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The present invention relates to a process for 

preparing ZSM-22 zeolite, a particularly pure form· of ZSM-

22 zeolite which may be produced by this process, and a 

. 5 piocess for using the ~eolite as~ catalyst in the 

10 

. . 
·preparation or conversion of an organic compound. 

During the 1980's a novel class of high silica 

aluminosilicate zeolites was iqentified. 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 foll~wing pattern: 

· ..• 
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INTERPLANAR SPACING INTENSITY 
'· 

dCA> I/Io 

10.90 ± 0 .. 2 40 

8.70 ± 0.16 10 

•·· 

6.94 ± 0.10 
. 
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For simplicity, the following text.will refer to such 

. a zeolit.e as a ZSM-22 zeolite. · 

Processes for preparing such a zeolite are described 

in a number of documents. In general, the synthesis mixture 

-5 comprises a source of silicon _(or germanium); a source of 

aluminium (or alternative T-atom such as gallium, boron; 

iron,· chromium, vanadium, molybdenum, arsenic, antimony or 

manganese); a source of monovalent cation (such as an 

alkali metal) artd an organic structure directing agent. 

io This mixture is crystallised to form the zeolite. 

us Patent No. 448117·7 describes the production of 

ZSM-22 conducted in an auto_clave stirred at about 400 rpm. 

EP-A-65400 describes the production of a zeolfte 

denoted Nu-10 by crystallising a synthesis mixture and 

15 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 zs~._s zeolite. EP-A-87017 describes 

the production of a zeolite denoted ISI-1 in whicq a 

20 ~ynthesis mixture is crystallised while stirring. EP-A-

77624 describes the production of zeolite denoted Nu-10. 

Agitation is said to be preferable and there are no 

exampies of a· preparation in which agitation does not 

occur. Although a rubidium compound is added to the 
25 

": ~· .. · 

stirred synthesis mixture in some instances and this is 

stated "t:o encourage t~e formation of ZSM-22, the present 

_applicants have found that if the process is repeated 



. 5 

_.c._ ____________ -------

1ii11IT!Hii THIS· SHEET HAS BEEN 
REPLACED 

- 4 -

without stirring during crystallisation the product is a 

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

containing material ·does ·not therefore compensate.for the 

need to stir vigorously the mixture dur_ing crys~allisation. 

EP-A-220873 describes a process for the preparation 

of zeolites ZSM-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 

10 the preparation of a crystalline alU:minosilicate denoted 

THETA-1. The crystallisation is carried oµt generally in-a 

revolving pressure vessel. Traces of crystobalite 

contaminated some of the samples. 

Stirring during crystallisation requires more 

15 complica'!:ed 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 .. 
20 _such a harmful contaminant as ZSM-5, is nevertheless a 

contaminant. Its production- is a function of temperature 
. . . . . . 

. and the Si02/Al20) molar ratio in the synthesis inixture. 

25 

.: : 

': · .. -··· ,: .: 
, '· 

Inadequate stirring of the mixture may therefore lead to 

pockets of mixture wh"ose temperature allows the formation 

ot crystobalite. 

·Although-effective ~tir~ing may be carried out in a . . 

. srna11 scale synthesis, in large scale operations it becomes 

-~ 
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increasingly difficult to provi~e '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 ZSM-22 is 

particularly applicable a~ a catalyst e.g. the separation 

of aromatic isomers, the performance of ZSM~S is much 

inferi~r 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. 

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 ZSM-22 is 

sufficient to compensate 'for inefficient stirring or even 

to replace stirring. Indeed, a synthesis mixture wh,ich in 

t.he absence o~ stirring produces pure ZSM-5, may produce 
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50~5tantially pure zs~-22 if as little. as 1000 weight pp~ 

of zsM-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 SO weight 

ppm of seeds is recommended, preferably 100 to SOOO weight 

ppm, more preferably SOO 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 

crystals 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 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. SO 

rpm, particularly 10 .to SO 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 

":. :~ .. · 

EE -
--= -= 
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is static during crystallisation, about l.000 wt ppm 
mixture 

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 ZSM-22 

produced tend to be smaller and purer (i..e. less 

contaminated) than are prod~ced_from the stirred 

crystailisation 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 common_ly 

used when synthesising. zeo.lites, e.g •. finely di:vided 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 

15 alkali m~tal aluminate, an aluminium salt such as the 

sulphate or n.itrate, or a hydrated form of alumina such as 

colloidal alumina. 

The monovalent cation is suitably an alkali metal 

e.g. sodium or potassium. If the monovalent catiop is an 

20 ~lkali metal, for some uses of the zeolite, the alkali 

25 

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

sufficiently active catalyst. An ammonium-containing 

zeolite maybe produced.directly by replacing Up to about 

75% of alkali metal in the synthesis mixture with a source 

of ammonium ion. 

-T~e organic structure directing agent directs the 

formation of P given molecular sieve by the so-called 

~~-- T 
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templating effe~t. The roie of organic molecules in 
. .-. . - . . .. 

molecular sieve synthesis is discussed in articles 

published in the literature, e.g. Lok et al Zeolites.1983, 

Volume 3, pages 282 to 291 and Moretti et al, Ch.im. Ind • .. 
. 5 (Milan) §1., 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 organic compound behave.s. 

like ·a template around which the crystalline framework 

grows, or wnich causes the crystallisation to be directed 

io to form a particular crystalline framework. Examples of 

structure directing agent~ 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, ~~g. l,6~diaminohexane, diethylamine, 1-

15 am:inobuta.ne or 2,2'-diaminodiethylamine; heterocyclic 

20 

25 

b 

organic compounds such as N-ethylpyridinium; 

polyalkylenepolyamines, e.g. triethylene tetramine or 

tetraethylenepentamin';!; and_alkanolamines, e.g. 

ethanolamine or die.thanolamine. .. 
The synthesis mixture m~y 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 crystallisation temperature is 

preferably 80 to 200°c. Since the formation of 

crystobalite is encouraged by a crystallisation temperature 

Of 165°C or higher, it is pref.erred to maintain the 

crystallisation temperature at not more than 160°C. 
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Suitable crystallisation times can be established b:y 

the ordinarily skilled person. In general, crystalliiation 

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 mprphology 

of the crystals produced is unaffected. 

The mother liquor from a first crystallisation process 

can·be recycled and used to 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, clried, and optionally calcined. 

The ZSM-22 zeolite inay also be ion-exchanged to 

replace e.g. hydrogen or an alkal.i metal cation with e.g. 

ammonium or a metal cation such as a 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 ZSM-22 zeolite 

which is particularly pure with respect to contamination by 

ZSM-5 or crystobalite. The purity of the ZSM-22 can be 

assessed from the X~Ray diffractogram. One of the strongest 

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

1iiiUf _....____ 
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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 ZSM-22 at an interplanar spacing of 4.07 ± 

0~02 Angstrom (0.407 ± 0.002 nanom~ters). As indicated 

earlier, the strongest peak in an X-Ray diffractogram due 

to zs~~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 diffractocjram has a ZSM-5/ZSM-22 peak height ratio of 

not more .than o. 04, pref e:c:ably not more than . o. ·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 product~on or conversion of organic 

compounds, for example cracking, hydrocracking,_dewaxing, 

isomerisation (including e.g. olefin isomerisation and 

skeletal isomerisation e.g. of butene), dim~risation, 

· oligomerisation, polymerisation, alkylation, dealkylation, 

20 l}.ydrogenation, dehydrogenation, dehydration, cyclisation 

and aromatization. Tl:le present invention therefore provides 

a process for the production or conversion of a hydrocarbon 

.comprising the use as a catalyst of this zeolite. 

The zeolite may be calcined if appropriate before 

use. It may also be cation exchanged or used in acid form. 

It m~y ~e used in a dehydrated form or a fully or partially 

hydrated form. 
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The following examples illustrate aspects of the 

invention. 

COMPARATIVE EXAMPLE 1: Crystallisation of a ZSM-22 

synthesis mixture without seed crystals. 

Preparation of the synthesis mixture: 

solution A: 

.. 
INGREDIENTS 

A~ (SO~ )3.18 H2 O (Baker, product 1889) 

KOH pellets (87.5%) (Baker, product 0222) 
-

l,6-diaminohexane (Janssen Chimica, 

product 1206436) 

H2 0 
-

Rinse water 

QUANTITY 

GRAMS 

3.50 

- 7.85 

16.70 

177.16 

23.95 

IN 

The ingredients were dissolved in the water in the 

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

beaker which contained solution A. 

Solution B: 

INGREDIENTS QUANTITY IN 

GRMJS 

Ludox AS-40 (40% SiO?) 72.02 

H?O 100.03 
-

. 

/ 
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The Ludox and the water were weighed in a glass 

mixing beake.r 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 

5 solution B. The resulting.mixture was stirred for 15 

minutes in the household mixer. '!'he molar composition of 

the SY'l'lthes is mixture was: · 

10 

in which R = 1,6-diaminohexane • 

. ·· crystallisation: 

The synthesis mixtu;-e was .divided over two sta.inless 

steel autoclaves. Both autoclaves were placed in a room 

temperature oven. The oven was heated up within 2 hours to 

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

15 after 72 hours at 160°C, the other one was removed afte~ 97 

hours. 

washing and Recovery 

Upon opening ·of the "72 hours autoc·lave" it ·appeared 

that the synthesis magma was very viscous and th~re was no 

20 ~lear motherliquor. This indicated an incomplete 

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 

autocla~e. After homogenizing a sample was taken. The 
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sample was washed ~everal times with water and was dried at 

105°C for 3 hours . 

. Characterisation: 

XRO showed that the 72 hours product was largely 

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

product was excellently crystalline ZSM-5 without a trace 

10 

of.· ZS,M-22. 

EXAMPLE 1 

Using the same ingredients and procedures as . 

described above a syn:thesis mixture was prepared with an 

identical molar composition but which now contained 0.04"wt 

% of preformed ZSM-22 crystals (based on the weight of the 

synthesis mixture). During the preparation of the synthesis 

mi~ture the seed crystals were dispersed In solution B. Of 

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

300 ml stainless steel autoclave. 

crystallisation: 

The autoclave was placed in a room temperature oven, 

the oven was heated up within 2 hours to l60°C al\d was kept 

20 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 

was: 16.3 g. 
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Characterisation: 

XRD showed that the product was ZSM-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 

. 5 0.01. 

io 

15 

SEM showed that the·product consisted of sheaf-like 

crystais 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 capable of forming zeolite ZSM-22·under static 

crystallisation conditions only 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 K20/3.0l R/0.108 Al20)/10 Si.02/398 H20 

was prepared using the same ingredients and procedure as 

described above. In this case the amount of seed crystals 

20 ~as increased from 0.04 wt% to 0.10 wt % based on the· 

weight of the synthesis.mixture. 

crystallisation: 

The synthesis mixture was crystallised in a 150 ml 

stairiless steel autoclave for 54 hours at 160°C. 

Washing and Re~overy: 

Tl:le product was washed 4 times with -1so ml of water 

to pH 9. 7 a.nd dried at 120°C. 
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XRD showed that the product was excellently 

crystalline ZSM-22 essentially free from zeolite Z~M~S. The 

zsM-5/ZSM-22 peak height ratio was less than 0.02. 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 -4.5 microns. Also clusters rif 

interqrown needles can be seen. Figure 3 shows the 

\8 diffractogram ·of Example 2. Figures 4 and 5 show 

10 comparative SEM micrographs of examples l and 2. 

15 

This result indicates that: 

pure ZSM-22 can be achieved when this zeolite 

crystallis~d under static conditions in the 

presence of at lea.st 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 ~ixture with a molar comeosition 

!O of: 

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. 

1iii~f 
~--
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The synthesis mixture was divided over 2 stainless 

steel autoclaves. The first (non-stirred, one lit~rf"' 

autoclave contained 737.9 gram of the synthesis _mi~ture. 

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 heateq 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 

after 52 hours and after 78 hours. The 2 liter autoclave 

was heated up to 160°C ang was kept at this temperature for 

53 hours. The stirring speed was - 120 rpm. 

Washing and Recovery: 

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.Sg. 

The 2 spot samples c-o·. s g each) 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 

25 100 % • 
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Non-stirred synthesis: 

XRO 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-5. 

the 128 hours product was excellently 

crystalline ZSM-5. 

stirred synthesi~: 

XRO showed that the _.product was excellent-ly 

crystalline ZSM-22 containing traces of a~crystobalite and 

ZSM-5. SEM showed that the product consisted of clusters of 

intergrown very small (< l micron) needles. 

This result again confirms that a synthesis mixture 

capable of forming zeolite ZSM-22 only gives this zeolite 

when the synthesis mixture is stirred during 

crystallisation. This result also indicates that stirring 

during crystallisation significantly reduces the ~rystal 

20 dimensions. 

2S 

b 

EXAMPLE 3 

One of the objectives of this experiment was to 

investigate if slow speed stirring in combination with 

seeding could give ZSM-22 with the desired properties, e.g. 

small crystallite size and with virtually no contaminants.· 

This ex~eriment was done in a 25 liter au~oclave equipped 
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with a stirring system with a maximum speed of 30 rpm. The 

synthesis mixture was prepared as follows: 

Solution A: 

INGREDIENTS ·coMPONENTS QUANTITY IN GRAMS 

LUDOX AS-40 1 3965.5 

.. H20 2 6325.5 

. RINSE WATER 3 504.0 

Solution B was prepared in the autoclave: 

INGREDIENTS - COMPONENT QUANTITY IN GRAMS 

Al2 (SO.i) 3 .18. H20 1 190.12 

KOH (87.5%) 2 426.54 

1,6-dia~inohexane 3· 921.=l 

H20 4 9570.0 

Rinse Water 5 100.00 

component 4 was poured in the autoclave. 

Successively, components 1, 2 and.3 were added. Be~ore each 

addition of another component the solution in the autoclave 

~as stirred until clear. Component 5 was used to rinse the 
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beaker which contained component 3. Component J was added 

to the contents of the a.utoclave. Solution A was added to 

solution B while· stirring. Component 3 of solutio~ A was 

added to rinse the container, component J was also added to 

5 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 

10 

15 

20 

•i 

crystals stirring was continued for 10 minutes. During the 

last two minutes of stirring about 2300.g of the synthesis 

mixture was taken from the autoclave fo.r later use. During 

t.he preparation of the synthesis mixture a sepa-rate, high-

speed stirrer was used, not belonging to the autoclave. 

The molar ratio composition of the synthesis mixture 

was:. 

~.26 K20/3.0l R/0.108 Al20l/10 SiOif400 H20 + 

0. 075 wt% seed crystals. (based on gel weight) . 

The quantity of synthesis mixture in the autoclave 

was 19.70 kg. 

crystali"isation: 

The autoclave was closed with the autoclave head 

which was equipped with a stirrer~ The_stirrer gear was 

adjusted to maximum speed i.e. 3·0 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. 

This Sheet Has Been Replaced 

· 1111t11111111 m11111111 
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Washing and Recovery of the product: 

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. 

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

product was dried for 16 hours at i20·0 c. The quantity of 

product.recovered was 1240 9. This corresponds with a 

prod~ct yield of 1240 * 100 % = 6.3 wt % 
19700 

io Characterisation: 

XRO showed that the product was excellently 

crystalline ZSM-22 without any other crystalline 

contaminant. The ZSM-5/ZSM-22 peak height ratio was less 

than 0.01. The crystobalite/ZSM-22 peak height ratio was 

15 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 w~s 

2.0 

very small. Figures 6 and 7 s.how SEM micrographs of example 

3 (2500 *and 40000 *magnification respectively). 

COMPARATIVE EXAMPLE 3: 

This experiment was done to show that the effect of 

inefficient stirri_ng on the ZSM-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 

~as heated u~ wi~hin - 6 hours to 160°C and was kept at 

I 
j 

I 
! 
I 
! 
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. this temperature with stirring at JO rpm for 51 hours. The 

type of stirrer was the same as was used in example J. X-

Ray diffraction showed that the product was ZSM-22 ·severely 

contaminated with ZSM-5. The ZSM-5/ZSM-22 peak height ratio 

5 was 0.39. The crystobalite/ZSM-22 peak height ratio was 

10 

less than 0.01. Comparative X~Ray diffractograms of 

examp~e 3 and of comparative example 3 are given in Figu~es 

8 and 9. 

During the course of the experimental program it 

appeared that crystallisation temperature is a sensitive 

parameter to control the formation of crystobaiite; even-a 

relatively small overshoot of the ~rystallisation 

temperature of - 5°C above 160°C is sufficient to 

contaminate the ZSM-22 product with this dense silica-rich 

15 crystalline material. It also ~ppeared that its formation 

pr•fer~ntly 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-5, it is highly desirable ·-to 
. . ~ . . :., . . 

20 avoid the formation of this by-product. This .can.be done by 

closely monitoring th,e crystallisation temperature not to 

exceed 160°C. 
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synthesis of.ZSM-22:.50% of Potassium replaced by 

ammonium. 

Synthesis ~ixture: (weight of reactants in grams): 

. s Solution A: 

10 

\ 
I 15 

INGREDIENTS COMPONENTS QUANTITY IN GRAMS 

LUDOX AS-40 (1) 54.08 

H20 (2) 75.24 

Solution B: 
. 

INGREDIENTS COMPONENT QUANTITY IN GRAMS 

Al2(S04 )J.18 H20 (1) 2.59 (Baker) 
.. · 

KOH (87.5%) (2) 2.91 (Baker} 

-
1,6-diaminohexane (J) 12.58 (Fluka) 

H10 (5} 131.84 

NH40H (29.1%) C,4) 5.59 (Baker) 

Rinse Water 16.62 

ZSM-22 Seeds 0.36 

uncalcined 

Preparation of Solution B: 

The water (5) was mixed with the NH40H (4). The Al 

source was added and mixed (but did not dissolve). The KOH 

¥Tas·added and mixed (the Al source dissolved). The 1,6-
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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 hou~ehold 

mixer for 10 minutes at low speed. 

composition synthesis mixture: (moles): 

0.63 K20/0.64 (NH4 )i0/3.0l R/0.108 Al20 3/10 Si02/399 H20 

+ ri.12 wt % seeds (based on gel weight) where R is 1,6-
. . 

diall)inohexane. 

crystallisation: 

294.23 g of gel was transferred to ~ 300 ml stainless 

steel autoclave. The autoclave was placed in a-room 

temperature oven. The oven- wa_s 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.p grams. 

Characterisation: 

XRD shows. that the product is excellently c~ystalline 

20 ZSM-22, con~aminated with'zsM-~- izsM-5/ZSM-22 ratio= 

0.15) • 
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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 hou$ehold 

mixer for 10 minutes at· low speed. 

composition synthesis mixture: (moles): 

0.63 K20/0.64 (NH4)i0/3.0l R/0.108·Al20 3/10 Si02/399 H20 

+ 0 .. 12 wt % seeds (based on gel weigbt) where R is 1,6-

diall}inohexane. 

crystallisation: 

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. 

Washing and Recovery: 

Th~ product ~as washed with demineralise~ 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 cnstalline 

20 ZSM-22, contaminated with ZSM-5 (ZSM-5/ZSM-22 ratio = 

0.15). 

1iiiif 
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EXAMPLE S 

synthesis of ZSM-22; 7~% of potassium replaced by 

ammonium. 

Preparation of synthesis mixture (weight of reactant 

s in grams) 

Solution.A: 

INGREDIENTS COMPONENTS QUANTITY IN GRAMS 

LUDOX AS-40 ( 1) 54.07 

H20 (2) 75.24 

10 Solution B: 

) 15 

INGREDIENTS COMPONENT QUANTITY IN GRAMS 

Al2 {S04 ) 3 • 18 H20 (1) ~.60 (Baker) 

-KOH (87.5%) (2) 1.46 (Baker) 

NH40H (29.1%) (3) 8.49 (Baker) 

H20 (5) 131.84 

Rinse Water 14.23' 
• 

1,6-diaminohexane (4) 12 ~ 58 · (Fluka) 

ZSM-22 Seeds 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) was added and the solution was · 

mixed. 

Solution B was added to solution A, the see~s were 

added and the whole was mixed in a household mixer for ten 

5 minutes. The aluminium source (1) did not completely 

dissolve. 

Composition of synthesis .mixture.: (moles) 

0 •. 32 K20/0.98 (NH4)i0/3.0l R/0.108 Al20 3/10 Si02/404 H20 

+ 0.11 weight percent seeds (based on gel weight) where R 

10 is 1,6-diaminohexane. 

drystallisation: 

Immediately after mixing, 293.49 grams of the 

synthesis mixture was tr~risferred to a 300 ml stainless 

steel autoclave. The autoclave was placed in. a room 

15 temperat~re oven and the oven was heated linearly within 

two hours to 160°C. During tne crystallisation period 

several spot samples were taken to observe the 

4' crystallinity using X-Ray diffraction. . The product 

appeared to be completely crystalline after 130 hQurs at 

20 160°C. 

washing and Recovery: 

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 

25 product.was washed five times with· about 700 ml of 

demineralised water to pH 9.5. The product was dried over 
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ThE;? product was characterised by XRD which showed 

that it was excellently crystalline {ZSM-S/ZSM~22 ratio 

0.111). Scanning electron micrographs show that tpe product 

consists of intergrown needle shaped crystals with an L/D 

5 ratio of the needles of about 25 to 30 • 

; 
! 
·; 
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CLAIMS 

1. A zeolite having a ZSM-22 structure having a 

purity such that the x R - ay diffractogram, _·has a ZSM-5/ZSM-

22 peak height ratio Qf not more than 0.04 and a 

· 5 crystoballite/ZSM-22 peak height ratio of not more than 

O.bs where ~he ZSM-5 peak is the reflectance at an 

interp-ianar spacing of 3.65 to 3.8s Angstrom (0.365 to 

0.385 nanometer), the crystoballite peak is the reflectance 

at an interplanar spacing of 4.07 ± 0.02 Angstrom (0.4.07 ~ 

10 

15 

20 

0.002 ·nanometers) and the ZSM-22 peak is the reflectance ~t 

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/ZSM-22 peak height ratio is not more than 0.02. 

3. A process for preparing a ZSM-22 zeolite 

comprising crystallising a synthesis mixture comprising: 

(i) a source of silicon an~/or germanium; 

(ii) a source of aluminium, iron, chromium, 

vanadium, molybdenum, arsenic, antimony, manganes~, gallium 

or boron; 

(iii) a source of monovalent cation; and 

(iv) an org.anic structure directing agent; 

char~cterised 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. 

' lllllll lltlll lllll lllll ll 1111 
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5. A process according to claim 4 in which the 

initial synthesis mixture contains from 100 to sooo ~pm of 

seeds. 

6. · A process according to claim s in which the 

initial synthesis mixture· contains from soo 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. 

10 A process· according to any one of claims 3 to 6 

in which the crystallisation is carried out under static · 

conditions. 

9. A process according to any one of ciaims 3 to 6 

in which the synthesis mixture is agitated during 

15 cry_stall~sation. 

10. A process according to claim 9 in w~ich the 

· synthesis mixture is stirred at a rate of less than 50 rpm 

during crystallisation. 

11. A process for preparing or converting ~an 

20 organic compound comprising the use as a catalyst of a 

zeolite as claimed in.claim i or as prepared according to 

the process of any one of claims 3 to 10. 
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