°C per minute; hold at 125°C
for 30 minutes; ramp from 125°C to 350°C at 2°C per minute;
25  ramp from 350°C to 470°C at 1°C per minute and hold at
470°C for 24 hours. The reactors were then cooled and the
regenerated catalysts were unloaded. Substantially complete
regeneration of the catalysts was confirmed by the
disappearance of the black color of the unregenerated
30 catalysts. The catalyst was weighed to measure the coke
loss.
Calculations
Conversion and selectivity are calculated for each
sample during testing runs. Therefore the calculation of
35 conversion and selectivity reflect the feed (FD) and
effluent (EFF) concentrations of butene-1 (B1) and butene-2
(B2) and isobutylene (IBl). Conversion is calculated as:
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Exanpl e 16 ‘ A sanple of ammoniumferrierite was prepared by

t he nmet hods outlined in Exanple 2 of EP-A-501,577. The

OH err]/SidJerr] 15 rati o of the autoclave charge was 0.16. The anmoni um
ferrierite was pressed, crushed and sieved into 6-20 nesh particles.
These parti clwgpogispds® t hen cal cined for two hours at 500raissqe212o
produce a hydrogen ferrierite (Hferrierite) catalyst with a surface
area of 326 nferr]/g and a buIIL<‘ m;l ar 20 ))silica to alum na ratio of
87:1. The sanple c ' , aboUwt® Bl + wit BOYED o A Witd BT ww % B2 ) B wh piges
after crystalli Zat?gﬁﬁgﬁf&&&?ﬂ washi ng. (WiSBIcoweeBEYER i on of thgggb

I mpurities was reduced (but not elimnated) upon the anmoni um i on
exchange and selectivitytisocadtulbtedaapke. 25 Exampl e 17

Thi s exanpl e denonstrates the preparati on of an ex)truded ferrierite

catal'yst useful i edefin  (WERIBDERRGWEREBIIED _____ . 999 A
Lancaster mix mul &e?g%)afé%ﬁed(Wﬁﬁlﬁwﬁﬂr@bfwwl+yﬁﬁ€ﬁpﬁﬁff}%r rierite

(5.4% LA) prepared by the nethod outlined in Exanple 10 -and 91
grans of CATAPAR®ryieldl dlsucalgulated asd of 25.7% . The al umi na was
bl ended with the ferrierite for 5 mnutes tc:iuri ng_which tinme 152

mlliliters of de- | PP A= wm@oof 6.8 grans
gl acial 35 acetic acid, 7.0 grans &WEEBEHWtE2)dPand 152 nilliliters

of de-ionized water was added slowy to the muller in order L to,
peptize the alunmina. ‘Tekder kit showsashe skelletal 10lefin isomerization

r2n'2nut es. O 20 \é&@&ﬁg{ raraeri#iltg gffaé?ﬁd J'.Jt‘r pesting 'Ss om@CTbESQ&thfZ "2
de-i oni zed®wat e?%’ésﬁﬁeﬁ’rggagﬁasl T yﬂé% -ﬁ?@k’e a‘b’??#'%%srse \%‘sisrrgiksg?ief or
5 additional niprxeeidesethgr honrsf of runNENHEEEL9Er Ehe( RptRAVISHy diwx FBeopy|
met hyl cel | ul osej yefersici i tetts, | a7 aMd 3l EPbRALHR Huad-wFs-rin ted
for 15 additi On&'\e time at which the concentration of methyl branched
olefin in the product (isobutylene in <these tests)has
10 declined to 36 Wt.% after having reached its peak
concentration. Some of the catalyst tested (Examples 14 and
15) never reached this high a concentration of isobutylene

in the product. The catalysts of the present invention were
able to achieve the longest run life. The long run life was

15 maintained and sometimes increased upon regeneration of the
catalyst.

In commercial operation, it may be desirable to let
the catalyst operate until the product concentration
declines to less than 20 Wt.% isobutylene in the | product

20 before regenerating the catalyst. A sample prepared by the
methods described in Example 1 had a run life of 603 hours
when allowed to run until the isobutylene content dropped
to 20 Wt.% in the product. Longer run lives could also be
achieved by operating at lower Weight Hourly Space

25 Velocities, WHSV, of l1-butene. Increases in the run life can
also be obtained by diluting the olefin content of the
feedstock with less reactive gases often present in skeletal
olefin isomerization feedstocks. Suitable diluent gases
include propane, butanes, pentanes, nitrogen, l;aydrogen for
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m nutes. The extrusion mx had an LA of 43.5% The 90: 10

zeolite/alumna m xture was transferred to the 2.25 inch Bonnot
extruder and extruded using a stainless steel die plate with 1/ 16"

hol es. 10 The extrudate was dried at 125C for 16 hours and _
t hen cal ci nedwipvelabsani Ng air at a nmaxi num tenperature of PCHUSH6OPZ2TEC f or
two hours. The cal ci ned extruded had a surface area of 364 nferr]/qg.

Skel etal O ef |
ODe gtg nch : B%ﬁ%ﬂﬁéza?%%el%se l%fngt&ggé %ta%'e@ eSerwdLetol lit?ﬁrerl tRen

wel |
ext ended 20PaFkiRk PYefFUnR afoFhst alss iPuPi@ bey "FBQﬁrf'ﬁ%dr%%é ﬁ?’g@
it was first investnighed zepomtédpselectivltades viowl thasbranched | dlefim. t he

eact or {ube ovefs LG IR ob i fudrl, Yalse’Ooan! iflilded e rishor L

Silicon carbide was  ad a depth abqut. 6.1 nches O/er
this was pl8ced andriehe se’-eCtﬁl"éﬁyo gisphutyiene °fA$‘|'Eﬁ d%ﬁtﬁ&ﬁ’ sts 2t tais

cat al yst painvéntion 512 W&Bené@ rofs raldilasht ugas ey netnreqdiredhto

about 60 grans o) O; t
parts to distri PR OBpA o P4¢ Catd ChEGnEE Do UL e fias LB 1kg |1
was typically amqu:siméshan renomgd ﬁﬁGt Ren §P€€ée§itg| ﬁ%%awy%tsm%
added to the topewé t zaﬁtdalithnands;mormtaHd wEs-a-gpped, sesh 20

nmesh silic car u oI 30.
mul ti poi nt 9pher nocoupl edl(i%b ie%\l‘%g b%ﬁ& T n%\ﬁg.%f:%@%él&@ %k tﬁé
posi tioned such Ymoum@att@ip@ta gtell%mveggpgw,aﬁ@% conversion, g@d 50%
different pl aCGScd»ﬁvéfé?i&ata&idS&néJ&;hgmdtd dtticentratibht ewetight Tﬁeree@e; or

was inverted and t ol rnace.

The feed utili ze#vi%qiuts&[e&e %'(;,bttgl ng gﬁ&%ﬁ] é?ﬂéﬂ%l{e tJe%(iéjglgél ty Gases
with a 1-butene content A% gprediersecmfrom Table 1, the ca aletS of the
23 15 Y2 &bér¥58hvention (Examples 1, 3 and 17), JIEEHIHRO/OL72

highest selectivities at fixed conversion levels and the

highest isobutylene concentrations in the product when

compared to samples with lower molar silica to alumina

ratios (Examples . 14, 15) and/or lower surfaée areas

20 (Examples 15 and 16). Table 1 clearly shows the improvement

in skeletal olefin isomerization performance obtained with

catalysts made with high purity, higher molar silica to

alumina ferrierite which exhibits high surface areas. The

catalyst prepared by Example 3 obtained a selectivity to

25 isobutylene of 95% at 40% conversion. Selectivities of

almost 100% were obtained at slightly lower conversion
levels with the catalyst of the present invention.

At 45% conversion Example 3 obtained 88% selectivity

, to isobutylene under the conditions of the testing. The

30 catalysts prepared with lower molar silica to alumina ratio

ferrierite (Examples 15 and 14) achieved 68% and 70%

selectivities to isobutylene at 45% conversion. The catalyst

of Example 16 which was made with a high molar silica to

alumina ferrierite that had a surface area of 326 n’/g

35 achieved a selectivity to isobutylene of 79% at 45%

conversion. The catalysts prepared by the present invention
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99. 2% wei ght. The 1-butene was fed to the reactor in the gas phase.
To start up the reactor, it was first heated to the desired operating
tenperature over a four hour period and 5 held at the operating .
tenperature f or 2 hours, all under flowing nitrogen. After this

pr et reat ment yyeé Syo8d7t r ogen fl ow was shut off and the PCOIVHSE6HE2%as
added at a rate of 36 g/ hr to give the desired weight hourly space

velocity of all) eghtﬂ)g_@gé] S?il' {%téy thesg 3@{&% Hr 8306t 1®igher .

pressure of 10 nperature o
Regener at i on at 45% °°n"eﬂf="f’-9¥‘ runm ng the catalysts in the i sonmeri zation
process described abovernehgersormanmencadvantagesacéf dhégho purity,t eigh

bui | d-up of car gegg_iiggt g&l é‘iuﬁf.ﬁ%@eﬁﬂ@l‘tﬁ Ig,q-eg red Bpoﬂﬁelﬂrééhx%@%

wt. Each catal yst was e

ctor, and its wej
was neasur €. 'ﬁd‘vﬁé\ﬁﬁm ?H-‘é"’?‘l‘\o‘ft"tmded eatalyatspeh 88 Jhe F2 @ﬂ@%‘?‘?‘éed,
two of the cataljyftEample 1lveaioed>uWee'fbehoauedcaEamyatsl«;sflEXamplth:laﬂs.t

react,ors and &5[ £‘§fg gglr%b 8 ehh B*ée(am&tprgcgﬁuagr Bagh "ea o Was

20 pressuri ze ['oxX1 ma tandard
liters per hour esmtainswadessar tt@d:alThé%#ﬁFEEe: (EX%P%B he:h?bd bEhesfe

f1 8I[ I ovw] ng cont r@%ﬁ%ﬂ&ﬁ.ﬁ%@ﬂg a?"v%ﬁ%d@ég were halnthined25Gpbn lﬂﬁ%ﬁplfzgtc
err]C per minute; hold a Q utes; ranp from

to 350[ er r}¢ at TRIEFAAANEP 2 %ﬁ %355"??% é'fé’tf%qi%% 470[err] C at
1[err] C per minute and ﬂ‘bledcatwstalllnqm?!eﬂﬁlt}%lsamlﬁéup!‘{epﬁedr%‘ac

were then cool e%ﬂﬂl"e@ewere and BEASE b Qﬂaﬁéﬁﬁéé’ﬁﬁ B rion lmd:edscopy,

Substantially c eperati e t fir by
t he di sap 'anc@ngf tﬁgagf‘égﬁ co j(’: °’} hegﬁn?gégkéyét g% ki
catal ysts. The magrdifisatiensweaghduigh mSaﬂ-eZPQK coREG. 1 1isos3. TEM

Cal cul ati opg micrograph &Pnﬁﬁésmﬂriaﬁllﬁel pEbAUMEEY BiC thdl Gt fof
each sanpl e durlng testi run ore t he gﬁ cuI atlon ﬁ. (??x
4]

conversion and EXARRI& vty r if’ﬁg Irepl | YéFD)
( EFF) concent r atmagrsi fdficaliome- mesmemmmeenerzstals quzyzhsndpresent

i sobutyl ene (1| Blynydrtiv S| &khiwital gul Qfe@.(i-aéflned platelet type of
24 morphology; one dimension of the crystal has a mean average
20 diameter of about 0.1 um. The mean of the second largest
' diameter is about 0.8um and the mean of the largest diameter-
is about 1.1 um. Some of the crystals prepared in Example
1 had a largest diameter of about 2um.
The morphology of the ferrierite made in thé present
25 invention is different form that of the morphology of the
ferrierite made in Example 14, which appears as smaller,
more rounded and irregular crystals. FIG. 2 is a TEM
micrograph of the ferrierite prepared by the methods of
Example 14. The micrograph was taken at 21,200X
30 magnification. The mean of the largest diameter of the
ferrierite crystals made by Example 14 was about 0.4um. The
second largest mean diameter was about 0.2um. Some of the
crystals were about 0.lum or less in all three dimensions.
The crystalline morphology of the ferrierite
35 prepared in the present invention is also different from
that of the microcrystalline 3ZSM-35 (a ferrierite isotype)
prepared by the method of US-A-3,992,466. The
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Conversion = [err] selectivity is cal cul ated as: %
Selectivity = [err] . and yield is calculated as: %
Yield=[err] Table 1 shows the skeletal olefin isonerization
per formance r@puwkigsgpbt ai ned in testing some of the 5 cat apgEUSI6HP2TRar ed
in the above Exanples. This table provi des the hours of run Iife of

the catalyst in ngro?ﬁ%s%gﬂ%% ﬁ-@% }%553 obtéa L% ol hema11

start-of-run to ncentratlon of nmet *’?‘IP ranched
R 598

olefin in the preggEictesinrinkAdapsterpdn thexangr ofg0-0 168- 36
W.% after having reariiedargexr ppatélet likmomosrphedogynef Sheecoysthds

cat al yst tested ¢ F?%g%ﬁéﬂtaﬂﬂvenﬁmﬁ’e prgglégghr f hBbs U J_gh

concentration of e catalysts_o
present inv8nti oMOWRF eS {14 ca £i9 alpping rakie Ofcthenfesrierite |aflé°WTﬁBeFSng
run life was 15 nigRi nparDeg amkﬁ@mterreeatamyeasech:mpmmmgenesapenmoﬁf

t he cat al yStelect.H%t%aff lgsgq%u%grgggr CL‘@LF??&? aéér?&é c#lonn&%vg.el.s when

desirable to | et concentration
declines to | essproceseingy butylsne ycontaininge %ﬁ—%ﬁﬁ#ﬂc@ Theser esame

_regg(\eraltl ng L hgfsai-ﬁéyﬁ? &?ﬁ%@%&&@ﬂ%ﬁ&ﬂw datalysts Bt GegR aqsltanfw;aﬂ
in Exanpl e a e_0 ULS . n unti e
i sobut ;TF end cont'@%} dV%#)‘be%lther (_04[__ 0°;F.f%‘i ﬁ°?ﬁ%“b+‘6§f£%e&ﬁ%8ﬁ§3r run

lives could al so be achi eved by operating at | ower Wi ght Hourly Space
25 Vel ocities, WHSV, of 1-butene. Increases in the run life can al so
be obtained by diluting the olefin content of the
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feedstock with | ess reactive gases often present in skeletal olefin

i sonerization feedstocks. Suitable diluent gases i ncl ude propane,

but anes, pentanes, nitrogen, hydrogen for

25 WD 96/ 40587 PCT/ US96/ 09272
exanpl e. Thewowesosef these gases serves to | ower the PECT/USYS/0SRTES S UT €
of the olefin to be isonerized and | eads - to higher reported
selectivities to the branched ol efin. Al t hough the uge of dil uent
gases can increase the run life 5 and the selectivity o isobutyl ene of
the catal ysts of this i nvention, the presence of a dEI uent gas is not
required to obtain longer run lifée and higher selectbvities -at fixed
conversions than reported for non ferrierite catalysts of & the type-
reported in DE-A-3,0Qd, 650 and US-A-5,043,523. 10 » Table | also
provi ‘des the sel ect \ﬁtl es of the varioug gatal ysts gt 40% conver si on,
45% conver si on and&5Qgo conversion and thg B ghest JLogcentration

(wei ght percent) ., §0f Soufyl®¥ne % the pgoduct durg t hePt esting.

As can be seen fro ?bﬁegﬂ mtﬁpgaggalgsgs of gtfre 15 %)rgsentm nventi on
(Exanples 1, 3 and®&lA, obtained the hi ghemt selectifities at fixed
conversion | evels anat he hi ghest i sobutyg! ene conéen®ratiBns in the
product when gonpar ed to sanples with Io&e 8 nol ar @i Isi ca $o alunina
rati os (Exanpl es B4, 15) and/or |ower sgrgace artad 20 o (Exanples
15 and 16). Table ' cﬂea,rLy ghmtb&@,mroveﬁe@t :,.’ g neskel Btal olefin

i soneri zation perf rrﬁir&eﬁatgga@nqﬂﬂgl "gatia e wigh high
purity, higher nol g ®ilica to al um na f%xg |tte ch ethi bits high
surface areas. The catal yst prepared by e03 btal negd a
sel.ectivity to 25 .. isobutyl ene of 95% at 40% conver Ei ‘BSel e@tivities of
al nost 100% wer e ogta*ned at slightly | ower c%n\ger_%l'ﬁn'g . |l efiels with the -
catal yst of the pr8sdhtei we-ntl..orho ® 0 N E?/ﬁoﬁversg on Exanple 3
obt ai ned 88%se|ecgl\3t‘y *>PY oo oo ﬁ *g‘, S P E® 3
Q o) o}
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to i sobutyl ene under the conditions of the testing. The 30 catal ysts

prepared with lower nolar silicato alumna ratio - ferrierite (Exanples
15 and 14) achi eved 68% and 70% selectivities to isobutylene at 45%
conversion. The catal yst of Exanple 16 which was made with a high

mol ar silica weogapssy @l umina ferrierite that had a surface aaRDERIE
nerr]/g 35 achi eved a selectivity to isobutylene of 79% at 45%
eonversion. The catal ysts prepared by the;ﬂﬁignt i nvention
26 WD 96/ 40587 _ - - . PC/ US96/ 09272
al | exhibited sel ect}vi th eSTYStRrIbbe y|adymigosdddeatehihpiting thegt XAy
colnver si f)_n. diff:actioTh@_a}teéi'ﬁrﬁnnﬁérﬁgh’ngfﬁaﬁﬁﬁ af cbingbsgﬂibfayinhmm
nolar silica to ri,ge prepared by the present i nvention
al | oned extrudeﬁ%@% %;%ckz:% ags: t he one prepared in Exanple 17 to
out perform the catal yst St RExafpbe8.-24M,0 ¢ ALG5: ofQ-9Q0 840 when dil ut ed
with a binder sugferfdid rtis pyrid:m& arith M €5 a:ot@ikéﬁ rheé¥d i e,hé—\Eisﬂm

17). These per f or mance ad ant g re i nt aj on nul e, 10
regenerations of‘H’?éa‘?eer &Rt 8 ca?g f/:‘é?%s aBSuR 2586 “l’f&ﬁg'cr?g%ap?
ferrierite sanplessentizllyd ferribrite crydkalibires phase.anal yzed by

Transmi ssion El ectrop, MJPch-%‘EE!line aluﬂﬁ%sﬂ?i’?ﬁte 56689&1?{3 tgl éfagrﬁ’ Tis

M , t
a _cl_rE(I\)/Isclzgpy mcr 5&4‘5&9 & surgarce, gFﬁ? I Ogjcsﬁﬁ?%ﬁ 55% F‘ cﬂj's of

Exanple 1. The niZsody aarhrstwuineathmn.wdsnzil:,amoa(ccording&guiéiacjaii:Dn.
The ferrierite ‘}Eéﬁ*{nﬁ 2 %furtf%epéféﬁnéf up to 'a[BéFd%t 489 3I}r$;' bit a

wel | -defined pla r phol ogy; one nsi on of the
crystal has a mean drer &gerzstala%aﬁe%%vmmowte 2CPRFRIRY P AR ANQf
the second | argesft claims 1litorst having ab @einpdsdtéon] in ahed ahRyaeens atdtee
| argest di anet ergg Is about 1.1 [err]m Sone of the crystals prepared
i n Exanpl e '

1-3 R ¢ 0.5-0.9 M0 : Al,0; : 50-200 SioO,.

5. A crystalline aluminosilicate according to any one
of claims 1 to 4 having a composition in the anhydrous state
of

1-3 R : 0.5-0.9 M;0 : AlL,0; : 65-100 SiO,.

6. A crystalline aluminosilicate at:cording to any one
.of claims 1 to 5 wherein one dimension of the crystal
averages less than about 0.2 gm and the other two dimensions
average greater than about 0.6um.

7. A crystalline aluminosilicate according to claim 1
substantially as described in any one of Examples 1 to 5 and
10 to 13.

8. A process for preparing a ferrierite crystalline
aluminosilicate comprising:

a. preparing a mixture comprising ‘sources of an alkali
metal, silica, alumina and pyridine, said mixture hav-
ing the following composition in moles:

Al,0;, ¢ 60-500 Si0O, ¢ 10~-40 R : 1.5~4 M0 : 950-2000 H,0

wherein R is pyridine, M is an alkali metal and said

sources of alkali metal and silica are such that there
are 0.05 to 0.15 moles of OH  for each mole of Sio,

b. heating said mixture at a temperature of 140 to 180°C;
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1 had a | argest dianmeter of “about 2[err]lm The nor phol ogy of

the ferrierite made in the present 25 invention is different formthat
of the norphol ogy of the ferrierite made in Exanple 14, which appears
as snal ler, nore rounded and irregular crystals. FIG 2 is a TEM

m crogr aph olyd Sl  rierite prepared by the methods of PCTROSSGIPZE 14,
The mcrograph was taken at 21,200X 30 magni fi cation. The nmean of

the | argest di-ameter of the ideE crystals made by Exanple 14
was about 0. 4[ efr] nFefREer1ng th%c‘(g)na“‘rlle%r ttest mean di ameter was about

0.2[err]m Some of ®he A Pr°°e$§s§%ﬂ=@-’%9'e tepedain 8 @PFfﬁ%rt@%%’FW’%ﬁf
]E hree di {mng'Son%urther dcomprisegheséédStﬁéi'rmm phto oggs=ifstt hein the

errierite ared in p {i o different from
that of the ni cP@Eﬁ%?F&PPl a%%f‘g‘%l telJl %§E§ epar ed

by t he nmet hod 16f A ggogessgggcqa@lng Yo clains 8 or 9 wherefn

I%ZZT/ US96/ 09272V\Q09@/ .495861es oj[f OH  are '\ﬁess&;ent per mole of 8io,.

_ m crocrystal line [ s _teporte V,
smal | particl edhad %iezfﬁ‘et%?%mﬁ ?aﬁé@ 8 dﬂ%ﬁt?rﬁr ita]’[a% &’
0.1[err]lm described iheahnrgae @faﬂiamles Ideﬁmﬁplﬂoﬂow te 13e
crystals in the PheseRriePYen! c2Pstheine 0A16HIhEEEL Bete aRtenéwerni gh
5 nol ar silica to al na ratio of the ferri rlte aIIowt? h&g
purity ferrieri PESPAE, 53 Bragessiis S anys 8pgcP f?l?s 7
i sobutyl ene at fiixed conversion |evels when processi ng butyl ene
containing feedstocks, Migsgo és"é“ifor pref@¥ {A Tl hoasbisn P edlitemiving
catal ysts to work equal i ot he (3‘,;_, O|2fln cQ1HaIdY NG,
f eedst ocks. a surfac area o east abou ? a s1 J.ca

alumina ratio of at least 50 and essentially ferrierite
crystalline phase which comprises:

d. removing at least a portion of the pyridine present
in a ferrierite as claimed in any one of claims 1 to 7 and
12 by heating it at a temperature from 500 to 526°C to -
obtain a calcined-ferrierite,

e. contacting the calcined-ferrierite with a source of
ammonium ion to provide an ammonium-ion exchanged
ferrierite, and

£, calcining the ammonium-ion exchanged ferrierite at
a temperature from 200°C to 700°C.

14. A process according to claim 13 substantially as
described in any one of Examples 1 to 5 and 10 to 13.

15. A hydrogen ferrierite having a surface area.of at
least about 350 m’/g, a silica to alumina ratio, of at least
50 and essentially ferrierite crystalline phase whenever
prepared by a process as claimed in claim 13 or 14.

16. A process for structurally isomerizing a linear

. olefin of at least 4 carbon atoms to its corresponding
methyl branched iscolefin which comprises contacting, at a
temperature of from 200°C to 650°C, a hydrocarbon feed
stream containing at least one said linear olefin with an
isomerizing catalyst comprising a hydrogen ferrierite having
a surface area of greater than 350 m?/g, a silica to alumina
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ratio of greater than 50, and essentially ferrierite
crystalline phase.

17. A process according to claim 16 wherein the
isomerizing catalyst is a hydrogen ferrierite having a
surface area of at least about 370 w/g.

i8. A process according to claims 16 or 17 wherein the
isomerizing catalyst is a hydrogen ferrierite having molar
silica to alumina ratio of more than 60:1.

19. A process according to any one of claims 16 to 18
wherein the hydrogen ferrierite is one claimed in claim 15.
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WO 96/ 40587 N
'PCT/ US96/ 09272 [err] WD 96/ 40587

PCT/ US96/ 09272 ST b CLAIMB 1. A

crystalline alum nosilicate having the x-ray ‘diffraction pattern of

flerrierite and a conposition in the anhydrous state of o6r092721-3 R
0.5-0.9 M eWQ®4058A| [err]Jerr] : 40-500 Sigerr] V\/nereln,&s

pyridine and Mis an alkali netal, havinlyta surface area of at_lgggl

about 350 nferr]/g,- andgpei ng essentially ferrierfi'té crystalline phase.

2. A crystallijpe al um nosi e according to cqa1n1g havi ng a surface

area of at |eapt about 3 : N . - e 3. ATcrystallbfne

al um nosi l i catp accor di g ¥

av‘l-n a surface ar€a of up to

¢ i |icate according to
e anhydrous state
50-200 Sigerr].
<0f clains 1 to 4
' 1-3-R: .
crystal Ii ne

about 450 Merf]l/g. ¥
any dne of ¢lains 1 g
of Q) [-3RrR: 05%
5. A@ryskalll e alum nosil
having a conpogition in th&
0.5-0.9 Merr]®: A rr]g:e;
al um nosi l'i cat ¢ accérdi ng 3:Q
di nension of the c;wstal '
other two dinernsi%ns -
crystalline al mnoslllca i

described in a ): A
process for prd ek 4% s .
conpri si ng: | P -i-ng | T g B §F Ces =al kal i

/
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metal, silica, alumna and pyridine, said m xture hav- Q\g tﬂz /
fO||OMAng conposition in nol ed:* NI Al[err]C{err] . 60-500 SlC{ §>
10-40 R: 1.5-4 Merr]O: 950-2000 H'err]O. wherein Ris pyri d| M
is an alkali nmetal and said sources of alkali nmetal and silica are
such that there are 0.05 to 0.15 noles of OHerr] for each nole of
Siqerr] b. heating said m xture at fzterrperature of 140 to 180[err]C, .
30 WD 96/ 40587 PCT/ US96/ 09272

c. recovering the ferrierite. 9. A process according to claim38
wherein the m xture further conprises seed ferrierite to assist in the
nucl eation and/or growh of the ferrierite. : 10. A process according
to clains 8 or 9 wherein 0.05 to 0.11 noles of OH are present per nole
of SiJerr]. 11. A process according to claim8 substantially as
described in any one of Exanples 1 gng;ﬁnﬁ 10 to 13. 12. A
ferrierite crystalllne alumnosilic ever prepared by a process as

claimed in epari ng
a hydrogen
merr]/g, a y

at
din
om 500
ng the

ferrierite
| east a portji
any one of
to 526[err] &
cal ci ned- f er}
amoni um i or
amoni um i or
700[err] C

to
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14. A process according to claim13 substantially as described in any

one of Exanples 1 to 5 and 10 to 13. - 15. A hydrogen ferrierite
having a surface area of at | east about 350 nferr]/g, a silicato
alumina ratio, of at |east 50 and essentially ferrierite crystalline
phase whenever prepared by a process as clainmed in claim13 or 14.

16. A process for structurally isonerigipng a |linear olefin of at least 4
carbon atonms to its corresponding met hyl branched isool efin which
conprises contacting, at a tenperature of from 200C to 650C, a :
hydr ocar bon feed streamcontaining at |least one said linear olefin with
an | soneri zing catal yst conprising a hydrogen ferrierite having a
surface area of greater than 350 nferr]/g, a silica to alum na

31 WD 96/ 40587 PCT/ US96/ 09272

17. A process according to claim16 «t he | soneri zing catalyst is

ratio of greater than 50, and essentEﬁ zaerrierite crystal line phase.
i
a hydrogen f .

mMerr]./qg. t he

| someri zi ng (& to
alumna rati ny one
of clainms 16 in

cl ai m 15.
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