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nlzsmézz ZEOLITE
_ The present 1nventlon relates to a process for
preparlng ZSM-22 zeolite, a partlcularly pure form of ZSM-
.22 zeolite which may be_produced 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. psimilar_X-Ray_diffraction_(XRD) patterns corresponding

approximately to the fbliowing pattern: . - e .
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. INTERPLANAR SPACING | INTENSITY R
ak) . I/To
To.50 ¢ 0.2 40  (M-vs)
8.70 * o.is 10 (W)
6.94 % o;1b 13 (W;h)
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 45 (M+S)'
“ 3.30 £ 0.04 ] 5 ") “
o 2774.1'0;02.7 ] 3 '
- 2.52_¥ 0.02 | 19
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For 51mp11c1ty, the follow1ng text w1ll refer to such
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a zeollte as a ZSM-22 zeollte,
| Processes for preparlng such a zeolite'are deccribed
1n a number of documents. In general, the synthe51s mlxture
‘5 'comprlses a source of 5111con (or germanlum), a source of
‘aluminium’ (or alternatlve T-atom such as galllum, boron;
iron, chromium, vanadium,'molybdenum, 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 crystalllsed to form the zeollte.
‘us Patent No. 4481177 descrlbes the productlon of -
ZSM-22 conducted in an autoclave stlrred at about 400 rpm.
EP-A—65400 descrlbes the productlon of a zeolite
denoted Nu-lo by crystalllslng a synthe51s mixture and
15 1nd1cates that agltated reactlons are preferred since 1f
- the agitation is 1nadequate or the reactlon is carried out f
"under qulescent cond;tlons there is a-dlstlnct'probablllty
of contamination with a ZSMFS zeolite. EP-A-87017 describes
| the productlon of a zeolite denoted ISI-1 in which a
'_20'_- synthe51s mixture is crystalllsed while stirrlng. EP-A-
l77624 describes the production of zeol1te.denoted Nu-10.
Agitation is said-todbe_preferable and there,are_no |
examplee of a'preparatiOn in which agitation:does not
| ~occur. Although a'rubidium-compound is_addedito the.
25 . stirred synthesis mixture in some'instancee:and this is
- stated to encourage.tne. forma_tion of ZSM-Z_Z, the p.re'sent.

. applicants have found_that if the process is repeated

) —-—
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w1thout stirring during crystallisation the product is a
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'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.

EP-A-220873 descrlbes a process for the preparation

of zeolites ZSM-22 and 2ZSM-23. It 1s_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

'THETAQL. The crystallisation is carried out generally in-a

'l'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‘acknowledges1 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 ZSM-5, is nevertheless a

contaminant. Its production'is a function of temperature

;and 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

. of crystobalite.

Although effective stirring may be carrled out in a

',Sma11 scale synthe51s, in large scale operations it becomes

.._-Ily??m - '1'
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increasindly”difficuit_totprovide’effective stirriné |
' ghroughout the synthesis mixture to_avoid_formation of ZSM-
.5. Levels of contaminants sucn-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-S ;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,.
'vanadium,.molybdenum, arsenic, ant1monic; manganese,
gallium or boron;

(iii) a source of nonovalent'cation; 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

t9 rePlace stlrrlng.' Indeed a syntheSLS mlxture which in

¢ :
) he abSence of stlrrlng produces pure ZSM—S, may’ produce.
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substantially pure ZSM-22 if as little as 1000 weight ppm

. £
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of 7SM-22 seed crystals are added to the same syntheSLS
mixture. - . |
The exact amount_of:ZSM-Zz seeds added to the
ynthesis-miXture'wili, of course,_depend on the
comp051tion of the mixture In general, at least 50 weight
ppm of seeds 1s recommended, preferably 100 to 5000 weight
ppm, more preferably 500 to 3000 weight ppm. The size of'_'.
the'zeolite'crystals obtained is_denendent"on whether the
synthesis mixture is stirred and on the.amount of seed
}CrystalSiused. The smallersthe size of seed crystals'usedh
| the_lower 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 zeolite can have a fibrous quality

Similar 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 1ess.toxic.

The synthesis_may_be oarried out under static
conditions or may he stirred, either gently eLg..np to 50

rpm, particularly 10 to 50'rpm or more Vigorously.e.g‘

greater than 100 ;éml Stirring tends to produce a more

pdre product and the purity oflthe.product is a balance of

the parameters of stirring and,seeding. The faster-the.
:imixture is stirred_the lower the neiéht of seeds needed to

‘Produce pure ZSM-22. If there-is no,stirring'i.e. the
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tatlc during crystalllsatlon, about 1000 wt ppm
of seeds are needed to produce pure ZSM-22.
it is found that 1f a seeded synthe51s mlxture ds
stifred dur1ng crystelllsatlon, the crystals of ZsM-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

,’synthesis_ie not critical, and may be any of those commonly

used when synthesising zeolites, e.g. finely divided solid
silica,dSilioic acid or colloidal silioa;

' The aluminium source .may be e;g. an alumina o:
aluminate introduced into the synthesis mixture as an
alkali_metal aluminate, an aluminium sait such as the

sulphate or nitrate, or a hydrated form of alumina sdch.as

‘colloidal alumina.

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

alkali metal, for some uses of the zeolite, the alkali

‘metal ion is exchanged with an ammonium ion to produce a

sufficiently active catalyst.'An ammonium-containing

‘zeolite may - be produced dlrectly by replac1ng up to about

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

Of ammonlum 1on.

- The organic struoture_directing agent directs the

formation of a given molecular sieve'by_the so-called

- B o
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“ Yolume 3, pages 282 to 291 and Morettl et al, Ch;m..Ind.

ethanolamine or diethanolamine.

as Been Replaced .

templating effect. The roie of organic molecules'in_
molecular sieve synth351s is dlscussed in artlcles
publlshed in the llterature, e. g. Lok et al Zeolltes 1983

-

(Milan) 67, No. 1 to 2, 21 to 34 (1985)' The effect of an

_organic structure dlrectlng agent 1s that in the productlon_

of the‘crystalllne framework the organlc compound behaves

'llke ‘a template around whlch_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 diaminoalkanes
having up to 12 carbon atoms particularly'4,_6, 8, 10 or
12 carbon atoms ‘e.g. 1,6-diaminohexane, diethylamine, 1-

aminobutane or_2,2'-d1aminodiethy1amine; heterocyclic

-organic compounds such as N-ethylpyridinium;
'polyalkylenepolyamines, e.qg. triethjlene tetramine'or'

'tetraethylenepentamine; and_alkanolamines, e.g.

>

The synthesis 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°C. Slnce the formation of

.crystobalite is encouraged by a crystallisation temperature

of’165°c or higher, it is preferred to maintain the

crystallisation temperature at not more than 160°C.

| H.(W-....
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_Suitable crystallisation times can be established by
thelordinarily skilled person, In general,'crystalliSation
times of 20, preferably 40 to-léo hours are typical.

The field of the process can be improﬁed_by reducing
the:water content of'the Synthesis mixture. The morphology
of the crystals produced is unaffected | |

The mother llquor from a flrst crystalllsatlon process
can’ be recycled and used to replace water in a second

:crystalllsatlon process._ The recycled mother liquor
contains organic structure dlrect;ng.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 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 zeollte

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

Sheet Has Been Replaced
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spacing of around 3.65 to 3.85 Angstrom (0.365 to 0.385
nanometers)._'Contamination with orystobalite will
ﬁypicaily lead to addistiact peak ih the X—Ray
‘diffractogram of 2SM-22 at an intefplanarISpacing'of.4;07 +
g 0.02 Angstroﬁ (O 407 i_o 002 nanometers) As indicated
-earller, the strongest peak 1n an X-Ray dlffractogram due
to ZSM—22 is at 4.36 * 0.07.Angstrom (0.436 i.0.007
nanométers) . Thus the present'invention provides a zeolite
'having a ZSM-22 structure.havihg a purity such that the X-
10 _‘ Ray diffractodgram has a ZSM—S/ZSM -22 peak helght ratlo of
| :1not more than 0.04, preferably not more than 0 02 and a °
crystoballte/ZSM 22 peak helght ratlo of not more than
0. 05. | |
"ZSM-22 islusefdl as a oatalyst in a wide variety of
15 processes.for.the produotioa_or.convefsion of'ofdanic
| oompounds,,fof example crackinq, hydrocrackino,_dewaxing,
" isomerisation (including e.g. olefin isomerisation and
skeletal isomerisation e.g.:of butene), dimerisation,
'oligome:isatioh, polyme:isation, alkylation, dealkylation,
20 hydrogenation, dehydrodeaatiOn, dehYdration, cyolisation
and aromatiaation. The"presenttinvention therefore ptovides
a prooess for the production or conQerSion of a hydrocarboh.f"
.comprlslng the use as a catalyst of thls zeolite.. |
The zeollte may be ca1c1ned if approprlate before
use.-It may also be cation exchanged or used 1n.ac1d form.

Itlmay be used in a dehydrated_form or a fully °r'partia11y'

hydratea form.
' £ i is'Sheet Has Been Replaced -
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The following examples illustrate aspects of the

invention.

ynthe51s mlxture w1thout seed crystals.
Preparatlon of the synthe51s mixture: .

solution A:

COMPARATIVE EXAMPLE 1: Crystalllsatlon of a 2SM-22

INGREDIENTS QUANTITY IN
GRAMS
_ALZ(SO,)3.18 H, O (Baker, product 1889) 3.50 “
KOH pellets (87.5%) (Baker, product 0222) - 7.85 -
1,6-diaminohexane (Jenssen Chimica, 16.70
‘product 1206436)
H, 0 177.16
'Rinse water 23.95

The ingredients were dissolved in the watef in the

order shown above. The rinse water was used to rinse the

‘beaker which contained solutiqﬁ A.

Solﬁfion B:

INGREDIENTS QUANTITY IN
- 'GRAMS
Ludox AS-40 (40% SiO,) - 72.02 “
H,0

100.03 ]“
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The Ludox and the:water_were weighed inla glass
miginglbeaker belohgiﬁd to ahhousehoid mixer. The
Ludox/water mixture Qas homogenized by'miking for‘adfew'
seoonds. Solution A and the rinse water were added to.
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.

- érxstailisatibn-

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

after 72 hours at 160°C the other one was removed after 97

" hours.

) Washing_ahd Recovery

Upon opeﬁing'of the "72 hours autoclave“'it'appeared
that the synthesis magma was very viscous'and.there was no
Clear motherliquor._This indicated an incomplete.
crystaliisation. After homogenizing, a sample was taken
from the autoclave. The samole was washed'several times_
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
_;_———~———"—*———~ﬁi
as Been Replaced.
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sanple was washed several times with water and was dried at

105°C for 3 hours.

XRD showed that the 72 hours product was largely .

'amorphous with a small quantity of ZSM-5. The 97 hours

product was excellently crystalllne ZSM-S w1thout a. trace

of ZSM-22.

'EXAMPLE 1
Using the same ingrediencs_and procedures as
described above a syntheSisdmixture was preparedlwith an
identicai molar composit%oh'but which now contained 0.04'wt.
% of preformed ZSM-22 cr§stals (based'oﬁithelweight‘of the.
synthesis miXture). During.the preparetion.of the synthesis

mixture the seed crystals were dispersed in SOlutioh B Of'

- the seeded .synthesis mixture 278.94 g was transferred to a

300 ml stalnless Steel autoclave._

_ Crxstallisation:

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 stirripg.
-.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

\\ll\l|\ i




- [ THIS SHEET HAS BEEN

- 14 -
characterlsat1on-
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 ofiformihg 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.
crgstallisation: |
| | .The_synthesis'mixture was crystallised in:a.lso ml
staihless.steel”autoclave for 54 hours'ét 160°C. |

5 Washing and Recovery:

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

 to pH 9.7 and dried at 120°c.
- Shuet Has Been Replaced
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haracterxsat ion: |
XRD showed that the product was excellentlY
crYStalll“e 2SM~22 essentially free from zeolite 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 cons1sted of sheaf-like
crystals with a length of ~4 5 mlcrons. Also ‘clusters of
intergrown needles_can_be seen. Figure 3 shows the
diffractogram'of Example 2. Figgres 4 and 5 show
comparative SEM micrographs of examples 1 and 2.

This result indicates that: ' - 3 f.
- . .pure Z8M-22 can be acﬁieved when this zeolite

crystallised under static conditions in the

presence of at least 1000 wt ppm of preformed

2SM-22 crystals, and_d_

- the crystallite size can be varied by varying

the amount of seed crystals.
| COMPARATIVE EXAMPLE 2

A 2.5 kg synthesls mlxture with a molar_composition

1.26 K,0/3.00 R/O.lOS A1,0,/10 Si0,/400 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 llter glass beaker us1ng a 1ow shear magnet

_stlrrer durlng 5 minutes.

//____,_
Has Been Replaced
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'erstallisation:
'_The synthesis mixture was divided over 2-stein1ess
'steel.autoclaves. The first knon-stirred, one literff
autoclave contained 737;9'grem of the syhthesis_mixture.
5 The secohd (2 liter stirred) autoclave coﬁtained.lsol.slgl
| of the synthesis mixture. The 1 liter eutoclavefwas placed
in a-room temperaturejoyen; The oven was heated up to 160°C
| and.was kept at this temperature ford128 hours} During this
; _ tiﬁe 2 spot saﬁples were.taken'from'the autocleve, namely
10  after Sz'hoprs and after 78 hours. The 2 1iter éutociave-
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 synthesis:
15 -t' ' The 128 hours product was washed with water to pH 9.2
and dried at 1ZQ°¢. Weiqpt.of'product reCOVered Qas: 44.8g.
'_The 2 spot semples_(-o;s g each) were weshed with weter and
) | dried at 120°cC. |
Two liter stirred sjnthésis' .
20'-'.;ed ‘The product was washed w1th water to pH 9.7 and was
dried at 120°C. The quantlty of product recovered was 97 |
lgrams. This corresponds w1th a product yield of 6.1 wt%.
" The product yleld is deflned as the quantlty of dry product
divided by the welght_of the-gel in the autoclave tlmes |
3 100 3. ' - '
eet Has Been Replaced
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‘Characterisation:
Non-stirred synthesis:s
XRD showed that:
- the 52 hours spct'sample was largely amorphous

' with a trace of ZSM-S.

- the 78 hours spot samp1e was_partia11y : o

" crystalline ZSM-5.

- . the 128 hours product was excellently

crystalline 2ZSM-S5.
- Stirred synthesis'

_XRD showed that the _product was excellently

'crystalllne ZSM-22 contalnlng traces of a-crystobalite and

Z8M-5. SEM showed that the product_con51sted of clusters of
inEergrowﬁ very small t< 1 micron) needies. | _

This result aqaln conflrms that a synthe51s mlxture
capable of formlng zeollte ZsM- 22 gglx gives. thls zeolite
when the synthesxs mlxture is stirred durlng

crystallisation. This result also indicates that stirring

~

. durihq crystallisaticn sighificantly reduces the grystal

dimensions.

EXAMPLE 3
One.of the cbjectiQQS of this experimantlwas to
ipvestigate if sloﬂ.speed stirring in combination with
seeding could give 25M-22 with the_deSired properties,'e.g{
Sma;i crYstallite size.ahdiwith'virtually no ccntaminants;_

This'exPeriment was done in a 25 liter autoclave”equippéd ,




W e

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
f . H,0 ' -2 _ 6325.5
. . RINSE WATER 3 | 504.0 . “

Components 1 and 2 were mixed in a 10 liter plastic

\10 . container.

‘Solution 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 | s 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
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. beaker wh1ch contalned component 3. Component 3 was added

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_SYnthes;s mlxture,a'separate;.high-
speed stirrer_was'used, not belonging to the autoclave,

The molar ratio cbmpbsition 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 with the autoclave head

~which was equipped with:a'stirrer. The stirrer gear was

adjusted to maXimum 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.
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Washing and'Recoverx of the product:

THIS SHEET HAS BEEN
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s

=20
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 qg. 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_weslless_
than 0.0i._The crystobalite/ZSM—zz'oeak height ratio_wes
iLS .iess than 0.0l. SEM micrographs showed.that rhe prodqct c
mainiy cbnsisted of very.small (< 1'micron) ihtergrown'
needles. 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 -
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.this ;emperature with stirring at 30 rﬁm fqr‘Sl.heurs. The
type of stifrer wes the same as was used.in_examéle'B; X-
Ray.diﬁfraction shoﬂed that the.prbductfwas ZSM—?Z'éeverely
centaminated Qith zsivi-s The ZSM-5/2ZSM-22 peak 'height ratio

'5 '~ was 0.39. The crystoballte/ZSM—zz peak helght ratio was
less than 0.01. Comparatlve X-Ray dlffractpgrams 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 crystobelite;_eveﬁ-a
' relatively_small'overshoet of the crystallisation -
temperature of ~ 5°C ebove_'166°c is.sufficieht to
.contamihate the 2ZSM-22 éroduct with this dense siliCa-rich
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 catelytic reectione 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.
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Synthe51s of ZSM-zz. 50% of Pota551um replaced by

ammonium.

‘Synthesis mixture:

_22 -

§¥A¥EL§_A

(weight of reactants in grams) :

5 Solution A:
INGR;;IENTS —COMPONENTS QUANTIQ;_IN GRAMS
LUDOX 35—40 - (1)'f:" - 54.08
H,0 .('2)_ 75.24
SOIﬁtlbn ﬁﬁ N
10 | | ;;éREbIENTs éompoNsNT QUANTIT:IN GRAMS.
Al,(50,);.18 H,0 (1) 2.59 (Baker)
'I‘ ' kén (57.5%)_ (2) 2.91 (Baker)
. - |
l‘ _ 1,6-diaminchexane (3) 12.58 (Fluka) “
' - H,0 (5) 131;84 
' 1s NH,OH (29.1%) (4) ' 5.59 (Baker)
Rinse Water 16.62
ZSM-22 Seeds 0.36 .
| unqalcihed - “ -
20

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

Was - added and mixed (the Al source dissolved).

-

Preparation of Solution B:

. The Al

The 1,6-

The KOH



15

20

ﬁdiaminohexane was added ahd'mixed. $olhtion'B was 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. .

cbmpositiqn synthesis'mikture:.(moies):
0.63 K,0/0.64 (NH,),0/3.01 R/0.108 Al,0,/10 Si0,/399 H,0

+ 0.12 wt % seeds (based on gel weight) where R is 1,6-

diaminohexane.

Crystallisation:
294.23 g of gel was transferred to a 300 ml stainless

steel autoclave. The autqglavé_was placed'iﬁ a- room -

'témperature oven. The oven-was heated linearly to 160°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 overnight.

Wt product obtained: 22.0 grams.
Characterisation:

'XRD shows. that the product is excellently crystalline

2SM-22, contaminated with 2SM-5 (ZSM-5/2SM-22 ratio =
 0.15).
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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 oven_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 produdt obtained: 22. 0 grams.

Characterisation:

XRD shows, that the prbdﬁct_is excellently qﬁystalline

2SM-22, contaminated with 2ZSM-5 (2ZSM-5/2SM-22 ratio =

0.15).
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EXAM.PLE 5

Synthe31s of ZSM—zz, 75% of potaSSLum replaced by
. ammonium. | | o
Preparation of syﬁﬁhesis mixture (weight of féactaﬁt
5  in grémS)' |

Solution A: o L o . .

o ]_F========ﬁ======F====?==—‘*—=ﬁ =
; INGREDIENTS CO_MPONEN‘I‘S QUANTITY IN GRAMS

LUDOX AS-40 () .~ 54.07
H,0 (2) . 75.24
10  Solution B: —
INGREDIENTS = | COMPONENT | QUANTITY IN GRAMS
A1,(S0,);.18 H0 (1) 2.60 (Baker)
. KOH (87.5%) _ (2) 1.46 (Baker)
NH,OH (29.1%) 3 ~ 8.49 (Baker)
1l : : . )
) 15 “ H,0 o (5) 131.84
“ Rinse Water . e - -14;23
] “ 1,6-diaminohexane.- - (4) : 12.58 - (Fluka)
ZSM-22 Seeds S 0.33
(uncalcined)
To prepare solution B, (3) was mixed with - (5). (1)

was added and the solution was ‘mixed; (2) was added and the
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solution was mixed; (4)'uas'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: ) | ' | o
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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The product was characterised by XRD which showed
that it was excellently crYStailine (2SM-5/2ZSM—-22 ratio
Scanning electron mlcrographs show that the product

consists of lntergrown needle shaped crystals w1th an L/D

ratlo of the needles of about 25 to 30.
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A zeollte havxng a ZSM-22 structure hav1ng a

'_—'27- : |

CLAIMS

1.
. purlty such that the X-Ray dlffractogram, ‘has a zZsM- S/ZSM-
22 peak helght ratio of not more than 0. 04 and a :
crystoballlte/zsn-zz peak height ratlo_of not more than .

'.0;05 where the 2ZSM-5 peak is the reflectance at an
"interpianar spacing of 3.65 to 3.85 Angstrom (0'365.to'

- 0.385 nanometer), the crystoballlte peak is the reflectance

‘I‘ at an 1nterplanar spacing of 4.07 * 0.02 Angstrom (0.407 +

10 '-0.002 nanometers) and the 2ZSM-22 peak is the reflectance at
' '_an interplanar spacing of 4.36 * 0.07 Angstrom {0.436rt
0;007 nanometers)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 synthes1slm1xture comprlslng:
(i)'_ a source of silicon and/or_germanium;
r o (ii) a source of aluminium, iron, chromium,
\ vanadium, molybdenum, arsenic, antimony, mahganese, gallium
| 20 ~ or boron; |
| (iii) a source of monovalent cation; and

(iv) an organic structure direCting agent;

characterised in that seeds of preformed 2SM-22 are

included in the initiai synthesis mixture.

4. = A process according to claim 3 in which the

25

initial synthesis mixture contains at least 50 ppm of

seeds.

1) O R
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5. A process accordlng to claim 4 in which the
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initial synthe51s mlxture contalns from 100 to 5000 ppm of

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.
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