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| 2SM-5 ZEOLITE ,/

The present invention relates to a form of ZSM-5
zeolite, procésses for ité production, processes for its
use in the production or conversion organic compounds, and
processes for its use as a selective absorbent.

ZSM-5 is an MFI-type zeolite, usually an
aluminosilicate zeolite, which has been found useful as a
catalyst in a variety of processes for preparing,
converting, separating or purifying organic compoundé. The
earliest ZSM-5 zeolites were prepared using an organic
template in the synthesis mixture which directed the
formation of the ZsM-5 structure. Known ZSM-5 zeolites
prepared using an organic template generally have an
$i0,/A1,0; molar ratio of at least 60 and frequently
considerably greater.thaﬁ 60 {see e.g. US Patent No.
h?797267). So-called "“inorganic" ZSM-5 zeolites, made in the
absence of an organic template, were prepared in the
1980’s. Typically these have an Si0,/Al,0; molar ratio of
from 20 to about 30 to 40. Si0,/Al,0; ratios of up to 80
have been reported (e.g. Zeolites 1989 Vol. 9 363-370).

The mérphology 6f 2SM-5 crystals produced using an
organic template can vary. For example, Studies in Surface
Séien_ce and Catalyéis 33, "synthesis of High Silica -
Aluminosilicate Zeolites" (Elsevier), Peter A. Jacobs and
Johan A. Martens illustrates ZSM-5 crystals which are large
elongated hexagonal prisms, whose corners may be rounded.

Crystals of ZSM-5 zeolite which are agglomerates of
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an MFl-type zeolite, usually an alunminosilicate zeolite, which has
nd useful as a catalyst in a variety of processes for preparing,

ng, separating or purifying organic conmpounds. The earliest ZSM5
were prepared using an organic tenplate in the synthesis m xture
directed the formation of the ZSM5 structure. Known ZSM 5 zeolites
ed using an organic tenplate generally have an SidJerr]/Al[err]O[err]
atio of at |least 60 and frequentTychnsiderany greater than 60 (see
Pat g SM5 zeoliites, nmade in

isence o% g% df;?%%%z SO&¥%¢|§éb ﬁ?ﬁglﬁ eFhE R3S Typical Iy
< Oforr LTATESFA erﬁfr‘fﬂqﬁk‘é%eﬁ%' ?%f Shnobianedy Bohled (o0
tes 19894t idm3k ¥Mica (e.g. US Patent No. 4797267), ZSM-5
. crYstals may be rod shaped i.e. elongated crystals with
5 substantially parallel sides and blunt ends. The
morphology of inorganic ZSM-5 crystals tends, according-ﬁo
Zeolites (ibid), to be ellipsoidal.
There is evidence to suggest that inorganic ZSM-5
zeolite and ZSM-5 zeolites produced by organic templated
10 synthesis differ in terms of the relative positions of

atoms in their structures. In templated synthesis, there

! is evidence for occurrence of aluminium zoning (see e.gq.
Jacobs and Martens, ibid). 1In inorganic ZSM-5 it is

S believed that the Al atoms are homogeneously distributed
15 over the T-atom sites. NMR spectra of ZSM-5 zeolites

prepared using an organic template, specifically ¥Si NMR
spectra, show two peaks: one at -111 ppm corresponding to
‘lb si with no Al'neighbours, and one at =105 ppm corresponding
to Si with one Al atom as a nearest neighbour in a T-atom

20 site.

The épplicants have now identified a novel form of
ZSM-5 zeolite. The zeolites of the present invention are
tectosilicates. They contain silicon and aluminium,
although some or all of the aluminium may be replaced with
another element e.g. gallium, boron, iron, zinc or copper.

For simplicity the following text will refer to aluminium
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iphol ogy of ZSM 5 crystals produced using an organic tenplate can

*or exanple, Studies in Surface Science and Catal ysis 33, "Synthesis
Silica Atum nosilicate Zeolites" (Elsevier), Peter A Jacobs and

A. Martens illustrates ZSM5 crystals which are | arge el ongat.ed

nal prisnms, whose corners may be rounded. Crystals of ZSM5 zeolite
are aggl onerates of smaller, elenentary hexagonal crystallites are

| ustrated. In the presence of an xtrenely hi gh proportion of silica
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imply a limitation.

The present invention provides a crystalline ZSM-5
zeolite, preferably an aluminosilicate zeoclite, which
comprises substantially needle~shaped agglomerates.

By needle-shaped it is intended to mean that the
.agglomerates are substantially rod-shaped having gently
tapering ends (i.e. not blunt ended like coffin-shapedqd
"._ crystals) and where the average ratio of length to diameter
10 (measured at the thickest part of the needle) is at least

2.5, preferably at least 3. |
? The ends of the agglomerate taper, preferably so that

the length of the portion of the agglomerate having a
diameter less than the maximum diameter, is at least 50%, -
15 preferably at least 60%, more preferably at leaét 70% of
the total length of the agglomerate. Typically the average

length of the needle-shaped agglomerates is of the order of

al}' 0.2 to 10 um, preferably 0.4 to 5 um. Substantially all

i the 2ZSM-5 zeolite agglomerates may be needle-shaped, i.e.
H

g 20 at least 80%, preferably at least 90%, more preferably at

least 95% of the agglomerates are needle-shaped.

Each needle-shaped agglomerate may be made up of much
smaller crystals agglomerated together. The smaller
crystals are geherally much less than lym in size e.g. 0.05
to 0.5 um. The shape of the smaller crystals which form the
. heedle-shaped agglomerate is believed not to be critical.

e The crystals may, for example, be rod- or needle-shaped.
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int ends. The.nbfphology of inorganic ZSM5 crystals tends,
0 Zeolites (ibid), to be ellipsoidal. There is evidence to
frat i norgani c ZSM 5

-4 -
'The needle-shaped agglomerates tend to have a square
cross—section, although the crystals forming the
agglomerate may be joined together such that the corners of
the square are blunted, leading to a more circuiar cross-
section. One effect of the needles being formed from an
agglomeration of smaller crystals is that the needles when
viewed by a scanning electron micrograph (SEM) display a
textured or grainy surface.  An increased outer surface
area of zeolite may be useful in some processes (see e.q.
D. Fraenkel. Ind. Eng. Chem. Res. 29 No. 19 1990 1814-1821-
. and the references mentioned in it) and may influence e.g.
access to internal active sites or may be useful in
external and pore mouth catalysis. ZSM-5 prepared using an
organic template generally has a ¥Si NMR spectrum showing
two peaks corrésponding to Si- atoms having in the nearest
neighbour T-atom sites 0 or 1 Al atoms respectively.

The present invention further provides é
tectosilicate ZSM-5 zeolite whose ¥Si NMR spectrum has at
least three peaks, which peaks correspond to Si having 0, 1
and 2 nearest neighbour atoms respectively. When the
zeolite is an aluminosilicate the third peak, which is
believed to correspond to Si atoms having 2 (or possibly
éven_3) Al atoms as neighboﬁrs is at less than -105 ppm.
Generally, the peak is in the region from -85 to less than
25 ~105 ppm.

The zeolites of the invention may be prepared by
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nd ZSM5 zeolites produced by organic tenplated synthesis differ’
K of the relative positions of atons in their structures. In

cd synthesis, there is evidence for occurrence of alum nium zoning
g. Jacobs and Martens, ibid). In inorganic ZSM5 it is believed that
atoms are honpgeneously distribuyted over the T-atomsites. NWR

a of ZSM5 zeolites prepared using an organic tenplate, specifically
I NWR spectra, show two peaks: one at -111 ppm corresponding to S

o Al neighbours, and one at -105 ppm corresponding to Si with one A
S a near e@di) nei ghlx@irdel o Eiatiednsi te. The applicants have now
fied a novel formof ZSM 5 zeolite. The zeolites of the present

ion are tiEdtosi ld cahesce Hfewlominam) sallildom, ahd rany miton,

zinc or copper {denoted as M);

(iii) a source of monovalent cation;

(iv) an organic structure direcfing agent; and,

(v) if the synthesis mixture is agitated during
crystallisation and the ratio of Si to M is 20 or more, -
from 0.05 to 2000 ppm wt pased on wt of synthesis mix of
seed crystals gf MFI zeolite having an average largest
dimension of not more than 100 nm.

The source of silica is not critical and may be for
example a collo%dal silica solution e.g. that is sold under
the trade name Ludox, or may be a finely divided-soiid,
e.g. that sold under the trade name Aerosil.

The source of aluminium méy be an alumina introduced

into the synthesis mixture as e.g. Al303.3H20 previously

dissolved in alkali e.g. Al2(S04)3.18H20 dissolved in an
alkali solution. Likewise, suitable sources of géllium,
iron, boron, zinc and copper will be apparent to the
skilled.person.

The synthesis mixture should contain a source of a
m9novalént cation such as an alkali metal, e.é. sodium,
potassium or caesium or a source of ammonium ions. For
needle-shaped agglomerates, a potassium source. should be
used. This can conveniently be provided in the form of a
rhydroxide to provide an alkaline solution in which fhe

alumina may be introduced.
- This Sheet Has Been R
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some or all of the éfuniniun1nay be repl aced wi th another el enent
i um boron, iron, zinc or copper. For sinplicity the follow ng
refer to al um nium but unl ess otherwi se stated this should not be

ko inply a linmitation. The present invention provides a crystalline
geolite, preferably an aluminosilicate zeolite, which conprises

I al |y needl e-shaped aggl oner at es. By needl e-shaped it is intended
that the aggl onerates are subsfaﬁﬂ?ﬂly rod- shaped having gently

ends (i .f, nﬁiﬂg%ggtsgggggullk f%@é%fhé”&ﬂéﬁk‘Hi%%é%é)tﬁﬁd wher e

erage ratio o

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,
Volume 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 organic compound behaves
like a templaté 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 diaminoalkanes |
having up to 12 carbon atomsf particulariy 4, 6, 8, 10 or
12 carbon atoms, e.g. 1,6-diaminohexane, diethylamine, 1-
aminobutane or 2,2’-diaminodiethylamine; heterocyclic
organic compounds such as N-ethylpyridinium;
:polyalkylenepolyamines, e.g. triethylene tetramine or
tetraethyleneﬁentamine; and alkanolamines, e.g.
ethanolamine or diethanolaminé.

A suitable amount of template R, based on the
prefgrred template of 1,6-diaminohexane, is.a molar ratio -
of R/Si0O;, in the synthesis mixture of 0.1 to 0.5.

The Si0,/Al,0; molar ratio in the synthesis mixture is
generally not more than 500 and may be as low as 6, i.e.

the Sl/Al ratio in the zeolite synthesis mixture is

|II|||I i
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er (nmeasured ét'the thi ckest part of the needle} is perferably at
‘5, nost perferably at |east 3. The ends of the aggl onerate ‘taper,
ably so that the length of the portion of the aggl onerate having a

-7 -
generally from 3 to 256 . The Sio0,/Al,0; molar ratio in the
synthesis mixture may be from 6 to 500 for the production
of needle-shaped agglomerates, preferably 15 to 100. Por a
zeolite having three ®Si NMR peaks, particularly one

including a peak at less than ~105 ppm, an SiO,/Al,0; molar

H 5

ratio of 6 to 50 in the synthesis mixture should be used,
preferably 15 to 25.

The Si0,/Al1,0; molar ratio in the zeolite after
crystallisati_on tends to be up to 30% lower than the molar
ratio in the synthesis mixture. Thus the S1i0,/A1,0, molar
ratio in the zeolite is generally not more than 500 and
maybe as low as 5. |

The formation of needle~-shaped agglomerates is.
‘encouraged by the selection of appropriate alkalinity of
the synthesis mixture, havinq_— regard to the quantity of
silicon source present. If the alkalinity of the synthesis
mixture is expressed in terms of moles of 61-1' present, the
molar ratio of OH/SiO, should be in the range 0.025 to
0.34, preferably, 0.05 to 0.30. Decreasing the OH/Sio,
molar ratio tends to increase the length/diameter ratio of
the needle-éhaped agglomerates formed. When calculating
the amount of OH present in the synthesis mixture,
aécoupt should be taken of any materiéls present which niay -
neutralise .some OH ions. For example, if the aluminium
source is added to the solution in the form of aluminium
sulpliate-, Al,(S0O,);, one mole of aluminium sulpha_te will

neutralise six moles of OH ions.

" This Sheet Has Been Re
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s than the maxinmum di anmeter, is at |east 50% preferably at
more- preferabty—at—-east 70@6of the total Iength of the
YRL G4 Fvgrage | engt h of the needl e-shaped aggl oner at es
]m preferably 0.4 to 5 [err]m Substantially
ﬁerat es may be needl e-shaped, i.e. at |east 80%
' e preferably at | east 95% of the aggl onerates
e- shaped. Each needl e- shaped &gyl onerate may be made up of nuch
rystals aggl onerated together. The smaller crystals are generally
than 1E&r ABmhet gvad & t@@?’?@@‘@?@r?ﬁ?diﬁésgﬁaﬁé of the

| s which fo t he needl| e- shaped aggl ome;,at,e i s believed not
i t P@g omeratss, @ 23M-F Feekhke RaviRd 84~ S

containing three peaks, the Si0,/Al1,0; molar ratio in the

synthesis mixture should be not more than 25, and the

OH'/Si0O, molar ratio should not be more than 0.21.

The crystallisation of the synthesis mixture may be
carried out under quiescent conditions (i.e. no stirring)
or the mixture may be stirred throughout the
* crystallisatioh time. Under quiescent conditions,

« 10 regardless of whether the mixture is seeded, 2%SM-5 should
be produced. If needle-shaped agglomerates are desired,
seeds of an MFI-zeolite may be added to the synthesis
mixture to encourage the production of small, uniform
needle-shaped agglomerates. If the mixture is stirred,

15 then, when the Si02/A1203.m°1a¥ ratio is initially around

45, the synthesis mixture may be suitable for the

preparation of ZSM-22 crystals in the absence of MFI

zeolite seeds. Thus, seeds are beneficial for the
production of small uniform agglomerates, and are required

20 to produce 2SM-5 if the synthesis mixture has an Si0,/A1,0,
molar ratio. of around 40 or more (Si/Al atomic ratio of 20
or more), and the mixture is stirred during
crystallisation. - T

The synthesis process preferably used from 0.05 to

25 2000 ppm, preferably 0.1 to 1500 ppm, more preferably 50 to

1500 ppm of seed crystals of MFI zeolite. The seed

crystals are preferably "nanometer size" i.e. their average
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;shéﬁéﬁ?““*?he—ﬂeedle;éhaped aggl onerates tend to have a square

ESect it gpad £ ugh the crystals formng the aggl onerate may be joi ned
fier suc qérs of the square are blunted, leading to a nore
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e effect of the needles being fornmed from an
rystals is that the needl es when viewed by a
ng el ectron mcrograph (SEM display a textured or grainy surface. An
sed outer surface area of zeolite 9&y be useful in some processes
g. D. Fraenkel. Ind. Eng. Chem Res. 29 No. 19 1990 1814-1821 and
of er eABEGSRENCARAEIAN i natl mere i thanchel BUg. FBES§$o interna
crystals may be any MFI zeolite, for example a ZSM-5
zeolite or, conveniently, a silicalite. The seed crystals
may conveniently be added in the form of e.g. a colloidal
5 suspension. Suitable seed crystals may be prepared as
described in our pending UK Patent Application No:
9122499.8 (filed 23 October 1991).
If the crystallisation is carried out under quiescent
conditions, or, regardless of whether the mixture is
10 stirred, if the Si0,/Al,0; molar ratio is less than 40,
seeds are not required to p?oduce ZSM-5 zeclite; However,
since the production of small, uniform crystals and
agglomerates are encouraged by the use of seeds, it is
preferred to include seeds in the synthesis mixture.
15 In general, the crysta;}isation temperature is 120.to
200°C, typically 130 to 180°C. The crystallisation time
may be from 30 to 200 hours, typically 50 to 145 hours.
The time to obtain a crystalline product depends strongly

on the alkalinity of the synthesis mixture. The lower the

20 alkalinity, the longer the mixture needs to be held at a

given temperature to obtain a crystalline product.

Temperature also affects the length/diameter ratio of the
agglomerates produced. Increasing the temperature tends to -
increase the length/diameter ratio, producing thinner and
longer agglomerates.

After crystallisation the zeolite may be washed and

dried, and optionally, calcined.




“es or may be useful in external and pore nouth Caialysfs. ZSN@S
d using an organic tenplate generally has a [err]Si NVR spectrum

ng two peaks corresponding to Si-atoms having in the nearest nei ghbour
msites 0 or 1 Al atonms respectively.

- 10 -
The zeolite can be modified by methods known by
people skilled in the art, such as ion-exchange,
impregnation, dealumination or any other chemical
modification.
5 Ion—exchange'typically replaces residual cations and
hydrogen ions by a cation such as ammonium, an alkali metal.
cation, a raré earth metal cation or cations of manganese,
calgium, magnesium, zinc, éalcium, palladium, nickel,

3 copper, titanium, tin, iron, platinum or cobalt.

Impregnation allows deposition of metal salts on the

zeolite, e.g. salts of noble metals.

Dealumination can be done e.g. by steaming or by any

chemical treatment. These treatments result in modifying

2 the zeolite framework composition.

v

15 " The zeolite may be bound with a matrix material such
as clay or silica to increasé the physical strength of the
material for its use as a catalyst in a variety of
processes.

ZSM-5 zeolites are useful in the production and

20 conversion of organic compounds, for example cracking,

hydrocracking, dewaxing, isomerisation (including e.g.

olefin;isomerisation and skeletal isomerisation e.g. of

butene), oligomerisation, dimerisation, polymerisation,

alkyiation, dealkylation, hydrogenation, dehydrogenation,
dehydration, cyclisation and aromatisation. The present
invention therefore provides a process for the production

or conversion of an organic compound comprising the use as

This Sheet Has Been Replaced
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ge -present invention further provides a tect05|llcate ZSN¢5 zeollte mhose
¥FIr]Si NWVR spectrum has at |east three peaks, which peaks correspond to Si
Hving 0, 1 and 2 nearest nei ghbour atons respectively. Wen the zeolite is
alunmnosilicate the third peak, which is believed to correspond to S

ons having 2 (or possibly even 3) Al atons as neighbours is at |ess than
-JL05 ppm Cenerally, the peak is in tpel{egion from-85 to |l ess than -105
M The zeolites of the invention nday be prepared by crystallising a

it
synthesi s AN edtd By$OSf | €h8Jzeolite desbrd ! Hsove. SPhéCPBo1lite can ?
also be used (either as initially prepared or in a modified é
fofm) in a selective adsorption process e.g. a separation
or purification.
5 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 asbects of the
invention:
COMPARATIVE EXAMPLE 1

Preparation of synthesis mixture:

~ Solution a: . -

INGREDIENTS QUANTITY IN GRAMS - - ;
Al,(S0,);.18 H,0 (Baker, prod.#1889) - 5.183
KOH pellets (87.5%) (Baker, prod.#0222) 5.83
1,6-diaminchexane (Fluka, prod.#33000) 12.58
H20 125.02
Rinse H,0 ‘ 99.99

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.

INGREDIENTS QUANTITY IN GRAMS

Solution B: (Silicate)
Ludox AS-40 54.06

Component C:

ZSM-22 Seed Crystals 0.32

is Sheet Has Been Replaced
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"‘a source of al unmi num galllun1 boron, iron, zi nc or copper
ted as M; (ii1) a source of nDnovaIent cation; (iv) an
ic structure directing agent; and, ~ (v) if the synthesis mxture
d@gitated during crystallisation and the ratio of Si to Mis 20 or nore,
m 0.05 to 2000 ppmwt based on wt of synthesis m x of seed crystals of
eolite having an average | argest dinension of not nore than 100 nm
ource of silica is not critical <an@ ray be for exanple a coll oi dal
ica solution e.g. that is sold under the trade nane Ludox, or may be a
51y divided S§6LWtion @ amhttise|rinselevater wezdeadded Asr @silution
B. The resulting mixture was stirred for 5 minutes.,The
ZSM-22 seed crystals were then added to this mixture and
the whole was vigorously stirred for 10 minutes. The
resulting synthesis mixture had a molar composition of:
1.26 K;0/3.01 R/0.22 Al,0;/10-Si0,/402 H,0

where R is 1,6-diaminchexane. The OH/Si0, molar ratio was
0.12. This mixture contained 0.11 wt% of 2ZSM-22 seed
crystals, based on the weight of the synthesis mixture. The:
S$i0,/Al,0, molar ratio was 45.5.

The synthesis mixture was transferred to a 300 ml
stainless steel autoclave. The autoclave was placed in a
room temperature oven. The oven was heated-up to 160°C
‘within 2 hours and kept at this temperature for 59 hours.

The product was washed with water to pH 9.7 and
subsequently dried at 100°C.

X-Ray diffraction (XRD) showed that the product was
ZSM-22 slightly contaminated with ZSM-5.

COMPARATIVE EXAMPLE 2

An identical synthesis mixture as in comparative
example 1, not containing ZSM-22 seed crystals was
Crystallised in a 2 litre stainless steel "stirred®

autoclave. The crystallisation conditions were: heat-up -

time to 160°C: 2.5 hours; time held at 160°C: 65 hours,

Stirring speed, 120 rpm. XRD showed that the product was

exeellently crystalllne and pure ZSM-22.

e
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f al um ni um may be an al umina introduced into the synthesis
.g. Al1203. 3H20 previously dissolved in al kal

e.g.

err])3.18H err]0 dissolved in an al kali solution. Likew se,
urces of gallium iron, boron, zinc and copper will be apparent
| ed person. -

- 13 -
EXAMPLE 1
- Using the same ingredients and procedure as described
in Comparative Example 2 a synthesis Rixture was prepared
in which the Si0,/Al1,0; molar ratio was reduced from 45.5 to
36.1. This mixture was crystallised with the same
conditions as in Comparative Example 2. The resulting
pro&uct was pure ZSM-5. The morphology of the crystals was
irregular but showed a needle-type character.
Comparative X-Ray diffractograms of the products
10 obtained from Comparative Example 2 and Example 1 are given
in Figures 1 and 2.
EXAMPLE 2
The synthesis described in Example 1 was repeated but
in this case the synthesis mixture was seeded with a
15 colloidal suspension of nanométer sized silicalite

crystals.

SYNTHESIS OF NANOMETER-SIZED SILICALITE CRYSTALS

Preparation of synthesis solution. The weight of each

reactant is given in grams and the product number of each
reactant is given in brackets after the

Manufacturer’/s/Supplier’s name.

5 TPA OH solution (20% in water) 406,34 (Fluka 88110)

Ssilicic acid powder (10.2 wt%H,0) - 87.94 (Baker 0324-5)

NaOH pellets (98.4%) 5.73 (Baker 0402)

—. —
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fit hesi's mi xture should contain a source of a nonoval ent cation such
kal kali netal, e.g. sodium potassiumor caesiumor a source of
Pum i ons. For needl e- shaped aggl onerates, a potassium source shoul d be
E'This can conveniently be provided in the formof a hydroxide to

¥e an al kaline solution in which the alum na may be introduced. The
i c structure directing agent directlg tthe formati on of a given

Bul ar sieve géﬁtﬁiso-callgd tenplating effect. The role of organic
ful es in nol AT8R8%ion Heas weighedc dBs8d Y i @1&SSHubl i shed

rLf[ t gegﬁégﬁ%’ tqieC]'NaL&% v?és aédc%eeg | alugxgs %8%’01\6%&%@? s?i:’ir%'ae%esatz 81'20c§rt? 291

temperature until the NaOH dissolved. Next, the silicic
acid was added and the mixture heated to boiling whilst
vigorously stirring. Heating was continued until a clear

solution was obtained. The solution was cooled to room

e

temperature and the weight loss due to the boiling was

corrected with demineralized water.
The molar composition of the synthesis mixture was:

’ 10 0.53 Na,0/1.52(TPA),0/10 Si0,/143 H,0

T
SRR

The OH’'SiO, molar ratio was 0.41.

Crystallisation

The synthesis solution was divided into 3 portions™+

SR NBARFTIN

e

which were crystallized at respectively 120°C for 22:hours,
15 80°C for 25.5 hours and at 60°C for 9 days. The

crystallization at 120°C was- done in a 1 litre stainless

steel autoclave; the other crystallisations were done in
250 ml plastic bottles. The crystals were separated from
the motherliquor using a high-speed centrifuge. Upon

20 centrifuging the crystals appeared as a bluish transparent

gel-like mass on the bottom of the centrifuge beakers.

To wash the product, the crystals were redispersed in
demineralized water using an ultrasonic bath and were
Subgequently centrifuged. The washing was repeated until

25 the pH of the last wash water was about 10. After the last

3
g
3

washing step the crystals were again dispersed in about 100

This Sheet Has Been Replaced

AR




¥ nd.
@B-C structure directing agent is that in the production of the
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(Mlan) 67, No. 1 to 2, 21 to 34 (1985). The effect of an

| ine framework the organic conpound behaves |i ke a tenplate around
he crystalline framework grows, or which causes the crystallisation

g directed to forma particular crystglline framework. Exanples of
fture directing agents which may be Used to formthe present zeolites
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B, particularly 4, 6, 8, 10 or 12 carbon atons, e.gqg. 1,6-d|an1noﬁ%xane,

am weekl-tien 3000t an@ 60°¢. erystalsnadachby! sHowe a RRARHANF! £6

I ¢ conmpounds such as N-ethyl pyridinium polyal kyl enepol yam nes, e.qg.
: hyl ensettdtlileadown oon the bottom of the container, therefore the

80°C and 60°C crystals were considered as "colloidal
zeolites". Small portions (about 25 grams) of the zeolite
suspensions were evaporated to dryness (16 hours at 120°)
and the resulting solids were air calcined for 24 hours at
550°C. X-ray diffraction of the products all showed the
pattern of silicalite-~-1.
SYNTHESIS OF ZSM=-5
The molar composition of fhe synthesis mixture was:
1.26K,0/3.01 R/0.277 Al,0,/10 SiO,/404 H,0

and contained 0.010 wt¥ seed crystals, based on the weight
of the synthesis mixture. R is 1,6-diaminohexane. The OH -
}SiOz molar ratio was 0.09.
Crystallisation

The synthesis mixture was transferred to a 1 liter
stainless steel autoclave. The synthesis mixture was
heated-up from room temperature to 160°C within 2.5 hours.
The mixture was kept at this temperature for 130 hours.
During“heating the mixture was stirred at 120 rpm.

Washing and Recovery

The product was washed with water to pH 9.7 and dried

at 120°C during 20 hours.

Characterisation

I
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set hyl enepent ami ne; and al kanol anmi nes, e. g. etharol ami ne or

m ne. A sui tabl e amount of tenplate R based on the preferred
f 1, 6-di ami nohexane, is a nolar ratio of RRSiJerr] in the

m xture of 0.1 to 0.5.

- 16 -

XRD showed that the product was excellently
crystalline ZSM-5. SEM micrographs showed that the product
consisted of uniform needles with a length/diameter ratio
of about 6.7. Comparative SEM microgfaphs of the products
obtained from Examples 1 and 2 are given in Figures 3 and
. _

It can be seen from this that decreasing the
Sifh/Algh molar ratio of the synthesis mixtures from ~45 to
< 40 significantly enhances the formation of zeolite ZSM-5
at the expense.of zeolite ZSM-22; a needle-type morphology
of zeolite ZSM-5 can be prepared; seeding the synthesis
mixture with very small-quantities of nanometer sized

silicalite crystals enhances the formation of very uniform -

(needle-type) ZSM~5 crystals.
15 EXAMPLE 3

Crystallisation of a cgiloidal silicalite-seeded
synthesis mixture with Si0,/Al,0, molar ratio of ~ 90.
Preparation of synthesis mixture:

Solution A:

20~ INGREDIENTS QUANTITY IN GRAMS
Al,(S0,);-.18 H0 (Baker, prod.#1889) 8.17
KOH pellets (87.5%) (Baker, prod.#0222) 18.52
1,6-diaminochexane (Fluka, prod.#33000) 39.83

25  HO0 . 553.00
.Rinse H,0 - 158.84

Sheet Has Been Replaced
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Py-err]/Al[lerr]Jekr] nolar ratio in the synthesis mxture is

}]Iy not nore than 500 and nay be as lowas 6, i.e. the Si/A ratio in
Polite synthesis mixture is generally from3 to 250. The
Pr]/Alferr]O[err] nolar ratio in the synthesis mixture nmay be from®6
)0 for the production of needle- shagﬁﬁ_agglonerates preferably 15 to
sFor a zeolite haV|ng t hree [err]§| MR peaks, particularly one

?dlng a peakmale I dd eihl €Rel gakd 4y kngol ar
B of 6 to 50 In 1h syn?ﬁ23|s nlxture gﬁ&uld be used, prefera y 15 to

| The Sir@eer AHoA HBdvd Sitle r’%i Ue it i ﬁaéhﬁséamtbt FidskeCithe
0

f al | i sation tends to be up to | ower than the
beaker which contained Solution A.

INGREDIENTS. QUANTITY IN GRAMS

Solution B: (silicate)
Ludox AS-40 (40 % SiO,) 170.89
Solution C: seed crystals

Colloidal suspension of silicalite crystals
10 in water containing 12.5 wt % solids 1.1448

Solution A and the rinse water were added to Solution
B. The resulting mixture was mixed for 5 minutes using a
magnetic stirrer. Next, the silicalite suspension ﬁas added
15 and the whole was again mixed for 5 minutes. A homogeneous,
‘slightly opagque mixture was obtained. The molar composition
of the synthesis mixture was:

1.27 K,0/3.02 R/0.108 Al,0,/10 Si0,/402 H,0

sio,/Al,0; molar ratio.= 92.6. OH/SiO, molar ratio = 0.19.
20 R = 1,6~-diamino hexane.
The synthesis mixture contained 150 wt ppm silicalite
seed crystals.
Crzstallisﬁtion
The synthesis nmixture was divided over 2 autoclaves:
25 637.00 gr.of the synthesis mixture was transferred to a 1 -
liter stainless steel "stirred" autoclave, while 309.87 gr

was transferred to a 300 ml stainless steel "static"

This Sheet
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atio in the synthesis mxture. Thus the S|C{err]/A1[err]0[err] nmol ar
t¢in the zeolite is generally not nore than 500 and naybe as | ow as 5.
pr mati on of needl e-shaped aggl onerates is encouraged by the selection
foropriate alkalinity of the synthesis m xture, having regard to the
pity of silicon source present. If _t g al kalinity of the synthesis

¥ire is expressed in terns of noles of OH present, the nolar ratio of

10

15

20

25

——

r]/Si Catitidelshasl drbe 1Nifer 4@E9818vE2Rakontadéd—mpeificabinoom. 05 to
Decreasing the OHerr]/Sierr] nolar ratio tends to increase the

h/ di amtempenzttureftso he6oeediEtrapeds hours and was kept at this

temperature for 130 hours. During the crystallisation the
mixture was stirred at 120 rpm.
Washing and Recovery of Product

The product from the 1 liter autoclave was washed
with water to pH 9.0. The 300 ml-product was washed to pH
9:2. Both products were dried at 110°C for 6 hours. The

quantity of product recovered was: 45.5 gr for the 1-liter

" autoclave and 21.8 gr for the 300 ml autoclave. This

corresponds with a product yield of respectively 7.1 and
7.0 wt %. The product yield is defined as the weight ratio

dry product/synthesis mixture in autoclave * 100 %.

_Characterisation

-XRD showed that both products were excellently
crystalline and pure ZSM-5. SEM micrographs showed that the
crystals were very uniform and that the length/diameter
ratio of the crystals was ~2.3.

EXAMPLE 4
Effect of gel alkalinity on ZSM-5 agglomerate 1/4 ratio.

'Using the same ingredients and procedure as described

above a sfnthesis mixture was prepared in which the

potassium content was reduced. The molar composition of

'the.synthesis mixture was: .

0.58 K,0/3.03 R/0.108 Al,0,/10 Si0,/402 H,0,

OH/Si0, molar ratio = 0.0S

T his Sheet H.
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s fornmed. Wen calculating the anobunt of OHerr] present in the
I Xt ure, account shoul d be 7
fFany materials present which may neutralise some OHerr] ions. For
¥'if the alum nium source is added

- 19 -

The synthesis mixture was seeded with 100 wt ppm

' colloidal silicalite seed crystals. The mixture was

-crystallised in a 300 ml stainless steel autoclave at 160°C

for 194 hours. After washing and drying, the product was

characterised by XRD and SEM.

XRD showed that the product was e#cellently

crystalline and pure. SEM showed that the product consisted

of well defined needle type agglomerates with a length of

2.2. microns and a diameter of 0.45 microns; the 1/d ratio

of the agglomerates was 4.9.

This experiment shows that the OH-/Si02 molar ratio of

the synthesis mixture is an important parameter in

determining the 1/d ratio ratio of the needle type zeolite.

EXAMPIE S

Crystallisation of a colloidal silicalite-seeded

synthesis mixture with Si0/Al203 molar ratio of ~ 60.

Using the same ingredients and procedure as described

above a synthesis mixture was prepared with a molar

composition of:

1.27 K20/3.02 R/0.167 Al203/10 Si02/402 H30 + 100 wt
ppm seed crystals. Si02/Al303 mol;r ratio : 59.9.

OH~/Si02 molar ratio : 0.15.
c tallisati

The synthesis mixture was divided over a one-liter

AT "

"gtirred" autoclave and a 300 ml "static" autoclave. The

3 v PR A

crystallisation conditions were the same as in Example 3.
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he solution in the formof aluminium sul phate, Al[err](SJerr])[err],
nol e of al um nium sul phate will neutralise six noles of OHerr] ions.
; s believed that to obtain both needl e-shaped aggl onerates and a ZSM 5
3lite having a [err]Si NWR containinqﬁkhree peaks, the
s err]/Al[err]err] nmolar ratio i mt4t%e Synthesis m xture should be not
t han g .and t OH erl [SiJerr] nolar ratio should not be nore than
T the synthesis mxture may be carried out

: de'r gui escent BY dl&ﬁlsa |on rgo Q%‘é@ Qg) ﬁr ggegﬂgﬁeeéray be stirred

roughout the Crys Pescent ton I ons regardless

ik mhetherng%ﬂaﬁglgéei§ss@ed§ge 5§B&ﬁc§h9wéids for both batches

were 7.7 wt%.

5 Characterization
XRD showed that both products were excellently

crystalline and pure ZSM-5. SEM micrographs of both
products showed that the crystals were very uniform in
shape and size, and had an 1/d ratio of 3.2. It appeared

10 that the morphology of the crystals completely differed
from that of a so-called "coffin"-type crystals. The
main visual difference between these 2 types of crystals is
that a coffin is a very smooth and uniform "single" crystal
having less tapering ends, while the product of the

15 invention consists of agglomerated crystals forming a
particle with an 1/d ratio of > 2.5 preferably > 3.

Comparative SEM micrographs of both morphologies are given

in Figures 5 and 6.
EXAMPLE 6

20 Crystallisation of a colloidal silicalite-seeded

synthesis mixture with S$i0,/Al1,0; molar ratio of 40.

A synthesis mixture was prepared with a molar
composition of:
1.27 K;0/3.02 R/0.250 Al,0,/10 Si0,/403 H,0 ]

25 containing 100 wt ppm colloidal silicalite seeds. The OH

/8io, molar ratio was 0.10.

eet Has Been Re‘aced
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ed. If needl e-shaped aggl onerates are desired, seeds of an

Eite may be added to the synthesis mixture to encourage the

#on of small, uniform needl e-shaped aggl onerates. |f the mixture is
¥ then, when the SiJerr]/Allerr](err] nolar ratio is initially

B 45, the synthesis m xture may-bgisei table for the preparation of
kcrystals in the absence of MFI zeolite seeds. Thus, seeds are

i al crystafdisatdon i on of small uniform aggl omerates, and are

-d to produce ZSM5 if the synthesis m xture has an
fr ]/ AL err] @P&r synihesis aixtwie aramdivided @¥RE es?/ Aitexoni c

pf 20 or, re), and the mxture is stirred durin stal lisation.
"stlrred' autoclave and a 300 ml "static" a toc ave. The

crystallisation conditions were the same as in Example 3.
Washing and Recovery

Both products were washed to pH 9.4 and subsequently
dried at 120°C for 16 hours. The product yields were 8.3 wt -
%
Characterisation
10 XRD showed that both products were pure 2SM-5. SEM
showed that both products had the same shape/size and the
1/4 ratio of the crystals was 6.5. Comparative SEM
microgréphs of the products obtained from Examples 3 and 6

are given in Figures 7 and 8.

—\\_
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£ synthesis process preferably used from0.05 to 2000 :ppm preferably 0.1
* 1500 ppm nore preferably 50 to 1500 ppm of seed crystals of M

olite. The seed crystals are preferably "nanoneter size" i.e. their

erage |argest dinmension is not nore than 100 nm The seed crystals may be
y MFI zeolite, for exanple a - 22 -

EXAMPLE 7
Ihe effect on particle morphology of potassium being
replaced by sodium.
| This is a duplication of Example 6 in which the
.5 potassium is replaced by sodium.

Preparation of synthesis mixture (wt reactants in

grams)
A. . Ludox AS-40 62.26
10 NaOH (98.4%) 4.27 (Baker)
1,6-diaminohexane - 14.52 (Fluka)
H,0 201.44 .
Rinse H,0 57.87
c. Seed 0.2812
15 12.5% solids in H,0

wt synthesis mixture prepared 347.54

Composition synthesis mixture (moles)

1.27 Na,0/3.02 R/0.25 Al,0;/10 Si0,/403 H0 contalining
101 wt ppm seeds, OH/SiO, = 0.104; Si0,/Al,0, = 40.

20 crystallisation:

281.50 g of gel was transferred to a 300 ml stainless
steel autoclave. The autoclave was placed in a room
temperature oven which was heated up to 160°C within 2
hours and ﬁas kept at this temperature for 132 hours.

25 The product was washed to pH 9.5 and was dried over
. the weekend at 120°C. weight of product obtained 22.7 g.

Calculated Si/Al, ratio = 37.
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gFolite or, convenlently, a silicalite. The seed crystals may

:“ntly be added in the formof e.g. a colloidal suspension. | f
gstal lisation is carried out under quiescent conditions, or,

fess of whether the mixture is stirred, if the SiQerr]/Al[err]O0[err]
ft atio is less than 40, seeds are not reqU|red to produce ZSM 5

. However, since the producti @®3f small, uniformecrystals and

prates are encouraged by the use of seeds, it is preferred to include
n the %?%%E&ﬂﬂ%awe make as follows.

Assumptions:

. all Al present in the synthesis mixture is
incorporated into the zeolite

. K/Al atomic ratio of the zeolite - unity.

Calculation Si/Alz atomic ratio example of:

. moles Alp0O3 in autoclave:
281,50 x 6.90 x __1 = 0.00839
357.54 666.92 in sulphate.

. moles Alz03 + K20 in zeolite: 0.00839.

. weight of Alz03 + K20 in zeolite = 0.00839 (101.96 +
94.2) = 1.65 grams.

. weight of dry product obtained: 22.7 gr

«  LOI (loss of template): ~10%. |

. weight of calcined product: 20.43 gr

. weight of Sioé in zeolite: 20.43 - 1.65 = 18.78 gr

. moles SiQO2 in product 18.78 = 0.31253
60.09

. Si/Alsz at ratio of product: 0,.31253 ~ 37
0.00839
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fre crystallisation tenperature is 120 to 200[err]C, typically

]C. The crystallisation tine nmay be from 30 ‘to 200 hours,

0 145 hours. The tine to obtain a crystalline product depends
he al kalinity of the synthesis mixture. The lower the

he |l onger the m xture needs to be held at a given tenperature

rystalline product. Tenper-at28e-also affects the

er ratio of the aggl omerates produced. Increa5|ng_the‘

ends TRei AEMeBierparaphngfhtipaprosiuatitis, skewduinngighrener

é I rates. After crystallisation the zeolite may be washed
= g g t?%ﬂaﬁ?y?esgléFﬂ@d.hls that needle-shaped agglomerates

.are not produced.
EXAMPLE 8

Crystallisation of a colloidal silicalite-seeded
synthesis mixture with Si0,/A1,0, molar ratio of ~ 30 and OH
/810, ratio of 0.06. A synthesis mixture with molar
composition:

1.27 K;0/3.07 R/0.33 Al,0;/10 Si0,/403 H,0

was prepared containing 98 wt ppm colloidal
silicalite seeds and was aged in a 1-liter autoclave at
160°C with stirring at 120 rpm for 152 hours. The product
was excellently crystalline and consisted of small needles
with a length between 0.4 and 1.0 microns and with a
diameter between < 0.1 and 0.2 microns. The average 1l/d
ratio was ~ 6.5.

It can be seen from Examples 3 and 5 that seeding
zeolite synthesis mixtures suitable for the formation of
zeolite 2SM-22 with ppm quantities of zeolite 2ZSM-5
crystals completely avoids the formation of 2SM-22, while
the formation of zeolite 2ZSM-5 is significantly promoted;
stirring auring the synthesis of needle-shaped ZSM-5 |
crystals does not affect crystal morphology, size or 1/d

ratio. . .
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jn exchange, i npregnation,

- 24 -
2931 NMR SPECTRA
gynthesis of sample (Example 11)
A synthesis mixture was prepared with molar
composition:
2.91 K20/3.02 R/0.50 Al203/10 Si02/409 H20
OH~/Si0Oz molar ratio =.O.28

The synthesis mixture was seeded with 101 wt ppm
colloidal silicalite crystals. Of the synthesis mixture
300.73 g was transferred to a 300 ml stainless éteel
autoclave.

The autoclave was placed in a room temperature oven
which was heated up within 2 hours to 160°C and kept for

142 hours at this temperature.

i nd _Recov : ’
The product was washed with demineralised water until
" the pH of the last wash water reached 92.8. The product was
dried at 120°C for 18 hours. The quantity of product
obtained was 22.6 grams.
XRb_shqwed the product was excellently crystalline
ZSM-5. |

SEM showed that the product consisted of needle-

shapéd agglomerates with a length of 2.1 microns and with a
diameter of 0.8 microns, the 1/d ratio of the agglomerates

was 2.6.

This s Sheet H

i \

can be nDdlfled by nethods knomn by people skilled in the art,

9



&

im nation or any ot her chemical nodification. | on--exchange typically
gices residual cations and hydrogen ions by a cation such as ammoni um
Fkali netal cation, a rare earth nmetal cation or cations of manganese,
K um nmagnesi um zinc, calcium palladium nickel, copper, titanium

f iron, platinumor cobalt. | mpre@®at+ on all ows deposition of netal

¥S on the zeollt salts of noble netals. Deal um nati on can be

E e.g. by st&hf ngsbrl‘?fﬂ}y spscirianivas takenneht thehSsmpleand ke resul t

“ﬁ-dlfylng the zeplite frapework conposition.
:: spectrum ls shown in Figure 10.

The resonance envelope was deconvoluted in four
lines. Two Gaussian curves at ;111 ppm and -115 ppm were
g 5 necessary to fit the Si(OAl) signal. The curves for Si(1iAl)
and Si(2Al) have their maxima at -105 ppm, and -98 ppm,
respectively. Based on the deconvolution, the S5i0,/Al,0,
molar ratio of the calcined sample corresponds to 16, which
is in reasonable agreement with the chemical analysis. It
10 can be concluded that the calcination does not lead to
important dealumination. The definite presence of a signal
at -98 ppm due to Si(2al) is é particular property of this
material.

Further experiments were carried out to vary
15 parameters in the synthesis of the zeolite. The results are

set out in the following table:

This Sheet Has Been R

T



PO

c [¢)]
8 2 3 8
.@. +— Y—
Wm o —otzs Jov-] s0-] 12 Sucu | S-WSZ | ¥6T | 09T | 9°Z6 | SLO°O0 | 8F'9 | €OV | 80T-0| €0°€ ] 0L'0 | z2
S O O nmmmm 6'v ~ | sv0~ | 22 suou S-HSZ | ¥61 | 09T | 9'26 | S0'0 |cc's |zov |seor-0|co-c|sso| te
Emmm o T v'E ~ |- 0§°0 ~ L' auou G-WSZ | 09T | 09T | 9°26 0T°0 | 8L°L | zov | 80T°0| 20°c | v8'0| o¢
o) I——— O O - ;
mma cf =-5 8'¢c ~ 05°0 ~ TRk suou g~NSZ | 09T | 09T | 9°'Z6 ST°0 0°0T | 0¥ | 80T°0 | 20°c| 80°T| 61
9 #® [9°9 -~ | ov'o -~ [so'e~ suou 6~NSZ | 0€T | 09T | T°9¢ 60°0 | 65°v | vo¥ | LLz'0 | to'c | Lzt | 81
s 5° gt €'9 ~ | ov'o - 9'2 suou G~HSZ | 26T | 09T | 0*Ov 0T'0 | 80°'s | cob 20 ) 20'e ] L2t | 1
ST >N s .
=l Eairal] ~a ¢ ~ 26°0 ~ LT suou S-WSZ | ¢€T | 09T | 0°09 §T°0 | 19°L |coy | toT'0f 2o*c|ee 1| ot
(%] (7] < )
T oo |- OC9 €2 ~ 05°'0 ~ T°1 auou S-WSZ | OCET | 09T | 9°2¢6 6T°0 | 9L°TT| 2ov | 80T°0| co'c| Le"T| st
c o T c alms ,
cZTEREE T, .
S.S5%06fc.0o unouun | c-HsZ | 0sT | 09T ] 0°se ve'o | sz°¢ | Lov ov*0 | zo'c|T6°2| ¥1
N Ow-—O0OW;m (OR
— O ©.— oD O snoydxoue
S_85ck°2y - Ayegerduoo ovz | oot | o'se 10°0 | 8T°'t | 90¥ ov'o| 2o'c| et
= .m ool =S snoyd.xoue _
L Os =0 c O Ate3erduoo ovez | o0st |o°st TIN 06°T | ZTY t9°0| zo'e | ¢zt
m = ma o ydIowe .
m ) x . o.w.nn 6'9 ~ v'0 ~ 9°Z seoRay G-H8Z | 09z | 09T } 0°st 8T°0 [ LE°'V | STV L9*o| vore | €62 €1
x — (@]
=0- E=?H G'GS ~ | sv°0 ~ S'2 suou S-WSz |01z | 09T | o0‘oz sT°0 |o0s'vy | cov 05°0| zo'c | sz'z| 2t
= SO o= [tV ~ 9'0 -~ | s'¢ suou G-WSZ | 0Tz | 09T | 0'0Zz | t2'0 |OT'S |€ov | os‘0fzo€|ss'z| Tr
EgnT EE=TS s
© _WwaTl S-%x 9°¢ ~ 8°0 1°2 seoexy | S-WSZ | 2vt | 09T | 0°0% gz'0 | z8's | eov 05°0) 20°¢c | 16'2] or
< mcMu SskbCo®& S'9 ~ €T°0 6°0 suocu G-WSZ | ¢ST | 09T | £'0¢ 90°0 | §8°¢c | €OV cero| coce| ez r| 6
EHOR -
=2 BZgs e suoIotu o' | *oftv L o’
2w SciB=-5* ot3ex oraex
S of daie) p/1 Jojouetq | Yabuox of3ex | xetouw | oyaex a
850 lslo3RR s3ueuTR say | 0. | ftv | ‘foys |3e _ T
NN .m © ITs a1oT3xRg -e3u0d | jonpoad | ewyy | dwey | /ys /Ho | TY/X toys sstou 0T/seTou m
— [7p] L0 .
O n O O).— . : B
20 o°C Was @I . anod NOIIISOAHOD WVION M
>C o O LSAYO . X
O O m d
£ 0,58 , SOIISTYATIOWEVHO IONQOUd SOIISTHILOVHVHD SISTHINAS
voco Lt
= 4 c
i > O

v,
e
et



rising the use of a catalyst of the zeolite described above.
can al so be used (either as initially prepared or in a nodified
'sel ective adsorption process e.g. a separation or purification.
gc may be calcined if appropriate before use.

- 26a -

crystallisation of a needle shaped Gallium containing ZSM-5

was achieved from a synthesis mixture containing

A. Ludox AS-40 59.69
H20 175.26
B. Gaz03 (Ingel) 1.24
KOH (87.5%) 2.88
H20 - 10.00
Rinse H0 ' " 66.67
C. 1.6 diamino hexane 13.96
D. Seeds AT281-112 0.3295

10.46 wt% solids in H0
329.98

The Ga source was dissolved in the KOH solution by boiling

until clear, cooled to room temperature and the weight loss

corrected with water. The Gallate solution was added to

the Ludox/water mixture over 3.minutes. C was added and
mixed with the mixture of A/B. The seeds D were added to
the water/Ludox mixture before adding B.

The whole mixture was rinsed for 5 minutes. The
composition of synthesis mixture was:

0.57 K20/3.03 R/0.167 Gaz03/10 Si02/403 Hy0 +

105 wt ppm seeds. Si/Gaz = 59.9 OH~/Si0O2 = 0.119

. tallisation:

Crystalllsation was achieved by passing 288.01 gr of

e

the synthe51s mix to a 300 ml SS autoclave, placed the

autoclave in a room temperature oven, heating up the oven

e e——

———
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£ al so be cation exchanged or used in acid form It nmay be used
yated formor a fully or partially hydrated form The foll ow ng
¥l ustrate aspects of the invention:

#= EXAMPLE 1 Preparation of synthesis nixture: Solution A

S - 26b — QUANTITY I N GRAMS

?&for 2 hours to 160°C and keeping the oven at this
E'temperature for 152 hours.
R v :

Recovery of product. The product was washed to purity
(3 x 800 ml of water), conductivity last wash water 18 us.
The product was then dried overnight a£ 105°C. Weight of
product obtained 22.3 gr. Product yield 7.7 wt%.

XRD, scanning electron micrograph.
. The X~ray diffraction pattern of the product and

photographs of the crystals are shown in Figure 11.

Oy -

=R .
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?(SO[err])[giil_;a_H[err]0 (Baker, prod. #1889) :
EKOH-pettets (87 5@@ (Baker, prod.#0222) 5.8
anlnohe prod. #33000) ' . 12.58 Herr]0::
| m&m ] " 99,99
y resdissolved in the watey in the order shown above. -The
3 fter was used to rinse the beaker which contained solution A . E
Pl ENTS crLaiMs QUANTITY I N GRAVS s

1. A crystalline tectosilicate ZSM-5 zeolite
characterised in that it comprises substantially needle~
shaped agglomerates. _ ToTaliae

5 2. A zeolite as claimed in claim 1 which is an
aluminosilicate zeolite.

3. A zeolite as claimed in claim 1 in which the
avérage length/diameter ratio of the needle-shaped
agglomerates is at least 2.5.

'P 10 4. A zeolite as claimed in claim 3 in which the

average length/diameter ratio is at least 3.

5. A crystalline tectosilicate ZSM-5 zeolite
characterised in that the #Si NMR spectrum has at least 3

peaks corresponding to Si having 0, 1 or 2 T~atoms

15 respectively as nearest neighbours.
] 6. A zeolite as claimed in claim 5 which is an
| aluminosilicate and whose ®Si NMR spectrum has a peak at
less than -105 ppm.
‘ 7. A zeolite as claimed in claim 6 in which the
| 20 ®gi NMR spectrum has a peak in the region from -85 to less
than -105 ppmn.

8. A zeolite as claimed in claim 5, 6 or 7 in

which .the zeolite crystals are as defined in any one of
claims 1 to 4. -
25 9. A zeolite as claimed in any one of claims 1 to

8 in which the Si0,/Al,0; molar ratio is 6 to 500.
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10. A zeolite as claimed in claim 9 in which the
$i0,/Al1,0; molar ratio is 10 to 100.

11. A process for preparing a zeolite as defined in
any one of the preceding claims comprising crystallising a
synthesis mixture comprising:

(1) a source of silica;

(ii) a source of aluminium, gallium, boron, iron,
ziﬁc or copper, denoted M,

(iii) a source of a monovalent cation; and

(iv) an organic structure directing agent; and,

(v) if the synthesis mixture is agitated during
crystallisation and the molar ratio of Si to M, is more
than 40, the synthesis mixture further comprises from 0.05
to 2000 ppm of seed crystals of an MFI-zeolite having an
average largest dimension of not more than 100 nm.

C12. A process according to claim 11 in which the
synthesis mixture initially contains 0.05 to 2000 ppm of
seed crystals of an MFI zeolite having an average iargest
dimension of not more than 100 nmn.

13. A process according to claim 11 or 12 in which
ﬁhe synthesis mixture initially has an OH/SiO, molar ratio
of from 0.025 to 0.34.

14. A process for preparing a zeolite according to
#ny one of claims 1 to 4 in which the monovalent cation is

potassium.
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tion A and the rinse mater were added to Solutlon B. The resultlng '
ﬂﬂ'lﬁm I Ill 5 minutes. The ZSM 22 seed crystals were then added
ll* e whole was vigorously stirred for 10 m nutes. The

2

il ting synthesis 'mi xture had a nol ar conposition of: 1.26 Klerr]0/3. 0 T
(22 Al[err]O[err]/lO Sigerr]/402 HergP0~where R is 1,6-di am nohexane. ;

OH err]/SiJer rraUOVWSOJZ L d %
(SM 22 seed cry% al s bB’s"@&eﬁﬁ Pﬁé"’%@llﬁ’r‘i%%‘?ﬁ‘%xsynt %g‘?igﬁhngt &rge %TWt ’
:err]/Al[fgrlg[sﬁthﬁeh%rs@%& QS ph¥tire initially has a molar

ratio of Si to M, of from 10 to 100.

'16. A process according to any one of claims 11 to
5 15 in which the synthesis mixture initially has an OH /SiO,
molar ratio of 0.21 or less, and a molar ratio of Si to M,
of less than 25.
17. A process according to any one of claims 11 to
16 in which the organic structure directing agent is 1,6-
10 diaminohexanég
18. A process for the production or conversion of a
organic compound comprising the use as a catalyst of a
zeolite as claimed in any one of claims 1 to 10 or as
prepared by a process according to any one of élaims 11 to
15 17.
19. A process for sg}ection or purification of an
orgahic compound comprising the use of a zeolite as claimed

in any one of claims 1 to 10 or as prepared by a process

according to any one of claims 11 to 17.
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red to a 300 ml stainléss steel

e. The autocl ave was placed in a roomtenperature oven. The oven
fed-up to 160[err]C within 2 hours and kept: at- this tenperature for
S, The product was washed with water to pH 9.7 and subsequently
it 100[err] C. X-Ray diffraction_(XgDL showed that the product was
¥ slightly contam nated with ZSM 5.

ABSTRACT

Fhesis mixture was transfer

ZSM~-5 ZEOLITE

Crystalline tectosilicate ZSM-5 zeolite may be
prepared which comprise substantially needle-shaped
agglomerates. . Tectosilicate 2SM-5 zeolite having a ®si NMR
spectrum having at least three peaks indicates the presence
of Si atoms in the structure having 0, 1 or 2 T-atoms as

nearest neighbours.
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[ATI VE EXAMPLE 2 An identical synthesi's mixture as in conparative '
B 1, not containing ZSM 22 seed crystals was crystallised in a 2

fst ai nl ess steel "stirred" autoclave. The crystallisation conditions
Eheat-up tinme to 160[err]C 2.5 hours; tinme held at 160 err C. 65 '
t stirring speed, 120 rpm d that the prodﬁ'c x@el lantly
gl | i ne and pure ZSM 22.

i
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i Conpar ati ve Exanple 2 and Exanple 1 are given in Figures 1 and 2.

PLE 2 The synthesis described in Exanple 1 was repeated but in

f case the synthesis m xture was seeded with a coll oi dal suspension of
heter sized silicalite crystals. SYNTHESI S OF NANOVETER- SI ZED

¥CALI TE CRYSTALS  Preparation of synthesis solution. The wei ght of each
tant is given in grams and the product number of each reactant is given
ir ackets after the

FIGURE 5
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.act urer's/ Supplier's nane. TPA OH solution (20%in Wét er)

34 (Fluka 88110) Silicic acid powder (10.2 wt%{err]O0) 87.94 (Baker
~5) NaOH pellets (98.4% 5.73 (Baker 0402) The
tsol ution was wei ghed inp ac) i gl.ass beaker, the NaOH was added and
tsol ution stirred at room ter’répegré&ré"’\fﬁm%ﬁe NaOH di ssol ved. - Next ,
Esilicic acid was added and chlt:aGmuxitqure t}eat ed to boiling whil st

F IGURE 8
- DiB. /A0y = Yoo

e ———
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hi ned. The sol ution was cooled to roomtenperature and the wei ght |oss
f to the boiling was corrected with dem neralized water. The nol ar
Iposition of the synthesis m xture was:

FIGURE 9
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53 Na[err] O | . 52(TPA) [&FF]
| ar—ratio was 0.41. @ The synthesis solution was divided into 3
‘rtlons whi ch were crystalllzed at respectively 120[err]C for 22 hours,

O fﬂﬁB&qumneiand at 60[err]C for 9 days. The crystallization at
f;O[err ‘a1l litre stainless steel autoclave; the other
:ystall done in 250 m -plastic bottles. The crystals were
Eparated from't nD herl i quor using a high-speed centrifuge. Upon -

Entri fugi ng the crystals appeared as a bluish transparent gel-like mass on
e bottom of the centrifuge beakers.

FIGURE 10
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93 - 1@39 < EXXON- CHEMICALS
Tb wash the product,

washi ng step the crystals weres.
dem neral i'zed wat er.
60[err]C crystals did not show;
t he cont ai ner,
as "colloidal zeolites". Smal
suspensi ons were evaporated to

After stari
t herefore the 816[err] C and 60[err]C crysﬁﬁis SRr e %ns-lf
I y:

the crystals were red| spersed I n dem nera I zed wat'er.-

g'ng an ultrasonic bath and wejg, gybsequently CP% !EP T WA
repeated until the pH of the Ias?l vvgsh wat er was g;f?egw? g ga.r{:

3ga| n di spersed in about 100m of the
ting for about a week the 80[err] C and
a tendency to settle dowR.on i hau.lqltom,

portions (about 25 grqrrS\ f*-;;:&e Z§Q|I
jdryness (16 hours at 220 éitrqig'ga_-@d_iﬂ.m
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4SM—=3 ZEOQOLITE

The present invention relates to a form of ZSM-5
zeolite, processes for its production, processes for its
use in the production or conversion organic compounds,
and processes for its use as a sele¢tive absorbent.

ZSM-5 is an MFI-type zeolite, usually an aluminosilicate
zeolite, which has been found useful as a catalyst in a
variety of processes for preparing, Eonverting, .
separating or purifying organic compounds. The earliest
ZSM-5 zeolites were prepared using an organic template
in the synthesis mixture which directed the formation of
the ZSM~5 structure. Known ZSM-5 zeolites prepared using
an organic template generally have an Si0,/Al1,05 molar
ratio of at least 60 and frequently considerably greater
than 60 (see e.g. US Patent No. 4797267). So-called
"inorganic" ZSM-5 zeolites, made in the absence of an

organic template, were prepared in the 1980°'s. Typically
these have an Si0,/Al,0; molar ratio of from 20 to about

30 to 40. 8SiO,/Al,03 ratios of up to 80 have been
reported (e.g. Zeolites 1989 Vol. 9 363-370).

The morphology of ZSM-5 crystals produced using an
organic template can vary. For example, Studies in
Surface Science and Catalysis 33, "Synthesis of High
Silica Aluminosilicate Zeolites™ (Elsevier), Peter A.
Jacobs and Johan A. Martens illustrates ZSM-5 crystals
which are large elongated hexagonal prisms, whose |
corners may be rounded. Crystals of ZSM-5 zeolite which
are agglomerates of smaller, elementary hexagonal

_crystallites are also illustrated. In the presence of an

extremely high proportion of silica (e.g. US Patent No.
4797267), ZSM-S crystals may be rod shaped i.e.

elongated crystals with substantially parallel si
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1.26K[err]0/3.01 RI0.277 Al[err]O[err]/10 SiJerr]/404 Herr]0 and
contained 0.010 wt % seed crystals, based on the weight of the synthesis

‘m xture. Ris 1,6-diam nohexane. The OH err]/SiJerr] nolar ratio was 0.09
Crystallisation The synthesis mxture was transferred to a 1 liter
stai nl ess steel autoclave. The synthesis m xture was heated-up fromroom
tenperature to 160[err]C wthin 2.5 hours. The m xture was kept at this
tenperature for 130 hours. During heating the mixture was stirred at 120
rpm Washing and Recovery The product was washed with water to pH 9.7 and
dri ed and blunt ends. The morphology of inorganic 2ZSM-5
crystals tends, according to Zeolites (ibid), to be

ellipsoidal.

There is evidence to suggest that inorganic ZSM-5
zeolite and 2SM-5 zeolites produced by organic templated
synthesis differ in terms of the relative positions of
atoms in their structures. In templated synthesis, thereé
is evidence for occurrence of aluminium zoning (see e.g.
Jacobs and Martens, ibid). In inorganic 2SM~-5 it is
believed that the Al atoms are homogeneously distributed
over the T-atom sites. NMR spectra of ZSM-5 zeolites
prepared using an organic template, specifically 2953
NMR spectra, show two peaks: one at -111 ppm
corresponding to Si with no Al neighbours, and one at
-105 ppm corresponding to Si with one Al atom as a
nearest neighbour in a T-atom site.

The applicants have now identified a novel form of ZSM-
5 zeolite. The zeolites of the present invention are
tqqtosilicates. They contain silicon and aluminium,
although some or all of the aluminium may be replaced .
with another element e.g. gallium, boron, iron, zinc or
copper. For simplicity the following text will refer to
aluminium but unless otherwise stated this should not
be taken to imply a limitation.

.The present invention provides a crystalline ZSM-5
zeolite, preferably an aluminosilicate zeolite, which
‘comprises substantially needle-shaped agglomerates.

By needle-shaped it is intended to mean that the
agglomerates are substantially rod-shaped having gently
tapering ends (i.e. not blunt ended like coffin-shaped

crystals) and where the average ratio of length to

e et 1 T,
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‘at 120ferr}Cdaring 20 hours. Characteri satibn XRD showed that the product

was' exc l L&Masfﬁebiﬂ( latesdne ZSM 5. SEM m crographs showed that the product
jcon5|ste dles with a length/dianeter ratio of about 6.7.
Conparatl phs of the products obtalned fromExanples 1 and 2
are given and 4. It can be seen gagEEﬂ creasi ng

t he SlCIerr]/Al[err]O[err] mol ar rqtio of thels ﬂggéﬂ gs from
[err] 45 to < 40-significantly enhances the fo natu nn||+v ZSM 5 at

t he expense of zeolite ZSM 22; a needl e-type norphol ogy of zeolite ZSM5

can be pramameders&ﬁdaegréaeasyahbesnackestupanm blf vbBeynemdle)quantities

- of nanometer 3l 38dse 2. 5, preferably at least 3.

The ends of the agglomerate taper, preferably so that
the length of the portion of the agglomerate having a
diameter less than the maximum diameter, is at least
50%, préferably at least 60%, more preferably at least
70% of the total length of the agglomerate. Typically
the average length of the needle-shaped agglomerates is
of the order 0.2 to 10 pm, preferably 0.4 to 5 m.
Substantially all the 2SM-5 zeolite agglomerates may be
needle-shaped, i.e. at least 80%, preferably at least '
90%, more preferably at least 95% of the agglomerates
are needle-shaped. | '

Each needle-shaped agglomerate may be made up of much
smaller crystals agglomerated together. The smaller
crystals are generally much less than lim in size e.qg.
0.05 to 0.5 pm. The shape of the smaller crystals which
form the needle-shaped agglomerate is beliewved not to
be critical. The crystals may, for example, be rod- or
needle-shaped. |

The needle-shaped agglomerates tend to have a square
cross—-section, although the crystals forming the
agglomerate may be joined together such that the corners
of ;he sﬁuare are blunted, leading to a more circular
cross-sectiom. One effect of the needles being formed
from an agglomeration of smaller crystals is that the
needles when viewed by a scanning electron micrograph
(SEM) display a textured or grainy surface. An increased
outer surface area of zeolite may be useful in some
processes (see e.g. D. Fraenkel. Ind. Eng. Chem. Res. 29
No. 19 1990 1814-1821 and the references mentioned in
it) and may influence e.g. access to internal actiw




silicalite crystals enhances the _ 15
formation of very uniform (needle-type) ZSM5 crystals. :

sites or may be useful in external and pore mouth
catalysis. ZSM-5 prepared using an organic template
generally has a 295i NMR spectrum showing two peaks
corresponding to Si-atoms having in the nearest
neighbour T-atom sites O or 1 Al atoms respectively.

The present invention further provides a tectosilicate
ZSM-5 zeolite whose 29Si NMR spectrum has at least three
peaks, which peaks correspond to Si having 0, 1 and 2
nearest neighbour atoms respectively. When the zeolite
is an aluminosilicate the third peak, which is believed
to correspond to Si atoms having 2 (or poséibly even 3)
Al.atoﬁs as neighbours is at less than -105 ppm.
Generally, the peak is in the region from -85 to less
than =105 ppm.

The zeolites of the invention may be prepared by
crystallising a synthesis mixture comprising:

(1) a source of silicon; .

(ii) a source of aluminum, gallium, boron, iron,

zinc or copper (denoted as M);

(iii) a source of monovalent cation;

(iv) an organic structure directing agent; and,

(v) if the synthesis mixture is agitated during
crystallisation and the ratio of Si to M is 20 or more,
from 0.05 to 2000 ppm wt based on wt of synthesis mix of
seed crystals of MFI zeolite having an'average largest
dimension of not more than 100 nm.

The source of silica ié not critical and may be for
example a colloidal silica solution e.g. that is sold

under the trade name Lﬁdok, or méy be a finely divided
solid; €.g. that sold under the trade name Aerosil.
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EXAMPLE 3 Crystallisation of a colloidal silicalite-seeded synthesis
mxture wwth SiJerr]/Al[err]O[err] nolar ratio of -90. Preparation of
synthesis m xture: solution A= | NGREDI ENTS

QUANTI TY I N GRAMS Allerr](SO[err])[err].18 Herr]0 (Baker, prod.#1889)

8.17 KOH pellets (87.5% (Baker, prod.#0222) 18.52
1, 6-di am nohexane (Fl uka, prod.#33008) ' 39.83 Herr]O
553.00.Rinse Herr]O0 “ : 158. 84

The source of aluminium may be an alumina introduced
into the synthesis mixture as e.g. Al,03.3H,0 previously

dissolved in alkali e.gq. Al,(S0,)3.18H,0 dissolved in an

alkali solution. Likewise, suitable sources of gallium,
iron, boron, zinc and copper will be apparent to the
skilled person. '

'The synthesis mixture should contain a source of a
monovalent cation such as an alkali metal, e.g. sodium,
potassium or caesium or a source of ammonium ions. For
needle-shaped agglomerates, a potassium source should be
used. This can conveniently be provided in the form of a
hydroxide to provide an alkaline solution in which the
alumina may be introduced.-

The organic structure directing ageﬁt directs the
formation of a giveﬁ 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, Volume 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
organic compound behaves like a template around which
the crystalline framework grows, or which causes the
crystaliisation to be directed to form a pafticular
cryétalline 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, é.g. 1,6-diaminohexane, diethylamine, 1-
aminqbdtane or 2,2'-diaminodiethylamine; heterocyclic
organic compounds such as N-ethylpyridinium;

polyalkylenepolyamines, e.g. triethylene tetramine or
REPLACEMENT SHEET
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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
‘| NGREDI ENTS QUANTITY I N GRAMS  Solution B
(silicate) Ludox AS-40 (40 %SiJerr]) : : 170. 89
Solution C seed crystals Col | oi dal suspension of silicalite crystals in
wat er containing 12.5 wt% solids 6 _ 1.1448

tetraethylenepentamine;'and alkanolamines, e.q.
ethanolamine or diethanolamine.

A suitable amount of template R, based on the preferred

template of 1,6-diaminohexane, is a molar ratio of
R/Sio2 in the synthesis mixture of 0.1 to 0.5.

The Si0,/Al,0; molar ratio in the synthesis mixture is

generally not more than 500 and may be as low as 6, i.e.
the Si/Al ratio in the zeolite synthesis mixture is
generally from 3 to 250. The SiQ,/Al,03 molar ratio in
the synthesis mixture may be from 6 to 500 for the
productibn of needle-shaped agglomerates, preferably 15
to 100. For a zeolite having three 29Si NMR peaks,
particularly one including a peak at less than -105 ppm,
an Si0,/Al,05 molar ratio of 6 to 50 in the synthesis

mixture should be used, preferably 15 to 25.

The Si0,/Al,03 molar ratio in the zeolite after

crystallisation tends to be'up to 30% lower than the
molar ratio in the synthesis mixture. Thus the
$i0,/Al,04 molar ratio in the zeolite is generally not

more than 500 and maybe as low as 5.

The formation of needle-shaped agglomerates is
encouraged by the selectibn of appropriate alkalinity of
the synthesis mixture, having regard to the quantity of
silicon source present. If the alkalinity of the
synthesis mixture is expressed in terms of moles of OH
present, the molar ratio of OH‘/SiO2 should be in the

range 0.025 to 0.34, preferably, 0.05 to 0.30.
Decreasing the OH"/Si0, molar ratio tends to increase

the length/diameter ratio of the needle-shaped
agglomerates formed. When calculating the amount of OH~
present in the synthesis mixture, account should be

REPLACEMENT SHEET
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Sol ution A and the rinse water were added to Solution B. The resul ting
m xture was mxed for 5 mnutes using a magnetic stirrer. Next, the
silicalite suspension was

taken of any materials present which may neutralise some
OH ions. For exémple, if the aluminium source is added
to the solution in the form of aluminium sulphate,
Al,(S04) 3, one mole of aluminium sulphate will

neutralise six moles of OH™ ions.

It is believed that to obtain both needle-~shaped
agglomerates and a 2SM-5 zeolite having a 2%si NMR
containing three peaks, the $i0,/Al,0; molar ratio in the

‘synthesis mixture should be not more than 25, and the QH™
/8i0, molar ratio should not be more than 0.21.

The crystallisation of the synthesis mixture may be
carried out under quiescent conditions (i.e. no stirring)
“or the mixture may be stirred throughout the
crystallisation time. Under quiescent conditions,
regardless of whether the mixture is seeded, ZSM-5 should
be produced. If needle-shaped agglomérates are desired,
‘seeds of an MFI-zeolite may be added to the synthesis
mixture to encourage the production of small, uniform
needle-shaped agglomerates. If the mixture is stirred,
thén, Wwhen the Si0,/Al1,05 molar ratio is initially around
45, the synthesis mixture may be suitable for the
preparation of ZSM-22 crystals in the absence of MFI
zeolite seeds. Thus, seeds are beneficial for the
production of small uniform agglomerates, and are
reqqired-to produce ZSM~5 if the synthesis mixture has an
'8§i0,/A1,03; molar ratio of around 40 or more (Si/Al atomic
ratio of 20 or more), and the mixture is stirred during
crystallisation.

The syntheéis process preferably used from 0.05 to 2000
ppm, preferably 0.1 to 1500 ppm, more preferably 50 to
1500 ppm of seed crystals of MFI zeolite. The seed
crystals are preferably "nanometer size" i.e. their

REPLACEMENT SHEs
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'added and the whol e was ‘again mixed for 5 ninutes. A honpgeneous, slightly

opaque'THiiF sRepiacal ned. The nol ar conposition of the syntheS|s m xt ure
- , rr]0/3 02 R/ 0.108 Al[ er fIofertit-+0—St 17402

H err]O0 r]O[err] molar ratio = pIHS S HﬁﬁTeHv‘\ﬁ/@Eﬂ{err] nol ar
ratio = 0. -di am no hexane. The $ynt heRERLABEXt ur e [cont ai ned
150 wt ppn1S|I|caI|te seed crystal®. Crystallisatron Tne syntnesis m xture

was di vided over 2 autoclaves: 637.00 gr of the synthesis m xture was
transferred to a 1 liter stainless steel "stirred" autoclave whi | e 309. 87
gr was t ravenage etrrgest Jbbmensioni b3 et ks thamiQ0 nRy fheve. The 1

liter auteddveryesaleahsf-we ddpvEDofedBIRS) afdl eianple a
ZSM-5 zeolite or, conveniently, a silicalite. The seed
crystals may conveniently be added in the form of e.g.
a colloidal suspension. Suitable seed crystals may be
prepared as described in our pending UK Patent
Application No: 9122499.8 (filed 23 October 1991).

If thé crystallisation is carried out under quiescent
conditions, or, regardless of whether the mixture is
stirred, if the S$i0,/Al1,05 molar ratio is less than 40,
seeds are not required to produce ZSM-5 zeolite.
However; since the production of small, uniform
crystals and agglomerates are encouraged by'the use of
seeds, it is preferred to include seeds in the
synthesis mixture. '

In general, the crystallisation temperature is 120 to
200°C, typically 130 to 180°C. The crystallisation time
may be from 30 to 200 hours; typically 50 to 145 hours.
The time to obtain a crystalline product depends
strongly on the alkalinity of the synthesis mixture.
The lower the.alka;inity, the longer the mixture needs
to be held at a given temperature to obtain a
crystalline product. Temperature also affects the
length/diameter ratio of the agglomerates produced.
Increasing the temperature tends to increase the
lenéth/diameter ratio, producing thinner and longer
agglomerates. |

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

The zeolite can be modified by methods known by people
skilled in the art, such as ion-exchange, impregnation,




"160[err]Cwithin 2.5 hours and was kept at this tenperature for 130 hours.
During the crystallisation the mxture was stirred at 120 rpm Washi ng and
- Recovery of Product The product fromthe | liter autoclave was washed
with water to pH 9.0. The 300 m - product was washed to pH 9.2. Both
products were dried at 110[err]C for 6 hours. The quantity of product
recovered was: 45.5 gr for the 1l-ldater autoclave and 21.8 gr for the 300 ni
aut ocl ave. This corresponds with a product yield of respectively 7.1 and
7.0 % The product yield is defined as the weight ratio dry

product /dgeltrtnat hoxtor cany ather| ahemicadopeddidcasdeoni-sati on XRD showed
that both products were excellently crystalline and pure ZSM5. SEM

m crogra
| engt h/

hs showed that the crystals were very uniformand that the
%ghq%g$dt$$1§%%lgr§§?%}§e§agesQd al cations and

hydrogen ions by a cation such as ammonium, an alkali
metal cation, a rare earth metal cation or cations of
manganese, calcium, magnesium, zinc, calcium, palladium,
nickel, copper, titanium, tin, iron, platinum or cobalt.

Impregnation allows deposition of metal salts on the
zeolite, e.g. salts of noble metals.

Dealumination can be done e.g. by steaming or by any
chemical treatment. These treatments result in modifying
the zeolite framework composition.

The zeolite may be bound with a matrix material such as
clay or silica to increase the physical strength of the
material for its use as a catalyst in a variety of
processes. S

ZSM—-5 zeolites are useful in the production and
coﬁveréion of organic compounds, for'example cracking,
hydrocracking, dewaxing, isomerisation (including e.g.
olefin isomerisation and skeletal isomerisation e.g. of
butehe), oligomerisation, dimerisation, polymerlsatlon,
alkylation, dealkylatlon, hydrogenation,.
dehydrcgénatlon, dehydration, cyclisation and
arométisation. The present invention therefore provides
a process for the production or conversion of an organic
compound comprising the use of a catalyst of the zeolite
described above. The zeolite can also be used (either as
initially prepared or in a modified form) in a selective
adsorption process e.g. a separation or purification.

The zeolite may be calcined if appropriate before use.
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17 EXAMPLE 4 Effect of gel alkalinity on ZSM5
agglonerate |/d ratio. Using the sanme ingredients and procedure as

-descri bed above a synthesis m xture was prepared in which the potassium
content was reduced. The nolar conposition of

10

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:

COMPARATIVE EXAMPLE 1
Preparation of synthesis mnmixture:
Solution A:

INGREDIENTS ' QUANTITY IN GRAMS
Al,(S0,)3.18 H,0 (Baker, prod.#1889) 5.183
KOH pellets (87.5%) (Baker, prod.#0222) ~ 5.83
1, 6-diaminohexane (Fluka, prod.#33000) 12.58
H,0 - 125.02
Rinse H,0 99.99

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.

INGREDIENTS ' QUANTITY IN GRAMS

Solution B: (Silicate) _ _
Ludox AS-40 : : 54.06

Component C:
. ZSM—-22 Seed Crystals 0.32

[REPLACEMENT SHEET
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the synthesis m xture was: 0.58 Klerr]0/3.03 R 0.108
Al[err]O[err]/10 Sigerr]/402 Herr]O, OHerr]/Siderr]
‘mol ar ratio = 0.05 The synthesis m xture was seeded with 100 wt ppm
colloidal silicalite seed crystals. The m xture was crystallised in a 300
m stainless steel autoclave at 160C for 194 hours. After washing and

dryi ng,
pr oduct

the product was characteri sad by XRD and SEM XRD showed that the
was excellently crystalline and pure. SEM showed that the product

consisted of well defined needle type agglonerates with a | ength of 2.2.

m crons
was 4. 9.

arfplutiiemed andftite 4Sinseronsert were/ addedi vo ofolueiaggPoener at es
The resulting mixture was stirred for 5 minutes. The

ZSM-22 seed crystals were then added to this mixture and
the whole was vigorously stirred for 10 minutes. The

resulting synthesis mixture had a molar composition of:

1.26 K,0/3.01 R/0.22 Al,03/10 Si0,/402 H,0 where R is
1,6-diaminohexane. The OH~/SiO, molar ratio was 0.12.
This.mixture contained 0.11 wt% of ZSM-22 seed crystals,

based on the weight of the synthesis mixture. The
$i0,/A1,0; molar ratio was 45.5.

The synthesis mixture was transferred to a 300 ml
stainless steel autoclave. The autoclave was placed in a

~ room temperature oven. The oven was heated-up to 160°C
within 2 hours and kept at this temperature for 59
hours.

‘The product was washed'with water to pH 9.7 and
subsequently dried at 100°C.

X<Ray ‘diffraction (XRD) showed that the product was ZSM—
22 slightly contaminated with ZSM-5.

COMPARATIVE EXAMPLE 2

An identical synthesis mixture as in comparative example
1, pnot containing ZSM-22 seed crystals was crystallised
in a 2 litre stainléss steel "stirred" autoclave. The
crystallisation conditions were: heat-up time to 160°C:
2.5 hours; time held at 160°C: 65 hours, stirring speed,
120 rpm. XRD showed that the product was excellently
crystalline and pure ZSM-22.
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This experinment shows that the OHerr]/SiJerr] nolar ratio of the
synthesis mxture is an inportant paraneter in determning the I/d ratio
rati o of the needle type zeolite. EXAMPLE 5
Crystallisation of a colloidal silicalite-seeded synthesis mxture with
Si-2/ A1203 nol ar ratio of [err] 60. Usi ng the sane ingredients and"
procedure as described above a synthesis m xture was prepared with a nol ar
conposition of: 1.27 Klerr]0/3.02 R 0.167 Al[err]O[err]/10 Sierr]/402

Herr]O + 100 t ppmseed crystals. SiJerr]/Al[err]O[err] nolar ratio :
59.9. OHerr]/Siqerr] Eéh&él

Using the same ingredients and procedure as described in
Comparative Example 2 a synthesis mixture was prepared in
which the SiQ,/Al,0; molar ratio was reduced from 45.5 to
36.1. This mixture was crystallised with the same
conditions as in Comparative Example 2. The resulting
product was pure ZSM-5. The morphology of the crystals
was irregular but showed a needle-type character.

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

EXAMPLE 2
The synthesis described in Example 1 was repeated
but in this case the synthesis mixture was seeded with a
colloidal suspension of nanometer sized silicalite
crystals.

SXNTHESIS OF NANOMETER-SIZED SILICALITE CRYSTALS
Preparation of synthesis solution. The weight of each
reactant is given in grams and the product number of each

reactant is given in brackets after the
Manufacturer's/Supplier's name.

TPA OH solution (20% in water) 406.34 (Fluka 88110)

Silicic acid powder (10.2 wt%HZO) 87.94 (Baker 0324-5)
. NaQH pellets (98.4%) _ 5.73 (Baker 0402)

The TPA-solution was weighed in a 1 litre glass beaker,
the NaOH was added and the solution stirred at room

temperature until the NaOH dissolved. Next, the silicic
acid was added and the mixture heated to boiling whilst

pstossEMRA AN AT TS Ty T T T R TEE T I




18 nolar ratio 0. 15. The synthesis mxture was divided over a one-liter
"stirred" autoclave and a 300 ml "static" autoclave. The crystallisation
conditions were the sanme as in Exanple

13

vigorously stirring. Heating was continued until a clear
solution was obtained. The solution was cooled to room
temperature and the weight loss due to the boiling was
corrected with demineralized water.

The molar compoéition of the synthesis mixture was:
0.53 Na,0/1.52(TPA),0/10 Si0,/143 H,0
The OH“/SiO2 molar ratio was 0.41.

" The synthesis solution was divided into 3 portions which
were crystallized at respectively 120°C for 22 hours,
80°C for 25.5 hours and at 60°C for 9 days. The
crystallization at 120°C was done in a 1 litre stainless
steel autoclave; the other crystallisations were done in
250 ml plastic bottles. The crystals were separated from
the mothefliquor using a high-speed centrifuge. Upon
centrifuging the crystals appeared as a bluish
transparent gel-like mass on the bottom of the
centrifuge beakers.

T6 ‘wash the product, the crystals were redispersed in
demineralized water using an ultrasonic bath and were
subsequently centrifuged. The washing was repeated
until the pH of the last wash water was about 10. After
the last washing step the crystals were again dispersed
in about 100ml of the demineralized water. After
sténding for about a week the 80°C and 60°C crystals
did not show a tendency to settle down on the bottom of
the container, therefore the 80°C and 60°C crystals
were considered as "colloidal zeolites". Small portions
(about 25 grams) of the zeolite suspensions were
evaporated to dryness (16 hours at 120°) and the
resulting solids were air calcined for 24 hours at
$50°C. X-ray diffraction of the products all showed the
* REPLACEMENT SHEET
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3. Washing and Recovery Both products were washed to pH 9.3 and dried
overni ght at 105[err]C The product yields for both batches were 7.7 Wt %
-Characterizati on XRD showed that both products were excellently crystalline
and pure ZSM 5. SEM m crographs of both products-showed that the crystals
were very uniformin shape and size, and had an |/d ratio of 3.2. It
appeared that the norphol ogy of theqcrystals conpletely differed fromthat
of a so-called "coffin"-type crystals. The main visual difference between
"these 2 types of crystals is that a coffin is a very snmooth and uniform
"singl e"patyetral ofawingdaassd-dpering ends, while the product of the
I nvention consists of aggl onerated crystals formng a particle with an I/d
ratio of > 2.5 preferably > 3.

OF ZSM_i

The molar composition of the synthesis mixture was:

1.26K,0/3.01 R/0.277 Al,03/10 $i0,/404 Hy0 and

contained 0.010 wt% seed crystals, based on the weight

of the synthesis mixture. R is 1,6-diaminochexane. The
OH™/Si0, molar ratio was 0.09.

Crystallisation

The synthesis mixture was transferred to a 1 liter
stainless steel autoclave. The synthesis mixture was
heated-up from room temperature to 160°C within 2.5
hours. The mi#ture was kept at this temperature for 130
hours. During heating the mixture was stirred at 120
rpm.

Hashing and Recovexy

The product was washed with water to pH 9.7 and dried
at 120°C during 20 hours.

XRD showed that the product was excellently crystalline
ZSM~-5. SEM micrographs showed that the product consisted
of uniform needles with a length/diameter ratio of about
6.7. Comparative SEM micrographs of the products .
obtained'from Examples 1 and 2 are given in Figures 3
and 4.

It can be seen from this that decreasing the S$i0,/Al,04

molar ratio of the synthesis mixtures from ~ 45 to < 40
significantly enhances the formation of zeollte ZSM~-5 at
the expense of zeolite ZSM-22; a needle-type morphology
of zeolite 2SM-5 can be prepared; seeding the synthesis
mixture with very small quahtities of nanometer sized
silicalite crystals enhances the '
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'Conparative SEM m cr ographs of both norphol ogies are given in Figures 5 and

6. EXAMPLE 6 Crystallisation of a coll oi dal
‘silicalite-seeded synthesis mxture with Si Q2/ A1203 nolar ratio of 40. A
synthesis m xture was prepared with a nolar conposition of: : 1.27

Klerr]0/3.02 R/0.250 Al[err]O[err]/10 Sierr]/403 H20 containing 100 w
ppm col | oidal silicalite seeds. The X¥Herr]/SiJerr] nolar ratio was 0.10.
Crystallisation

formation of very uniform (needle-type) ZSM—~5 crystals.

EXAMPLE 3

nystallisation of a colloidal silicalite-seeded
synthesis mixture with SiO,/Al,0; molar ratio of ~90.

Preparation of synthesis mixture:
solution A:

INGREDIENTS , ' S . QUANTITY IN GRAMS
AL, (50,) ;.18 Hy0 (Baker, prod.#1889) , 8.17
KOH pellets (87.5%) (Baker, prod.#0222) 18.52
. 1,6-diaminochexane (Fluka, prod.#33000) 39.83
H,0 . 553.00
Rinse-H20 } 158.84

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.

INGREDIENTS - . QUANTITY IN GRAMS

Solution B: (silicate)
Ludox AS-40 (40 % Si02) 170.89

Solution C: seed crystals

Colloidal suspension of silicalite crystals
in water containingllz.s.wt% solids 1.1448

Solution A and the rinse water were added to Solution B.
The resulting mixture was mixed for 5 minutes using a

magnetic stirrer. Next, the silicalite suspension was
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“The synthesis mixture was divided over a 2 liter
19 "stirred" autoclave and a 300 ml "static" autoclave. The
-crystallisation conditions were the sanme as in Exanple 3.

16

added and the whole was again mixed for 5 minutes. A
homogeneous, slightly opaque mixture was obtained. The

molar composition of the syhthesis mixture was:
1.27 K20/3.02 R/0.108 Al,05/10 $i10,/402 H,0

S$i0,/A1,03 molar ratio = 92.6. OH™/Si0, molar ratio =

0.19. R = 1,6-diamino hexane.

The synthesis mixture contained 150 wt ppm silicalite

seed crystals.

Crystallisation

The sygﬁhesis mixture waé divided over 2 autoclaves: 637.00
gr of the synthesis mixture was transferred to a 1 liter
stainless steel "stirred" éutoclave, while 309.87 gr was
transferred to a 300 ml stainless steel "static" autoclave.
The 1 liter autoclaﬁe was heated-up from room temperature to
160°C within 2.5 hours and was kept at this temperature for
"130 hours. During the crystallisation the mixture was
stirred at 120 rpm.

Hashing and Recoverxy of 2.:.9.41:.;*;

The product from the I liter autoclave was washed with water
to pH 9.0. The 300 ml-product was washed to pH 9.2. Both
products were dried at 110°C for 6 hours. The quantity of
product recovered was: 45.5 gr for the l-liter autoclave and
21.8 gr for the 300 ml autoclave. This corresponds with a
product yield of respectively 7.1 and 7.0 wt%. The product
yleld is defined as the weight ratio dry product/synthesxs
mixture in autoclave * 100%.

Characterisation

XRD showed that both products were excellently crystalline
and pure ZSM-5. SEM micrographs showed that the crystals
were very uniform and that the length/diameter ratio of the
crystals was ~2.3.




Washing and Recovery Both products were washed to pH 9.4 and subsequently
dried at 120[err]C for 16 hours. The product yields were 8.3 W%
"Characterisation XRD showed that both products were pure ZSM5. SEM showed
that both products had the sane shape/size and the |/d ratio of the
crystals was 6.5. Conparative SEM m crographs of the products obtained from
Exanples 3 and 6 are given in Figurag 7 and 8. .

EXAMPLE 7 The effect on article gpphgt ogy of Potassium being repl aced

I um
by sodi u Effect of gel alkalinity on 2ZSM-5 agglomerate 1l/d

ratio.

Using the same ingredients and procedure as described ébove
a synthesis mixture was prepared in which the potassium
content was reduced. The molar composition of

the synthesis mixture was: _" -
0.58 K,0/3.03 R/0.108 Al,05/10 Si0,/402 H,0,

OH‘/SiOz molar ratio = 0.05

The synthesis mixture was seeded with 100 wt ppm
colloidal silicalite seed crystals. The mixture was
crystallised in a 300 ml stainless steel autoclave at
160°C for 194 hours. After washing and drying, the
product was characterised by XRD and SEM.

XRD showed that the product was excellently crystalline
_and pure. SEM showed that the product consisted of well
defined needle type agglomerates with a length of 2.2.
microns and a diameter of 0.45 microns; the 1/d ratio of
the agglomerates was 4.9.

This experiment shows that the OH‘/SiO2 molar ratio of .

the synthesis mixture is an important parameter in
determining the 1/d ratio ratio of the needle type
zeolite. | '

EXAMPLE 5

Crystaliisation of a colloidal silicalite—seéded
synthesis mixture with Si05/A1,03 molar ratio of ~ 60.

Using the same ingredients and procedure as described
above a synthesis mixture was prepared with a molar
composition of:

1.27 K,0/3.02 R/0.167 A1,03/10 $i0,/402 H,0 + 100 wt ppm
seed crystals. Si0,/Al,0; molar ratio : 59.9. OH"/SiO2
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“This is a duplication of Exanple 6 in which the potassiumis replaced by
sodium Preparation of synthesis mxture (W reactants in grans) A

-Ludox AS- 40 62.26 B. Alferr] (SO[err])[err] .18Herr]O0
6. 90 (Baker) NaOH (98. 4% 4.27 (Baker)
1, 6- di am nohexane 14.52 (Fl uka) Herr]O
201. 44 Rinse Herr]0 18 57. 87 C. Seed
0,
0. 2812 molar rat5/6506 9§ in Herr]O
: : ! ] ] L] I s

The synthesis mixture was divided over a one-liter
“stirred" autoclave and a 300 ml "static" autoclave. The
crystallisation conditions were the same as in Example
3.
Hashing and Recovery
Both products were washed to pH 9.3 and dried overnight
at 105°C. The product yields for both batches were 7.7
wt%.
c1 = . Y
XRD showed that both products were excellently
crystalline and pure ZSM-S. SﬁM micrographs of both
products showed that the crystals were very uniform in
shape and size, and had an 'l/d ratio of 3.2. It appeared
that the morphology of the crystals completely differed
from that of a so¥called "coffin"-type crystals. The
main visual difference between these 2 typeé of crystals
_is that a coffin is a very smooth and uniform "single"
crystal having less tapering ends, while the product of
the invention consists of agglomerated crystals forming
a particle with an 1/d ratio of > 2.5 preferably > 3.
Comparative SEM micrographs of both morphoiogies are
given in Figures 5 and 6.

EXAMPLE §
Crystallisation of a colloidai silicalite-seeded
synthesis mixture with Si0O,/Al,0; molar ratio of 40.
A syntheéis mixture was prepared with a molar
coméosition of:

1.27 K,0/3.02 R/0.250 Al,05/10 Si0,/403 H,0

containing 100 wt ppm colloidal silicalite seeds. The
OH™/51i0, molar ratio was 0.10.

- Crystallisation

The synthesis mixture was divided over a 2 liter

jPT'§j¥f




‘mﬁ synthesis m xture prepared 347.54
20 Conposition synthesis m xture (noles)

19

"stirred" autoclave and a 300 ml "static" autoclave. The
crystallisation conditions were the same as in Example
3.

Hashing and Recovery

Both products were washed to pH 9.4 and subsequently
dried at 120°C for 16 hours. The product yields were 8.3
wt%.

Characterxigation

XRD showed that both products were pure ZSM-5. SEM
showed that both products had the same shape/size and
the 1/d ratio of the crystals was 6.5. Comparative SEM
micrographs of the products obtained from Examples 3 and
6 are given in Figures 7 and 8.

EXAMPLE 1

Ihe effect on particle morphology of Potassium being
xeplaced by sodium.
This is a dﬁplication of Example 6 in which the
potassium is replaced by sodium.

Preparation of synthesis mixture (wt reactants in

grams)

A. Ludox AS—40 62.26

B. Alz(SQ4)3.l8H20 . 6.90 . (Baker)
NaOH (98.4%) 4.27 (Baker)
1, 6~-diaminohexane 14.52 (Fluka)
H,0 201.44
Rinse H,0 57.87

C. Seed ' 0.2812

12.5% solids in H,0

wt synthesis mixture prepared 347.54

r%§§€Mw,”
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1. 27 Na[err]0/3.02 R/I0.25 Al[err]O[err]/10 SiJerr]/403 Herr]0 containing
101 wt ppm seeds, OH/SIQ2 = 0.104; Sigerr] /Al[err]O[err] = 40.
-Crystallisation: 281.50 g of gel was transferred to a 300 nl stainless
steel autoclave. The autocl ave was placed in a roomtenperature oven which
was heated up to 160[err]C within 2 hours and was kept at this tenperature
for 132 hours. The product was washegdqto pH 9.5 and was dried over the
weekend at 120[err] C. wei ght of product obtained 22.7 g. Cal cul ated
Si/Al[err] ratio = 37. The cal cul ati ons we nmake as fol |l ows.

Composition synthesis mixture (moles)

1.27 Na,0/3.02 R/0.25 Al,05/10 Si0,/403 H,0
containing 101 wt ppm seeds, OH-/Si0O, = 0.104;
Sioz,/Alzo3 = 40.

c £alli £3 .

281.50 g of gel was transferred to a 300 ml stainless
steel autoclave. The aﬁtoclave was placed in a room
temperature oven which was heated up to 160°C within
2 hours and was kept at this temperature for 132
hours.

The product was washed to pH 9.5 and was dried over
the weekend at 120°C. weight of product obtained 22.7

g.
Calculated Si/Al2 ratio = 37.

The calculations we make as follows.
Assumptions: _

* all Al present in the synthesis mixture is
incorporated into the zeolite

* K/Al atomic ratio of the zeolite - unity.
Calculation Si/Al, atomic ratio example of: moles

A1203 in autoclave:

281.50 x 6.90 x _1 = 0.00839
357.54 666.92 in sulphate.

moles A1203 + Kzo.in zeolite: 0.00839. weight of
Al,05 + K,0 in zeolite = 0.00839 (101.96 +

94.2) = 1.65 grams. |

* weight of dry product obtained: 22.7 gr

* LOI (loss of template): ~10%.

* weight of calcined product: 20.43 gr
* weight of Sio2 in zeolite: 20.43 - 1.65 = 18.78 gr




'Assunptions: [err] all Al present in the synthesis m xture is incorporated
into the zeolite * K/Al atomic ratio of the zeolite - unity. Calcul ation

‘Si/Al[err] atomc ratio exanple of: noles Al[err]O[err] in autoclave:
281.50 x 6.90 x 1 = 0.00839 357.54 666. 92 in
sul phat e. noles Al[err]O[err] + Klerr]O in zeolite: 0.00839. weight
of Allerr]O[err] + Klerr]O inseolite = 0.00839 (101.96 + 94.2) =

1.65 granms. * weight of dry product obtained: 22.7 gr * LA (loss of
tenplate): -10% '
. moles SiO, in product 18.78 = 0.31253

60.09

. Si/Al, at ratio of product: 0.31253 ~ 37
0.00839

The SEM micrograph of the product is shown in Figure 9. It
can be seen from this that needle—shaped agglomerates are
not produced.

' EXAMPLE 8
Crystallisation of a colloidal silicalite-seeded synthesis
mixture with Si0,/Al,0; molar ratio of ~ 30 and OH/SiO,

ratio of 0.06. A synthesis mixture with molar composition:
1.27 K,0/3.07 R/0.33 A1203/10 $i0,/403 H,0

was prepared containing 98 wt ppm colloidal silicalite
seeds and was aged in a l-liter autoclave at 160°C with
stirring at 120 rpm for 152 hours. The product was
éxcellently crystalline and consisted of small needles
with a length between 0.4 and 1.0 microns and with a
diameter between < 0.1 and 0.2 microns. The average 1l/d
ratio was ~ 6.5.

It can be seen from Examples 3 and 5 that seeding zeolite
synthesis mixtures suitable for the formation of zeolite
ZSM-22 with ppm quantities of zéolite ZSM-5 crystals
completely avoids the formation of ZSM-22, while the
formation of zeolite ZSM-5 is significantly promoted;
.stirring during the synthesis of needle-~shaped ZSM-5
crystals does not affect crystal morphology, size or 1/d
ratio .

2233 NMR SPECTRA
Synthesis of sample (Example 11)
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* weight of calcined product: 20.43 gr * weight of Sigerr] in zeolite:
20.43 - 1.65 = 18.78 gr _ 21 * - noles
-SiJerr] in product 18.78 = 0.31253

22

A synthesis mixture was prepared with molar composition:
2.91 K,0/3.02 R/0.50 A1,05/10 Si0,/409 H,0

OH~/Si0, molar ratio = 0.28

The synthesis mixture was seeded with 101 wt ppm
colloidal silicalite cryétals. Of the synthesis mixture
300.73 g was transferred to a 300 ml stainless steel
autoclave.

The autoclave was placed in a room temperature oven
which was heated up within 2 hours to 160°C and kept for
142 hours at this temperature.

The product was washed with demineralised water until
the pH of the last wash water reached 9.8. The product
was dried at 120°C for 18 hours. The quantity of product
obtained was 22.6 grams.

XRD showed the product was excellently crystalline ZSM-
5. | _ |

SEM showed that the product consisted of needle shaped
agglomerates with a length of 2.1 microns and with a.
diameter of 0.8 microns, the 1/d ratio of the
agglomerates was 2.6.

The 29Si NMR spectrum was takeh of the sample and the
spectrum is shown in Figure 10.

The'resonance envelope was deconvoluted in four lines.
Two Gaussian curves at -111 ppm and ~115 ppm were
necessary to fit the Si(0Al) signal. The curves for
Si(lAl) and Si(2Al) have their maxima at ~105 ppm, and -
98 ppm, respectively. Based on the deconvolution, the
Si0,/A1,0, molar ratio of the calcined sample
corresponds to 16, which is in reasonable agreement with
the chemical analysis. It can be concluded that the
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60. 09 * Si/Al[err] at ratio of product: 0.31253 [err] 37

0. 00839 The SEM m crograph of the product is shown in Figure 9. It can be
seen fromthis that needl e-shaped aggl onerates are not produced.
Crystallisation of a colloidal silicalite-seeded synthesis mxture with
SiOferr]/Al[err]O[err] nolar ratio of [err] 30 and OH/ SiJerr] ratio of
0.06. A synthesis mxture with nDIarzgonposition: .

calcination does not lead to important dealumination.

The definite presence of a signal at -98 ppm due to
Si(2Al) is a particular property of this material.

Further experiments were carried out to vary parameters
in the_;ynthesis of the zeolite. The results are set out
in the following table:

REPLACEMENT SHEET
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1.27 K20/3.07 R/0.33 Al 203/10 Si 2/ 403 H20 was prepared containing 98 wt
ppm col loidal silicalite seeds and was aged in a 1-liter autoclave at
"160[err]Cwith stirring at 120 rpm for 152 hours. The product was
excellently crystalline and consisted of small needles with a I ength
between 0.4 and 1.0 mcrons and with a |arreter between < 0.1 and 0.2

m crons. The average |/d ratio was [err 't can be seen from
Exanpl es 3 apd A that _seeding zeqlife m‘ hPQI m.g'r Ires _suitahle for t he
formati on of | zepkite- ZSM 22 Wit h ppn quantltles of| zeolitelZPM5 [crlystal s
conpl etely ayoi fi§ hé’.gor tifon O.I, ZBM 22, while tlhel fprpati onjof olite
ZSM5 is sighif ‘gaquyupro afed; | sffring during tihel syat kesl x| cf| ¢
needl e-shape§l Zbk b
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“crystal s does not affect crystal norphology, size or |/d.ratio 29 Si NWR
SPECTRA Synthesis of sanple (Exanple 11)
.22 _

25

Exanple 23
Crystallisation of a needle shaped Gallium containing ZSM~5
was achieved from a synthesis mixture containing

A. Ludox AS-40 , 59.69
H0 175.26
B. Ga203 {Ingel) 1.24
KOH (87.5%) _ 2.88
H,0 10.00
Rinse H,0 66.67
C. 1.6. diamino hexane | 13.96
D. Seeds AT281-112 0.3295

10.4§ wt% solids in H20

329.98
The Ga source was dissolved in the KOH solution by
boiling until clear, cooled to room temperature and the
weight loss corrected with water. The Gallate solution
was added to the Ludox/water mixture over 3 minutes. C
was added and mixed with the mixture of A/B. The seeds D
were added to the water/Ludox mixture béfore adding B.

Thé'whole mixture was rinsed for S minutes. The

composition of synthesis mixture was:
0.57 K,0/3.03 R/0.167 Ga,03/10 Si0,/403 H,0 +
105 wt ppm seeds. Si/Ga, = 59.9 OH7/SiO, = 0.119

c talli £ 3 .

Crystallisation was achieved by passing 288.01 gr of the
synthesis mix to a 300 ml SS autoclave, placed the |
‘autoclave in a room temperature oven, heating up the oven
for 2 hours to 160°C and keeping the oven at this
temperature for 152 hours. |

Recovery of product. The product was washed to purity (3
x 800 ml of water), conductivity last wash water 18 us.

REPLACEMENT SHEET
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A synthesis m xture was prepared with nolar conposition: 2.91
Klerr]0/3.02 RI0.50 Al[err]O[err]/10 Sierr]/409 Herr]O
"OH err]/Siderr] nolar ratio = 0.28 The synthesis m xture was seeded with
101 wt ppmcolloidal silicalite crystals. O the synthesis m xture 300.73 g
was transferred to a 300 m ‘stainless steel autoclave. Crystallisation: The
autocl ave was placed in a roomterrp%ature oven which was heated up within
2 hours to 160[err]C and kept for 1 hours at this_ tenperature. Washing
and Recovéfie Bredrddas \ithemadhied wrerritghthcrtal 183 wdieskighmtdf the pH
of the | astprpfetaditiaiRaC el .. Brodia@dusteld 7.7 wts.

Ch I isation: -

XRD, scanning electron micrograph.

The X-ray diffraction pattern of the product and

photographs of the crystals are shown in Figure 11.
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‘was dried at 120[err]C for 18 hours. The quantity of product obtained was
22 6 gwaﬁswnehaﬁaefarfsation XRD showed the product was excellently

ystalllne ZSM Jﬂﬂﬁgﬁk wed t hat the product consisted of needl e shaped

'agglo “ll E“‘ﬂnjm th of 2.1 microns and with a dianeter of 0.8
m cron

f the aggl omerat@s was 2. 6. The 29Si NWVR spectrum
was taken of the sanpl e and the spectrumis shown in Figure 10. The
resonance envel ope was deconvoluted in four lines. Two Gaussi an curves at
-111 ppm and -115 ppm were I

1. A crystalline tectosilicate ZSM-5 zeolite
characterised in that it comprises substantially needle-
shaped agglomerates.

2. A zeolite as claimed in claim 1 which is an
aluminosilicate zeoclite.

3. A zeolite as claimed in claim 1 in which the
average length/diameter ratio of the needle-shaped
agglomerates is at least 2.S. _

4. A zeolite as claimed in claim 3 in which the
average length/diameter ratio is at least ‘3.

5. A crystalline tectosilicate ZSM-5 zeolite
characterised in that the 29Si NMR spectrum has at least 3
peaks corresponding to Si.having 0, 1 or 2 T-atoms
respectively as nearest nelghbourb.

6. A zeolite as claimed in claim 5 which is an
‘aluminosilicate and whose 22si NMR spectrum has a peak at
less than -105 ppm.

7. A zeolite as claimed in claim € in which the
293i NMR spectrum has a peak in the region from -85 to
less than -105 ppm.

8. A zeolite as claimed in claim 5, 6 or 7 in which
the zeolite crystals are as defined in any one of claims 1
to 4. :

9. A zeolite as claimed in any one of claims 1 to 8
in which the SiOZ/Alzoj molar ratio is 6 to 500.

10. A zeolite as claimed in claim 9 in which the
$i05/A1;05 molar ratic is 10 to 100.

11. & process for preparing a zeolite as defined in
any one of the preceding claims comprising crystallising a
synthesis mixture comprising:

(i) A source of silica;

(ii) A source of aluminium, gallium, boron, iron,

zinc or copper, denoted M,
(iii)a source of a monovalent cation; and

(iv) an organic structure directing agent: ajgnpr ACEMENT SHERT
19 AUG 1999




necessary to fit the Si(OAI) signal. The curves for Si(1A) and Si (2A1)

have mﬂll “mmlmmﬁm 105 ppm and -. 98 ppm respectively. Based on the
deco err]/Al[err]O[err] nol ar_ratio of the calcined

sanpl € Cortespontls to 16, which is in reasonaPART GEOFRE e
chem cal analy5|s It can be concl uded #%at t{hREPLACED

(v) 1if the synthesis mixture is agitated during
crystallisation and the molar ratio of Si to M,
is more than 40, the synthesis mixture further
comprises from 0.05 to 2000 ppm of seed crystals
of an MFI-zeolite having an average largest
dimension of not more than 100 nm characterized
in that the synthesis mixture initially contains
0.05 to 2000 ppm of seed crystals of an MFI-
zeolite having an average largesf dimension of
not more than 100 nm. _

12. A proCess according to claim 11 in which the
synthesis mixture initially has an OH-/§i0; molar ratio of
from 0.025 tc 0.34. : '

13. A process for preparing a zeolite according to
any one of claims 1 to 4 in which the monovalent cation is
potassium.

14. A process according to any one of claims 11 to
13 in which the synthesis mixture initially has a molar
ratio of Si to My of from 10 to 100.

15. A process according to any one of claims 11 to
14 in which the synthesis mixture initially has an OH-
/8102 molar ratio of 0.21 or less, and a molar ratio of Si
to’ Mo of less than 25. | |

16. A process according to any one of claims 11 teo
15 in which the organic structure directing agent is 1,6-
diaminohexane.

17. A process for the production or conversion of an
organic compound comprising the use as a catalyst of a
2eclite as claimed in any one of claims 1 to 10 or as
prepared by a process according to any one of claims 11 to
l6. |

18. A process for selection or purification of an
organic compound comprising the use of a zeolite as
claimed in any one ©f claims 1 to 10 or as prepared by a
process according to any one of claims 11 to 16.

e
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-23 calcination does not |ead to inportant dealumnation. The definite
presence of a signal at -98 ppmdue to Si(2Al) is a particular property of
this material. Further experinments were carried out to vary paranmeters in
the synthesis of the zeolite. The results are set out in the follow ng

t abl e:

29
ABSTRACT
ZSM-5 ZEOLITE

Crystalline tectosilicate ZSM-5 zeolite may be
prepared which comprise substantially needle-shaped
agglomerates. Tectosilicate ZSM-5 zeolite having a 29 -
Si.NMR spectrum having at least three peaks indicates
the presence of Si atoms.in the structure having 0, 1

or 2 T-atoms as nearest neighbours.

THIS SHEET HAS BEEN
REPLACED
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ZSM 5
*59.69
1.24
10. 00
13. 96

Example 23 Crystallisation of a needle shaped Gal [i

was achi eved froma synthesis m xture containing A
Herr]O : 175.26 B. Gferr]O0
KOH (87.5% 2. 88 Herr]o
Rinse Herr]O0 66.67 C 1.6. dia

D. Seeds AT281-112 20.3295
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-10.46 wt% solids in Herr]O

Ga source was dissolved in the KOH sol ution by boiling until, cleat.—ee6
.to roomtenperature and the weight | oss corrected with waly I
solution was added to the Ludox/water m xture over 3 m nug

and m xed with the mxture of A/B. The seeds D were added

.t
wat er/ Ludox m xture before addi ng B. 3The whol e ni xture \a: rﬁ&)&}gg? 5
57

m nut es. The conposition of synthesis m xture was:
Klerr]0/3.03 R'0.167 Ga[err]O[err]/10 SiJerr]/403 Herr]d

=
=

329.98  The.

e

Shal

e

seeds. Si/Gferr] =59.9 Herr]/SiJerr] = 0.119

180 um200kY 2358BES 1399/91 91_"145‘.55

+._1*05 W ppm

S




- Crystallisation: Crystallisation was achi eved by passi Rpg—-288-
synthesis mix to a 300 ml SS autocl ave, placed the autodiskUBREND,
_tenperature oven, heating up the oven for 2 hours to 160 and keepiyn

the oven at this tenperature for 152 hours. Washi ng and BUGRESEDv el ¥
of product. The product was washed to Eurity (3 x 800 mMitof water), B
conductivity last wash water 18 [err]s" :

FIG. 5
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"26 The product was then dried overnight at 105[err]C Wi ghieQffr-Qduct.
obtained 22.3 gr. Product yield 7.7 w% Characterisati onBHnMREEY AT eE I |
-el ectron micrograph. The X-ray diffraction pattern of the “od MEN’FW =il
phot ographs of the crystals are shown in Figure 11. [i) 1% M
MUGIW

FIG. 7 |
SiO2 [AI203 = 926
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- 27 _ CLAI M5 1. A crystEL
tectosilicate ZSM5.zeolite characterised in that it cofplfises:

.substantially needl e- shaped aggl oner at es. 2. A zgoli t$9 AUcclyey mef jn
claiml which is an alum nosilicate zeolite.

6
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3. A zeolite as clained in claiml in which the average Iength/dlaneter
ratio of the needl e-shaped agglomerates is at |east 2.5. m—ye

at | east 3. 5. A crystalline tectosilicate ZSM5 zeo] i
characterised in that the [err]Si NWR spectrum has at | eas
corresponding to Si having O, 1 or 2 T-‘atonms respectively
nei ghbour s. 6. A zeolite as clained in claim5 whict
al um nosilicate and whose [err]Si NVR spectrum has a peak §
ppm 7. A zeolite as clainmed in claim6 in which the
spectrum has a peak in the region from-85 to |l ess than -105 ppm . 8.
A zeolite as clained in claim5, 6 or 7 in which the zeolite crystals are
as defined in any one of clains 1

@ 1559

near est

arll

| ess than. -105.§

Lllll[[lllllllIllIll'lllllll![[llllJllllIllllll|l

-85 -90  -95 100 -105 10 -5 20 =%
PPM - |




“to 4. 9. A zeolite as clained in any one of clains 1 to 8 in whic

the Sierr]/Al[err]O[err] nolar ratio is 6 to 500.

claimed in claim9 in which the SiJerr]/Al[err]O[err] n
100. 11. A process for preparing a zeolite as defin
the preceding clainms conprising crystallising a synthesi
conpri si ng: (i) A source of silicag, (1i) A sou
gal lium boron, iron, zinc or copper, denoted

source of a nonoval ent cation; and (iv) an organic

agent; and FIG.71
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28 - char acterized in that the synt he5| s mxture initiall y ongpyA BM

to 2000 ppm of seed crystals of an M- 'zeolite having an avpr HEET
di nerfsi on of not nore than 100 nm 12.- A process according {o cbglnlll in
whi ch the synthesis mixture initially has an OH/SiJerr] t AUGO1999

from0.025 .to 0. 34. 13. A process for preparing a zeol
any one of clains 1 to 4 in which the nonoval ent cation is

diameter (measured at the thickest part of the needle) 15

according to

.'perferably at least 2.5, most perferably at least 3.

_The ends of the agglomerate taper, preferably so that
the length of the portion of the agglomerate having a
diameter less than the maximum diameter, is at least .
50%, preferably at least 60%, more preferably at least
'70% of the total length of the agglomerate. Typically
the:average length of the needle-shaped agglomerates is
of thé order 0.2 to lo_ﬂm,'preferably 0.4 to 5 um.
Subst;ntially all the 2SM-5 zeolite agglomerates may be
needle-shaped, i.e. at least 80%, preferably at least
90%, more preferably aﬁ'léast 95% of the agglomerates
are needle-shaped. '

Each needle-shaped agglomerate may be made up of much
smaller crystals agglomerated together. The smaller
-crystals are generally much less than lum in size e.gq.
0.05 to 0.5 um. The shape of the smaller crystals which
form the needle-shaped agglomerate is believed not to
be critical. The crystals may, for example, be rod- or
needle;shaped. -

The needle-shaped agglomerates tend to have a square
cross-section, although the crystals forming the
agglomerate may be joined together such that the corners:
of the square are blunted, leading to a more circular
cross—sectiom. One effect of the needles being formed
from an agglomeration of smaller crystals is that the
needles when viewed by a scanning electron micrograph
(SEM) display a textured or grainy surface. An increased
outer surface area of zeolite may be useful in scﬁe
processes (see e.g. D. Fraenkel. Ind. Eng. Chem. Res. 29
No. 19 1990 1814~1821 and the references mentioned in
it) and may influence e.g. access to internal active



potassiun1 ) 14. A process accordlng to ahy one of clains
whi ch the synthesis mixturé initially+has:anolar ratio of- S

from 10 to 100. 15. A process accordlng to any one of clal

in which the synthesis mxture initially has an OH /Si(err
of- 0.21 or less, and a nolar ratio 8 Si to Merr] of less t

TH

IREPLACENENT S EET
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16. A process accordlng to any one of claims 11 to.15 in mhlch the or gani ¢

-structure directing agent is.1,6- di am nohexane. ess—Ho—t-he
product i orRYRT2FMV E9@Ft ALBERBIQAME RIIRRFR] %ﬁ)rlféq P HPSse as a
catalyst ofeddZePhst£1SSmay BEEshy MPDYzEEL S, oyt rexaingtle B0 or as

18. A

b1 ovass. | OfSMeh RTTbRC S Shur FITER HORLEY, o SifidITee.’ Tk Moo

process f

crystals may conveniently be added in the form of e.qg.

a colloidal suspension.

If -the crystallisation is carried out under quiescent

conditions, or, regardless of whether the mixture is
stirred, if the Si0,/Al,0; molar ratio is less than 40,

seeds are not required to produce 2SM-5 zeolite.
However, since the production of small, uniform

crystals and agglomerates are encouiaged by the use of

seeds, it is preferred to include seeds in the
synthesis mixture.

in general; the crystallisation temperature is 120 to
200°C, typically 130 to 180°C. The crystallisation time
may be from 30 to 200 hours, typically 50 to 145 hours.

The time to obtain a crystalline product depends

strongly on the alkalinity of the synthesis mixture.
The lower the alkalinity, the longer the mixture needs

to be held at a given temperature to obtain a
crystalline product. Temperature also affects the
length/diameter ratio of the agglomerates produced.
-Increasing the temperature tends to _increase the
length/diameter ratio, producing thinner and longer
agglomerates.

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

The zeolite can be modified by methods known by people
skilled in the art, such as ion-exchange, impregnation,




one of

organlc ~conpaund conprising the use of é zeolite as claingd in_an
clains 1 to 10 or as prepared by a pr@tess according to arny REPEACEMEN agl_r‘ﬁ-].
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.characterized in that the synthesis mixture initially
‘contains 0.05 to 2000 ppm of seed crystals of an MFI-
zeolite hav1ng an average largest dimension of not more

than 100 nm.

~12. A process accordlng to clalm 11 in which the
synthesis mixture initially has an OH-/Si0; molar ratio of

from 0.025 to 0.34.

13. A process for preparing a zeolite according to
any one of claims 1 to 4 in which the monovalent cation is

potassium.

14. A process according to any one of claims 11 to
13 in which the synthesis mixture initially has a molar

ratio of Si to M; of from 10 to 100.

15. A process according to any one of clalms 11 to
14 in which the synthesis mixture initially has an OH-
/Si05 molar ratio of 0.21 or less, and a molar ratio of Si

to M; of-less than 25.

16. A process according to any one of claims 11 to
15 in which the organic structure directing agent is 1,6-

diaminohexane.

-17. A process for the production or conversion of an
organic compound comprising the use as a catalyst of a
zeolite as claimed in any one of claims 1 to 10 or as
prepared by a process according to any one of claims 11 to

1s6.

l18. A process for selection or purification of an
organic compound comprising the use of a zeolite as _
claimed in any one of claims 1 to 10 or as prepared by a

process according to any one of claims 11 to 16.
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ABSTRACT
ZSM-5 ZEOLITE

Crystalline‘ tectosilicate ZSM-5 2zeolite may be
prepared which ¢omprise substantially needle-shaped
agglomerates. Tectosilicate ZSM-5 zeolite having a 29
Si NMR spectrum having at least three peaks indicates
the presence of Si atoms in the structure having 0, 1

or 2 T-atoms as nearest neighbours.

Figure 6
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