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1 ZSM 22 ZECLITE The present invention relates to a process for preparing
ZSM 22 zeolite, a particularly. pure formof ZSM 22 zeolite which may be
_ Toduced by this process and a process for uslng the zeolite as a catalyst
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" a novel ‘class of high silica aIu'
. Zeolites denoted THETA-1, Nu-10, ﬁgﬂLAtEand ZSM 22 al | show very :
similar X-Ray-diffraction (XRD) p . respondlng apprOX|nat b to the :
fol I'owi ng -pattern: ' _-'.1_‘ _ (qu '

t zsnézz ZEOLITE

_ The present 1nventlon relates to a process for
preparlng ZSM-22 zeolite, a.partlcularly pure form-of-ZSM-
.22 zeolite which may be_proouced by this process, and a
5 'process:for using the Zeolite as a catalyst.in the
‘preparatlon or conver51on of an organlc compound
Durlng the 1980‘s a novel class of high 5111ca
alum1n05111cate zeolltes was identified. Zeol;tes denocted
Tngm-i, Nu-10, K2-2, ISI-1 and ZSM-22 all show very
10. tsimilar_X-Ray_diffrection_(XRD) patterns corresponding

approximately to the fbliowing pattern: . - e .
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fiext will refer to such a zeolite as a ZSM 22 zeolite. Procm&tﬁgsrBeenR laced

preparing such a zeolite are descrihed in a-nurber—ef docune
general, the synthesis mixture conrrﬂ§§§H§E§éMM%§55N: S|I|conTHHI"|IHI ulﬂl

gernanlun) a source of _ REPLACED
For Slmp1101ty, the folloWing text’ w1ll refer to such

_3...

a zeolite as a ZSM-22 zeolite,

Processes for preparing such a zeolite are described
1n a number of documents. In general, the synthe51s mixture
‘5 'comprises a source of 5111con (or germanium), a source of
‘aluminium’ (or alternative T-atom such as gallium, boron;
iron, chromium, vanadium,'molyhdenum, arsenic, antimony or'
® manganese)f a source.of mOnOValent cation (such as an
alkali metal) and an organic structure directing agent.:
10 This mixture is crystallised to form the zeolite.
‘us Patent No. 4481177 describes the production of -
ZSM-22 conducted in an autoclave stirred at about 400 rpm.
EP-A—65400 describes the production of a zeolite
denoted Nu-lo by crystallising a synthe51s mixture and
15 1nd1cates_that agitated reactions are preferred since 1f.
- the agitation is inadequate or the reaction is.carried out .
"under Quie5cent conditions there is a-distinct'probability
of contamination with a Z§M45 zeolite. EP—A-S7017 describes
| theiproduction of a zeolite denoted ISI-1 in which a
20  synthesis mixture is cryStaliised while stirring. 'EP-A-
l77624'describes the production of zeolite.denoted Nu-10.
Agitation is said-toibe_preferable and there,are_no |
examples of a'preparatiOn in which agitation:does not
| ~occur. Although a'rubidium-compound is_addedito the.
25 . stirred synthesis mixture in some'instances:and this is
- stated to encourage.the. formation of ZSM-Z_Z, the p.re'sent.

. applicants have found_that if the process is repeated

) —-—




a'un1n|un1(or alternative T-atomsuch as gallium boron; iron, chromum.

yanadi um notybdenum —arseni c, antlnnny or nanganese) a sour ce of
-ftronoval ent Oﬁlﬁslﬁ&tﬁﬁllﬁéhl&ﬁla&ﬂ alkali- metal) and an organic structure.

dlreCtlng age e is crystallised to-formthe zeQ{ite. us
Pat ent No. 44;““” t he prdﬂ@@ﬁﬂﬁﬁﬁﬂA$§ﬁW?’ conducted in an
aut ocl ave sti 400 rpm] EP- ARBB#EDeccr ibes the production of

a zeolite denoted Nu-10 by crystalI|S|ng4a_synthe5|s m xture and indicates"
that agitated reactions are preferred since if the agitation is |nadequate

or the reaﬁithbunSSmmrrxhhcuurim@eérﬁ§t8$meahﬁmanhth@nprbuace is a
di sti-nct probability.

mixture of amorphous material and ZSM-5. The rubidium-

containing mater1a1 does not therefore compensate for the.
_need to stir Vigorously the mixture during crystallisatlon.
.5 o EP-A-220873 descrlbes a‘prooess for ‘the preparation
 of zeolites 2SM-22 and 2SM-23. It is stated that the
.process may be carried out with or without stirring.
However, all examples of the preparation of ZSh-ZZ are
carried'out with conetant stirring. EP-A-57049 desoribes
10 the preparation of_a crystalline alUminoeilioate'denotedl
'THETAQL. The crYStallisation is carried outpgenerally in-a
'l'revolving pressure vessel. Traces of crystbbalite
.contaminated some of the samples.
Stirring during crystallisation requiree more
15 complicated and therefore more expensive equipment_than.is
| required for a prooese in which there.is no stirring.

’ Moreover, as the prior art‘acknowledges1 inadequate
'stirring leads to the formation of contaminants suoh'as
'ZéM-S. Crystobalite, although itaie_for some'purpgees not

20 leuoh a harmful oontaminant as ZSMQS,_is nevertheless a
contaminant. Its production is a function of temperature
iand the SiQﬂA14h molar ratio 1n the synthe51s mixture.
Inadequate stirring of the-mixture_may therefore lead to
- pockets of mixture whose temperature allows the formation
2? . of crystobalite. |
'Although-effective'stirring.may be carried'out inla'

.. Small scale synthesis, in large scale operations it becomes

.._-Ily??m - '1'




of tanmination with a ZSM5 zeolite. EP-A-87017 descrlbes—%he—p#tmumiiruL_____
of a zeolite denoted ISI-1 in which a synthesis nmixture is Chyis b L R
‘while stirring. EP-A77624 describes the production of zeollte ‘?h“d
10.. Agitation is.said to be preferable andJRQg“ﬁgggNe no exanpl

preparatlon I n which agitation doe uleepfl t hoggh a rubi

Is added to the stirred synthesis m nstances and thIS s
stated to-encourage the formation o ZSN%ZZ the present applicants have

found that if the process is repeated wi thout stirring during .

crystal li saticpealsinglyodiict £ i subt ntst pt@v@ﬁ@@ﬁﬂ&tﬂ&&v@%ﬂrﬁhngnd ZSM 5
The rubi di um

throughout the synthesxs mlxture to av01d formatlon of ZSM-

5. Levels of contamlnants such as ZSM-5 should be

.mlnlmlsed 51nce in some appllcatlons for whlch ZSM-22 is
5 partlcularly appllcable as a catalyst e. g. the separatlon
of aromatic isomers, the performance of 'ZSM-5 ;s mucn
.inferier to that.of ZSM-ZZ.

'_Tne present applicants have identified a process'for.
preparlng Z5M-22 zeollte in whlch the crystalllsatlon may

10 be carrled out durlng statlc or slow-speed stlrrlng

condltlons. . .
The present'invention therefore proyides a'process
'for preparing a ZSM-22 zeollte comprlslng crystalllslng a
synthe51s mlxture comprlslng. | |
15 L (i), a source of 51llcon and/or germanlum,
(ii) ‘a source of alumxnlum, lron, chromlum,.
'vanadlum, molybdenum, arsenic, ant1mon1c, manganese,
gallium or boron;
(iii) a source of nonovalentscation; and
20 o (iv) an organlc structure dlrectlng agent;
characterlsed in that seeds of preformed ZSM-22 are
1ncluded 1n the 1n1t1a1 synthe51s mlxture.
The appllcants have surprlslngly found that the
_ addltlon of a small quantlty of seed crystals of ZSM-22 is
3 Suff1c1ent to compensate for 1neff1c1ent st1rr1ng or even

t° rePlace stlrrlng.' Indeed a syntheSLS mlxture which in

e -
e TR .

£ :
. he abSence of stlrrlng produces pure ZSM—S, may’ produce.




c Ing material does not therefore conpensate forplBe.. ’
v®gorously the mxture during crystallisati e 13 8 |besn

& process for the preparation of zaa&ﬂﬁ@&r" and tated _
that the process nmay be carried dqut wi RE gl (it , all -
exanpl es of the preparation of Z “are carried out mnth constant

stlrrlng EP- A-57049. descri bes the preﬁhratlon of-

substantlally pure ZSM-22 if as llttle as 1000 welght ppm
of 2ZSM-22 seed crystals are added.te_the same syntheSLS
mixture. | | | | |

The exact amount_of:ZSM-Zz seeds added to the

.syhthesis-miXture'wili, of ceurse,_depend on the
EOmposition of the mixtufe. In general, at least 50.weight
'épm of seeds is recommended, preferabiy 100 to 5000 weight

- ppm, more preferably 500.te 3000 weight ppm. The size ofe_'.
the'zeolite'crystals obtained is_dependent"on whether the
synthesis mixture is stir:ed and on the.ameunt of seed
}CrystalStused. The smallersthe size of seed crystals'usedh
the_lewer the quantity qf seeds'needed'to achieve the
desired size of the crystals. |

ZSM—22 crystals tend to.be'needle—shaped If the
needles are long, the zeollte can have a fibrous quallty
s1m11ar to asbestos. Like asbestos it can therefore be a
health hazard if the crystals are too long._ Shorter
crystals, such as can be produced u31ng the seedlng
technique of the present 1nvention, are less toxic.

The synthesls_may_be carrled eut under static
cqnditiqns or may be stirred, either gently eLg..ﬁp to 50
rpm,lparticularly lO.te.Sourpm or more Vigo:eusly.e.g‘
greater than 100 tpﬁ; Stirring tends to produce a more t
pﬁre product and the purity oflthe.product is a balance ef
the parameters of stirring and,seediné. The faster-the.

:tmixture is stirred_the lower the ﬁeiéht of seeds needed to

‘Produce pure 2ZSM-22. If there-is no,stirring'i.e. the




ne alun1n05|llcate denoted THETA-1. The crystallisation is

ed out a revolving pressure vessel. Traces of

%crystoballte @ghmggadﬁsﬂnedof t he sanples Stirring during

- crystal lisati ~conpl f YeRNOf e nore expehsive 1
~equi prrent t han “‘\P&m a pr cessmﬁ.[_ gh thefe is.no stirring. :
Mor eover, as th acknow e tlrrlng | eads to the

fornatlon of contam nants such as ZS&45 C}ystoballte al though it is for
some purposes not such a harnful contaminant as ZSM 5, is neverthel ess a

contam nant 115 i WU Ot g T4FPLaN sl aIe] b 20000 N SHER/ A1203

_mlxture is

of seeds are needed to produce pure ZSM—22.

It 1s found that 1f a seeded synthe51s mlxture ds
stitred durlng crystelllsatlon, the crystals Qf 25M-22
éroduced tend to be smaller'and purer.(i e. less
contamlnated) _than are produced from the stirred
crystaillsatlon of the same synthesxs mlxture in whlch the
seeds’ have been omltted._

The source of silica which may be used in the

10 ,’synthesis_ie not critical, and may be any of those cemmonly
used when synthesising:zedlites, e.g. finely divided solid
silica,dSilieic acid or colibidal siliea;

' The aluminium soureeﬂmay be e;g. an alumina e:
aluminate introduced into the synthesis mixture as an

15 | alkali metal aluminate, an aluminium sait such as the

| sulphate or nitrate, or a hydrated ferm_ef alumina sﬁchdas
'colloidal alumiﬁa. o |
| The ﬁonovalent cetioﬁ.is suitably an alkali metal

. e.g. sodium or potassiﬁm.-If the monovalent catiop is an

20 | alkali metal, for some uses of-the zeolite, the.alkali

‘metal ion is exchanéed_with-an ammonium ion to pfoduce a
sufficiently active catalyet.'An ammonium-containing
‘zeolite may - be produced dlrectly by replac1ng up to about

75% of alka11 metal in the synthe51s mixture with a source

25 of ammonxum 1on.

- The organic strueture_directing agent directs the

formatiqn of a given molecular sieve'by_the so-called

- B o




ratio in the synthesis mxture. |Inadequate stirring of the mxture -

therefore lead-to—pockets of m xture whose tenperature allows the = -
fornatlon of ald te. Al t hough ef f ect i ve— ng may be carried out
“in-a Thadhe LT‘ gﬂhesw in Ia TS SAEET 8P Tohs i.t becones- _

|ncrea | g throughout the
synthe | av0|d f or mat ilen 5. Levels of contamnants such
as ZSM5 should be m ninised since in sone applications for which ZSM22 is .
particularly applicable.as a catal yst €.§.-the 'separation of aromatic

i soners, -the performance of ZSM5 is nuch inferior to that of. ZSM 22,
o templating effect. The role of organlc molecules ln

molecular sieve synthe51s is dlscussed in artlcles
publlshed in the llterature, e. g. Lok et al Zeolltes 1983
 Volume 3, pages 282 to 291 and Moretti et al, Ch.J.m..Irtd.~
5 (Mj.]'.atn)' 67, No. 1 to 2, 21 to 34 (1985). The effect of an
| _orgaoie structure:directihg agent islthat iﬁnthe.production_
of the‘erystaliihe framework the_orgaﬁic compouud behaves.
like a template.around thchpthe crystalline fremeWOrk |
grows, or which causes the.crystallisation to.be direeteo
10' ' to-form a'particular crYstalline.frameWOrk. Eramples of
'structure directing egeﬁte which_mey be used'to-form tﬁe -
present zeolites'include alkylamines and diaminoalkanes
having up to 12 carbon atoms particularly'4 6, 8, io or
12 carbon atoms e. g 1, G-dlamlnohexane, dlethylamlne, 1—
'15 . aminobutane or_2,2'-d1am1nod1ethy1am1ne; heterocycllc
-organic compounds such aS'N-ethylpyridinium; |
'polyalkylenepolyamines, e;g; triethjiene tetramine'or'
'tetraethylenepentamine; and_elkenolamines, e.g.
ethanolamine or diethanolamine. .
20 .' The syntheeis mixture may be prepared by mixing_in
any order the required ingredients. . The mixture is.then
brought to the crystalllsatlon temperature and held there |
.for the requlred time. The crystalllsatlon temperature is
preferably 80 to 200°¢. S;nce the formation of
25 ~ crystobalite is ehcouraged by a erystellisation tempereture
0f'165°c or higher, it is preferred to maintain the

crystallisation temperature at not more than 160°C.



'Thgresent appl i cants have identified a process f preparing ZSM 22
zeol'ite in which the crystallisation-mpy he§ e ut. during static or
$l ow speed stirring conditions. . 4T “invention therefore
provides a process for preparing a ' conpri sing crystaII|S|ng
a synthesis mxture conpr|5|ng (|) a soyrce of silicon and/ or gernanlunl

Sultable crystalllsatlon tlmes can bé established by
the ordlnar;ly skilled person. .In general, crystalllsatron
times of 20, preferably 40 to-léo hours are typical. |

The yield of the process can be improyed_by reducing
the.water content of the synthesxs mixture. The morphology
of the crystals produced is unaffected | | |

The mother llquor from a flrst crystallisation prOCeSS'
can’ be recycled and used to replace water in a second |

:crystalllsatlon process._ The recycled mother liquor
contalns organic structure dlrectlng agent. This material

 can be expen51ve and is often tOXlC to the env1ronment

' Recycling it is therefore,advantageous. |

| After crystallisation the zeolite'product may be

" washed, dried, and optionally,calcined.

The ZSM-22 reolite_may also'be'ion-exchanged to
replace e.qg. hydrogen or an alka11 metal cation with e. g
ammonium or a metal cation such as a rare earth metal,
calc1um, magnesium, zinc, cadmlum, manganese, palladlum,
nickel, copper, titanium, tin, iron or cobalt.
| The zeollte may be bound w1th a matrix materlal such
as clay or silica to lncrease its physical strength for its

. use as a catalyst. . |

The process enables the productlon of ZSM—22 zeolltel

lWhlch is partlcularly pure w1th respect to contamlnatlon by
'ZSM-S or crystoballte. The purlty of the 2ZSM-22 can be
assessed from the X-Ray dlffractogram. One of the strongest

Peaks in the ZSM-5 XRD is a. reflectance at an 1nterp1anar

is Sheet Has Been Replaced
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7

ource of alumnium iron, chromum vanadi um nolybdenum arsenic,
antfrnoni ¢, manganese, galliumor boron; (iii) a source of nmonoval ent
.cat’ion, and (iv) an organic structure directing agent;.characterised in-
“t hat seeds of preformed ZSM 22 are: |nciuded~+ﬁ—+he—rnft|al synt hesi s
m-xture. The applicants have surprisj mg:sySHf@J ﬁ‘&‘f‘"the addition -of a
smal | quantity of seed crystals of : ) L.eat to conpensate for
~inefficicent stirring .or even to replace stirring. Indeed, a synthesis

;n1xture which in the absence of stirri.ng bpoauces pure ZSM 5, nay produce
spacing of ‘around 3 65 to 3.85 Angstrom (0.365 to 0. 385

nanometers)._'Contamination with crystobalite will
ﬁypicaily lead to aidistinct peak in the X—Ray
‘diffractogram of 2SM-22 at an interplanarISpacing'of.4;07 +
g 0.02 Angstrom (O 407 i_o 002 nanometers) As indicated
-earlier, the strongest peak 1n an X-Ray diffractogram due
to 2SM222 is at 4.36 * 0.07 Angstrom (0.436 :'0.007
nanométers) . Thus the present'inyention provides a zeolite
'having a ZSM-22 structure.having a purity such that the X-
10 _‘ Ray diffractodgram has a ZSM—S/ZSM -22 peak height ratio of
| :1not more than 0.04, preferably not more than 0 02 and a
crystobalite/ZSM 22 peak height ratio of not more than
0. 05. | |
'ZSM-22 is useful as a catalyst in a wide variety of
15 . processes for the production or conversion of organic
| compounds,,for example crackinq, hydrocracking,_dewaXing,
" isomerisation (including e.g. olefin isomerisation and
skeletal isomerisation e.g.:of butene), dimerisation,
'oligomerisation, polymerisation, alkylation, dealkylation,
20 hydrogenation, dehydrodenatiOn, dehydration, cyclisation
and aromatiaation. The"presentiinvention therefore provides
a prOCess for the production or conyerSion of a hydrocarbon.f"
.comprising the use as a catalyst of this zeolite.. |
The zeolite may be ca1c1ned if appropriate before |
uSe.-It may also be cation exchanged or used 1n acid form.

It may be used in a dehydrated form or a fully or- partially'

hydra
ted £ orm. Sheet Has Been Replaced -
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!antially pure ZSM22 if as little as 1000 wei ght ppm of ZSM 22 seed
ciiystals are added to the sane synthesis mxture. The exact anmount of -
ZSM 22 seeds added to the synthesis mixture will, of course, Thg
conp05|t|on of the mixture. In general, at Ieasg-S wei ght pp
reconmended, preferably 100 to 5 OQHMEnf f norle preferab
wei ght ppm The size of the zeoli
whet her the synthesis mixture is rped1and on the anmount of seed crystals

used. The snaller the size of seed crystals used, the |ower the quantity of -
seeds needed to. BbBi §»d lowing examples illustrate aspects of the _

1nvent10n. B |
COMPARATIVE EXAMPLE 1: Crystalllsatlon of a 2SM-22
synthe51s mlxture w1thout seed crystals.

.5 Preparatlon of the syntheSLs mxxture;:

solution A:

n INGREDIENTS | | | quanTITY IN
l-l | | o : ')7' S | h GﬁAMs
AL, (so_, )3.18 Hy, O f(saker', product 1889) | 3'.50. . ]I
KOH pellets (87.5%) (Baker, product 0222) " 7.85 h
10 ' -1[6-disminohexape (anssen Chimica, a ' 16;70

‘product 1206436)

H, 0 ' . 177.16

'Rinse water ' _ 23.95

15 " - The ingredients were dissolved in the watEf in the
order shown above. The rinse water was used to rinse the
‘beaker which contained solutiqh A.

Solﬁfion B:

INGREDIENTS | N QUANTITY IN
- GRAMS
. 2 — - .. . —
0 Ludox AS-40 (40% Si0,) K o 72.02 “
B 'H,0 | : 100.03 ]“




t! desired size of the crystals. ZSM 22 crystals tend to be needl e- shaped.
| f the needles are long, the zeolite can have a fibrous quality simlar
5 to asbestos. Like asbestos it can_therefore be a health hazard if the
crystals are too long. Shorter crysbaﬁﬁsmBm be pr.oduced using the
seedi ng techni que of the present inyenti REPLMECED | ess jt oxic. The synthesi's
nay be carrled out under static conditions S '

. - 12 -

The Ludox and the:water_were weighed in”a glass
miginglbeaker belohgiﬁé to ahhousehoid mixer. The
Ludox/water mixture Qas hohogenized by'miking for‘adfew'
seeonds. Solution A and the rinse water were added to.

; 5 ' solution B The resultlng mlxture was stlrred for 1S5
mlnutes 1n the household mlxer. The molar compos1tlon of
' the synthe51s mlxture was. |
1.28 K,0/3.00 R/O 110 Al,0, /10 slo, /402 H,0
\'. _in which R = 1, 6-d1am1nohexane.
10 ;-érxstailisatlon-
| The synthe51s mlxture was d1v1ded-over two stalnless
steel autoclaves Both autoclaves were placed in a room’
_ temperature oven. The oven ‘was heated up w1th1n 2 hours to
160°C. One of the autoclaves was removed from the ‘oven
15 after 72;hours at TGO°C, therother ene'ﬁas removed after 97
“hours. |
'.Washing_ahd ﬁecoverx
Upon opeﬁing'bf the "72 hours autoclave“'it'appeared
that the synthesis magma was very viscous'and.there was no
20 Clear motherliquor._This indicated an incomplete.
| crystaliisation. After homogenizing, a sample was taken
from the autoclave. The saﬁple was washed'several tihes_
with water and subsquently.dried at_105°c for 3 hours.
The 97 hours sYnthesis magma had a clear motherliquor
Whlle the crystals were settled at the bottom of the |

autoclave. After homogen1zxng a sample was taken The

_;—_———————“‘—”———_—i

Has Been Replaced.
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y be stirred, either gently e.g. up to 50 rpm particularly 10 to 50
m or nore vigorously e.g. greater than 100 rpm Stirring tends to produce
_a nmore pure product and the purity of .the product i bal ance of the
paraneters of stirring and seedi ng. Tg@ﬁ@ﬁﬂﬁﬁ&ﬁm turée is stirred the
| ower the weight of seeds needed to proaUngpun§>ZS 2. If there is no
stirring i.e. the mxture is static TysStallisation, about 1000 w
ppm of seeds are needed to produce pure ¥EM22. It is found that if a

;g&dgg E?’Q?ﬁ‘? S Wad wgﬁhadsg g%éﬂgfmf& C"‘%"?f.‘ g{,#é@tgﬂa whide d&rﬁ% aéia

tend to be Snal urer ess .cont am nat
105°C for 3 hours.

Characterlsat1on-
XRD showed that the 72 hours product was largely R
5 'amorphous with a small quantlty of 2ZSM-5. The 97 hours '

product was excellently crystalllne ZSM-S w1thout a. trace

of ZSM-ZZ. o
| 'EXAMPLE 1
' ) . ' Using the same ingrediencs and procedures as
10'_ described above a syntheSisdmixture was preparedlwith an

identicai molar composit%oh'but which now contained 0.04'wt.
% of preformed ZSM-22 ct&stals (based'ohithelweight‘of the.
synthesis miXture). During.the preparetion.of the synthesis
mixture the seed crystals were dispersedhin SOlutioh B. Of
is ~ the seeded.synthesis'mixture 278.94 g was trehsferred to.a_”
- 300 mi stainless steel autoclaue.__ |
_ Crxstallisation:
) _ . The autoclave Was.placed'in_a room temperacure oven,
the oven waslheated up within 2 hours to 1605C_and was kept .
20 _atuthis temperature for 72;hours without stirrihg;.
d.Washihg'and Recovergz | | | |
The product was washed with water to pH 9.4 and drled,-
'at 95°C for 4 hours. The quantlty of dry product recovered

- was: 16 3 g.

Sheet Has Been Replaced
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' !!! pfoduced fromthe stirred crystallisation of the same synthesis m xture
i h whi.ch the seeds have been omtted. The source of silica which may be
“wused in the synthesis is not critical and.may be any of those comonly _
used when synt hesi sing zeolites, TAD il idsilica, silicic
acid or colloidal silica. The al uni n@i&ﬁﬁ.#@’l ﬁﬁﬁ .g.. an alum na or
alum nate introduced into the synthe Ikall net al :

.aI um nate, an alum niumsalt such as thej;gulphate or nitrate, or a hydrat ed
form of alunina such as colloidal alumna. The nnnovalent catlon is

sui tably arc mtemsmt:.ogg

XRD showed that the product was ZSM-22 contamlnated

with 2SM-5. The ZSM—S(ZSM-22 peak height ratio was 0.40.
| The crystobalite/ZSM-22 peak height ratio was 1ess thah_
- 8 0.01. _ | | _.
SEM showed that the product conszsted of sheaf 11ke
.crystais w1th a length of ~15 mlcrons._-
X-Ray dlffractograms of the products of Comparatlve
'Example 1 and Example 1 are given in Figures 1 and 2.
0 . 1From the results it can be seen that a synthesis
. mixture capable of'formihg zeolite ZSM-22'under static -
.'crystalllsatlon condltlons ;glx glves this zeollte when the
synthes1s mixture crystalllses in the presence of preformed
ZSM-ZZ crystals.
15 . | EXAMPLE 2
| 'A.synthesis mixture with molar composition of:
1.26 K,0/3.01 R/0.108 Al,0,/10 S.i'01/398. H,0
was prepared using the same ingredients and procedure as
described above. In this cese the amount of seed crystalsl-
20 waslincreased from 0.04 Wt% to 6,10 wt % based on the’
weight of the synthesis'mixture.
Crxsta111satlon° | .
| The synthe51s mlxture was crystallised in a.150 ml
stainless steel autoclave for 54 hours at 160°C.
3 Washing.and Recoverx:.. |

The product was washed 4 times w1th ~150 ml of water

 to pH 9.7 and dried at 120°c.
o hoet Has Been Replaced
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potassium |f the nonoval ent cation is an 6 alkali netal, for
uses of the zeolite, the alkali netal ion is exchanged W th an
niumion to produce a sufficienti aurlvc eatatyst . An
a ni um cont ai ni ng zeolite may be E §5§§$E$ P§ by repIaC|ng up to
ab0ut 75% of al kali netal in the syl we it h a source of .
amoni umi on. The - organlc structure d|rect|ng agent directs the

' - 15 -

‘

haracterzsatlon.
XRD showed that the product was excellently

crystalllne ZSM-22 essentlally free from zeollte ZSM—S The

st-5IZSM’22 peak hexght ratlo was less than 0. 02. The

.crystoballte/ZSM-zz peak helght ratio was less than 0.01.

SEM showed that the product con31sted of sheaf-like
crystals with a length of ~4 5 mlcrons. Also ‘clusters of
intergrown needles_can_be seen. Figure 3 shows the

g diffrac’togr'am'of Example 2. F:’_Lg_ures 4 and 5 show
10 comparative SEM micrographs of examples 1 and 2.

This result indicates that: ' - : -
- . . pure ZSM-ZZ can be acﬁieved when this zeolite

crystallised under static conditions in the

presence of at least 1000 wt ppm of preformed
15 2SM-22 crystals, ana_p_ .
= 'the crystallite siae can be varied by,varying.
| the amount of seed crystals. |
| COMPARATIVE EXAMPLE 2
A 2.5 kg sfnthesls mlxture with a molar_composition
0 .of: | | o p |
1.-26' R,O/a.oo R/O.lOS A1,0,/10 sib,ﬂo.o H,0
‘was prepared usxng the same lngredlents and procedure as
descrlbed above. In this case the 2 solutlons A and B were
. mlxed in a 3 liter glass beaker us1ng a 1ow shear magnet
23 _Stlrrer durlng 5 minutes. _
,___,_———~—————"—"'
ot Has Been Replaced
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fofmati on of a gi ven nol ecul ar sieve by the so-called tenplating effect.

The rol e of -organic nolecules in nol ecul ar sieve synthesis is discussed in
afticles published-in the literature, e.g. Lok et_gl Zeolites 1983,. Vol ume
3, pages 282 to 291 and Moretti e TﬁkssﬁﬁmA?nBﬁﬁN(Mlan) 67, No. 1to 2,
21 to 34 (1985). The effect of an}orgarigpLACEDCt ur dlrectlng agent is that. .
in the production of the crystall| the organi c conpound behaves
li ke a tenplate around which .the cryst 39 i'ne framework grows, or which '

causes thg ¥sighkhgation to be directed to forma partlcular crystall[ne
f ramewor k——%éanpieg—vg‘é%T ucture directing

‘The synthesis mixture was divided over 2 stainless

- steel autoclaves. The first (non-stirred, one literff
autoclave contained 737;9'gram of the syhthesis_mixture.
5 The secohd (2 liter stirred) autoclave coﬁtained.lsol.slgl
| of the synthesis mixture. The 1 liter autoclavefwas placed
in a-room temperaturejoyen; The oven was heated up to 160°C
| and.was kept at this temperature ford128 houre} During this
; _ tiﬁe 2 spot saﬁples were.taken'from'the autoclave, namely
10  after Sz'hours and after 78 hours. The 2 1iter autociave-
was heated up to 160°C and was kept at this temperature for
53 hours. The stirring speed was ~ 120 rpm.
: Washlng and Recovery: |
One liter non-stirred synthesie:
15 -t' ' The 128 hours product was washed w1th water to pH 9. 2
and drled at 120°C Welght of product recoVered was: 44.8g.

" The 2 spot samples.( 0.5 g each) were washed with water and
) | dried at 120°cC. |
Two liter stirred sjnthesis: .
20'-'.;pd .The product was washed'with water.to pH'9.7taﬁd'ﬁas
_ dried at 120°C. The quantity of product recovered was 97 |
lgrams. This corresponds with a product yield of 6.1 wt%.
' The productdyield'is defined'as the duantity of_dry product
divided by the weight_of theugel in thelautoclave_tiues |
3 100 3. ' - '
-—
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nts which may be used to formthe present zeolites inel ude—alkylan

_nd di ami noal kanes haV|ng up to 12 carbon atons, partlcularlrm_c)g,det 2
ir 12 carbon atons, e.g 1, 6-di ani nohexane, dlethylanlne 1- a a = h“d
2 2' - dlan1nod|ethylan1ne het erocycl i ¢ organi.c- conpounds. suc I"

N—ethylpyrldlnlun1 pol yal kyl enepol yam.nes —e.g.—t+ et hyl ene t
t et raet hyl enepent am ne;. and alkaﬂdnasmmﬁgrﬂé%ﬁﬁﬁﬁ1ano|an1ne or

di et hanol ami ne. The synthesis nix%ngpgs&ﬁggEthnaed by m xing in any
order the required ingredients. The -m xture is then brought tothe
crystal ligaljQ8ebeipsEabyte and hel d there for the reqU|red time. The '
crystalIrsaTTﬁﬁ—TﬁﬁﬁﬁTarure s - _

Non-stirred synthesls:-

XRD showed that:
- the 52 hours sth'éamélelwas largely ambrphous
5 . with a trace of ZSM-5.
 _J '. the 78 hours spot samp1e was_partié11y _ o
o cryétalline ZSM-5.
—'_ - the 128 hours product was excellently
| ‘crystalline ZSM—S._. |
10 - stirred synthesis: |
'XRD showed that the product was éxcellen;iy
 crysta1line ZSM-22 contaihing traces of afcrystoﬁalite and
2SM-5. SEM showed that the product_céhsiéted'of clusters of
inEergrowﬁ very small t< 1 micron) needies. |
15 . . _ This result aqaln conflrms that a synthe51s mlxture
capable of formlng zeollte ZsM- 22 gglx gives. thls zeolite

when the synthesxs mixture is stirred durlng

—~

crystallisation. This reéult_also indicates thaﬁ stirring
. durihq érystallisatién sighificantiy reduces the grystél
20 ._dimensibns. | |
| EXAMPLE 3
One.of the 6bje¢ti§¢s of this experiméntlwas to
investigate if sloﬂ.speed stirring in combination with

seeding could give ZSM=-22 with the_deSired properties,'e.g{

s

small crystallite size.ahd3with'virtua11y no céntaminants;_

This'exPeriment was done in a 25 liter autoclave equipped |




'éfably 80 to 200[errlC Since the fornatlon of crystobalite is
eficour” y a crystalllsatlon 7 tenperature of 165[err]C or higher, it
is pref ermsesﬂedtﬁasm W t he crystal lisation tenperature at not. nore than

160[err]C

allisatior bl i'shed by the

ordinaril In genﬂrz §%%E§§¢§ B@%&IOH times of 20;

preferabl o 140 hour s are ty : . _
18-—_

with a stirring system with a maximum speed of 30 rpm. The

synthesis mixture was preparéd as follows:

'sélution Az

“ INGREDIENTS - COMPONENTS - QUANTITY IN GRAMS

I 5 - '“ LUDOX AS-40 R T | 3965.5
3 v H0 1 | 6325.5
2 - RINSE WATER 3 | 504.0 . Ii

Components 1 and 2 were mixed in a 10 liter plastic

\10 . container.

'SOlutioh B was prepared in the autoclave:

- ' {NGREDIENTS. o ' COMPONENT | QUANTITY.IN GRAns_
Al,(sou,.185H£D S 1| . 190.12
;15 Kon_(87;5%) '_  '2 _ 426.54
l,e-diaminohexane'.; '.",3' . ¢ 921.3
HO a4  . | 9570.0
Rinse'Water | .i. 5 100.00

20 Component 4 was poured in the autoclave.

Successivély, components 1, 2 and 3 were added. Before each
addition of another component the solution in the autéclave

was stirred until clear. Component 5 was used to rinse the




'H yleld of the process can be inproved by reducing the water content of
fhe synthesis mixture. The norphology of the crystals produced is"
unaf f ect ed. - The not her liquor froma first crystallisation process can be
recycl ed and used to repl ace water in a second crystallisation process. The

recycl ed nmother '|i quor contains or
materi a

L ool ecting agent. This
can be expensive and is oft §§ﬁh "EQE-EER envi ronnment . Recycl ing
it is therefore advantageous. Aft el t he zeolite product may

be washed, dried;, and optionally calcined. The ZSN¥22 zeolite may al so be
i on- exchammmken Wbpbhceontalned component 3. Component 3 was added

10

.15

20

25

to the contents of the autoclave. Solution A was added to

-solutlon B whlle stlrrlng. Component 3 of solutlon A was

added to. rlnse the container, component 3 was also added to
the contents of the autoclave._To obta;n the flnal_m1xture
16.50 grams of 2ZSM-22 seed crystals were added while |
cont:nuously stlrrlng. After the addltlon of the seed

crystals-stlrrlng was contlnued for 10 minutes. During the

- last two minutes of stlrrlng about 2300 g of the synthe51s

mlxture was taken from the autoclave for later use. During
the preparatlon of_the_synthe51s mlxture,a'separate;.high~
speed stirrer was'used not belonglng to the autoclave,

The molar ratio composition of the synthesis mixture
was:. | |

1.26 K,0/3.01 R/0.108 Allzo_‘/io'_ sioz/4-oo .HZO +

0.075 wt% seed crYstals'(based on gel weight).

The quantity of synthesis miXture'in'the autoclave
was 19;7_9 Xg.
Crxstallisation° .

The autoclave was closed w1th the autoclave head

”whlch was equlpped w1th a stlrrer. The stlrrer gear was

adjusted to max1mum speed i. e. 30 rpm. The synthe51s

mlxture was heated up w1th1n 6 hours from room temperature

to 159°C % 1°C. The synthesis mixture was kept-at this

" temperature for 50.5 hours.

cet Has Been Replaced

\\II\l\\ Wi
L._



¥ -
e.g- hydrogen or an alkali netal cation with-e.g. amoni um-or a netal
cation suchnﬂﬁmaﬁﬂamﬁaﬂmmh&dnetaI cal cium  nmagnesi um zinc, cadmum . .

manganese, p 2|, copper, tltanlun1 tin, iron or cobalt. The
zeolite nay
increase its

r'ratrl ;r' % clay or silica to
enabl es the productlon of ZSM 22 keag ATV

gt hf o al yst. The process

garticularly pure with
respect to.contam nation by ZSM5 or crystoballte The purity of the ZSM 22
can be agaehi®d and Recovery of the product: o

Upon opening the eutoclave_it appeared thet.the'
crystals'were'well settled at the bottom of the agtéblave.
' Thermotherliquor was decanted ahd the product collected.
5 The product.was washed with water to a pH of 9.5. The
| product was dried for 16 hourslat 126°c The qﬁantity of
product recovered was 1240 g. Thls corresponds with a

product yield of 1240 * 100 % = 6.3 wt %

W - 19700

10 - Characterlsatlon°

XRD showed that the product was excellently

. crystalline ZSM-22 without any other crystalllne

contaminant. The ZsM45/ZSM-22 peak height ratio_wesllese_
than 0.0i._The crystobalite/ZSM—zz'peak height ratio_wee

iLS .iess than 0.0l. SEM micrographs showed.that rhe prodqct c
mainiy cbnsieted of very.small (< 1'micron) ihtergrown'
needlee. The fraction of non-intergroﬁnllarger crystals was |
very small. Flgures 6 and 7 show SEM mlcrographs of example

3 (2500 * and 40000 * magnlflcatlon respectlvely)

20 |  COMPARATIVE EXAMPLE 3: - ; |
This experiment was done'to show that the effect of
inefficient stirring on the_ZSMfzziproduct purity can be |
compensated with a small qhanrity of ZSM-22 seed crysoals.

- Example 3 serves as a reference. | |

25 A synthesis mixture withlan identicellcompOSition as
in'exampie 3 but not contaihing seed crysteis wes placed ih
a2 iiter stainless steel autoclave. The synthesiszmigthre.

Y3 heated up within ~ 6 hours to 160°C and was kept at -

o .




m-the X-Ray diffractogram One of the strongest peaks in the ZSM5 XRD
a reflectance at an interplanar spacing of around 3.65 to 3.85 Angstrom
. 365 to 0.385 nanoneters). Contamination with crystobalite will typically. -
ad to a distinct peak in the X-Ray dqiifractogram of ZSN¥22_at,an

i nt erpl anar spacing of 4.07 + 0.02 Anc§ﬂﬂ6mm@@pﬂXéﬁg§ ‘0. 002 nanoneters).
As indicated earlier, the strongest .pgak .i nREFLACEBay di Jfractogram due to
ZSM 22 is at 4.36 [err] 0.07 Angstrom (Q. 43p F U. 007 oneters). Thus the
pr esent |nvent|on provides a zeolite having a ZSM 22 structure

.thls temperature w1th stlrrlng at 30 rpm for 51 hours. The

_h_.

type of st;rrer was the same as was used.ln_example 3. X-
Ray.diﬁfraction shoﬂed that the.prbductfwas ZSM—?Z'éeverely
centaminated Qith zsivi-s The ZSM-5/ZSM-22 peak 'height ratio

'5 '~ was 0.39. The crystoballte/ZSM—zz peak helght ratio was
less than 0.01. Comparatlve X-Ray dlffractegrams of

~example 3 and of comparati?e exampie 3 are given'in Figures

8 and 9.
\i" : During the course of the experimehtal program it
P o : : S - - S
' 10 ‘appeared that crystallisation temperature is a sensitive

parameter to control'thleorﬁation of crystobalite;_evea-a
' relatively_small'overshoet of the crystallisation -
temperature of ~ 5°C above_'166°c is.sufficieht to
.contamihate the 2ZSM-22 product with this dense siliCa-rieh
15 'crystalline.material. It also appeared that its formation
| preferently takes place at.the walls of the auteclave;
Although it is expected that the presence of crystobaiite
\ in the zeolite productfih catalytic reactioné is less
detrimental than that of ZSM-S, it is hlghly de51rable to
20 avoid the formatlon of thls by—product Thls .can be done by
-closely monltorlng the crystalllsatlon temperature not to

exceed 160°C.

Sheet Has Been Replaced
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ei

useful as a catalyst in a w de vari
conversi on of organi c conpounds, -f
dewaxi ng, isonerisation (including

ght” ratio of not nore than 0.04, preferably not nore than,0. %mfk laced
crystobalite/ ZSM 22 peak height ratio of not nore than 0.05.° ﬁﬁ -

V|ng a purlty such that the X- Ray dlffractogran1has a ZSNL%#ZSNL%%—peaK~————

tryiso§HERTAELS 8N flor the p
r. examgPeACEImCKi ng, hydroc

IfIHII:

i sati on and skeletal

i sonerisation e.g. of butene), d|nekisauzz1—ol|goner|sat|on
pol ymerisation, al kylation, deal kylation, hydrogenation, dehydrogenatlon
dehydration, cyclisation and aronat|z§¥£§EL_IBe present invention therefore:

)

Synthe51s of ZSM-zz. 50% of Pota551um replaced by
._ammonlqm.  '
'Synfhesis mixturez.(weight of'reéctants in grams):
5 801utiqn A: | |

—
——

INGREDIENTS COMPONENTS QUANTITY IN GRAMS

LUDOX AS-40 (1. | sa.08

H,0 .' (2) 75.24

Solution B:

10 INGREDIENTS | COMPONENT | QUANTITY IN GRAMS
Al,(S0,);.18 H0 | (1) 2.59 (Baker)
I‘ - KOH (87.5%) . (2) ' 2.91 (Baker)
S — — - |
l‘ ~ 1,6-diaminchexane T (3) 12.58 (Fluka) “
H,0 | I (s | 131.84
15 NH,OH (29.1%) | (4) ' 5.59 (Baker)
Rinse Water _ I 16.62
ZSM-22 Seeds D | 0.36
uncalcined R B ' : . “ -

i Preparation of Solution B:

The water (5) was mixed with the NH,OH (4). The Al
source was added and mixed (but did not.dissolvé); The KOH

Was-added and mixed (the Al source dissolved). Thé 1,6—

-




wi'—des a process for the production or conversion of a hydrocarbon
conprising the use as a catal yst of this zeolite. The zeolite may be .

calcined if appropriate before use. It may also_b tion exchanged or used

in-acid form It may be used in a dgl REBEBN |a fully or. partially
hydrated form The follow ng exanpr] ts of the invention.

- 23 - | |
ﬁdiaminohexane was added ahd'mixed. SOIQtion'B.Qas added to

solution A; the seeds were addéd and mixed, and the rinse
water_was added and the whole was mixed in a hpuSeﬁBld_ﬁ
mixer for lo.minutes at low speed. .

5 L cbmpositiqn synthesis'mikture:.(molés):

| 'o .63 K,0/0.64 (NH,,)ZO/3 01 R/0.108 Al,0,/10 §i0,/399 H,0

+ 0.12 wt % seeds (based on gel welght) where R is 1 6~

dlamlnohexane.

Crystallisation:

294.23 g of gel was transferred to a 300 miﬁstainless
steel autoclave. Thé autéglavé_wés placed'ih.a-roqm -
temperature oven. The ovéﬁ-was hééted iinearly to'isooc'

"~ within é hours and kept fof.53 hours at this temperaﬁure.

_ Washing and Recovery:

15 o Thg product was:washed'with demineralised water to pH
.9.5 and dried at 92°C'overﬁight.. |
wt-product-obtained: 22.0 grams.

_ b Characterlsatlon. - _ | )

| 'XRD shows that the product is excellently crystalllne
20 2SM-22, contaminated with ZSM-5 (ZSM-5/ZSM-22 ratio =
© 0.15). o |

'——’-‘______’_-__’_____._
Has Been Replaced
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! COVPARATI VE EXAMPLE 1: Crystal lisation of a ZSM 22. synthesis m xture
wi t hout  seed crystals. Preparation of the synthesis mixture: Solution A

TNGREDI ENTS ~ QUANTI TY I N GRAMS AL[err] (S err])3.18

H err] O (Baker, product 1889) .3.50 lets (87.5% (Baker
product 0222) - 7.85 1, 6-di nrnmh&mﬁﬁéh% g¢n Chim ca,

16.70 product 1206436) H[err]O . REPLACED . 177.16 Ri nse
wat er 23.95 ==z

10

15

o’

20  zsM-22, cbntaminated with 2SM-5 (Z2SM-5/2ZSM-22 ratio =

dlamlnohexane was added and mlxed Solutlon B was added to
solution A, ‘the seeds were added and mlxed and the rinse
water was added and the whole was mixed in a household
mixer for ld.minutes atmloﬁ speed.
-_COmﬁpsi;ion synthesis mixture: (moles):

0.63'Kzo'/o'.s"4 (NH,),0/3.01 R/d.los'-_Alzo,/lo' $10,/399 H0
+ d;lz_wt_%_seeds (baSed'on gel weight) where R is 1,6-
diaminohexane. | - |
CrgstalliSation:

294;23 g of gel Qas transferred_to a 300 ml stainless
steel autociave. Tﬁe adtoplaQe-was placed in a-room :
temperature oven. The ovan_was heated linearly.fo i60°c

within 2 hours and kept for 53 hours at this temperature.

Washing and Recovery:

The product was washed with demineralised water to pH

9. 5 ‘and dried at 92°C overnlght

Wt product obtained: 22. 0 grams.

Characterisation:

XRD shows, that the prbdﬁct_is excellently qﬁystalline

0.15).

t Has Been Replaced
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'=hefingredients were dissolved in the water in the order shown above. The
rinse water was used to rinse the beaker which contained solution A

Sol ution B: | NGREDI ENTS
Siderr]) ' 72.02 H

100. 03 The Ludox and the water were W
bel onging to a househol d m xer. The Ludoxjwater

QUANTL I H-N—CF

C/THIOSHEET HAS BEEN

VB Ludox AS-40 (40%

%ﬁﬂﬁ%ﬂﬁﬂ&ﬁ&EﬁLass_ﬁjxing beaker
X .

m xture was honogeni zed by

m xing for a few seconds. Solution A and the rinse water were added to
solution B. The resultlng m xture vvasgmlrﬂ@dsfor 15 mnutes in-the

Synthesis of 2sM-22; 75% of potassium replaced by

. ammonium.

Preparation of synthesis mixture (weight of reactant

5 'in grams)

~ Solution A:

- ) r_m = ..
INGREDIENTS COMPONENTS

QUANTITY IN GRAMS

LUDOX AS-40

(1) - 54.0_‘_7.
H,0 2y | 75.24
10 ~ Solution B: — . .
;;GREDIENTS | _ COMPONENT | QUANTITY IN GRAMS
A1,(S0,);.18 HO (1) 2.60 (Baker)
. | KOH (87.5%) (2) 1l.46' (éaker) |
NH,OH (29.1%) (3)  8.49 (Baker)
1l i .
) 15 “ | . HO (5) 131.84
| I“. Rinse Wager .;4;23
] “ 1,é~diaminohexane.- (4) : 12.58 - (Fluka)
ZSM-22 Seeds 0.33
(uncalcined)'

20

To prepare solution B,

was added and the solution was ‘mixed;

heet Has Been Replaced
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(3) was. mlxed w1th (5) .(lf

(2) was added and the



iO 'oUsehoId m xer. The nol ar conposition of the syhthesis nixture was:
1.28 Klerr](3.00 R/0.110 Al[err](err]/10 SiJerr]/402 Herr]Oin which R
f,6-dianinohexane,.C}ystallisation The synthesis mxture was divided over

two stainless steel autoclaves. Both RghRCiupasuAeseewljaced in a room
tenperature oven. The .oven was heate up WRERLACED hour S to- _

= 25 =

solution was mixed; (4)'was'added and the.solutidn was '
mixed. | |
- Solution B was added to solution A, the seeds were
added and the whole was mlxed in a household mlxer for ten
5 mlnutes. The aluminium source (1) did not complete;y
dissolve.. |
cemﬁosition of synthesis mixture: (moles)
0.32 K,O/o 98 (NH;),0/3.01 R/0.108 Al,0,/10 3102/404 H,o
.‘!‘ _+ 0.11 welght percent seeds (based on gel welght) where R
10 °~ 1is 1,6-diaminohexane.
Crxstallisation: - | : ' -
Immediately'after'mixiug, 293;49fgrams of the
.synthesis.mixture was.trahsferred to a 300 mlIStainless_
steel autoclave. The autoclave was placed in,a'room.
15 temperature oven and theloven was heated linearly withiu.
two hours to 160°C. Durihg the.crystallisation period
" several spot samples were takeh to observe the
" crystallinity usihg X-Ray diffraction. = The product
| -appearednto be completely crystalline after 130 hqQurs at_
20 160°C. | o |
ﬁashing and Recovery:
| ' Each spot sample was taken after rapldly quenchlng
the autoclave with runnlng water. After homogenlslng the’
synthesis magma the'spot sample (was taken). The final
25 product. was washed fiue times with’about 700 ml of

demineralised water to PH 9. 5. The product was dr1ed over

nlght at 125°C.

i
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w'r r]C. One of the autoclaves was renoved fromthe oven after 72 hours
60[err] C, the other one was renoved after 97 hours. Washing and
Recovery Upon opening of the "72 hours autoclave" it appeared that the
synthesi s nagma was very viscous and there was no clear notherliquor. This
i ndi cated-an i nconpl ete” crystal | i sat.iTts SASERRS i zing, a sanple was
taken fromthe autoclave. The sanpl g was REBBMEDSevergl tinmes with water
and subsequently dried at 105[err]C*" 3, nours. The 97 hours synthesis
magma had a clear notherliquor while ‘the Ttystals were settled at the

bottom of the The product was characterised by XRD which showed

that it was excellently crystalline (2SM-5/2ZSM-22 ratio
_ _0.'111) . Scanning eleCtrbn- xhicrogfaphs show that'the ";')roduct
consists of :Lntergrown needle shaped crystals w1th an L/D

5 rat:.o of the needles of about 25 to 30.

" This Sheet Has Been Replaced
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MI ave. After honogeni zing a sanple was taken. The sanple was washed
several tinmes with water and was dried at 105[err]C for 3 hours

Characterisation: XRD showed that the 72_pou
anor phous with a small- quantity of ZSM 5
excel lently crystalline ZSM5 without a

the sane ingredients and procedures as descri bed above a synmﬂ

was prepared with an |dent|cal nmol ar COHDQSIPIOH but- whi ch no
0.04 w % of

Td.l UCI y

Skth S Pr.oe Ugilis 3 Has Been Replaced

M

A zeollte havxng a ZSM-22 structure hav1ng a

CLAIMS
1 - ..

. purlty such that the X-Ray dlffractogram, has a ZsSM- S/ZSM-
22 peak helght ratio of not more than 0. 04 and a o
crystoballlte/zsn-zz peak height ratlo_of not more than

~ 0.05 where the ZSM-5 peak is the reflectance at an _

| interpianar spacing cf_3,65 to 3.85 Angstrom (0.365 to

' 0.385 nanometer), the crystoballite peak is the reflectance

‘I‘ at an interplanar spacing of 4.07 % 0.02 Angstrom (0.407 *

10 '-0.602'nancmeters) and the ZSM-22 peak ‘is the reflectance at
.-an intefplanar spacing of 4.36 £ 0.07 Angstrom {0.436tt
0;007 nancmeters)ﬁ - |
‘2. A zeolite'as.claimed in claim 1 in which the
" ZSM~-5/2ZSM-22 peak helght ratlo is not more than 0.02.
15 _ 3.. A process for preparlng a ZSM-22 zeollte-
| comprisihg crystallising a synthe51slm1xture comprlslng:
(i)'_ a source of silicon and/or_germanium;
r o (ii) a source of aluminium, ii:'on, chromium,
! vanadium, molybdenum, arsenic, antimony, mahganese, gallium
| 20 ~or boron;_ |
| (iii) a source of monovalent cation; and

(iv) an organic structure direCting ageﬁt;

characterised in that seeds of preformed 2SM-22 are

included in the initial synthesis mixture.

25

4. A process according to claim 3 in which the
initial eynthesis mixture contains at least 50 ppm of

seeds.

1) O R




d ZSM2Z crystal's (based on the wei ght of the synthesis mxture).
‘the prenﬂsrsﬁsdtgsgmfmkémcaynt hesis m xture the seed crystals were

di spersed in so e seeded synthe5|s mxture 278.94g was B
transferred-to ss st eel ["agto GiiEEs WEBEL o | i sation: The
aut ocl ave was pI tenperature was heated up-

w thin 2 hours to,160[err]C and was kept— |s tenperature for 72 hours
mﬁthout stirring. Washi ng and Recovery- 28 - _ -

5. A process according to claim 4 in which the

initial'synthesis mixture cohtains from 160 to Sodo ppm éf

seeds.
o 6. - A process adcordiné to cléim 5 in which the
5 initial synthesis miktufe'cqntains fromlsoo t§ Soﬁo'ppm of
. seeds. | | |
7. A process according to ;ny'one of claims.3.to 6

in which the'cryétalliéation'temperature is:not more than
& 160°cC. |
10 ' 8. = A process according to any one of claims 3 to 6
| in which the c;ystallisétion is carried out under static.~
condiﬁions. -
9. ,- A process accoiding to any one of claimslj t6'6
in which the synthésis'miﬁtﬁfe-is agitated during
15 érystallésation. | |
10. A process'according'to claim 9 in Which the
’ éfnthesis mixture is stirréd at a rate_bf_less than 50 rpm
‘.. during crystallisation.
- 11. A process for preparing or converting an
20 _ organic compound compfisihé the use as a'cata1YSt of a
| zeollte as claimed in claim i or as prepared accord1ng to

the process of any one of clalms 3 to 10.

* c L M s *




The! roduct was washed with water to pH 9 4 and dried at 95[err]C for 4
hours.- The quantity of dry product técovered was 16. 39. Char act eri sat i on:

XRD showed that the product was ZSM 22 -cont am nat ed ZSM 5. The
ZSM 5/ ZSM 22 peak height ratio was O. 40J §sggmmbasﬁﬂe ZSM 22 peak
hei ght ratio was | ess than 0.01. SEM sh t R AICEP prodbict consi sted of

sheaf-1ike crystals with a length of -13—microms—— X Ray di ffractograns of
the products of Conparative Exanple 1 andzexanple 1 are given in Flgures 1
and 2, Fron1the results it can be seen that a synthesis mxture

: ' ABSTRACT -

2SM-22 ZEOLITE

5
ZSM—ZZ zeolite which ié pafticulafly éure aﬁd'whOSe
syﬁthesis'does not require the synthesis mixture to beu
stirred can be produced by the éddition to the synﬁhesis"
w .mix_tur'e 6f_ a small qua'ntity e.g. 1000 ppm, of preformed
10 : ZSM-22 zeolite seed crystals. | | |

Sheet Has Been Replaced

T \III




m]‘ e of formng zeolite ZSM 22 under static crystall i'mf lon conditions
only gi'ves this zeolite when the synthesis m xture crysta]l ses in the

presence of preforned ZSM 22 crystals. EXAMPLE 2 A synth : e :
nol ar conmposition of: 1.26 K20/3.01 R/ 0.108 Al[err](Jerr]/

Herr]Owas 12 prepared using the sane. i ngredi ents and

FIGURE 1

- _ P:oduét after
-t : . 97 hours :

| ; ; Pure ZSM-5
v | ‘
. . !
l' .- *
Fi . . B
‘ [
il
lt:. Yogar . ©08 gplftatedd e St .
3 E T TR T O ;‘.“.;"tl‘ng*s‘ s S .
l § TR it caul itz 0 * W
< d ! ."' '!'I d’q“ Ls‘lﬁ‘f:‘s iii" :!: 'Ef‘:' o 3
} A sl Ta ood IR - ® N B v
| MR ey VLA A \
N A T T S T T T T B T
| "FIGURE 2
ey - : ' ' |
I I. | | BN | A : . product after
-1 ZINC - 72 hours :
S ' Crystall:.sat:.on s
; 7SM—-22 with ZSM-5
‘ o : N
¢
‘ f2sMs X
1
ﬂ- , d 0
. : i . , ]
' ; : : . ; : _ ‘ ‘ ‘. § g“ i
. v * . ’ . « $¢ Toa ] .‘!
) : ‘ SRR -" ll Pty 8g " b ¢ 15
{ J A !!f‘ t 3 l\ !]! A L EE A HEE N :
. s Py . ! < " [ I H H I PR
P ¥ L,/’ \‘. ‘\._:__,,/J W }\J_Ja;‘\., n_ _,"\J” \!‘,‘\*,v‘w'v\f
A R A A R




ri bed- above. In this case the amount of seed crystals was increased
from0.04 % to 0.10 wm % based on the wei ght of the synthesis m xture.
Gyrstallisation : The synthesis nmixture was crystallised in a 150 m
stainl ess steel autoclave for 54 hours at 160[err]C. Washi-ng and ‘Recovery :
The product was washed 4 tinmes with -150 m of water to pH. 9.7 and dried at
120[ err] C. Characterisation :- XRD showed that the product was excellently
crystalllne ZSM 22 essentially free fron1zeollte . The -ZSM

FIGURE 3

‘ .
! - Product
! - : - excellently
v : crystalline-
: | and pure
. é
‘ i ;
S ¢ "
y £ < o 3 !
I ;é ! '5 ey :! (y
. - . 5= '.! !‘! 3 1&‘
i v oo !
INELEIIE:
— MV YV
: s t & § § %y o8 ¢ % i t v ¢ ot ot 3y 8

heet Has Been Replaced
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5/ ZSM 22 peak height ratio was | ess than 0.02. The crystobalite/ ZSM 22 peak
hei ght was | ess that 0.01. SEM showed that the onsi st ed. of
gheaf-like crystals with a length of. .- Cl usters of

I nt ergrown needl es can be seen Figure _ 'btogran1of Exanpl e
2. Figures 4 and 5 show conparative SE phs of exanples 1 and 2.
This result indicates that: - nuneCZ$whzagcan4be achi eved when this zeolite
crystallised under static conditions in the presence of at Ieast 1000 wt
ppm of pref or qed ML 22 ol al s _and_

Example 1:

Crystalllte length-
15 mlcrons '

Example 2:

Crystalllte length:
4, 5 microns

This Sheet Has Been Replaced




Vo . . )

- the-crystallite size can be varied by varying the ano

crystal s. COVPARATI VE EXAMPLE 2: A 2.5¢ EHAS BEENT

conposition of: 1.26K[err](03.00 0.1 Sigerr]/ 400
13 .was prepared using the s and procedure as

H eyr],0 ) Tp - : |
destPrinet Aty CONGRTES @6 cSine @ %6l Tt 9neold, ANGUBepeee M xed in a 3
liter gl Kk i : h | o e B

LT 0l PR EE LI BALY VB i ctts o eiieon

int of - seed
ure with a nol ar

FIGURE 7

This Sheet Has Been Replaced




\s |

;lghét stirrer during 5 minutes. Crystallisation : The synthesis nixture
was di vided over 2 stainless steel autocla first (non-stirred, one
liter) autoclave contained 737.9 gram of . t @@Wﬁ%‘sﬁ&s BEBN Jre. The second
(2 liter stirred) autoclave cont§] ed 160 PLAGEDR nthgsi s m xture.
The 1 liter . autoclave was placéa erature oven. The oven was
heated up to 160[err] C and was kept at th|S=tenperature-for'128 hour s.
During this time 2 spot sanpl es pere ken fromthe autoclave, nanely fter

52 hoursgdand after 78 hours. Thef 2 lifller autoclave was heated up to
160[err] G and was kept at this tgenpergture
f
| o
! i g} ' Excellently
y : - pure and
B crystalline

.
> hawe &

w ¢4 Lo
U

L

FIGURE 9

|

X IS
e

.
.
wh jow -« .

Sheet Has Been Replaced
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for 53 hours. The stirri ng speed was - 120 rpm Washi ng and Recovery One
klter non-stirred synthesis: The 128 hours product was

pH 9.2 and dried at 120[err]C. Weight of produ {wﬁg\gﬁr ’CREM:ACEN\ENMSHETG
2 spot sanples (-0.5 g each) were washed wit ‘TLEH

Two liter stirred synthesis: The product was shed W|th
and was dried at 120[err]C. The quantity of prod ecov
This corresponds with a product yield of 6.1 wt

defined as the quantity of dry product me’\/\

) ZSM—22 ZEQLITE
The present invention relates to a process for preparing ZSM-
22 zeolite, a particularly pure form of 2SM-22 zeolite which
may be pr&duced by this process, and a process for using the
zeolite as a catalyst in the preparation or conversion of an

organic compound.

During the 1980's a novel class of high silica
aluminosilicate zeolites was identified. Zeolites denoted
THETA-1, Nu-10, KZ-2, ISI-1 and ZSM-22 all show very'similar
X-Ray diffraction (XRD) patterns corresponding
approximately to the folloﬁing pattern:

XRD
o == - ——
INTERPLANAR SPACING INTENSITY
D_(A) I/Io
10.90 + 0.2 40 (M=VS)
8.70 + 0.16 10 (W)
6.94 +0.10 _13 (W-M)
5.40 * 0.08 8 (W)
4.58 + 0.07 10 w - |
4.36 * 0.07 100 (VS) |
3.68 + 0.05 97 (VS) |
3.62 + 0.05 65 (S-VS) _ "
3.47 + 0.04 - 46 (M=S) |
3.30 + 0.04 5 W
2.74 £ 0.02 3 (W)
2.52 + 0.02 190 . (W)



di vided by the weight of the gel in the autoclave tinest66% 34

Non-stirred synthesis: XRD showed that: - the 52 hours spﬂEPhAﬂHHENTmﬁHEEf
| argel y anorphous with a trace of ZSM5. - the 78 hoursj|sp

partially crystalline ZSM5. -2 © APR 1997

For simplicity, the following text will refer to such a
zeolite as a ZSM-22 zeolite.

Processes for preparing such a zeolite are described in a
number of documents. In general, the synthesis mixture
comprises a source of silicon (or germanium); a source of
aluminium (or alternative T-atom such as gallium, boron;
ifon, chromium, vanadium, molybdenum, arsenic, antimony or
manganese); a source of monovalent cation (such as an
alkali metal) and an organic structure directing agent.
This mixture is crystallised to form the zeolite.

US Patent No. 4481177 describes the production of ZSM-22
conducted in an autoclave stirred at-about 400 rpm.

EP-A-65400 describes the production of a zeolite denoted
Nu-10 by crystallising a synthesis mixture and indicates
that agitated reactions are preferred since if the
agitation is inadequate or the reaction is carried out
under quiescent conditions there is a distinct probability
of contamination with a ZSM-5 zeolite. EP-A-87017
describes the production of a zeolite denoted ISI-1 in
which a2 synthesis mixture is crystallised while stirring.
EP-A77624 describes the production of zeolite denoted Nu-
.10. Agitation is said to be preferable and there are no
examples of a preparation in which agitation does not |
occur., Although a rubidium compound is added to the
stirred synthesis mixture in some instances and this is
stated to encourage the formation of ZSM-22, the present
applicants have found that if the process.is repeated
without stirring during crystallisation the product is a
mixture of amorphous material and 2SM~5. The rubidium
céntaining material does not therefore compensate for the
need to stir vigorously' the mixture during
crystallisation.



o N -V |

- the 128 hours product was excellently crystalline ZSM5
synt hesis: XRD showed that the product was excellently cr
containing traces of [err]-crystobalite and ZSM5. SEM sh
product .consisted of clusters of intergrown very small (<
needl es. This result again confirns that a synthesis m xt
formng zeolite ZSM 22 only gives this zeolite when the s
is stirred during crystallisation. This result also indic

SU T T OCOr

y REALACEMENSN\SHEET

ARSI Y

N

ir ¢ cap
ates that stirring

during crystallisation significantly ¥educes the crystal

EP-A~-220873 describes a érocess for the preparation of
zeolites 2SM-22 and zSM-23. It is stated that the process
may be carried out with or without stirring. However, all
examples of the preparation of ZSM-22 are carried out with
constant stirring. EP-A-57049 describes. the preparation of .

a crystalline aluminosilicate denoted THETA-1l.

The

crystallisation is carried out generally in a revolving
pressure vessel. Traces of crystobalite contaminated some

of the samples.

Stirring during crystallisation requires more complicated

and therefore more expensive equipment than is

required

for a process in which there is no stirring. Moreover, as

the prior art acknowledges; inadequate stirring leads to

the formation of contaminants such as ZSM—5. Crystobalite,

although it is for some purposes not such a harmful

contaminant as 2ZSM-S, is nevertheless a contaminant. Its
production is a function ¢f temperature and the Si0,/Al,04

molar ratio in the synthegis mixture. Inadequate stirring

of the mixﬁure may therefore lead to pockets of mixture

whose temperature allows the formation of crystobalite.

Although effective stirring may be carried out

in a small

scale synthesis, in large scale operations it becomes

increasingly difficult to provide effective stirring

.throughout the synthesis mixture to avoid formation of

ZSM-5. Levels of contaminants such as ZSM-5 should be

minimised since in some applications for which

particularly applicable as a catalyst e.g. the

ZSM-22 is
separation

of aromatic isomers, the performance of ZSM-5 is much

inferior to that of ZSM-22.

The present applicants have identified a process for

preparing ZSM-22 zeolite in which the crystallisation may

be carried out during static or slow-speed stirring

conditions.




di nensi ons.
Envestigate
ZSM 22 with

virtually no contam nants. This experinment was done in a 2
equi pped with a stirring systemw th a maxi num speed of 30
synthesis m xture was prepared as foll ows:

EXAVPLE One of the objectives of this expering§nREpgge
T, SHEET

I f slow speed stirring in conbination wth seqdi

The

1887 ale

the desired properties, e.g. snmall crystallitg di and_with
s i 6 ARS

4

The present invention therefore provides a process for
preparing a ZSM-22 zeolite comprising crystallising a

synthesis mixture comprising:

(i) a source of silicon and/or germanium;

(ii) a source of aluminium, iron, chromium, vanadium,
molybdenum, arsenic, antimonic, manganese, gallium or
boron;

(iii) a source of monovalent cation; and

(iv) an organic structure directing agent; characterised
in that seeds of preformed ZSM—-22 are included in the

initial synthesis mixture.

The applicants have surprisingly found that the addition

of a small quantity of seed crystals of ZISM-22 is
sufficient to compensate for inefficient stirring or even
to replace stirring. Indeed, a synthesis mixture which in
the absence of stirring produces pure ZSM-5, may produce
substantially pure ZSM-22 if as little as 1000 weight ppm

‘of 2SM-22 seed crystals are added to the same synthesis

mixture.

The exact amount of ZSM-22 seeds added to the synthesis

~ mixture will, of course, depend on the composition of the

mixture. In general, ‘at least 50 weight ppm of seeds is

. ' recommended, preferably 100 to 5000 weight ppm, more’

preferably 500 to 3000 weight ppm. The size of the
zeolite crystals obtained is dependent on whether the
synthesis mixture is stirred and on the amount of seed

- gcrystals used. The smaller the size of seed crYstals

used, the lower the quantity of seeds needed to achieve
the desired size of the crystals.

.ZSM—-22 crystals tend to be needle-shaped. If the needles

are long, the zeolite can have ‘a fibrous quality similar




15 Sol ution A | NGREDI ENTS COVPONENTS QUANTI TY I'N GRANB

LUDOX AS-40 1 3965.5 Herr]Q .

2 6325.5 RI NSE WATER 3 REPLACEMENT SHEET
Conponents 1 and 2 were mixed in a 10 liter plastic contaijef. Sgl ution B
was prepared in the autoclave: | NGREDI ENTS . COVPONENT 2 b APR 1897
QUANTI TY I N GRAMS

S

to asbestos. Like asbestos it can therefore be a health
hazard if the crystals are too long. Shorter crystals,
such as can be produced using the seeding technique of

the present invention, are less toxic.

The synthesis may be carried out under static conditions
or may be stirred, either gently e.g. up to S0 rpm,
pérticularly 10 to 50 rpm or more vigorously e.g. greater
than 100 rpm. Stirring tends to produce a more pure
product and the purity of the product is a balance of the
parameters of stirring and seeding. The faster the
mixture is stirred the lower the weight of seeds needed
to produce pure ZSM-22. If there is no stirring i.e. the
mixture is static during crystallisation, about 1000 wt
ppm of seeds are needed to produce pure ZSM-22.

It is found that if a seeded synthesis mixture is stirred
during crystallisation, the crystals of 2ZSM-22 produced
tend to be smaller and purer (i.e. less contaminated) than
are produced from the stirred crystallisation of the same
synthesis mixture in which the seeds have been omitted.

. The source of silica which may be used in the synthesis is
not critical, and may be any of those commonly used when
.synthesising zeolites, e.g. finely divided solid silica,
silicic acid or colloidal silica. |

The aluminium source'may be e.g. an alumina or aluminate
introduced into the synthesis mixture as an alkali metal
aluminate, an aluminium salt such as the sulphate or

nitrate, or a hydrated form of alumina such as colloidal

alumina.

The monovalent cation is suitably an alkali metal e.q.
sodium or potassium. If the monovalent cation is an



Al[err](SOerr])[err].18 Herr]O 1 ' SO
(87.5% ' 2 426.54 1, 6-di am noh &G?ZXCéMENT SHEET

921.3 Herr]O 4 9570.0 Riphs¢ ater
5 100. 00 Conponent 4 was poured in the autocl pvd.b APR 1997
Successi vely, conponents 1, 2 and 3 were added. Before each pddition of

anot her conponent the solution in the autoclave was stirrgd unti| clear:
Conmponent, 5 was used to rinse the beaker which contained onent 3.
Conmponent 3 was added to the contents of the autoclave. Solution A was

added to sol utjon Bwhile stirrine QAIPQIent, 3,90, seLUtLRN £ ues:

metal ion is exchanged with an ammonium ion to produce a

sufficien;ly active catalyst. An ammonium-containing
zeolite may be produced directly by replacing up to about
75% of alkali metal in the synthesis mixture with a source

of ammonium ion.

The organic structure directing agent directs the
formation of a given molecular sieve by the so—called
templating effect. The role of organic molecules in
molecular sieve synthesis is discussed in articles
published in the literature, e.g. Lok et al Zeolites 1983,
Voiume 3, pages 282 to 291 and Moretti et al, Chim. Ind.
(Milan) 67, No. 1 to 2, 21 to 34 (1985). The effect of an
organic structure directing agent is that in the
production of the crystalline framework the orxganic
compound behaves like a template around which the
crystalline framework grows, or which causes the
crystallisation to be directed to form a particular
crystalline framework. Examples of structure directing
agents which may be used to form the present zeolites
include alkylamines and diaminocalkanes having up to 12
carbon atoms, particularly 4, 6, 8, 10 or 12 carbon atoms,
e.g 1,6-diaminohexane, diethylamine, l-amincbhutane or
 2,2'-diaminodiethylamine; heterocyclic organic compounds
such as N—ethylpyridinium; polyalkylenepolyamines, e.g.
triethylene tetramine or tetraethylenepentamine; and

alkanolamines, e.g. ethanolamine or diethanolamine.

The synthesis mixture may be prepared by mixing in any
order the required ingredients. The mixture is then
brought to the crystallisation temperature and held there
for the required time. The crystéllisation temperature is
preferably 80 to 200°C. Since the formation of
crystobalite is encouraged by a crystallisation




added to rinse the container, conponent 3 was al so added to the contents of
the autoclave. To obtain the final m xture 16.50 grans of ZSM22 seed

crystals were added while continuously stirring. After the JaRePLACEMENT p@ﬂ'
seed crystals stirring was continued for 10 mnutes. During t _

m nutes of stirring about 2300 g of 16 the synthesis m tUr& mha@gg
fromthe autoclave for later use. During the preparation off tth E e

m Xt ure

7

temperature of 165°C or higher, it is preferred to
maintain the crystallisation temperature at not more than
160°C

Suitable crystalliﬁation times can be established by the
ordinarily skilled person. In general, crystallisation
times of 20, preferably 40 to 140 hours are typical.

The yield of the process can be improved by reducing the
water content of the synthesis mixture. The morphology of

the crystals produced is unaffected.

The mother liquor from a first crystallisation process can
be recycled and used ﬁo replace water in a second
crystallisation process. The recycled mother liquor _
contains organic structure directing agent. This material
can be expensive and is often toxic to the environment.

Recycling it is therefore advantageous.

After crystallisation the zeolite product may be washed,
dried, and optionally calcined.

The ZSM-22 zeolite may also be ion-exchanged to replace
e.g. hydrogen or an alkali metal cation with e.g. ammonium

- or a metal cation such as & rare earth metal, calcium,
magnesium, zinc, cadmium, manganese, palladium, nickel,
copper, titanium, tin, iron or cobalt.

The zeolite may be bound with a matrix material such as
clay or silica to increase its physical strength for its

use as a catalyst.

The process enables the production of 2SM—-22 zeolite which
is particularly pure with respect to contamination by 2ZSM-5
or crystobalite. The purity of the 2ZSM-22 can be assessed



a separate,.highspeed stirrer was used, not belonging to thg toclave  The
ol ar ratio conposition of the synthesis m xture was: 1.26 [REPMEK{EWT SHEET
R(0.108 Al[err](err]/10 Sierr]/400 Herr]O + 0.075 wt % s¢eq-erystals
(based on gel weight). The quantity of synthesis m xture in}tHe gagtﬁgta‘és?e
was 19.70 kg. Crvstallisation: The autoclave was closed wt ih I
head whi ch was equi pped with a stirrer. The stirrer gear wa
maxi num speed i.e. 30 rpm The synthesis m xture was heatedfup within - 6

hours fromroomtenperature to 159[er8r]C

" from the X-Ray diffractogram. One of the strongest peaks in
the ZSM-5 XRD is a reflectance.at'an interplanar spacing of
around 3.65 to 3.85 Angstrom (0.365 to 0.385 nanometers).
Contamination with crystobalite will typically lead to a
distinct peak in the X-Ray diffractogram of 2SM—-22 at an
interplanar spacing of 4.07 + 0.02 Angstrom (0.407 + 0.002
nanometers). As indicated earlier, the strongest peak in an
X-Ray diffractogram due to ZSM-22 is at 4.36 + 0.07
Angstrom (0.436 * 0.007 nanometers). Thus the present
invention provides a zeolite having a ZSM-22 structure
having a purity such that the X-Ray diffractogram has a
ZSM—-S5/Z5M-22 peak height ratio of not more than 0.04,
preferably not more than 0.02, and a crystobalite/ZsM-22
peak height ratio of not more than 0.0S5.

ZSM-22 is useful as a catalyst in a wide variety of
processes for the production or conversion of organic _
compounds, for example cracking, hydrocracking, dewaxing,
isomerisation (including e.g. olefin isomerisation and
skeletal isomerisation e.g. of butene), dimerisation,
oligomerisation, polymerisation, alkylation,'dealkylation,
‘hydrogenation, dehydrogenation, dehydration, cyclisation
and aromatization. The present invention therefore -
provides a process for the production or conversion of a .
-HYdrocarbon comprising the use as a catalyst of this o

zeolite.

The zeolite may be calcined if appropriate before use. It
may also be cation exchanged or used in acid form. It may
be used in a dehydrated form or a fully or partially
hydrated form.

The following examples illustrate aspects of the

invention.



[er?] 1[err]C. The synthesis m xture was kept at this te :
hours. Washing and Recovery of the product : Upon opening ﬁhebﬁﬁiﬂﬁﬂ;§§EFf

aut ocl ave. The notherliquor was decanted and the product jcol |2 APR 1992
s dried.for 16

appeared that the crystals were well settled at the bdttCnéET The

product was washed with water to a pH of 9.5. The product

hours at 120[err]C. Thé& quantity of product recovered wag 1240 ¢

corresponds with a product yield of 1240 * 100% = 6.3 w {% 19700 XRD showed

t hat the product was exggllently crydtalline
COMPARATIVE EXAMPLE 1: Crystallisation of a 25M-22

synthesis mixture without seed crystals. Preparation of

the synthesis mixture:

Solution A:

product 1206436)

INGREDTENTS QUANTITY IN GRAMS
KOH pellets (87.5%) (Baker, product 0222) 7.85
1, 6-diaminohexane (Janssen Chimica, 16.70

H,0 177.16

Rinse water 23.95

The ingredients were dissolved in the water in the order
shown above. The rinse water was used to rinse the beaker

which contained solution A.

Solution B:

INGREDTENTS QUANTITY IN GRAMS

Ludox AS-40 (40% SiO,)
- 72.02

H,0 ~100.03

|

The Ludox and the water were weighed in a glass mixing
beaker belonging to a household mixer. The Ludox/water.
mixture was homogenized by mixing for a few seconds.
Solution A and the rinse water were added to solution B.

The resulting mixture was stirred for 15 minutes in the



ZSM 22 without any other crystalline contanminant. The ZSM 5/
height ratio was | ess than 0.01. The crystobalite/ZSM 22 peak

was | ess than 0.01. SEM m crographs showed that the product npi

consisted of very small (< 1 mcron) intergrown needles. The
non-intergrown |arger crystals was very snmall. Figures 6 and
m cr ogr aphs of exanple 3 (2500 * and 40000 * nmagnification re

spectivel y).

17

10

household mixer. The molar composition of the synthesis

mixture was:

1.28 K,0/3. 00 R/0.110° A1,05/10 Si0,/402 H,0 in which R

= 1,6-diaminohexane.

1lisation:

The synthesis mixture was divided over two stainless steel

autoclaves. Both autoclaves were placed in a room

' temperature oven. The oven was heated ﬁp.within 2 hours to

160°C. One of the autoclaves was removed from the oven

after 72 hours at 160°C, the other one was removed

97 hours.

Washing and Recovery

after

Upon opening of the "72 hours autoclave" it appeared that

the synthesis magma was very viscous and there was
clear motherliquor. This indicated an incomplete

no

crystallisation. After homogenizing, a sample was taken

from the autoclave. The sample was washed several times

with water and subsequently dried at 105°C for 3 hours.

The 97 hours synthesis magma had a clear motherliquor
while the crystals were settled at the bottom of the

autoclave. After homogenizing a sample was taken. The

sample was washed several times with water and was
at 105°C for 3 hours.
o1 : . £ .

dried

-XRD showed that the 72 hours product was largely amorphous

with a small quantity of ZSM-S5. The 97 hours product was
excellently crystalline ZSM-5 without a trace of ZSM-22.

EXAMPLE 1

Using the same ingredients and procedures as described

above a synthesis mixture was prepared with an identical

molar composition but which now contained 0.04 wt$

R

of



COVPARATI VE EXAMPLE 3: This experinent was done to show t hat
dnefficient stirring on the ZSM 22 product purity can be-co
smal | quantity of ZSM 22 seed crystals. Exanple 3 serves as r ference
synthesis mixture with an identical conmposition as in exanpl d 3} b2t6 ARR 1!37
contai ning seed crystals was placed in a 2 liter stainless st e aut ocl ave. _
The synthesis m xture was heated up within 6 hours to 160[err]] C and was

kept at this tenperature with stirringé at 30 rpmfor 51 hours type of
stirrer was the same as was used in exanple 3. X-Ray diffraction showed

that the product was ZSM 22 severely

preformed ZSM-22 crystals (based on the weight of the
synthesis mixture). During the preparation of the
synthesis mixture the seed crystals were dispersed in
solution B. Of the seeded synthesis mixture 278.94g was
transferred-to a 300ml stainless steel autoclave.
Crystallisation:

The autoclave was placed in a room temperature oven, the
oven was heated up within 2 hours to 160°C and was kept at
this temperature for 72 hours without stirring.
Washing and Recovery

The product was washed with water to pH 9.4 and dried at
95°C for 4 hours. The quantity of dry product recovered

?@gp@zﬁm@m

was 16.3qg.

-} I .  § .

XRD showed that the product was 2SM-22 contaminated with
ZSM-5. The ZSM-5/ZSM-22 peak height ratio was 0.40. The
crystobalite/ZSM-22 peak height ratio was less than 0.01.
SEM showed that the product consisted of sheaf-like
‘crystals with a length of ~15 microns.

X-Ray diffractograms of the products of Comparative
Example 1 and Example 1 are given in Figures 1 and 2.

From the results it can be seen that a synthesis mixture

.'caéable of forming zeolite ZSM-22 under static
crystallisation conditions gnly gives this zeolite when
the synthesis mixture crystallises in the presence of
preformed ZSM-22 crystals.

EXAMPLE 2

A synthesis mixture with molar composition of:
1.26 K,0/3.01 R/0.108 Al,04/10 Si0,/398 H,0 was




contani nated with ZSM 5. The ZSM: 5/ ZSM 22 peak height rati :
crystobalitel/ ZSM 22 peak height ratio was |l ess than 0.0L. HﬁﬁtﬁﬁﬁMﬁNIKSH&ET
di ffractograns of exanple 3 and of conparative exanple 3 ane gHver—t
Figures 8 and 9. During the course of the experinental pro rgmy i pgpe@ﬁgd
that crystallisation tenperature is a sensitive paraneter. {t conlt
formation of crystobalite; even a relatively small overshog¢t "of—tire
crystallisation tenperature of ~5[err}& above 160[err]C is|sufficient to

contam nate the ZSM 22 product- with this dense silica-rich Trystattrme

material. It also appeared that its formation _
prepared using the same ingredients and procedure as

described above. In this case the amount of seed crystals
was increased from 0.04 wt% to 0.10 wt% based on the
weight of thHe synthesis mixture.

113 £ 3 .
The synthesis mixture was crystallised in a 150 ml
stainless steel autoclave for 54 hours at 160°C.
Hashing and Recovery:
The product was washed 4 times with ~150 ml of water to pH
9.7 and dried at 120°C.
XRD showed that the product was excellently crystalline
ZSM-22 essentially free from zeolite 2ZSM-5. The ZSM-
5/Z25M-22 peak height ratio was less than 0.02. The
crystobalite/ZSM-22 peak height was less that 0.01.

SEM showed that the product consisted of sheaf-like
crystals with a length of ~4.5 microns. Also clusters of
intergrown needles can be seen Figure 3 shows the
diffractogram of Example 2. Figures 4 and S show
comparative SEM micrographs of examples 1 and 2.

This result indicates that:

- pure 2ZSM-22 can be achieved when this zeolite
crystallised under static conditions in the
presence of at least 1000 wt ppm of preformed
ZSM-22 crystals, and

- the crystallite size can be varied by varying the
amount of seed crystals.

COMPARATIVE EXAMPLE 2:
A 2.5 kg synthesis mixture with a molar composition of:

1.26K20/3.00 R/0.108 A1203/10 Si02/400 HZO



preferently-takes place at the walls of the autoclave. Although it is

expected that the presence of crystobalite in the zeolite p tad
catalytic reactions is |less detrinmental than that of ZSM5, ?ﬂﬂ@gmﬁﬂgﬁp&SHEEf

desirable to avoid the formation of this by-product. This cgn [pbe done_b
ce{g Toape: 2

closely nonitoring the crystallisation tenperature not to ex
18 EXAMPLE 4
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was prepared using the same ingredients and procedure as
described above.. In this case the 2 solutions A and B
were mixed in a 3 liter glass beaker using a low shear
magnet stirrer during S minutes.

Crystallisationl

The synthesis mixture was divided over 2 stainless steel
autoclaves. The first (non-stirred, one liter) autoclave
contained 737.9 gram of the synthesis mixture. The second
(2 liter stirred) autoclave contained 1601.6 g of the
synthesis mixture. The 1 liter autoclave was placed in a
room temperature oven. The oven was heated up to 160°C and
was kept at this temperature for 128 hours. During this
time 2 spot samples were taken from the autoclave, namely
fter 52 hours and after 78 hours. The 2 liter autoclave
was heated up to 160°C and was kept at this temperature
for 53 hours. The stirring speed was ~ 120 rpm.

One liter non-stirred synthesis:

The 128 hours product was washed with water to pH 9.2 and
dried at 120°C. Weight of product recovered was: 44.8gq.
The 2 spot samples (~0.5 g.eachf were washed with water
and dried at 120°C.

Two liter stirred synthesis:

The product was washed with water to pH 9.7 and was dried
-at 120°C. The quantity.of product recovered was 97 grams.
This corresponds with a product yield of 6.1 wt %. The
product yield is defined as the quantity of dry product'
divided by the weight of the gel in the autoclave times
100%. ’



S_yni hesis of ZSM 22: 50% of Potassiumreplaced by amoni um Synthesis
m xture: (weight of reactants in granms): Solution A | NGREDI ENTS

COVPONENTS QUANTI TY I N GRAMS LUDOX AS-40 -)

54.08 H20 (2) 75. 24 Sol uti on | AERUAGRMENENFREET

E:Ll'])VPO\IEI\I'I' (ZJJQSI'I'I(EYKING;g&/BAI[err](Sqerr])[err].l FeTTTO '
: a 87. 59

b1 (Baker) | er) ( A (2) TQZ 5 APR 1897
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Non-stirred synthesis:

XRD showed that:

- the 52 hours spot sample was largely amorphous
with a trace of ZSM-5.

- - the 78 hours spot sample was partially
crystalline ZSM-S5.

- the 128 hours product was excellently
crystalline ZSM-5.

stirred synthesis:

XRD showed that the product was excellently crystalline
72SM-22 containing traces of a—crystobaliﬁe and 2SM-5. SEM
showed that the product consisted of clusters of
intergrown very small (< 1 micron) needles.
This result again confirms that a synthesis mixture
capable of forming zeolite 2ZSM-22 only gives this zeolite
when the synthesis mixture is stirred during
crystallisation. This result also indicates that stirring
during crystallisation significantly reduces the crystal
dimensions. '

' EXAMPLE 3
.One of the objectives of this experiment was to
investigate if slow speed stirring in combination with
seeding could give 2SM-22 with the desired properties,
e.g. small crystallite size and with virtually no
contaminants. This experiment was done in a 25 liter
autoclave equipped with a stirring system with a maximum
speed of 30 rpm. The synthesis mixture was prepared as

follows:



1, 6- di ani nohexane (3) : -12.58 (Fl uka) HerrlQ

(5) . 131.84 NH err]CH (29. 1% (4) REPLACEMENT SHEET
5.59 (Baker) Rinse Water
Seeds uncal ci ned 0.36 Prepara | n n
B: The water (5) was mxed with the NHerr]OH (4). The Al s§ur gpsaépgg@gp
and m xed (but did not dissolve). The KOH was added and m X@d M=t=iemsad
source dissolved). The 1,6- diam nohexane was added and m x¢d. Solution B

rrTTrov

was added to solution A; the seeds wére added and m xed, an
wat er was ad8dddtand dhe whole was nmixed in a

e ]

INGREDIENTS COMPONENTS QUANTITY IN
GRAMS
LUDOX AS—40 1 ' 3965.5
Hy0 2 6325.5
RINSE WATER 3 504.0

Components 1 and 2 were mixed in a 10 liter plastic

container.
Solution B was prepared in the autoclave:

1|

INGREDIENTS COMPONENT QUANTITY iN GRAMS
Al, (SO,) 5.18 H,0 1 190.12
KOH (87.5%) 2 426.54
l,6-diaminohexane 3 921.3
H,0 4 9570.0
Rinse Water 5 100.00

~ Component 4 was poured in the autoclave. Successively,
components 1, 2 and 3 were added. Before each addition of
another component the solution in the autoclave was
stirred until clear. Component S5 was used to rinse the
beaker which contained component 3. Component 3 was added
to the contents of the autoclave. Solution A was added to
solution B while stirring. Component 3 of solution A was
added to rinse the container, component 3 was also added
to the contents of the autoclave. To obtain the final
mixture 16.50 grams of ZSM-22 seed crystals were added
while continuously stirring. After the addition of the
seed crystals stirring was continued for 10 minutes.
During the last two minutes of stirring about 2300 g of



19 household m xer for 10 m nutes at | ow speed. Conposition

m xture: (nmoles): 0.63 Klerr]Q 0.64 (NH4) 2p0/ 3.01 %po. 108 Al 3 EkﬁENT SHEET
Sigerr]/399 H err]O+0. 12w seeds (based on gel wei ght) wher I S
1, 6- di ani nohexane. 294.23 g of gel was transferred to a 300 st2aBnARR 4997
steel autoclave. The autoclave was placed in a-roomtenperatgrq oven, Th
oven was heated linearly to 1600C within 2 hours and kept foff 53 hours at
this tenperature. 16

the synthesis mixture was taken from the autoclave for
jater use. During the preparation of the synthesis mixture
a separate, .highspeed stirrer was used, not belonging to

the autoclave.

The molar ratio composition of the synthesis mixture was:

1.26 K,0/3.01 R/0.108 Al1,03/10 S5i0,/400 H,0 +

0.075 wt% seed crystals (based on gel weight).
The quantity of synthesis mixture in the autoclave was
19.70 kg.

£alli i )
The autoclave was closed with the autoclave head which was
equipped with a stirrer. The stirrer gear was adjﬁsted to
maximum speed i.e. 30 rpm. The synthesis mixture was
heated up within ~ 6 hours from room temperature to 159°C
+ 1°C. The synthesis mixture was kept at this temperature
for 50.5 hours. |
Upon opening the autoclave it appeared that the crystals
were well settled at the bottom of the autoclave. The
motherliquor was decanted and the product collected. The
product was washed with water to a pH of $.5. The product
was dried for 16 hours at 120°C. The quantity of product
recovered was 1240 g. This corresponds with a product yield
of 1240 * 100% = 6.3 wt % '
19700

XRD showed that the product was exceilently crystalline
ZSM-22 without any other crystalline contaminant. The ZSM-
5/2SM-22 peak height ratio was less than 0.01. The
crystobalite/ZSM-22 peak height ratio was less than 0.01.
SEM micrographs showed that the product mainly consisted
of very small (< 1 micron) intergrown needles. The
fraction of non-intergrown larger crystals was very small.
Figures 6 and 7 show SEM micrographs of example 3 (2500 *
and 40000 * magnification respectively).



Washi ng and Recovery: The product was washed with deni ner al ifspePMAGEMENTo SHEET
0

9.5 and dried at 92[err]C overnight. W product obtained: 23
"Characterisation: XRD shows that the product is excellently CA
ZSM 22, contaminated with ZSM5 (ZSM5/ZSM 22 ratio 0.15). HXA
Synt hesis of ZSM 22; 75% of potassium replaced by anmmoni um Pr

synthesis m xture (weight of reactant 17

13 Yo
ﬁpa: et=r~OTT 01

COMPARATIVE EXAMPLE 3:

This experiment was done to show that the effect of

inefficient stirring on the zZsM-22 product purity can be
compensated with a small quantity of ZSM—-22 seed crystals.

Example 3 serves as a reference.

A synthesis mixture with an identical composition as in

example 3 but not containing seed crystals was placed in a
2 liter stainless steel autoclave. The synthesis mixture
was heated up within 6 hours to 160°C and was kept at this
temperature with stirring at 30 rpm for 51 hours. The type
of stirrer was the same as was used in example 3. X-Ray
diffraction showed that the product was ZSM-22 severely
contaminated with ZSM-5. Tﬁe ZSM-S5/2SM—-22 peak height
ratio was 0.39. The crystobalite/ZSM-22 peak height ratio
was less than 0.01. Comparative X-Ray diffractograms of

example 3 and of comparative example 3 are given in

Figures 8 and 9.

During the course of the experimental program it appeared
that crystallisation temperature is a sensitive parameter.

to control the formation of crystobalite; even a
relatively small overshoot of the crystallisation
temperature of ~5°C above 160°C is sufficient to

contaminate the 2SM-22 prodﬁct with this dense silica-rich

fcrystalline material. It also appeared that its formation
‘preferently takes place at the walls of the autoclave.

Although it is expected that the presence of crystobalite

in the zeolite product in catalytic reactions is less

detrimental than that of ZSM-S5, it is highly desirable to
avoid-the formation of this by-product. This can be done
by .closely monitoring the cfystallisation temperature not

to exceed 160°C.



in grans) Sol ution A | NGREDI ENTS

GRAMS LUDOX AS-40

(2)
QUANTI TY | N GRAMB

75. 24

COVPONENTS QUANTI TY.
(1) _ 54. 07 Aer+0
20 Sol ution B: | NGREDI ENTS | REPLACEM
2 6 APR 1997
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EXAMPLE 4

Synthesis of ZSM-22: 50% of Potassium replaced by

ammonium.
Synthesis mixture:

(weight of reactants in grams):

Solution A:
INGREDIENTS COMPONENTS QUANTITY IN
' GRAMS
LUDOX AS-—40 {1) 54.08
Hx0 (2) 75.24 i
Solution B:
INGREDIENTS COMPONENT __QUANTITY IN GRAMS
Al,(S04)3.18 Hy0 (1) 2.59 (Baker)
| KOH (87.5%) (2) 2.91 (Baker)
l, 6—diaminohexane (3) 12.58 (Fluka)
H,0 (5) 131.84

NH,OH (29.1%)

(4)

5.59 (Baker)

Rinse Water

16.62

ZSM—-22 Seeds uncalcined

0.36

Preparation of Solution B:

The Qater (S) was mixed with the NH4OH (4) .

was added and mixed (but did not dissolve).

The Al source

The KOH was

added and mixed (the Al source dissolved). The 1, 6-
diaminohexane was added and mixed. Solution B was added

to solution A; the seeds were added and mixed, and the

rinse water was added and the whole was mixed in a



-N[érﬂ(sqerﬂ)[ew].18r{eH]O 1 k

'3, (87.5% (2) a6 ( Baker) \,,ngeP}-p??;ﬂﬁﬁiﬁ%ﬁ
' 8.49 (B H O ' 5 .

131. 84 Ri nse Water (Baker) Herr] 14 22, 2 6 APR 1897

1, 6- di am nohexane (4) 12. 58 (Fl ukax-ZshzZ2-Seedsd

uncal ci ned 0. 33 To preparefsolution B, (3)

was mxed with (5). (1) was added angdgthe solution was m X

and the solution was m xed; (4) was added and the solution was m xed.

Sol uti on BRRseARied Mikesoifan o Ringtess @&ddWe SRS ded

Composition synthesis mixture: (moles): 0.63 K,0/0.64

(NH4)2 0/3.01 R/0.108 Al1l,045/10 $i0,/399 H,0 + 0.12 wt %

seeds (based on gel weight) where R is 1, 6~diaminohexane.

. talli 5 .
294.23 g of gel was transferred to a 300 ml stainless
steel autoclave. The autoclave was placed in a-room
temperature oven. The oven was heated linearly to 160°C
within 2 hours and kept for 53 hours at this temperature.

Hashing and Recovery:
The product was washed with demineralised water to pH 9.5
and dried at 92°C overnight.

Wt product obtained: 22.0 grams.

S terisation:
XRD shows that the product is excellently crystalline
ZSM—-22, contaminated with ZSM-5 (ZSM-5/2ZSM-22 ratio =
0.15).

EXAMPLE 3

Synthesis of 2SM-22; 75% of potassium replaced by
ammonium.
Preparation of synthesis mixture (weight of reactant

in grams)

Solution A:
INGREDIENTS COMPONENTS QUANTITY IN
GRAMS
LUDOX AS—40 (1) 54.07
I _Hp0 (2) 75.24




and the whole was m xed in a household m xer for ten m nutes. The al um nium

source (1) did not conpletely dissolve, Conposition of synt ' Pt @ e ey
(moles) 0.32 Klerr]O0.98 (NH err])[err]0/3.01 R 0.108 Al [ gr REBLACENIENTD SHEET
Sigerr]/404 Herr]O + 0.11 wei ght percent seeds (based on |g '
where R is 1, 6-di am nohexane. Crystallisation: |nmediately {af
293.49 grams of the synthesis mxture was transferred to a}3
steel autoclave. The autoclave was placed in a roomtenperdt
the oven was heated linearly withi w0 hours to

€2 VTAPR"

m stain

€S9

"Solution B:

e —
INGREDIENTS COMPONENT QUANTITY IN GRAMS
Aly(SO4)3.18 Hy0 (1) 2.60 (Baker)
KOH (87.5%) (2) 1.46 (Baker)
NH,OH (29.1%) (3) 8.49 (Baker)
Hy0 (5) 131.84
Rinse Water 14.23
l, 6—diaminchexane (4) | 12.58 (Fluka)
ZSM—-22 Seeds uncalcined 0.33

To prepare solution B, (3) was mixed with (5). (1) was
added and the solution was mixed; (2) was added and the
solution was mixed; (4) was added and the solution was
mixed.

Solution B was added to solution A, the seeds were added
and the whole was mixed in a household mixer for ten
minutes. The aluminium source (1) did not completely

dissolve.

Composition of synthesis mixture: (moles)
0.32 K,0/0.98 (NH4),0/3.01 R/0.108 Al,05/10 Si0,/404 H,0 +
0.11 weight percent seeds (based on gel weight) where R

is 1,6-diaminohexane.
- talli £ 3 .

Immediately after mixing, 293.49 grams of the synthesis
mixture was transferred to a 300 ml stainless steel
autoclave. The autoclave was placed in a room temperature
oven and the oven was heated linearly within two hours to




21 iGO[err]C Buring the crystatlisation period several spot sanpl es were

L)

taken to observe the crystallinity using X- Ray diffraction., Tb?T’ s@ “?ﬁ;

appeared to be conpletely crystalline after 130 hours at 1 0

and Recovery : Each spot sanple was taken after rapidly quén Zhg t he
autoclave with running water. After honogeni sing the synthgsifs gAﬁRt

wy

spot sanple (was taken). The final

21
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160°C. During the crystallisation period several spot
samples were taken to observe the crystallinity using X-
Ray diffraction. The product appeared to be completely
crystalline after 130 hours at 160°C.

Washing and Recovexy:

Each spot sample was taken after rapidly quenching the
autoclave with running water. After homogenising the
synthesis magma the spot sample (was taken). The final
product was washed five times with about 700 ml of
demineralised water to pH 9.5. The product was dried
over night at 125°C

The product was characterised by XRD which showed that it
was excellently crystalline (ZSM-5/Z2SM—-22 ratio 0.111).
Scanning electron micrographs show that the product
consists of intergrown needle shaped crystals with an L/D
ratio of the needles of about 25 to 30.




product was washed five tinmes with about 700 ml of dem neralised water to

pH 9.5. The product was dried over night at 125[err] C The prretet—ras
characterised by XRD which showed that it was excellently cryEEEﬂAﬂHﬂfNT SHEET
(ZSM 5/ ZSM 22 ratio 0.111). Scanning el ectron m crographs show-tHat—the

product consists of intergrown needl e shaped crystals with gn L/PSriPROIQS'f
t he needl es of about 25 to 30. 22
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CLAIMS

1. A zeolite having a ZSM-22 structure having a
purity such that the X-Ray diffractogram, has a ZSM-5/2SM-
22 peak height ratio of not more than 0.04 and a
crystoballite/2SM-22 peak height ratio of not more than
0.05 where the ZSM—-5 peak is the reflectance at an
interplanar spacing of 3.65 to 3.85 Angstrom (0.365 to
0.385 nanometer), the crystoballite peak is the
reflectance at an interplanar spacing of 4.07 + 0.02
angstrom (0.407 £ 0.002 nanometers) -and the Z5M-22 peak is
the reflectance at an interplanar spacing of .4.36 + 0.07
Angstrom (0.436 + 0.007 nanometers).

2 A zeolite as claimed in claim 1 in which the
ZSM-5/Z5M-22 peak height ratio is not more than 0.02.

3. A process for preparing a 2SM—-22 zeolite
comprising crystallising a synthesis'mixture comprising:
(i) a source of siTicon and/or germanium; ‘
(ii) a source of aluminium, iron, chromium, wvanadium,
' moledenum, arsenic, aﬁtimopy, manganese, gallium or
Boron; _
(iii) a source of monovalent cation; and
A (ivf an organic st;gcture directing agent; characterised
- in that seeds of preformed ZSM-22 ‘are included in the

initial synthesis mixture.

4. A process according to claim 3-in .which the
initial synthesis mixture contains at least 50 ppm of

seeds.

S. A process according to claim 4 in which the
initial synthesis mixture contains from 100 to 5000 ppm

of seeds.

LA O 0D L



CLAIMB 1. A zeolite havi ng a ZSM 22 structure having a purigy—stciTt
X-Ray diffractogram has a ZSM5/ZSM 22 peak height ratio oREHbQ«CﬁMEr}@ ﬁ“i‘gﬁ‘r

0.04 and a crystoballite/ ZSM 22 peak height ratio of not efttran—U. 05

where the ZSM5 peak .is the reflectance at an interplanar spagi pdg gPR3IS87
to 3.85 Angstrom (0.365 to 0.385 nanoneter), the crystoball]tge peak is the
refl ectance at an interplanar spacing of 4.07 + 0.02 Angstrpnmt0. 2407 [err]
0. 002 nanoneters) and the ZSM 22 peak is the reflectance at}an interplanar

spacing of 4.36 [err] 0.07 Angstrom (0.2836 + 0. 007 nanonet el
- 6. A process according to claim S in which the

initial synthesis mixture contains from S00 to 3000 ppm
of seeds.

7. A process according to any one of claims 3 to
6 in which the crystallisation temperature is not more
than 160°C.

8. A process'according-to-any one of claims 3 to
6 in which the crystallisation is carried out under

static conditions.

9. BA.process according to any one of claims 3 to
6 in which the synthesis mixture is agitated during

crystallisation.

10. A process according to claim 9 in which the
synthesis mixture is stirred at a rate of less than 50

rpm during crystallisation.

11. A process for préparing or converting an
organic compound comprising the use as a catalyst of a
‘zeolite as claimed in claim 1 or as prepared accerding to
the process of any one .of claims 3 to 10.

* [ L M $ *



2 A zeolite as clained in claim1 in which the ZSM 5/ ZSM 22

peak heiaght

ratio is not nore than 0.02. 3. A process for preparing a Z
conprising crystallising a synthesis mxture conprising: (i
silicon and/or germanium (ii) a source of alumnium iron,
vanadi um nol ybdenum arsenic, antinony, manganese, gallium
a source of nonoval ent cation; and (iv) an organic structurd
agent; characterised in that seeds of pféformed ZSM 22 are i

f'\gé‘ﬁmmofsmsr

gr[r %gﬂ?“dgﬁ?)

ncluded in the

initial synthesis m xture.

. ABSTRACT

ZSM-22 ZEOLITE

ZSM~22 zeolite which is particularly pure and whose

synthesis does not require the synthesis mixture

to be

stirred can be produced by'the éddition to the synthesis

mixture of a small quantity e.g. 1000 ppm, of preformed

ZSM-22 zeolite seed crystals.

FIGURE 7




4. A process according to claim3 in which the initial
eontains at |east 50 ppm of seeds.
which the initial

5. A process according t ﬁ
synthesis m xture contains from 100 to 50$6
23 6. A process according to claim5 in which the initial syn
contains from500 to 3000 ppm

synthes
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of seeds. 7. A process according to any one of clains -3 to 6 in whi ch t he
crystallisation tenperature is not nore than 160[err]C 8. A

according-to any one of clains 3 to 6 in which the crystallisat

T
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carried out under static conditions. 9. A process according t ny one of
claims 3 to 6 in which the synthesis mxture is agitated durifig} 2 6 APR 1897
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11. A process for preparing or anver_LJ-Dg an. . ..

rpmduring crystallisation:
organi ¢ conpound conprising the use as a catal yst of .a zeoli ﬂeR?FLKdE"’MEmdbhtLl
in claiml or as prepared according to the process of any ond clalng
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FI1G. 4

EXAMPLE 1
Crystallite length:-15 microns
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FI1G. 5
EXAMPLE 2

Crystallite length :-4-5microns
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FIG. 6
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