LM 5 ZECLITE, A PROCESS FOR | TS PREPARATI (I']\I AND

CATALYTI C APPLI CATI ON THEREOF The present invention concerns a
novel zeolite hereinafter termed IM5, a process for its preparation,
any catal yst containing the catal yst and any catalytic 5 process using

t he catal yst. Because of their properties of geonetric

sel ectivity and ion exchange, zeolites are widely used in industry
both for adsorptlon (for exanple dr as, separation of aromatic
conmpounds etc... ) anJM'ﬁrZE!gE }JI’R(gG SSEORIIT PMONANBI‘EICKI ng,
hydr ocr acki ng, isonerlsatlon ollgonerlsation, etc. : Wiile a

| ar ge nunber of al um nosil Umrﬂmegppucgnemmlmopt ure, over
the | ast few years the search for new m croporous nol ecul ar sieves has led

to the Synt hephepR elﬁlﬂ%?ﬁoﬁf%ﬁc%}ﬁ& Phovdy So1ID hefeitiae gveaG thus
also to a wde rleyo umn05| Icates wt zeo I c str’ucture,
vari ety being m cal orrp03|t| on, in the di arreter of the
pores they conPrQF??S%JPWtf R?pgﬁ’%ﬁg’ N ca SSt‘PHtal“HEg catalyst and qny gafalytic

m Cropor ous systens. Anong the zeolites which have been

synt hesi sed ovmpcesa@smsélnemalm years, a certain nunber of solids can
be cited which have represented significant advances in the fields of
adsor ption and cat aByciuse obtheipIpespentics of gesihéttie seldotiviegl and ion eﬁbhé:tg&
patent US-A-3 130 007), and ZSM5 zeolite (US-A-3 702 886). Mbre

recently, the 8 : rtll'jfgﬁ. haed Plgﬁg
synt hesi sed RTHE arﬁ(mea “ﬂﬁ‘gﬁg%’ ﬁgc?re%éssgﬁﬁoﬂq%%gﬂ? @ié g £as,
description of etphe glll fo% aromatlc compounds etc...) and for catalysis (for example catalytic

crackiﬁg, hydrocracking, isomerisation, oligomerisation, etc...).

10 While a large number of aluminosilicate type zeolites exist in nature, over
the last few years the search for new microporous molecular sieves has led to the
synthesis of a wide variety of such molecular sieves and thus also to a wide
variety of aluminosilicates with a zeolitic structure, variety being in their
chemical composition, in the diameter of the pores they contain, in the shape and

15  inthe geometry of their microporous systems.

Among the zeolites which have been synthesised over the last forty years,

a certain number of solids can be cited which have represented significant
advances in the fields of adsorption and catalysis. Examples are Y zeolite (United
States patent US-A-3 130 007), and ZSM-5 zeolite (US-A-3 702 886). More

20  recently, the number of new molecular sieves, (including zeolites), synthesised

each year has greatly increased. A more complete description of the different



Iéditién, 1992, Butterworth-Hei nemann. The,follow ng can be cited: NU 87
zeolite (US-A-5 178 748), MCM 22 zeolite (US-A4 954 325) or CLO type
gal | ophosphate (cloverite) (US-A-5 420 279). NU- 88 zeolite described in

French pat ent 96/ 1007 can also be cited; sone of its passages are
reproduced bel ow. 5 NU- 88 zeolite is characterized by:

1) a chemcal conposition with the following fornula, expressed in terns of
t he mole ratios of the oxides for the anhydrous state:

100Xd err], myEditionql 892, Buttagwerthiitsinepann,n dhe followingncan bepcited:| NYs87

pis in the range 0 (excluded) to 20; R represents one or nore

cations with vzdolite (US:A-5 178 748),r MCeE2ZNtzeoHie! (USA-41934 325 corm@ROutype
pref.erably silicon; 15 Y is selected fromthe group fornmed by the

foll owi ng el engifophosphbidl (Bloveite) (IS-A-5 420 2792 NUUSR 2ot eschibd P Fidhch

vanadi um zirconi um “nol ybdenum "arsenic, a t i mony, N chromumand
renganese, Y, RRLETOR0S7 15Uk AL S oS pmps e e Bl 21 00
shown in Tasbl e A below. 20 _
NU-88 zeolite is characterized by:
i) a chemical composition with the following formula, expressed in terms of the
mole ratios of the oxides for the anhydrous state: '
| 100X0,, mY;0s, pRy,O

10  where

m is 10 or less;

p is in the range 0 (excluded) to 20;

R represents one or more cations with valency n;

X represents silicon and/or germanium, preferably siliéon;

15 Y is selected from the group formed by the following elements: aluminium, iron,
gallium, boron, titanium, vanadium, zirconium, molybdenum, arsenic, antimony,
chromium and manganese, Y preferably being aluminium; and
ii) an X ray diffraction diagram, in its as synthesized state, which comprises the

results shown in Table A below.

20



Table ‘A X ray diffraction for NU 88 zeoljte (as synthesized state)

dierr] (10[err] m I/I]err] : 12.10. 35 S or
vs (1) ' 11.0[err] 0. 30 s (1)
9. 880. 25 m (1) 6.170. 15 w
3.970. 09 vs (2) 3. 900. 08 vs (2)
3. 800. 08 w (2) 3. 660. 07 VW
3.520. 07 VW . . 3.270. 07 VW
3.090. 06 w  Table A: X ray diffraction for NU-88)ze9lige;(as synthgsized state)
2.680. 06 A 2.490. 05 VW
2.200. 05 VW dp (10°m) 2.0 05 v
1.729+0. 04 vw (1) These peak3o4gpgsnot 1 esefved)and {ornmed part of a
feature. (2) These peaks were n()hlto%gbved a1gv(bor med paft of the sane
feature. NU-88 in its hydreger—teor-m—terea—H-NJ-88, produced by
calcining and/or ion exchange, h 320 ray jmﬁ;act I on ¢i agram whi ch
conprises the results shown in 876085 w Tabl e B:
ray diffraction for NU-88 zeolit¢3gmgioggen f ougi2)
dierr] (10[err] m [/1[err] 3.90+0.08 vs (2) 12.10. 35
vs (1) —+400T380 s—or{vs (1)
9. 920. 25 wor m (1) 3.8010.08 w(2)

3.6610.07 VW

3.5240.07 vw

3.274+0.07 \ALS .

3.09+0.06 w

B _ 2.9110.06 W
K 2.68+0.06 vw

2.494+0.05 hAud

2.2040.05 vw

2.059+0.05 w

1.729+0.04 W

(1) These peaks were not resolved and formed part of a feature. |
5 (2) These peaks were not resolved and formed part of the same feature.
NU-88 in its hydrogen form, termed H-NU-88, produced by calcining
and/or ion exchange, has an X ray diffraction diagram which comprises the results

shown in Table B:

X



8. 83+0. 20 vw . 6. 170. 15 w

3.990. 10 s or vs (2) : 3.91+0. 08 VS
{2) 3.790. 08 w or m(2)

3.670. 07 VW 3.520. 07 VW

3. 090. 06 w 2.90[err]0.06 w
2.48[err]0.05 w 2. 0650. 05 w

1. 8850. 04 A . . N/ err] Q. 04

(1) These peaks wer eT%WéHWWraWRWM¥M}W(§ I’?‘E&PJP@")S (2) These
peaks were not resolved and forned_part_of the sane feature
These di agrans were obtai ned usi _@h@(tﬂ'lpin)act(m,gr and a|conventi onal
powder nethod utilising the K[ern]ialifpess0f coprs R§(1) Cu K allpha. Fromthe
posd ti on of the diffracti orn ﬁqﬁlﬁssor epr eq gryrg,g(f)y t h¢ angle 20, the
characteristic interplanar 10 @t tes—dfef sanpl e can be

cal cul ated using the Bragg equatl né "ﬁ; ‘# rg}ty |s cal cul ated on

the basis of a relative intensity &83#0e20attri hyW n val lie of 100 to
the.line representing the strongg®173€as on thev X ray difjraction di agram

?Ed tggn: vg_ry W?ﬁ;( (vw) n;qggim t har s ws ()5 pak (}[N) means | ess
an 20; medi um means i t mge 4 20, strong (s
means in the range 40 to 60; 39130.087 V/s"(f) 9 (s)
5 very strong (vs) nmeans:T4088 nan gavorm(2) The X ray
diffractogranms from which the dat{3.6G#8.05t ai ned’“(spam ng ¢ and

3.52+0.07

3.0940.06 w

2.9010.06 w

2.4840.05 w =

2.065+0.05 w |

1.88510.04 w

1.733+0.04 VW

(1) These peaks were not resolved and formed part of a feature.
5  (2) These peaks were not resolved and formed part of the same feature.

These diagrams were obtained using a diffractometer and a conventional
powder method utilising the K, line of copper, CuK alpha. From the position of
the diffraction peaks represented by the angle 20, the characteristic interplanar

10  distances dyy of the sample can be calculated using the Bragg equation. The
intensity is calculated on the basis of a relative intensity scale attributing a value

of 100 to the line representing the strongest peak on the X ray diffraction diagram,
and then:

very weak (vw) means less than 10;
15 weak (w) means less than 20;
medium (m) means in the range 20 to 40;

strong (s) means in the range 40 to 60;



rel ative intensities) are characterized by wide reflections with a large

nunber of peaks form ng shoul ders on ot her peaks of higher intensity.
Some or all of the 5 shoul ders nay not be resolved. This nay be the case
for sanples with | ow crystallinity or for sanples with crystals which
are small enough to produce significant broadening of the X rays.
This can al so be the case when the equi pnent or -operating conditions
used to produce the di agram differ fromthose ~used in the present
case. 10 Qﬁf FansSdnory -dered to have a novel basic

structure or topol %‘/ which is characterized by its X ray diffraction
di agram NU-88 zeol TheXimy diffractagrams from swhidhithe idatachre pbtairted!{spmacing d and
substantially the X ray diffraction characteristics shown in Tabl e 3,

and. i s thus di gldtive dhteisitled) 2 tRIrh@briAd byZRile! feflSetions w1th a large nuiBef b€
chem cal conposition defined above mis-generally in the range 0.1 15 to

N g o et gty SRR ﬁ%%%s?%&%h%"% n SR OCE o 3, o

formwhen mis ran eO 6 t The present

i nventi on t%USSb@H'k%g' ey % Ree E'éfﬁqil tTIBS é‘B"B’ub@ the casecforepmpies Withy oW i t h
a chem cal conposition with the follow ng formula, expressed in terns
of the nol e r atrystallinity tdrefop xsacplesf with t drestals hyhich aze stralleenough to produce
100Xg err], my[err]Jerr], pRerr]O

6 significant broadening of the X rays. This can also be the case when the

e
oy

equipment or operating conditions used to produce the diagram differ from those
used 1n the present case.

10 NU-88 zeolite is considered to have a novel basic structure or topology
which is characterized by its X ray diffraction diagram. NU-88 zeolite in its “as
synthesized state” has substantially the X ray diffraction characteristics shown in
Table 3, and is thus distinguished from prior art zeolites.

In the chemical composition defined above, m is generally in the range 0.1

15 to 10, preferably 0.2 to 9, and more preferably 0.6 to 8; it appears that NU-88
zeolite is generally and most readily obtained in a very pure form when m is in the

range 0.6 to 8.
The present invention thus concerns a novel zeolitic structure, termed
20 IM-5, with a chemical composition with the following formula, expressed in

terms of the mole ratios of the oxides for the anhydrous state:

100XO;, mY,0s, pRo4O



where mis 10 or |ess; pis ip the range O (excluded) and 20;
R represents one or nobre cations with valency n; 5 X represents silicon

and/ or germanium preferably silicon; Y is selected fromthe group
formed by the follow ng el enents: al umi ni um iron, gal lium boron,
and titanium Y preferably being alumnium and is _ characterized by
an X ray diffraction diagram in its as synthesized state, which
conprises the results shown in Table 1. 10 The invention al so
concerns | M5 ‘Z&HFl te in its hydrogen form designated H 1 M5,

obtai ned by cal cining step(s) and/or ion exchange step(s) as will be
expl ai ned bel awis Therldss;M 5 zeolite has an X ray diffraction di agram whi ch
conprises the results shown in Table 2.

7 - TABLq,iglnﬁlgmg@o(é,{cmupﬂﬂgpl e for IM5 zeolite (as synt hesi zed
st at e) rT (A 1/1[err]

11.8[err]0. 35 11.50. 30 s
to vs (1) Rrepreseﬁts ohe'oF tr(ojrc): catlonﬂyl%ﬁl%y L < to vs (1)
9.95[err]0.20 mto s 9.500. 15 mto s
7. 080. 12 S5 Xyenrgsents silicon and/or germanium, preferablysidigon; 1 o VWto w
5. 75+0. 10 w 5. 650. 10 W
5.500. 10 Yhswselected from the group formed by thesfoRojving ¢lémefts: aluminivum, iron,
5. 030. 09 VW

gallium, boron, and titanium, Y preferably being aluminium; and is

characterized by an X ray diffraction diagram, in its as synthesized state, which

compri;?s the results shown in Table 1.

10 The invention also concerns IM-5 zeolite in its hydrogen form, designated

H-IM-5, obtained by calcining step(s) and/or ion exchange step(s) as will be
explained below. The H-IM-5 zeolite has an X ray diffraction diagram which

comprises the results shown in Table 2.



.720.08 wt om 4.550. 07 w

4
4. 260. 07 VW 7 3.920.07 s to vs (2)
3. 940. 07 - vs (2) 3. 850. 05 vs (2)
3.78[err]0.04 s to vs (2) 3.670. 04 mto
S 3. 550. 03 mto s
3.370. 02 w 3. 300. 015 w
3.0990. 012 wo m - 2.970+0. 007 vw to w
2.8150. 005 vWIABLE 1: X ray diffraction table for2INMsfyzeolite(as synthesiged state)k s
formng part of a feature. (2) Peaks formng part of the sane feature.
8 TABLE 2: X ray dlffrthgﬁgkytable M5 zeolite (hydrogen
form, HIMS5, 11.8£0.35 RN A5 y| cal ci ni ng
dierr] (A [/1[err] 11.5+0.30 stovs (1 1f. 80. 30 s to
vs(1) 96? 450. 25 8% (1)
11. 20[ err] 0. 20 s tovs (1) |1.25% stovs 9.900. 15
nmo s 9.95:8.2800. 15| mt0s Mo & .
7.060. 12 Wwo m . 9.50+0.15 mtos 6.010|10 VWt ow
5.700. 10 w 7.08+0.12 w1%6.1800. 10 VW
5. 030. 09 VW 6.04+0.10 vwtd w 10. 08 w
g. 5258 8; vWw : (2) 5.75+0.10 w 3. 870. 07 ! 760m0t40 s (2)
: : mto s : : m

to s (2) ' 223313360% wp m
3. 540. 04 mto s 5354010 W 3.37p. 03 w
3.3160. 015 w . oG

5.03+0.09 YW

. 4.72+0.08 wtom
4.55+0.07 W i

4.26+0.07 VW

3.92+0.07 stovs(2)

3.94+0.07 vs (2)

3.85+0.05 vs (2)

3.78+0.04 stovs (2)

3.67+0.04 mtos

3.55+0.03 mtos

3.37£0.02 - W

3.30+0.015 W

3.099+0.012 wtom

2.970+0.007 vwto w

2.815+0.005 W

2.720+0.005 vw

(1) Peaks forming part of a feature.

5  (2) Peaks forming part of the same feature.



3.1030. 102 w 3. 0800. 010 wtom

2.9500. 010 vw to m 8 2.880v0. 007 VW
2.7900.005 vw 2. 5900. 005 vw 5 (1)
Peaks formpart of a feature. (2) Peaks formpart of the sane feature.
These di agrans were obtained using a diffractoneter and a conventi onal
powder method utilising the K[err] line of copper. Fromthe position of the
10 diffraction peaks represented by the angle 20, the characteristic

i nt erpl anar TABLE 23 Xceay ﬁ[ﬂaeﬁoﬂhbldﬁr%ﬁlmMﬁhwogam%,ng t he

Bragg equation. The i nt ensi t yobtaimed| byudadéinbhgon t he basis of a relative
intensity scale attributing a val ue

9 of 100totheI|nere—e§_Rj1_t‘T_n§‘t"m_—s_tTmt_peak on the X ray
diffraction di agram and tH 030 Vet means | ess than
10; weak (w) neans less thg ﬁ rré Lf )n) mpans in the range
20 to 40; strong (s) neans |ﬂ4§ﬁ‘92|5ange very strong
(vs) neans nore than 60. RO X ra?t@lmﬂr)act ogranms from which

the_data are obtained (spacing d &rﬂ!):l:o 15 rellmto® intensities) are
characterized by wde reflectiong 980:0.55 | ar g¢ nmtoxber of |10 peaks form ng
shoul ders on ot her peaks of higher7ogipersity. |Setggmor all [of the

shoul ders may not be resol ved. ThigoRyjooe t hee2@8yfor sanmples with | ow

5.70+0.10 W
5.30+0.10 W
5.03+0.09 VW .
4.71+0.08 w

- 4.25+0.07 W

3.87+0.07 mtos (2)

3.81+0.05 mtos(2)
3.76+0.04 mtos(2)
3.67+0.04 wtom
3.54+0.04 mtos
3.37+0.03 w

3316:0015 |w
3.103:0.102 |w
3.080:0.010 |wtom
2.950£0.010 |vwtom
2.880v0.007  |vw
2.790£0.005  |vw
2.590+0.005 | vw

5 (1) Peaks form part of a feature.
(2) Peaks form part of the same feature.

These diagrams were obtained using a diffractometer and a conventional

powder method utilising the K, line of copper. From the position of the

10  diffraction peaks represented by the angle 20, the characteristic interplanar
distances dyy of the sample can be calculated using the Bragg equation. The

intensity is calculated on the basis of a relative intensity scale attributing a value



crystallinity or for sanples with crystals which are small enough to

pr oduce significant broadening of the X rays. This can al so be the
case when the equi pnent or operating conditions used to produce the
diagramdiffer fromthose 15 wused in the present case. | M5

zeolite is considered to have a novel basic structure or topol ogy

Wwhich is characterized by its Xray diffraction diagram |IM5 zeolite in
its "as synt hesi zed state" has substantially the X ray diffraction
char act eri st i cef Ki9certheé hine represemting the strqngest peak on the X xaygiffractionaliagram,
diffractogramin Figure 1), and is thus 20 distinguished fromprior art
zeolites. SimimithgenH | M5 zeolite, obtained by cal ci ning and/ or ion
exchange steps, has substantially the characteristics shown in Tabl e

2 (see also th ' ' | .e 2). The invention al so concerns any
foud Sk RO PRERRILE Pl M5 zeol i te.

zeolite with the sane stru e’as that of

10 In the chemy cal conposition defined above, mis
generally in twgal;@ypgrge@s?essman %o 10, preferably 0.3 to 9, and nore
preferably 0.5 to 8; it appears that M5 zeolite is generally and
nost readi |y omediunme(n) meansie the oge20 tordd; when mis in the range 0.8
to 8. 5 This definition also includes IM5 zeolite inits "as
synt hesi zed st @tdhg (s eansinthé/ﬁhée«ﬂ)?totdl)? fornms obtai ned on dehydration

and/ or cal ci ning and/ or ion exchange. The term"in its as synthesized

or wi thout dry Ve e GRraNE BReTARR V. 1T T Sl zed stater Y 1M
zeolite my contalnrg, Say dactograms from wiich the data ate dbtained (spatirig d and =
relativé?_intensities) are characterized by wide reflections with a large number of
10  peaks forming shoulders on other peaks of higher intensity. Some or all of the
shoulders may not be resolved. This may be the case for samples with low
crystallinity or for samples with crystals which are small enough to produce
significant broadening of the X rays. This can also be the case when the
equipment or operating conditions used to produce the diagram differ from those
15  used in the present case.

IM-5 zeolite is considered to have a novel basic structure or topology
which is characterized by its X ray diffraction diagram. IM-5 zeolite in its “as
synthesized state” has substantially the X ray diffraction characteristics shown in |
Table 1 (see also an example of a diffractogram in Figure 1), and is thus

20  distinguished from prior art zeolites. Similarly H-IM-5 zeolite, obtaiﬁed by
calcining and/or ion exchange steps, has substantially the characteristics shown in

Table 2 (see also the diffractogram in Figure 2). The invention also concerns any

zeolite with the same structural type as that of IM-5 zeolite.



10 sodium and/or amonium and it may c%ntain organi ¢ ni trogen-contai ni ng
cations such as those described bel ow or Yheir deconposi ti on products, or
precursors thereof These organi c nitrogen-containing cations are designated
her e by the letter Q which also includes deconposition products and
precursors of the organic nitrogen-containing cations. 15

Thus IM5 zeolite in its "as synthesized state" (not cal cined) has a
chemical conposition with the followng fornula, expressed in terms of the

mol e ratios oﬁlthﬂdmmpdwmmpndeﬁmq/abm,smss generally in the range 0.1
10X err]: 10 or less Y[err]Jerr]: 10 or less Q@ 10 or less Merr]O 20

wher e M tos1(Btpréfefibly O/3etabkahd nitRé Preferbhy0.5(@ 8UR dppedt thiteIMey i odi ¢
tabl.e) and/ or anmoni um

11 - Folife @heﬂeprﬁﬁl axﬂﬂﬁoé} %bﬂhﬁ r«]egf@ﬁx‘t@ 'f&"xﬂglhgﬁliﬂ nYe 2@

precursor of an orga trog n-cont ai ni ion or

deconposition pro {)jgt 8f an organi c nitrogen- cont ai ni ng cation;
at | east one c‘gﬂ% f type Mor Q being present; 5 Xis silicon

and/or germanium preferably silicon; Y is selected fromthe group
formed by tshe foll oﬂnﬁgeﬁnmoaralsn ingludes MMinzeolitein its “as synthgsilzed state”bas on,
and titanium Y preferably being alum nium and characterized in
that it has anwe{l ahedfolrhs abtaired oil dehiyamitioh Antl/lof calRinigamd6r ibACxShaige.
The term “in its as synthesized state” designates the product obtained by synthesis
and washing, with or without drying or dehydration. In its “as synth;sized state”,
IM-5 i-e_olite may contain a cation of metal M, which is an alkali, in particular
10 sodium, and/or ammonium, and it may contain organic nitrogen-containing
cations such as those described below or their decomposition products, or
precursors thereof. These organic nitrogen-containing cations are designated here
by the letter Q, which also includes decomposition products and precursors of the
organic nitrogen-containing cations.
15 Thus IM-5 zeolite in its “as synthesized state” (not calcined) has a

chemical composition with the following formula, expressed in terms of the mole

ratios of the oxides for the anhydrous state:

100X0,: 10 or less Y,0s: 10 or less Q: 10 or less M,0,
20 where
M is at least one alkali metal cation (group IA of the periodic table) and/or

ammonium,



whi ch conprises the results shown in Tablg 1. 10 The conpositions

I ndi cat ed above for IM5 zeolite are given for the anhydr ous st at e,
since the IM5 zeolite in its "as synthesized state" and activated

fornms of the IM5 zeolite, i.e., resulting fromcal cining and/or ion
‘exchange, may contain water. The nole ratio of H[err]O of such forns,
including IM5 zeolite inits "as synt hesi zed state" depends on the
condi tions under, which it is prepared and 15 stored after nthesi s or
activation. ThQ ifgt leagfene ereprig nifrogentcontaining &ammdomprecursorp 8B OTABAT ar e
typically in the range O to 100% XJ err]. The cal ci ned forns
of 1 M5 zeolitsitrdgemcontainitigacationnoros dietorpatitioro pruduct of an dtgaaﬁ@hﬁt'r@n
compound, or contain a |lesser quantity than the "as synthesized state”
since the ngj Oéod%.. gggn&{ the organi c substance has been elim nated,
generally by 20 t tréatment consisting of burni ng off the organic

substance in t esence of he h dr gen ion (Herr]) thus
forming the Ot{ﬁ;&igﬁ%qplpoundoftypeﬁorQlt)emg ent;
12 . Thus the IM5 zeolite in its calcined formhas a

chemi cal cohpoXiis siigon and/or germpniume preférmblyisiliconpr mul a, expressed in terns
of the nole ratios of the oxides for t he anhydrous state: 5

100Xg err]: 10Yds s¢lested Fioar the@roup formed by ke folloging elemesitstdiathiniumh, 1n,
Merr] O wher e Mis at | east one alkali netal cation (group I A

of the periodi gfigh! SoroR MidHtanium, Y (FERRDNHRiAE Huftfinitid kRGN

characterized in that it has an X ray diffraction diagram, in its as syntl.lesized state,
which ¢omprises the results shown in Table 1.
10 The compositions indicated above for IM-5 zeolite are given for the
anhydrous state, since the IM-5 zeolite in its “as synthesized state” and activated
- forms of the IM-5 zeolite, i.e., resulting from calcining and/or ion exchange, may
contain water. The mole ratio of H,O of such forms, including IM-5 zeolite in its
“as synthesized state”, depends on the conditions under which it is prepared and
15  stored after synthesis or activation. The mole quantities of water contained in
these forms are typically in the range 0 to 100% XO,.

The calcined forms of IM-5 zeolite do not contain an organic nitrogen-
containing compound, or contain a lesser quantity than the “as synthesized state”,
since the major portion of the organic substance has been eliminated, generally by

20  heat treatment consisting of burning off the organic substance in the presence of

air, the hydrogen ion (H") thus forming the other cation.



X represents silicon and/or gernani um prgferabl y silicon; 10 Y is
selected fromthe group fornmed by the folll ow ng el enents: alumnium iron,
gal lium boron, titanium Y preferably being alum nium and

characterized in that it has an X ray diffraction diagram in its as

synt hesi zed st at e, whi ch conprises the results shown in Table 2.

‘O the IM5 zeolite forms which can be obtained by ion exchange, the 15
amonium form (NH err]) is inportant as it can readily be converted into

t he hydr ogen Tidisrthe JM-a | zepliterig. itsrralcingd fore rhas dr ehemrigali eqmppsition
containing netals I ntroduced by ion exchange will be described bel ow.
In sonme cases,witlhtheffalldwingformula, exptdssedziaatrniscofahe inole fativeof thewxides for
subj.ected to the action of an acid can give rise to partial or

conplete eli mtﬂﬁ;ﬂﬁ/&&{ss&@ase el ement such as alumnium as well as 20
generation of t ydrogen form This may constitute a nmeans of nodifying

the conposition of the substance after it has been synthesized.

13 The invention also includes IM5 zeolite inits
hydrogen form terned H- | M5, é)r oduced by cal ci ning step(s) and/or

i on exchande step(s) asiORKQz: B8 or less Y,Qgdn theyenze@ (exsluded) to 10 MO, In one
aspect, the invention concerns IM5 zeolite at |least partially inits 5
H err] form (ashetefi ned above) or inits NHerr] formor inits netal

form the netal bei ng sel ected fromthe group formed by groups IA

511, L5 Nt o, et 400 WPy 18 O b bl e
partially in i ts mtaland?orrﬂ h| s type of zeolite generally HKas
X repré's_ents silicon and/or germanium, preferably silicon; =
10 Y is selected from the group formed by the following elements: aluminium, iron,
gallium, boron, titanium, Y preferably being aluminium; and
characterized in that it has an X ray diffraction diagram, in its as synthesized state,
which comprises the results shown in Table 2.
'Of the IM-5 zeolite forms which can be obtained by ion exchange, the
15 ammonium form (NH,") is important as it can readily be converted into the
hydrogen form by calcining. The hydrogen form and forms containing metals
introduced by ion exchange will be described below. In some cases, the fact that
the zeolite of the invention is subjected to the action of an acid can give rise to
partial or complete elimination of a base element such as aluminium, as well as
20  generation of the hydrogen form. This may constitute a means of modifying the

composition of the substance after it has been synthesized.



an X ray diffraction diagram which includgs the results shown in Table 1.
10 The invention al so concerns a ptocess for the preparation of M5
zeolite in which an aqueous nmixture is reacted which conprises at

| east one source of at | east one oxide X(Jerr], at |east one source
of at least one oxide Y[err](Jerr], optionally at | east one source of
‘at | east one oxide Merr]O and at |east one organic nitrogen-

containing cation Q or a precursor of an organic nitrogen-containin

cation or a 15 dethainyentiomalspinchudes IvES zeolite gm its hydiogen form, dermedi H+ ng
cation, the mxture general ly having the follow ng nolar conposition:

X err]/Y[err] M, rgrodiced €8y calkbfhingd's agldYorl font @x@lﬁn%mwpg r &f bbby 25
to 45; (Rlerr])oH Xderr] of 0. to 2, preferably O "to 1, nore

preferably 0.1 still nore preferably 0.4 to 0.75; 20
bsfodt oy

Herr]Q XJerr 00, preferably 10 to 200, nore preferably 20 to

70; QXJerr],of 0.01 tq 1, preferabl .02 tq.1, re preferabply
0.05 to 0.4 d ]E’[‘é‘}er‘PEF% iy n@%@%%é?ﬁﬁ%%%‘t?ﬁ&ﬁ%’@y

preferably 0 to, 0. 25; .. where X is silicon and/or germanium preferably
silicon; s H' form (as defined above) or in its NH, form or in its metaliform, the metal Y i s
selected fromthe group fornmed by the follow ng el enents: alum nium iron,

boron, titani upsingrelecRt! from th¥ @oep oA b SrbepsaiAINIR)i IIB, IIA,RIIB a

cation with valency n which may conprise M{(an al kali netal and/or

aTont U At i e A RO K U, PN RSB |
salt, z being gncant oN Weld) pidlafhSH il 20t b Fhid Bipe oFobalite' s2nerally has
an X ra'—'y diffraction diagram which includes the results shown in Table 1.

10 The invention also concerns a process for the preparation of IM-5 zeolite
in which an aqueous mixture is reacted which comprises at least one source of at
least one oxide XO,, at least one source of at least one oxide Y,0s, optionally at
least one source of at least one oxide M,0, and at least one organic nitrogen-
containing cation Q, or a precursor of an organic nitrogen-containing cation or a

15 decomposition product of an organic nitrogen-containing cation, the mixture

. generally having the following molar composition:
X0,/Y,0; at least 10, preferably 15 to 55, more preferably 25 to 45;
(R12)OH/XO; of 0.01 to 2, preferably 0.05 to 1, more preferably 0.10 to 0.75, still
more preferably 0.4 to 0.75;
20 HyO/XO, of 1 to 400, preferably 10 to 200, more preferably 20 to 70;
Q/XO, of 0.01 to 1, preferably 0.02 to 1, more preferably 0.05 to 0.4;
LZ/X0; of 0 to 4, preferably 0 to 1, more preferably 0 to 0.25;

where X is silicon and/or germanium, preferably silicon;



ammoni um i on whi ch may be simlar to Mor,a mxture of Mand a further

al kal i metal or amoni umion requi r¥d to bal ance anion Z, and Z may
-conpri se an acid radical which is added, for exanple, in the form of
a salt of L or an alum nium 10 salt. ~ In sone cases, it may be
of advantage to add a salt L[err]Z. Thus in a preferred preparation
‘process, the aqueous nedi um conprises that salt. Exanples . of Z are

the radicals of strong acids such as brom de, chloride, iodide, sulphate,
phosphat e or nYtis selectedfrommthe gronpformed by thefollowing clementsaaluminium, ironci d
radicals, 15 for exanple citrate or acetate. Wile LgZ is not essential,
it may accel erlgren, titaniumg aiyd pallitiins Wipréferably beisg alhiniaa! i te froma reaction
medi.umand it may al so affect the size and shape of crystals

containing theg ljVpoa Witk vaidhe'd vﬁﬁ&?ﬁlaytéb?nq%se M ﬁaﬁkm%ét%lhﬁtt?ﬂélj ed

out until crystallisation occurs: accordance w

i ti , i f | t] , I -1,5-bhis . 20 ,
mec il Svr oy | oS caok) AndiEF Q3R AEARIcAITRREo SABIATYING SRR P PICGRFOY n=6)

wi th general fornula: N [err]
15 5  thereof ormdecomposition prodnsbtherdodly products or one of its
precursors. The source of the organi c cation can, for exanple, be

salts of chlorLgeisos shitoZi bkingantditorh ythovdlemy q dnd L Bhuslkald rhdthlsidnosiul a,
n equals 5 or 6. .
ammonium ion which may be similar to M or a mixture of M and a further alkali
metal or ammonium ion required to balance anion Z, and Z may com.pn’se an acid
radical"'v_vhich is added, for example, in the form of a salt of L or an aluminium
10 salt
In some cases, it may be lof advantage to add a salt L,Z. Thus in a
preferred preparation process, the aqueous medium comprises that salt. Examples
of Z are the radicals of strong acids such as bromide, chlo_ride_, iodide, sulphate,
phosphate or nitrate, or the radicals of weak acids such as organic acid radicals,
15 for example citrate or acetate. While L,Z is not essential, it may accelerate
crystallisation of the IM-5 zeolite from a reaction medium and it may also affect
the size and shape of crystals containing the IM-5 zeolite. In all cases, the
reaction is carried out until crystallisation occurs.

In accordance with the invention, Q is preferably a cation, pentane-1,5-bis

20  (methylpyrrolidinium) (n=5) and hexane-1,6- bis(methylpyrrolidinium) (n=6),

+ +
N— {CH2)} —— l\‘l
CH3 CH3

with general formula:



M and/or Q can be added in the formof hydroxides or the salts of m neral
acids provided that the (Rerr])Od XJerr]" ratio is satisfied.

-Such substances can be used in the formof sinple mxtures or they can be
pre-heated together in the reactor, preferably in solution, before adding
the other 10 reactants required for the synthesis of the IM5 zeolite.
‘Cation Mis preferably an alkali netal, in particular sodium XJerr] is
preferably silica (SiJerr]) and the oxide Y203 is preferably alum na
(Alferr]derr]). In the preferred case when X is silicon, the
source of the silicon can be any one of those which are currently
used in the zeolite synthesis, for exanple solid or 15 powdered silica,
sili.cic acid, colloidal silica or dissolved silica. Exanples of

oo 5 | S T o T ey O
o025 K i o B S P St o SR o %

suitable concentrations for. use in 20 reinforcing pignments for rubber and
si | cone r ubber Thusdaithis feratula;in équals Svartéh different particle sizes can
be used, for exanple those with an average equi'val ent di aneter in the

range 10 to 15 m orM shd/draQ canBe addedlif tdfoinSofHydrskidd @F the&iltd of mineral/nder
t he trade nanes "LUDOX", "NALCOAG' and "SYTON'. D ssol ved

16 S| ‘ﬂ'scﬁl'ﬁ | b . e comercially avail abl e
sol ubl e gl ass é’dl %@P@%{g@ cﬂ%ﬁg&s&g s?ﬁ)gfaﬂo, in particular 2.0 to

4.0, noles of Siegr r nole o . alkali tal oxide, ""active"
al kali metal sili ca%‘éé‘ sﬁﬁsmm{w qugdpt%lgwﬁjcﬁme mixtures or they can be

pre-heated together in the reactor, preferably in solution, before adding the other

10  reactants required for the synthesis of the IM-5 zeolite.
Cation M is preferably an alkali metal, in particular sodium; XO, is
preferably silica (SiO,) and the oxide Y,0; is preferably alumina (Al,O;).
In the preferred case when X is silicon, the source of the silicon can be any
one of those which are currently used in the zeolite synthesis, for example solid or
15 powdered silica, silicic acid, colloidal silica or dissolved silica. Examples of
powdered silica are precipitated silicas, in particular those obtained by
precipitation from a solution of an alkali metal silicate such as that known as “KS
300” manufactured by AKZO, and similar products, aerosil silicas, fumed silicas,
for example “CAB-O-SIL”, and silica gels in suitable concentrations for use in
20 reinforcing pigments for rubber and silcone rubber. Colloidal silicas with
different particle sizes can be used, for example those with an average equivalent
diameter in the range 10 to 15 m or in the range 40 to 50 m such as those sold

under the trade names “LUDOX”, “NALCOAG” and “SYTON”. Dissolved



patent- GB-A-1 193 254, and silicates obt a'?6ned by dissolving silica in an
al kal i 5 netal hydroxide or a quaternary anmoni um hydroxi de, or a

‘m xture thereof In the preferred case where Y is al um nium
the alum na source is preferably sodi umalum nate or an al um ni um
salt, for exanple alum nium chloride, nitrate or sul phate, an

al um ni um al koxi de or alumna itself, preferably inits hydrated or
hydrat abl e form. such_as col | oi dal al uni na, pseudoboehmte,

al umina or al philicasr whishycan jbeyesedt also include eemarereinlly swwailahle; selubbeu gtass)ve
can al so be used. Sone or all of the alumna and silica
sources can opsilicates ¢ontdiningdli® ¢b 6.0, in particuiline2.0 a6 M) males afSum'zrminﬂdl@afe
The .reaction mxture is generally reacted at an aut ogenous pressure,

opti onal Iy by aggli psktsl
in the range 85[2(??] Ce?g@%(%érﬁgupre es Idsﬁlhn the rangew%g?err]c

vceed 5651 o PR BEA-1 0298 SAd gl otbtaemigﬁ%éssg B SRR B e

period generally being between 1 hour and several nont hs detpendi ng on
t he conpositi oRictdl hydrexide 95 aiquatemagy ammoniwn hydroxideyraaminture tikgeofused. The
reaction can be carried out with or without stirring, preferably w thout

stirring. In thd tprefored casd witby@ 'Y aig caluminitim, Ihe dduthinar solitee i§ he
time required for crystal formati on and/or the total tinme required

for crystalli Sg(‘eféiébl y! dodiBY hDthate offan alurmmué? ‘ﬂw gozeo Iee gln

17 antage to encourage formation

di scourage | npc%hl'oltuliee Siitrate or sulphate, an aluminium alkoxide or alumina itself, preferably

in its hydrated or hydratable form, such as colloidal alumina, pseudoboehmite,
10 gamma alumina or alpha or beta trihydrate. Mixtures of the sources cited above
can also be used.
Some or all of the alumina and silica sources can optionally be added in
the form of an aluminosilicate.
The réaction mixture is generally reacted at an autogenous préssure,
15 optionally by adding gas, for example nitrogen, at a temperature which is in the
range 85°C to 200°C, preferably in the range 120°C to 180°C, and more
preferably at a temperature which does not exceed 165°C, until IM-5 zeolite
crystals are formed, the time period generally being between 1 hour and several
months depending on the co:hposition of the reaction mixture and the temperature
20 used. The reaction can be carried out with or without stirring, preferably without
stirring,
It may be of advantage to use seeds to reduce the time required for crystal

formation and/or the total time required for crystallisation. It may also be of



Such seeds conprise zeolites, in particuL&r crystals of IM5 zeolite. The
crystalline seeds are generally added in proportion which is in the range
-0. 01% to 10% by weight of the silica used in the reaction m xture. 5
At the end of the reaction, the solid phase is recovered by filtering then
washing; it is then ready for subsequent steps such as drying, dehydration
"and cal ci ni ng and/ or ion exchange. If the reaction
product contains al kali nmetal ions, these nust be at |east . partially
el i m nat ed t o gsivaptage to lenconrags dermation nofolMi3\vizeéolite cindt discawyageoimpurities.
exchange with an acid, in particular a mneral acid such as hydrochloric
acid andéh séeds deodiipriseNBeUlites, GANPaticalad Rirpitdle ofo M- rzedhiehanie W t h
a solution of an ammpbnium salt such as ammoni um chl oride. |on

exchange can bﬁﬁﬁiiﬂ%@éﬁsme genepéilgiﬂggzrl gga %r&ﬂ&'tﬁ% ng@ﬁ:ﬂ?ﬁ?ﬂ He fﬁp%@ﬂ.oil%“

exchange sol ut repeating®one e zeolite 1S
general |y calci ned before carrying out.ion exchange to 15 elimnate all
absor bed organﬁog%!&ggf”&?gg‘ég ﬁhﬁsgﬁ‘:gé‘ﬁe‘{’&'g%ﬁaf’??%@ exchange. All
of the operating conditions of such an ion exchange step are known to the
skilled 5  persoft the end of the reaction, thersolid| phasehts reaovened by fidteringdhenvt 5

zeolite can be replaced by any netal cation or cations, in particular
those from gr owshinghit isstheh!réady £d3, subsdgfient! stéfd suthl as(drpivigl delndiritim 4dY €
earths), and VIII1 (i1ncluding the noble netals) of the periodic tabl e,

and by tin, Ie@ﬂci%gagh&%xgﬁgg%éange is normal ly carried out using a

sol ution contalning~a su ion salt, in a manner which is known to
t he skilled on. . . . . i
Pif'the réaction product contains alkali metal ions, these must be at least

partiali_y_ eliminated to prepare the hydrogen form of IM-5 zeolite, by ion

10 exchange with an acid, in particular a mineral acid such as hydrochloric acid

and/or using an ammonium compound obtained by ion exchange with a solution

of an ammonium salt such as ammonium chloride. Ion exchange can be eﬁ’ectéd

by forming a thick suspension in an ion exchange solution, repeating one or more

times. The zeolite is génerally calcined before carrying out ion exchange to

15 eliminate all absorbed organic substances in order to facilitate ion exchange. All

of the operating conditions of such an ion exchange step are known to the skilled
person.

In general, the cation(s) of the IM-5 zeolite can be replaced by any metal

caﬁon or cations, in particular those from groups IA, IB, IIA, IIB, IITA, IIIB

20 (including the rare earths), and VIII (including the noble metals) of the periodic

table, and by tin, lead and bismuth. Exchange is normally carried out using a

solution containing a suitable cation salt, in a manner which is known to the

skilled person.



The invention al so concerns the conposition of a catalyst containing | M5
zeolite. Thus in one aspect, the inventi ol provi des a catal yst conpri sing
an | M5 zeolite as described above or prepared using the preparation
process descri bed above. The invention also concerns a catal yst
conprising such an M5 zeolite, 5 and which further conprises a binder
‘or at |east one support or at |east one other zeolite or at |east one
netal selected fromthe group forned by the elenments Cu, Ag, G, My,
Ca, Sr, Zn, Cd, B, The inSentid¥also/corieermSithe compositionf atatalikst corjning IM-5

Ni , Pt, Pd, Re and Rh. In the catal ysts of the invention,
XJerr] is preitied! Thsiihiohs agfsaét,YRé)ﬁwbﬁtiorﬂ&omlei 8 catalyst edmiprising aovILS

catal ysts can be used in a |arge nunber of catalytic processes and

with awder f . F P whi ch
can be used f g“%&ggﬁoéﬁ §%bé%ﬁg§%sp§plregge&d%smg the S{C%Q‘f;’/%k’g%%%szg%ghgﬁlmm um
forms prepared using.the nethoqds descri bed gbove. . However, the

catal ysts of t#9Ven ‘PB?P"(?&P&W <onegrns . catalyy) comprising ek gndihe geplite 5
one.or nore elenents, in particular netals or their cations, or conpounds

of these 5 and whiehtfurthérrcomprisesabindenet atl least ione suppdrteoraat dedstibys vthecan be

prepared by ion exchange or by inpregnating the IM5 zeolite with
sai d el ement, glitddr &'least one nteRARRIEEHd fF¥m \thd %roﬁp Fortn b the BEGHERS Cugf
said cation or conpound. Such an ion exchange or irpregnation step

e ity hPopB e R K AU 8 o, 3 L

may or may nhot_b ined, in its hydrogen formand/or in it's amoni um
form andNbﬁ"ﬁ%L e exchanged form (nmetallic or non netallic).
19 -

In the catalysts of the invention, XO, is preferably silica and Y,0; is

10. preferably alumina. Such catalysts can be used in a large number of catalytic
processes and with a wide range of supply feeds.

Forms of IM-5 zeolite which can be used for cata-llysis generally include
the hydrogen and ammonium forms prepared using the methods described above.
However, the catalysts of the invention comprising IM-5 zeolite can also contain

15  one or more elements, in particular metals or their cations, or compounds of these
elements, in particular metal oxides. These catalysts can be prepared by ion
exchange or by impregnating the IM-5 zeolite with said element, cation or
compound, or with a suitable precursor of said cation or compound. Such an ion
exchange or impregnation step can be carried out on the IM-5 zeolite which is at

20  least partially, preferably almost completely, in its “as synthesized state”, which
may or may not be calcined, in its hydrogen form and/or in its ammonium form

and/or in any other exchanged form (metallic or non metallic).



Wen a formof IM5 zeolite containing a netal is prepared by ion

exchange, it nmay be desirable to exchangelg.t he netal conpletely, neaning

t hat substantially all of the exchangeable sites are occupi ed by that
metal . Such forns may be of particular application to separation
processes. In the majority of cases, 5 however, it is preferable to
carry out only partial exchange of the netal, the remai ning sites

bei ng occupi ed by another cation, in particular hydrogen or anmoni um
cations. In sone caWhen 4 tfomnyofbBMfe zeoliid| contaiing tar ométad eist prepared oy éon

metal cations by ion exchange. When the IM5 zeolite is

i npregnated wi éﬂh&ﬁ;&éﬁﬂnﬁ& beCduiRan1e do Teﬁcﬁéﬁ?@“tﬁe mtal SoMpletéR mdafithg kel | i cC

conmpound can be ad in a suitable proportion, but a maxi num

o 0001161 OSSN ok S SBRBEL Y A o S AT B

a
exceeded, and guantities of ,u,p to 5%.are often appropri ate.
| mpregnati on cRAY Be of particular application to sgparatjon RTOCEssEs. o b1 the maioRty AficASSS, f or
catal yst preparation. 15 .. The netal -exchanged fornms or the netallic

conpound- i rfor ebpwevey it ds peeferable toc earrpeutionly partinheychange of thdeyetalanhde
treated to produce an active derivative. These treatnents incl ude

reducti on, f0rreﬁi§ﬁﬂﬂ% Gite$ bRihgAbORUPRIACH AndtHeR! dAIDA, in partichld " MRGgent Br

produce a netal or other reduced rnms. These treatnents can be

0
carried out ate,rﬁﬂ: g@g{ | at D reparatl on. the catalyst or
they can readily 0 gzgt{dggr??géfﬁggﬁe?,# Fﬁg%gac@gilr@ﬁl#g@}rggg{lgqt.wo Blan%%e
Catal ytic conpositions conprising IM5 zeolite can, if desiréd, be conbi ned
wi th a m ner al D@t ¢ Y 40P ¢XCh@RZher catal ytically inert or catalytically

active. The matri x can be used solely as a binder to keep the zeolite
particl es toget her, Whenithe 13 Zeolite is impregnated with a metallic compound to form a

10  catalyst, the metallic compound can be added in a suitable proportion, but a
maximum proportion of 20% by weight is generally sufficient for the majority of
applications; for some applications, 10% by weight is not generally exceeded, and
quantities of up to 5% are often appropriate. Impregnation can be carried out
using any suitable known method for catalyst preparation.

15 The metal-exchanged forms or the metallic compound-impregnated forms
can be used as they are or they can be treated to produce an active derivative.
These treatments include reduction, for example in an atmosphere containing
hydrogen, to produce a metal or other reduced forms. These treatments can be
carried out at an appropriate stage in the preparation of the catalyst or they can readily

20  be carried out in the catalytic reactor.

Catalytic compositions comprising IM-5 zeolite can, if desired, be combined
with a mineral matrix which is either catalytically inert or catalytically active. The

matrix can be used solely as a binder to keep the zeolite particles together, or it can be



20 in a particul ar shape, for exarrpl e a pellet or an extruded
product, or it can act as an i nert2%i | uti ng agent, for exanple to
control the activity per unit weight of the catalyst When t he

m neral matrix or diluent thenselves have catalytic activity, they can form
an effective part of the zeolite-matrix catalytic conposition. Suitable

‘m ner al 5 matrices and diluents include substances which are
conventionally used as catal yst supports such as silica, the

di fferent for ma agpartidularishape, tirzxamplealpeliet drantextriadesksproduct, or it can act as an

nmontnorillonites, sepiolite, attapulgite, fuller's earth and porous

synthetic mat eihbﬁhﬂuungagen foteRarAfle $d ¢dnrdl fhe WBHVIG: peP irhit ﬁérgﬁt 6ﬁﬁé‘bﬁalyst
sili.ca-thoria, si Ilca gI u0| na or silica- tltanl um diroxi d

?g\r/riélr\tnﬁz)lnonlsnoﬁp@rg‘?l cu r co at@g%g VS%FE‘M?’%?@@W&; ﬁ%’ ‘S’g}tm th

catal ytic CthI When the IM5 zeolite is |,
associated wit¥ & Fﬁq’(ér#" r?gtth? »zealite-mative catglytic; eomposition.  Suitable sminerpl of

such substances, the proportion of matrix substance(s) in the total
conposi ti orf camatgieescand dijuehts ingudeosubStntes wikicly ate, converftionally ysed astoatal80o by

weight, 15 and nore preferably up to 30% by wei ght . For
certain appli %P&&@ such dsUilide "the’ Gifferdn® fOims"Bf Sltidl] chiyS \SBclf 88 bRftohin]d
conjointly with the IM5 zeozI&?te to 1orma cat al yst. Sa’gh a combi nation can

gﬁbgtsggces desc?ntgfogﬁlﬁ%l?é’sege%@@%ﬂaﬂ%% %gﬁ@ﬁ%%%éﬁawd%uch a

conposition is ﬁ an additive for_a fluyid_ 20 catal’ytic cracking
catal yst, wherSYchas SRics- t BhiGaczirconin ~silign-thonia, csiliGarglycing of,siliea-taniym
0.5%to 5% by wei ght of the total catalyst For ot her

appl i cati ons, dibxidé.viCombimzitions of anatrives camrbe usell within the aiohtext ofathel predent
10 invention, in particular combinations of inert matrices and matrices with catalytic
activity.

When the IM-5 zeolite is associated with a mineral matrix substance or with a
plurality of such substances, the proportion of matrix substance(s) in the total
composition can generally be up to 90% by weight, preferably up to 50% by weight,

15 and more preferably up to 30% by weight.

For certain applications, a further zeolite or molecular sieve can be used
conjointly with the IM-5 zeolite to form a catalyst. Such a combination can be used
as it is or combined with one or more of the matrix substances described above. A
particular example of the use of such a composition is its use as an additive for a fluid

20  catalytic cracking catalyst, when the IM-5 zeolite is preferably used in a proportion of
0.5% to 5% by weight of the total catalyst.
For other applications, the IM-5 zeolite can be combined with another catalyst

such as platinum on alumina.



such as pl ati num on al um na.

21 Any nethod which is sthtable for mxing the | M5
Zzeolite with an organic matri x and/ or another zeolite can be used, in
particular that adapted to the final form in which the catalyst is
used, for exanple an extruded, pelletized or granul ated product . 5
If IM5 zeolites are used to forma catalyst conjointly with a netallic
conponent (for exanple a hydrogenati on/ dehydrogenati on conmponent or anot her
metal with catal yti Anpmethad which is suitdblei fon nixing ltke BVi+fezenlitenwith iar, orgdnic

metallic conponent can be exchanged or inpregnated into the IM5
zeolite itsel fmbﬁ&%ﬂ/oranoﬂler%&htéﬂaﬁb@ tihiparticulas Hab Gdapted'toithe K] foith added
to the zeolite-matrix corrp05|t|on or certain applications, it may be

Tt i Subst anbe R RS ARbRL K Fﬁ@"ﬁ% %”’éwt bl 8 Yty peaf i crdonf

A w de range of hydrocarbon converS| on catalysts conprising IM5 zeolite

can be prepar ebF i on exchange or by inpregnating the zeolite with one or
nor e cations or oxides derived fromel enents such as: Cu, Ag, Ga, M,
Ca, Sr, Zn,5 Cd, B, If1BM-Al zeddites &b, used t@, fofih, a Catalyvb conjointlp, witle a heetallido, N,
Pt, Pd, Re and Rh. When catal ysts conprising IM5 zeolite
contain one O cdilbchent (for ekwﬁksle ﬂﬁirbgmé wegaﬁﬁbmo&gammtﬁoﬁfeph as
the netals N, Rh, these conponents ca

0105, o g, A kBB B, i, L B B
zeolite can becol%gpeo?lellltncarne Cte;{&)anged or impregnated into the IM-5 zeolite itself before
adding :..the matrix substance, or it can be added to the zeolite-matrix composition.
10 For certain applications, it may be of advantage to add the metallic component to all
or part of the matrix substance before mixing the latter with the IM-5 zeohte

A wide range of hydrocarbon conversion catalysts comprising IM-5 zeolite
can be prepared by ion exchange or by impregnating the zeolite with one or more
cations or oxides derived from elements such as: Cu, Ag, Ga, Mg, Ca, Sr, Zn, Cd, B,

15 Al Sn,Pb, V, P, Sb, Cr, Mo, W, Mn, Re, Fe, Co, Ni, Pt, Pd, Re and Rh.

When catalysts comprising IM-5 =zeolite contain one or more
hydrogenation/dehydrogenation components such as the metals Ni, Co, Pt, Pd, Re
or Rh, these components can be introduced by ion exchange or by impregnating
with a suitable compound of this metal.

20 Catalytic compositions comprising IM-5 zeolite can be used in reactions

involving saturated and unsaturated aliphatic hydrocarbons, aromatic

hydrocarbons, organic oxygen-containing compounds and organic compounds



ihvolvfng saturated and unsaturated aliphatic hydrocarbons, aromatic
hydr ocar bons, organi c oxygen-cont ai ni ng npounds and organi ¢ conpounds

22 containing nitrogen and/or sul phur, also organic conpounds
cont ai ni ng ot her functional groups. Thus i n anot her
aspect, the invention concerns any catal ytic process in which | M5

zeolite is conprised in the catalyst. In general, catalyst conpositions
cont ai ni ng 5 IM5 zeolite can be effectively used to carry out reactions

of isomeri sat iceomfaining nitrogem saadioy | sulphun, absol atganic tcamipoundsaténtdining oothemd
deal kyl ati on, dehydration and hydration, oligonerisation and

pol ymeri sat i onfunéiicnhl gralpson, aromati zation, cracking, hydr ogenat i on
and .dehydrogenation, oxidation, halogenation, am ne synthesis,

o trogen 10 (el tnOpS %@?@%ﬁ#@&%ﬁ@%@%%%&%ﬁ&%ﬁﬁ%ﬁ%ﬂn%ﬁﬁs 3

ni-trogen-cont I_n conpounds usi ng hydrocarbons

deconposi ti on?ﬁ‘étz%%lf‘ fscﬁoﬁiPF‘ﬁ?ﬂan Y5t ok geperal, ca ystcem%vw&ﬁn@ma he
synt hesi s of organi c conpounds in general. The processes
ment i oned dboviM-Garedlite can rbeedffectivelyi uedr to rcatrieoti rpactibnp hafs ésomerisationpr i n
t he vapour phase, under conditions selected so as to be the nost suitable

for 15 each iighlkyldticH an@gismifationS al@lafisA M. deﬁlgﬁﬁﬁérﬁnaelﬁéfahbﬁdaxwt in

t he vapour phase can conprise the use of fluid bed, fixed bed or

onthe. pr oces Sy dmclBiion & bapmerisali, 45eipyon, ARRANh, PERRE .o
The' AT uent ¢ PaERBsiaON; a1 JebaRieTeRs RHian oloBoE iR, Spint rByseisof
advantage, 1n hydrodé'gtﬂpuﬂmtion, hydrodenitration, catalytic elimination of oxides of nitrogen
10 (either, as is preferable, by reduction, generally using nitrogen-containing compounds
or using hydrocarbons, or by decomposition), ether formation and hydrocarbon
cmmemkmandﬂmswﬁhmhofogmﬁccumpmmxkingmmni
The processes mentioned above can be carried out either in the liquid phase,
or in the vapour phase, under conditions selécned so as to be the most suitable for
15 each individual reaction. As an example, reactions carried out in the vapour phase
can comprise the use of fluid bed, fixed bed or moving bed operations. Diluents can
be used if necessary. Depending on the process used, suitable diluents may be inert
gases (such as nitrogen or helium), hydrocarbons, carbon dioxide, water or hydrogen.
The diluent can be inert or it can have a chemical action. It may be of advantage, in
20 particular if hydrogen is used, to include a metallic component such as a
hydrogenation/dehydrogenation component in the catalyst composition, for example

one or more of the metals Ni, Co, Pt, Pd, Re or Rh.



20 particular if hydrogen is used, to include a netallic conponent such as

a hydr ogenati on/ dehydr ogenati on con%?onent i n the catal yst
-conposition, for exanple one or nore of the netals Ni, Co, Pt, Pd, Re
or Rh. ' . 23

The present invention also concerns any hydrocarbon conversi on process
~during which an al kyl benzene or a m xture of al kyl benzenes is brought into
contact in the liquid or vapour phase with a catal yst containing

| M5 zeolite, underThe presentiigpvention sddoi concems dinyilyxsocarboh conversion process

| somerisation reactions for which catalysts containing IM5 zeolite are

particul arly ugginglwhidtar difier2edriaThitfirebfaMABen2Eriés 1 histght e Sordc iRt | C
nol ecul es, in particular xylenes. These reactions can iInclude those

whi ch can be caLri: o] | ] r nge r . al

conmposi ti ons ctgllélt g&ﬁ?ng} |‘J|6E@“z8‘d?sﬂ mhigc P’% °8'f"amo?9€%r??@{?r a'%ﬁ% r
application in_isonerisation reactions include those in which the IM5 10
zeolites is priQBersalion ¢¢ndiOnS.y form (H), in the formobtained after ion
exchange, in the formcontaining metals or in conbinations of these
forms. Forrs in whilsbmefisationtredctions for iwhich leptilystyecomtdiming M5 d zenditen aré on
conponent such as Ni, Co, Pt, Pd, Re or Rh are of particul ar

application. particularly useful aféthbd smg%ﬂ&héssﬁfd' suBstit@ad hichihdic mdledildsCh a
catal yst containing M5 zeolite 15 aré of use include isonerisation and

Qlern to o or PpeRulh SR Festealons T ol those whft Pt canted i uf " ™

catal ytic dewaxin | someri sati on and hydro-i soneri sati on of
xyl eng can be @sﬁqsg@e(gjthyﬁwg% gCatalyst compositions containi%/lg IM-5 zeolite which are

of partlcular application in isomerisation reactions include those in which the IM-5
10  zeolites is present in the acid form (H), in the form obtained after ion exchange, in the
form containing metals or in combinations of these forms. Forms in which the metal
is a hydrogenation/dehydrogenation component such as Ni, Co, Pt, Pd, Re or Rh are
of particular application.
Particular isomerisation reactions for which a catalyst containing IM-5 zeolite
15 are of use include isomerisation and hydro-isomerisation of xylenes, or of paraffins,
in particular normal C, to C,y hydrocarbons, or the isomerisation of olefins, and
catalytic dewaxing.
Isomerisation and hydro-isomerisation of xylene can be carried out in the
liquid or vapour phase. In the liquid phase, suitable isomerisation conditions include
20  atemperature which is in the range 0°C to 350°C, a pressure which is in the range 0.1
to 20 MPa (absolute), preferably in the range 0.5 to 7 MPa (absolute), and when using
a flow system, a weight hourly space velocity (WHSV) which is preferably in the

range 1 to 30 h™' based on the fotal catalyst composition. A diluent can optionally be



Ifquid’or vapour phase. In the liquid phase, suitable isonerisation
condi tions include 20 a tenperature whifch is in the range O[err]Cto

350[err]C, a pressure which is in the range 0.1 to 20 MPa (absol ute),
preferably in the range 0.5 to 7 MPa (absolute), and when using a
flow system a weight hourly space velocity (WHSV) which is preferably in
t he range 1 to 30 h[err] based on the total catalyst conposition. A
di luent can optionally be

24 presest preferpblyfope abinprethereof, having athiighr eritical femperature uidey ithe
cri.tical tenperature under the I sonmerisation conditions. The

diluent, if usgshmeriatiorehiditions ThE difueROHuRYd, \Wanh Sdthpre 1%to90%bfaretgﬂ?9£ The
i soneri sat i on and hydro-isonerisation react i 'ons for xyI ene in

[35P P BB 0 189 e RS g AR

500[err]C, at a pressure which is in the ran e 0 05 to
(absol ute), pr¥PRYL e carEed o at a fampesatye %@@@Fangedﬁa@mﬁ%cgm

hour |y space velocity. (WHSV) of up to 80 based on the total catalyst
conposi ti ors.  preferably in the rangéh200°€ytb 506°C, at 4 pressare wiich isrin thecrangecd:@$itocl (of
hydrogen (in the vapour phase), t he hydrogen/ dehydr ogenati on

conponent whi CXIPh $abi3blated, preteblytREvden 0P ard's MPa %@lutéoand at a weight hourl

hydrogenat|on/dehydrogenatlon conponent is generally added in a proportion

\gﬂlp(p:)lhement al @?%“1“‘& aﬁ&ﬁgﬁwoﬁwr&§%‘g%ﬁ‘8§°%§%%g&’g& nI ?Ee

catal yst conpositi % V\hen xyl ene is isonerised, ethylbenzene
can be present in tYoS%¥Ylengisisomerised in the pregengs @fdwd{qgsn(mmq;wm@rrpha&ea,ch 40%
by weight Wth catal yst conpositions which 15 include IM5 zeolite,
et hyl benzene dghbebydibgen/dehpdrogdnatiomtempotictiwhich é preferablynised is Pt or NixyTlgnes t o
form heavier and |ighter aromatic conmpounds. Ethyl benzene generally
10  hydrogenation/dehydrogenation component is generally added in a proportion which
is in the range 0.5% to 2% of the total catalyst weight. Supplemental metals and/or
metal oxides can be present in the catalyst composition.
When xylene is isomerised, ethylbenzene can be present in the xylene feed in
a proportion which can reach 40% by weight. With catalyst compositions which
15 include IM-5 zeolite, ethylbenzene generally transalkylates with itself and with
xylenes to form heavier and lighter aromatic compounds. Ethylbenzene generally
also reacts to form benzene and light gas, in particular at temperatures of more than
400°C. With such xylene feeds containing ethylbenzene, when the reaction is carried
out in the presence of hydrogen with a catalytic composition comprising IM-5 zeolite
20 and a hydrogenation/dehydrogenation component, a certain portion of the
ethylbenzene is transformed to xylenes by isomerisation. It may also be of advantage
to carry out the xylene isomerisation reactions in the presence of a hydrocarbon

compounds, in particular a paraffin or a naphthene, with or without the |



al so reacts to formbenzene and light gas, in particular at tenperatures of
nore than 400[err] C. Wth such xyl effe feeds containi ng ethyl benzene,

when the reaction is carried out in the presence of hydrogen with a

catal ytic conposition conprising IM5 zeolite 20 and a

‘hydrogenati on/ dehydr ogenati on conponent, a certain portion of the

et hyl benzene is transforned to xylenes by isonerisation. It may al so be of
advant age to carry out the xylene isonerisation reactions in the

presence of a ¢ompleroentiry presence of hydnogem dEhe hydrqearbion appesrs to impravefcatalyst a
napht hene, with or w thout the

25 CHfonBaRIR iA that REARHEAC Whith cA¥E" LIS of AYIndd e QEpFRd MAPRAT S O
i npr.ove cat al yst performance in that reactions which Cause a [oss of

xylenes are s d I rficul ar n tj QR e
carried out | @%ﬁ%‘eeggge %oﬁﬁg%ﬁ%‘#‘?éﬁf ﬁ?@p?eﬁge Bpﬁyd}(?%ﬁ, @gé&%ﬁeal yst
I S i ncreased. .. The present invention also concerns a process
for converting® ?%W%‘HW& whi ch one or nore al kylated aromatic
conmpounds are brought into.contact, in the vapour or |iquid phase,
with a catdl yst conThs presegt inverttionedsoi corcemmseprotesa fisradokydrting hydrocarbons in
condi tions. Catal ysts containing IM5 zeolite are

particul arly wgRichloné Br nice aByleéddrbMatic é&nﬁéﬂﬂ@%@ﬁﬁﬁﬁﬁt%ﬂoﬁnﬁaﬁﬁ% iggns, in

particular in reactions involving aromatic nol ecul es I ch are nono-,
di-, tri- or tetr ' ' |kl QUDSH i tigular toluene

and xyl enes. %&’OEISWM& H%t%@?@ﬁ&ﬂ%ﬂ&@é&?ﬁ@%ﬂaw M te
whi ch have been found to be of particular application for

transal kyl at i ofPREW@RSr di snut ati on reactions incl ude

‘Catalysts containing IM-5 zeolite are particularly useful in transalkylation
10  and/or dismutation reactions, in particular in reactions involving aromatic molecules
which are mono-, di-, tri- or tetrasubstituted with alkyl groups, in particular toluene
and xylenes.
Catalyst compositions containing IM-5 zeolite which have been found to be
of particular application for transalkylation and/or dismutation reactions include
15  compositions in which the IM-5 component is present in its acid form (H'), the form
obtained by cation exchange, or other forms containing metals or combinations of
these different forms. The acid form and the form in which the metal is a
hydrogenation/dehydrogenation component such as Ni, Co, Pt, Pd, Re or Rh are
particularly effective.
20 Particular examples of important processes are the dismutation of toluene and
the reaction of toluene with aromatic compounds containing at least 9 carbon atoms

per molecule, for example trimethylbenzenes.



15 cofpositions in which the M5 conponent is present inits acid form
(Herr]), the form obt ai ned by cati®n exchange, or other forns
contai ning netals or conbinations of these different forns. The acid
‘formand the formin which the netal is a

hydr ogenat i on/ dehydr ogenati on conmponent such as Ni, Co, Pt, Pd, Re or Rh
.are particularly effective. 20 Particul ar exanpl es of

i mportant processes are the disnutation of toluene and t he reaction
of toluene with archelu¢ne dismptation can det carmédgutain theawdpodr phasepand i tise

per nol ecule, for exanple trinethyl benzenes.

26 presence off4HHRBRL By 32 LHIRgh Wi BRAGEBIS 15 Bpatie ih thelfieseia Our

phase, and in presence Or absence o ydrogen, although it is

Cippreas cat ol JE5ER céf.i’*s%?ﬁ 5 s G PR ﬂe”fé§éif?"°§n%?' P

conditions are: terrper ture in the range 250[er C to 650 rr preferably
in the 5 ran§actsy P@?‘S smpeBRiIG @ therange C 66Q°C, preferabl YGBtbfb 10

MPa (absol ute), pref erably the range 0.1 to 5 MPa (absolute); and
weight hourdy mpﬁ:@%@l%éﬁ@"ﬁ;@ﬁb@n@h@e ramgS0.03 to 10 MBa(absblute), ptmﬁarablyiﬂ

cat al yst conposition). When tol uene disnmutation is carried

out in the premenggeof tbsd@ﬂ@ﬁsolﬁt@ﬁandwelghﬂﬁhﬁ& Qél@ci%péWHBVbhﬂtcﬁ.W't ain

a hydrogenati on/ de ydr ogenati on conponent. ref erabl’y

hydr ogenati on/ such as Pt, Pd or N| IS used.
The hydrogenat@g%ﬁg)ehydrog%%ﬁgggﬁ@ ent is normal |y added in a
concentration r‘& can reach 5% by weight of the total catalyst
conmposi ti on Conpl e uene dismytation &5 gatried ouh the RIgsenes; ot hydoeenythesen

in the catalyst conposition, for exanple up
catalyst® can optionally contain a hydrogenation/dehydrogenation component.

10  Preferably, a hydrogenation/dehydrogenation component such as Pt, Pd or Ni is used.
The hydrogenation/dehydrogenation component is normally added in a concentration
which can reach 5% by weight of the total catalyst composition. Complementary
metals and/or metal oxides can be present in the catalyst composition, for example up
to 5% by weight of the total catalyst composition.

15 The present invention also concens a process for the conversion of
hydrocarbons in which an olefinic or aromatic compound is brought into contact with
a suitable alkylating compound under alkylation conditions, in the vapour phase or in
the liquid phase, and with a catalyst containing IM-5 zeolite.

Examples of alkylation reactions for which catalysts containing IM-5 zeolite

20  are of particular use are the alkylation of benzene or aromatic molecules substituted
with methanol or an olefin or an ether. Specific examples of such processes are the
methylation of tolucn¢, the synthesis of ethylbenzene and the formation of

ethyltoluene and cumene. The alkylation catalysts used in processes in accordance



to 5% by weight of the total catalyst conposition. 15 The present

I nvention al so concerns a process for the“conversion of hydr ocar bons
in which an olefinic or aromati c conpound is brought into contact with

a suitable al kylating conpound under al kyl ation conditions, in the vapour
Pphase or in the liquid phase, and with a catal yst containing IM5
zeolite. Exanpl es of al kylation reactions for which catal ysts
containing IM5 zeolite 20 are of particular use are the al kylati on of
benzene or ar owith this implementationsfithet inventionl can comprise othensubbtances, in particulat ef i n
or -an ether. Specific exanples of such processes are the met hyl ati on

of toluene, thgeRsidaswhichcatiptbRAAEIR Rdrh&Ref Or mati on of
et hyl t ol uene and cunene. The al Kyl ation catal ysts used in processes in

accor dance

with this inplenent a?cag‘% of {allPéSt icﬂl\lltglﬁ'fqgoﬁd'csaﬁeoé%%‘bsr P%eg’ Wﬁms@n%ees I n
parti cul ar net. al des, .which can i.nprove catalyti¢ performance.
Because a cat al ?ceéoWalothQerl‘W@az@M‘FhSﬂ@q sanddor aromatization Hisactionsnobe
produced by oligonerisation, cyclisation and/or aronmatization reactions of
5 unsaturat enhsatnrqwhrmmpsnnds anchetab eetheneprprppene or tmtenener of safurated
saturat ed conpounds such as propane or butane or of m xtures of

hydr ocar bons  sgisifipouidd sughtas meamwp&oﬁmmﬁmﬁsudh% light
particul ar aromatization reactions, the catal yst may useful Iy contain

gxrgfagl tﬁ;reofﬂph%d?oréoﬂxé}%fyﬁ# @@%@W@%’M@ﬁ%ﬁg@ﬁé"ﬂ%d for

a w de range of ckin react ions pagﬂ t hem cracki ng, of ol efins,
paraffins or a\’%? i © gtal or getal oxide, In cular platinum, gallium, zinc or

oxides thereof,

10 Catalysts containing IM-5 zeolite are used for a wide range of cracking
reactions, among them cracking of olefins, paraffins or aromatic compounds, or
mixtures thereof. Using IM-5 zeolite as a fluid catalytic cracking additive is
particularly useful in improving the cracking reaction product. IM-5 zeolite can also
be used as a component of a catalyst for catalytic dewaxing in hydrocracking

15  processes.

Hydrogenation and/or dehydrogenation processes, for example the
dehydrogenation of alkanes to the corresponding olefins, are effectively carried out
by bringing the appropriate feed into contact, under suitable conditions, with a
catalyst containing IM-5 zeolite, in particular when the latter also comprises a

20  hydrogenation/dehydrogenation component such as Ni, Co, Pt, Pd, Re or Ru.

A catalyst containing IM-S zeolite is also useful for ether formation, in
particular when reacting two alcohols or when reacting an olefin with an alcohol.

The invention will now be illustrated by the following examples.



m xtures thereof Using IM5 zeolite as a fluid catalytic cracking additive
S particularly useful in inprovingzﬁhe cracki ng reaction product.
.IM5 zeolite can al so be used as a conponent of a catal yst for

catal ytic dewaxing in hydrocracking 15 processes.

Hydr ogenati on and/ or dehydrogenati on processes, for exanple the
-dehydrogenati on of al kanes to the corresponding ol efins, are effectively
carried out by bringing the appropriate feed into contact, under
suitable conditions, with a catal yst containing IM5 zeolite, in
particular when the latter also conprises a 20

hydr ogenat i on/ dehydr o JEXAMPIEAR SpRhesis of IMI5 z5kifd witi-Pentihe-1,8d, Re or Ru.
A catal yst containing IM5 zeolite is also useful for ether Tormation, in

Bconol . r "R D BB AR i o TR PR o) (e

fol Fow ng exanpl es. . . L. 28
EXAMPLE 1: Synt hesi Shestruciurgofpegtane-d,Shis(megainyaolidipium) bromide is as follows:

bi s( et hyl pyrrolidiniun brom de (PentPyrr). The structure of
pent ane- 1, 5 bi s(nmet hyl pyrrolidinium bronmde is as follows: 5

[err] 38 g of water was poured Qnto a solid m xture
containing 3.6 g of Aerosil 130 O\silica, 4+08 g of PentPyrr and 0.144 ¢
of cal ci ned NU-88 seeds (obtained by NrTRdsmg N\ . |8

CH3 CH3

38 g of water was poured onto a solid mixture containing 3.6 g of Aerosil 130

10  silica, 4.08 g of PentPyrr and 0.144 g of calcined NU-88 seeds (obtained by grinding

a sample from a previous synthesis). Stirring was carried out until a homogeneous

mixture was obtained, then a solution obtained by dissolving 0.32 g of Carlo Erba

sodium aluminate (54% AL Os, 37% Na,0) and 1.22 g of caustic soda (NaOH) in 20

g of water was added, maintaining the stlrrmg This gel was stirred for 15 minutes

15 before being transferred into an autoclave provided with a PTFE
(polytetrafluoroethylene) sleeve.

The molar composition of the gel corresponded to:

60 Si0O,, 1.70 Al O;, 18 Na,O, 10 PentPyrr, 3000 H,O

20
The autoclave was oven heated for 8 days at 170°C under static conditions.

After filtering, washing with H,0 and drying at 60°C, 2.95 g of product was obtained.



a sanple froma previous synthesis). Sti r%ng was carried out until a
honogeneous m xture was obtai ned, then a solution obtained by

di ssolving 0.32 g of Carlo Erba sodiumalum nate (54% Al [err]Jerr],
37% Na[err] O and 1.22 g of caustic soda (NaCH) in 20 g of water was
added, maintaining the stirring. This gel was stirred for 15 mnutes 15
before being transferred into an autoclave provided with a PTFE

(pol ytetrafluoroethyl ene) sl eeve. ] The nol ar conposition of
t he gel correspondednalysis of the Si, Al and Na in the productwasscazried oht using atomic
Al lerr]Jerr], 18 NaJerr]O 10PentPyrr, 3000 Herr]O 20 The

aut ocl ave was eméssionsptetbstepy. SfsHowing MélhLédmpositiiewasSdedérnfingdondi t i ons.
After filtering, washing with Herr]O and drying at 60[err]C, 2.95 g of

product was obt ai ned. 29
Anal ysis of the Si, Al and Na in the product was carried out using atomc

em ssi on spectroscopy. The foll qw ' co LiiQn was determ ned:

100 Sigerr]; 4.0 Alferr] Qerr]lfbw(#@ﬁg‘?@ fmﬁ . The dried
solid product was anal ysed.by powder X ray diffraction and i dentified
as |M5 zeofite. ThEhdith@daaoilldmradeNagwedAhyth@ersaytdiﬁ'mhﬁoma'ndl
Table 1. The diffractogramis shown in Figure 1 [wth the intensity |

(arbitrary identified 89 IS ZebHte0 THeHigam btaifed 4giedd WiR iR resdts' sABwn in
absci ssa] . The specific surface area of the M5 product was
determ ned aft§gple 1. The diffractogram is shown in Figure 1 [with the intensity I (arbitrary
units) as the ordinate and 20 (Cu K alpha) as the abscissa}.
“The specific surface area of the IM-5 product was determined afier
10  calcining at 550°C in dry air for 4 hours, and was found to be 530 m%*g. The H-
IM-5 product obtained had the diffractogram shown in Figure 2 [with the intensity

I (arbitrary units) as the ordinate and 26 (Cu K alpha) as the abscissa].

EXAMPLE 2: Synthesis of IM-5 zeolite with pentane-1,5-
15 bis(methylpyrrolidinium) bromide (PentPyrr).
The same reaction mixture was used for this example as that of Example
1. However, the autoclave was heated for 8 hours at 170°C in an oven provided
with an apparatus which stirred the autoclave by rotation about an axis which was
perpendicular to the axis of the cylinder constituting the autoclave, with a rotation
20 speed of the order of 10 revolutions/minute;
After filtering, washing with H>O and drying at 60°C, 2.9 g of product
was obtained.



10 calcining at 550[err]Cin dry air for_4 hours, and was found to be 530
nerr]/g. The H | M5 product obt ai #fed had t he di ffract ogram shown in
Figure 2 [with the intensity | (arbitrary units) as the ordi nate and
20 (CQu K al pha) as the abscissa]. EXAMPLE 2: Synthesis of
IM5 zeolite with pentane-1,5- 15

bi s(met hyl pyrrolidiniun) brom de (PentPyrr). The sane
reaction m xture was used for this exanple as that of Exanple 1.
However, the autocl Aunalysiaof the=SicAl and Na ihdhe productiwel earri¢dCoutrusing atomic

provi ded wi th an apparatus which stirred the autoclave by rotation
about an axi s #hissionepectroscopy. mffﬂﬁﬂﬁhg%(ﬂér dotnposition was deferfiiedcy! i nder
constituting the autoclave, with a rotation 20 speed of the order of 10
revol uti ons/ m nute. After filtering, washing with H20
and drying at 60[err]C, 2.9 g of product was obt ai ned.

30 Anal ysi s of th§ Si, A and Na in the product was
carried out using atomc 9 92%3§}§QSE96§CN?\99: The foll owi ng nol ar
conposition was determ ned... 100 sigerr];
4.3 Al[err] err]; Ohedrisd[selid pthduct Svas analysed by powder & raotifftagtiondact  was
anal ysed by powder X ray diffraction and identified as being
principal l'y cojdghtified &0bdig pliidipalBecinstifitedy: Wi-$ Bedfte, oF WRICR the dia

obt ai ned confornmed with the results shown in Table 1, 'and a snal %rrfaglunt,

of the Obtifine® bomt¥iméH whth the'fesults shown in Table 1, and a small amount, of the
order of 5%, of ZSM-12. ‘
—’ EXAMPLE 3: Synthesis of IM-5 zeolite with hexane-1,6-
0 bis(methylpyrrolidinium) bromide (HexPyrr).

The structure of hexane-1,6-bis(methylpyrrolidinium) bromide is as

l:)i]—- (CH2); ——TG 2Br
' CH3 CH3

follows:

15
The same reaction mixture as that of Example 1 was used, but no calcined
NU-88 seeds were added, the quantity of Carlo Erba sodium aluminate was 0.281
g (instead of 0.32 g) and the 4.08 g of PentPyrr was replaced by 4.14 g of
20 HexPyrr.

The molar composition of the synthesis gel corresponded to:

60 SiO;, 1.50 Al O3, 18 Na,O, 10 HexPyrr, 3000 H,O



EXAMPLE 3: Synthesis of IM5 zeolite with _hexane-1,6- 10

bi s(met hyl pyrrolidiniun) brom de (HexPyrr ! The structure of
-hexane- 1, 6- bi s(net hyl pyrrolidinium bromde is as fol | ows:

[err] The sane reaction mxture as that of Exanple 1 was
.used, but no cal cined NU- 88 seeds were added, the quantity of Carlo
Erba sodi um al um nate was 0. 281 g (instead of 0.32 g) and the 4.08 g
of PentPyrr was replaced by 4.14 g of 20 HexPyrr. The nol ar
conposition of the synthesis gel corresponded to: 60 SiJerr], 1.50

Al lerr]Jerr], 18 NaJerr]O 10 HexPyrr, 3000 Herr]O
31

The aulttdav@uiascoven Beated fd?Vl@ rdae af FsY°C Gind SBrréd ¥ r@thtion
160[.err] C and stl rred by rotation about “an axis perpendicular to the

axis of the cyly, t f r thg W th
H err] O and drying atﬂgoﬁ eé r | % gtg‘{ﬂe aé‘gpdr?{o ﬁcciyl%esr %flb 3 du?(%lav\é’a
Anal ysis of th S.l Al . and produc ed out ysing atomc
eni ssi on spect ew'mi?cgw %#0 toﬁg&q tiRsdn; ned:

" 5 Analysis of the Si, Al and Na in the product was carried out using atomic

emission spectroscopy. The following molar composition was determined:

100 SiO,; 3.79 AL, O;5; 0.45 Na,O.
The dried solid product was analysed by powder X ray diffraction and
10 identified as being principally constituted by IM-5 zeolite. The diagram obtained

agreed with the results shown in Table 1.

EXAMPLE 4: Synthesis of IM-5 zeolite with pentane-1,5-
bis(methylpyrrolidinium) bromide (PentPyrr).

15 38 g of water was poured onto a solid mixture containing 3.6 g of Aerosil 130
silica and 4.08 g of PentPyrr. Stirring was carried out until a homogeneous mixture
was obtained, then a solution obtained by dissolving 0.289 g of Carlo Erba sodium
aluminate(about 54% ALOs, 37% Na;0), 0.618 g of NaBr and 1.22 g of caustic soda
(NaOH) in 20 g of water was added, maintaining the stirring. This gel was stirred for

20 15 minutes before being transferred into an autoclave provided with a PTFE

(polytetrafluoroethylene) sleeve.

The molar composition of the gel corresponded to:



100 Si@2; 3.79 A1203;- 0.45 Na2O The dried solid product was
anal ysed by powder X ray diffraction and 310 identified as bei ng

principally constituted by IM5 zeolite. The di agram obt ai ned agr eed
with the results shown in Table 1. EXAMPLE 4: Synthesi s
of IM5 zeolite wth pentane-1, 5-

bi s(nmet hyl pyrrolidiniun) brom de (PentPyrr). 15 38 g of water

was poured onto a solid mxture containing 3.6 g of Aerosil 130
silica and 4.08 g of F&8iOy 155 A0y 18 Ng,QytcNaBr, 10 BentPyrt, 3000 HLOa honopgeneous

m xture was obt ai ned, then a solution obtained by dissolving 0.289 g
of Carlo Erba sodium al um nat e(about 54% Al [err](err], 37%
Na[err] O, 0.618 g of NaBr and 1.22 g of caustic soda (NaCH) in 20 g

of wat er was added, ' | 0 L{£L QG 4. Thi s stirred.for 20
15 m nutes before bg?%%‘ﬂ r%‘;nys eré@%h?a&%foﬁggawgéﬁslgggé%i%éﬁ ‘W“flﬂmﬁ PTFE
P o+ o ABEtalFring: washing Wit H,O and drying at 60°C, 3,50 3 Of prodiuct vas obtained.
2 . 60.SiQerr], 1.55 Al[err]Jerr], 18 Na[err]O 6

NaBr, 10 Pent Pyrr, 3oaiysisfofthe] 8, Al and Na in the produdthwasaried emeusivgsatorde
heated for 8.5 days at 170[err] C under static conditions. Af ter

filtering, ms&hgﬁomsbébﬁdk&fplyl DheFellsWin Ablat coflosfiioh wasdefPmihed! Product

was obt ai ned. Analysis of the Si, Al 'and Na in the product was
carried out using atomc

100 SiO5; 3.8 Al,O3; 0.132 Na,O.

:l_'he dried solid product was analysed by powder X ray diffraction and

10  identified as IM-5 zeolite. The diagram obtained agreed with the results shown in

Table 1. The diffractogram is shown in Figure 1 [with the intensity I (arbitrary
units) as the ordinate and 26 (Cu K alpha) as the abscissa].

The specific surface area of the IM-5 product was determined after

calcining at 550°C in dry air for 4 hours, and was found to be 545 m%g.. The H-

15 IM-5 product obtained had the diffractogram shown in Figure 2 [with the intensity

I (arbitrary units) as the ordinate and 26 (Cu K alpha) as the abscissa].

EXAMPLE 5: Evaluation of the catalytic properties of H-IM-5 by cracking
methylcyclohexane
20 1.2 g of H-IM-5 zeolite, prepared in Example 1, was introduced into a
fixed bed tube reactor. The reactor temperature was raised to 500°C, then
cyclohexane was introduced into the reactor. The diluting gas was nitrogen and

the Ny/cyclohexane molar ratio admitted into the reactor was 12. The space



eni ssi on spectroscopy. The followi ng nol af. conposition was deterni ned:
100 Si2; 3.8 Al[err]derr]; 0.132 Na[err?b The dried solid

:product was: anal ysed by powder X ray diffraction and 10 identified as

1

IM5 zeolite. The diagram obtai ned agreed with the results shown in
Table 1. The diffractogramis shown in Figure 1 [with the intensity I

(arbitrary units) as the ordinate and 20 (Cu K al pha) as the
absci ssa] . i The Sﬁecifi_c surface area of the | M5 product was
det ermi.ned af t eglocity of methylcy¢lohenaneti.es3be erasy of methyloyclohexdnerusdd peuvsit and

was found to be 545 nferr]/g. The H 15 |M5 product obtained had the
di ffract ogr am magef Hﬂmfisgwoﬁt@ér\/\hﬁiﬁ of fiitnd, WA&N&ichVthat it produded’d 60%2by

uni ts) as the ordinate and 20 ( K al pha) "as the absci ssa].

! . . | .
ot by cyci ohoxhoint BinRtsid TiScfities BE AR Hefed Broables Mhhin o o'
Exanple 1, was,intr gﬁ%ed into a fi xed bed tube reactor. The reactor
t enper at ur e vvagltp‘ﬁf@ B 'a\*??ﬁa[err] C, then cycl ohexane was introduced

into the reactor. The diluting gas was nitrogen and t he
N2/ cycl ohexane _nolar ratio adnmtted into the reactor was 12. The space

33 vEbmpotindsof net hyl cycl ohexang,Selectivitiek meignﬁ%) of

met hyl cycl oheKgRe(tSh-Ho8L-CanT MasSY §@fg FF 1 MFo zeol1te per unit pf
time, was suchoﬁ;ﬁlg‘ aﬂ& yzed a 60% by 3. wei ght conversion. The

. . . I .
selectivities B A o, -t—l%lzaeel—a-lhe—s-hew

C7 compounds, isomers of | 2.0
methylcyclohexane
Toluene + C8 + (1) 29.4

(1) Compounds containing at least 8 carbon atoms.
This example shows that H-IM-5 zeolite is sufficiently active to crack

methylcyclohexane and produce a gas (C1-C4) selectivity of 46.7% by weight for

10  a conversion of 60% by weight.
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“carbon atons. This exanple shows that HIM5 z

sufficiently active to crack et hyl cycl ohexane and pr e a gas
(Cl-C4) selectivity of 46.7% by wei ght CLAIMSO a conversion of 60% by

wej ght . 34
CLAIM5S 1. | M I BW [ wing #emtuda,| owi ng
fornul a, expre@sed I?ﬁgrzhnélﬁe‘%lﬂha%héxﬁﬁﬁhﬁﬁh e ra?lliﬂ(;stﬁgfdl@tdhe %XI des for

t he anhydrous state

100XQ err], nwlerr ]e@)éqs‘sﬁd mﬂﬁf’é‘r‘?ﬁ“&? mole ratios of the owﬁlg téor the anhydrous state; X is 10
or |ess; pisin the range 0 (excluded) to 20; R
represents one or nore cations with valency n; 10 X is silicon
and/ or germani um .. Y is selected from the group formed by the
followi ng & enents: al um ni um iron,100X0, m¥,0;, pR2xO boron, and
titanium characterized in that it has an X ray diffraction diagram in its
as synjhgsi zed state, which conprises the results shown in
Tabl e 1 bel ow

m is 10 or less;
p is in the range 0 (excluded) to 20;
TR represents one or more cations with valency n;
10 X represents silicon and/or germanium;
Y is selected from the group formed by the following elements:
aluminium, iron, gallium, boron, and titanium, characterized in that it has
;m X }ay diffraction diagram, in its as synthesized state, which comprises

the results shown in Table 1 below:
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TABLE 1: X ray diffraction table for LM5—zeolite ( (as
synt hesi sed state) 35 dlerr] (A /1] er med
11. 80. 35 ) 11. 1&eetﬁas
I 050 o E
9.950. 20 AMEO & ®H s =* 9. 500. 15
7.08+0. 12 wt om 6. 040. 10
5. 750. 10 W 5. 650. 10 W
5. 500. 10 VW TABLE 1: X ray diffraction table forSIM-Sl£eolite (as syiithesized
5. 030. 09 VW state) 4.720.08 wtom
4. 550. 07 w . 260. 07 VW
3.920.07 s to vs (2) o (A) I 37940. 07 vs (2)
3. 85+0. 05 vs (2 2kl . 04 s to vs
(2) (2) 3.| AP35 r’ht?éfS&l;

3.550. 03 mto s 11.5+0.30 sto3s 6H0. 02 w -
3. 300. 015 w 11.25+0.30 3. 0330 vO(D W om
2.9700. 007 vw to w .. 9.95+0.20 m to?s 815+0. (05 vw
2.7200. 005 VW (1) axRigsisf orm ngnppgt of ajfeature. 5
(2) Peaks form ng part of thg lf atur ¢ wtom 2. A zeolite
according to claim1, in which m e rang,gvtg). to 8. 3. A
zeolite with the follow ng chem ¢ ositign, expressed in terns of the
nol e ratios of t he oxi ??&% t he cr’fvxlydrous state: 10

5.50+0.10 vw :

5.35+0.10 VW

T 5.03+0.09 vw _
T 4.72+0.08 wtom E

4.55x0.07 w

4.26x+0.07 VW

3.92+0.07 stovs(2)

3.94+0.07 vs (2)

3.85+0.05 vs (2)

3.78+0.04 stovs(2)

3.67+0.04 mtos

3.55+0.03 mtos

3.37+0.02 w

3.30+0.015 w

3.099+0.012 wtom

2.970+0.007 vwitow

2.815+0.005 vw :

2.720+0.005 W

5 (1) Peaks forming part of a feature.
(2) Peaks forming part of the same feature.
2. A zeolite according to claim 1, in which m is in the range 0.8 to 8.
3. A zeolite with the following chemical composition, expressed in terms of

10 the mole ratios of the oxides for the anhydrous state:

100XO,: 10 or less Y,O;: in the range 0 (excluded) to 10 M,O

[y gamm T
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100X err]: 107or less Y203: in the range O (excluded) to 10 I\/[err]O

'~'\émeﬁre§t ed fromt heumwml “‘“ﬂ““ﬂj iﬁre ?glrsrrg\r/]v: ﬁgT el enents: _;I- u_m_;n um \Tlrin_ -

gal l'ium * Bor bn And® titani um Mis at Tlilse%bsttHamcmR dpakdd
metal cation (group A of the periodic table) and/or ammnl

“hydrogen, characterized in that inits calcined form it ha I’ m
diffraction diagram 5 conprising the results shown in

TABLE 2: X ray diffwher¢i on table for IM5 zeolite (hydrogen forrr)

dierr] (A [/1[err] 11. 80. 30

vs (1) Xlssﬂlconand/orgermam&xi’t 450. 25 vs (1)

11. 200. 20 s tovs (1) 9. 900. 15 mto
S Y is selected from' ?he ' ou formed" todﬁ owin :
7.060. 12 Wt om group Yy dhe . fffowing elgpents:,
5.700. 10 w L. 5. 300. 10 VW

5. 030. 09 vw aluminium, iron, gallium, boron and titanium; 710. 08 w

4. 250. 07 VW 3.870. 07 mto s (2)
3.810.05 5 m t AMds éﬂ):ast one alkali metal cation (group IA of the peodic@atidd) and/or M to
s (2) 3.670. 04 wtom

3.540. 04 m t : crad i 3 AR

3 3160 015 » Qn¥monium and/or hydrogen, charactenz‘%d 1% %ha? 118 g@ cgﬁzmed formMit

3. 0800. 010 wt om 10 tom

5 8800 007 VW has an X ray diffraction diagram compnsugt%géﬁ 86%1 wn\pngglef:
2.5900. 005 vWw
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(1) __Peaks—f—oﬂn‘p’a’r“t of a feature. 10 (2) Peaks—-f-ormpart—of——

the sane f A zeolite acc"ardlngto claim1 or claim 2,

‘having th m“mw al conposition, expressed This $metm§Mnnéplaced
10 or

the nol e r esox*r des for the anhydrous st at e: “lﬂl“ﬁ}ﬂ”ﬂ”l’iﬁ
:
or |less Q 10 or less Merr] O wher e i

37 100Xg err]:
and/ or gernmani um Y is selected fromthe grohp formed by the
fol I owing el ements: EABAE2:Xray diffractioh kablefor BM-5 zeolite (hydrogen for),

titani um Mis at |m-596lﬁaﬂieh$ylcﬂ@hﬁig cation (group | A of
the periodic table) and/or ammoni um and Qis at |east one

I ess Y[

organi ¢ nitrogen-containing cati Of3yd Precurspr—of—amoygani ¢ nitrogen-
gani ¢ ge g cati o 7Ry .

cont ai ning cation or a deconposi 1-1—%‘1‘1 .gid%aduct > C

ni t r.ogen-contai ni ng cation; at SO ehsto of cpnpounds Mor Q

1548EQ.89 di ng| 6 (B) ai m 4, | i n whi ch:

- &126+10:20r . onps i vi (@3 decpnposi ti on

. -1 9.908046ur sor bmtoist h genefal fornula:
[err] 15 where n =|5.504085 mbiosA zeolife according to
claim4 or claim5, in which Qi$7hegxeng- 1, 6- psbaet hyl pyf rolidinium
brom de or pentane-1, 5-bis(nethy @Wlﬂ:@llbd' ni uﬁ,w%gvm de.

being present. 10 5. A zeol
Qis a bis(methyl pyrrolidinium
products or one of its .

5.70+0.10
5.30£0.10 VW
5.03+0.09 vw .
4.71+0.08 W

. 4.25+0.07 vw

E : 3.87+0.07 mtos(2) N

3.81+0.05 mtos(2)
3.76+£0.04 mtos(2)
3.67+0.04 wtom
3.54+0.04 mtos
3.37+0.03 w

3316£0.015 |w
3.103£0.102 | w
3.080£0.010 |wtom
295040010 |vwtom
2.880£0.007 | vw
2.790:0.005 | wvw
2.590+0.005 | wvw

5 (1) Peaks form part of a feature.
(2) Peaks form part of the same feature.

4. A zeolite according to claim 1 or claim 2, having the following chemical
composition, expressed in terms of the mole ratios of the oxides for the

10 anhydrous state:

100X0;,: 10 or less Y,05: 10 or less Q: 10 or less M0,

where
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20 7. Azeolemg—i—o-any one of clalmslto6 I\WH-H;]’LXIS

silicon and Y i 8. Azdllite acchzfscghgto any one of
‘claims 1, 2, 4‘@“ % mm!m”maast partially in |t ednrRe I-CILerr] or
metallic form tak beimg selected fromthe roups

1A 1B 11A [IB, LIIA IIIB(|nCIud|ngt VI,
Sn, Pb and Si. 9. A process for the preparation of a

accor di ng to any one of claims 1 to 8, in which an 25 aqueous m xture
conpri sing at | eastX dswilicon anséorgermanitmast one oxi de XJerr], at |east one
source of at | east one oxide Y203, a salt LgZz, optlonal ly at | east

one source of at |ewsis gelectedi #BmMtEE I drouip 2fdfmed by the foll ﬁ?tel&ﬁént@rgam c
nltrogen cont ai ni ng cation Q or precursors thereof are reac

5n8x{-ure chgdrir : ???Igg@ “H]E’PI‘{%%@M‘%%“‘%N ar conposition:

err])OH Xg err] of rr]O.Xderr] of 1 to 400;
Q XQL et 1] of 0. 01 (515 at least one alkali mete}zasiop (grphp bh of thekeipdiscale) wndir

where X is silicon and/or germani um Y is selected fromthe
group forn#d by theanimphivm; agd €) énatrieast oné organicumitrogemoontiiaingcation or a
titanium and gallium Ris a cation with valency n which

conprises M (an al ksrbéursoit 6f amtigdic ANFOPRhIEBh@in® Thtion ¥r 2 decomﬁd%ﬁ{dﬂr
(an organic nitrogen-containing cation or a precursor thereo or a

bei ng an ani on vi t PO %8%91‘?2*‘%“%5&&% o baining cptiqe: ptisess onf Gnsho il or,

whi ch may be simlar t& 8rb a mxture of Mand a further alKali netal or
amroni um i on cing present.

5. A. zeolite according to claim 4, in which: 7
10 Q is a bis(methylpyrrolidinium) cation, or one of its decomposition products or

one of its precursors, with general formula:

OT_ (CH2)n EIG
CH3 CH3

15
wheren= 15 or 6.

6. A zeolite according to claim 4 or claim 5, in which Q is hexane-1,6-
bis(methylpyrrolidinium) bromide or pentane-1,5-
bis(methylpyrrolidinium) bromide.

20 7. A zeolite according to any one of claims 1 to 6, in which X is silicon and

Y is aluminium.
8. A zeolite according to any one of claims 1, 2, 4, 5, 6 or 7, at least partially

in its H" or NH," or metallic form, said metal being selected from the
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required to baI ance_ani-en—Z;—and Z may coggrise an aw
added, for exanpl e, |n the formof a salt ©of L or an al
“sal t . 10. T}ﬁsfslfeacbsge e prepar ation of a “ \m\! l\“““rto
any one of clains 1 @“g 3

e 0

,corrprl sing at | east at Ieast one oxi de Xq’err°] and at | east
at Ieast one oxide Y203 is reacted, and in

Whl ch at | east one cr seed ected fromthe group
formed by a NU 88 258 tfa “é@ﬁympa A8, Ty I@’eni%eu §lngiugiglg@grare

I ntroduced into the aqueous m xture, with optionally at |east one source of
at |east one oxide earths), VI Sn, Pb awd(§i. and at | east one organic

ni t rrogen-containing cation Q or precursors thereof, the

m xture generd.ly havrowss foe th ﬂeﬁmﬂ&lm.@élﬁ&mh fan f claims 1
qurr]/Y[err]qerr]\p;t | east ?% ° elrg O%%eoercré]umgf 0.01

E)OO]Z. t ozi to, th\ll c%%]% mixtJEu% %PQ-{?%nsAng at least one soufte’ %Ie{ r] of

is silicon and/or e n|u

39 , deasd e SRie et eRit RS SHsR0f 15 least ame) exds GO,
el enments: al um n| um iron, boron, titanium and gallium
Ris a cation with cpilogaldyatleastions sounepof at feakt ¢renoxiti& MO, mat at leasciérme
ammoni um cat i on) and/ or Q (an organic nitrogen-containing

cation or a precur Scﬁgaﬁibeﬁméenfvon&uﬁﬁ%@mq ig? predursors thereof, BfeCfldeied,
t hereof); Ll[err]Z is a sa belng an anion w th valencyq

?ngLo?naalmkiltLre tﬂéll\y nf%e"?@@he?m%‘%ﬁ“%%’%%ﬁmkf°8%8ﬁ$ malyoﬁe stmlar

X0,/Y0; at least 10; |

10 (Rin)OH/XO, of 0.01 to 2;
H,0/X0O, of 1 to 500;
Q/X0O; 0f 0.005t0 1;
LoZ/X0O, 0f 0 to 5;
where X is silicon and/or germanium;

15 Y is selected from the group formed by the following elements:
aluminium, iron, boron, titanium, and gallium;
R is a cation with valency n which comprises M (an alkali metal and/or
ammonium cation) and/or Q (an organic nitrogen-containing cation or a
precursor thereof or a decomposition product thereof);

20 L,Z is a salt, Z being an anion with valency q and L an alkali metal ion or
ammonium ion which may be similar to M or a mixture of M and a further

alkali metal or ammonium ion required to balance anion Z, and Z may

THIS 45 S BEEN
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requrred to bal ance- anion Z, and Z may co rrse an acid radical Wwhi ch-i-s
added, for exa drn t he fo m of a salt_of L-er—an al um nium

RN - e

.products or one wrth gener al forrrul

[err] 15 Wnere n = 5 or 6. A process according to
any one of claims 9 to 11, in WhICh the (Rl/n)C]—querr] ratio is in the
range 0.48 to 0.75.comprise apcid radicahwhishisaddedofodiexample, irthe foren of a sdltai N5 9
to-12, where Q is hexane-1,6- 20 bi s( et hyl pyrrolidinium brom de
or pent ane- 1, 5- bi s(ofdt h!ydmadmnd]iihﬂisalt,un) br om de. 14. A process
according to any one of clainms 9 to 13, in which the aqueous medi um
conprises a [ Qo any
one.of cl ains 9 ‘to 1froce3§t eorr&c torcllasm19 1?31}/%1&%?&9{5&%%&&%@&@ sg%ié)rocess
according to any ong of clar further conprising an Herr] or

NH err] 25 SR ingRgue lgtgtheaqueous@ Xture. A process according to any
one: of cl ains 9 to 16, further conprising a step for exchanging a

metal sel ect edl ¥ r ondtiHecesy aceording teclaby Sooraaiaion 10y in véhich the, cryStﬂlmd: s¢ol |11B
(i ncluding the rare earths), VIII, Sn, Pb and Si.

18. A ca’a al yst caispelested from the grodpfofiédbyla Bk diGT NUUB82B6liSfang hdb&Fofl 1O 8
or prepared in

IM-5 zeolite.
12. A process according to claims 9 to 11, in which Q is a

'b‘i_s(methylpyrrolidinium) cation or one of its decomposition products of

10 one of its precursors, with general formula
N—— (CH2)n T@
l,.p CH3

15 wheren=35 or 6.

13. A process according to any one of claims 9 to 12, in which the
(R12)OH/XO; ratio is in the range 0.1 to 0.75.

14. A process according to any one of claims 9 to 12, in which the
(R14)OH/XO,; ratio is in the range 0.4 to 0.75.

20 15. A process according to any one of claims 9 to 14, in which Q is hexane-

1,6-bis(methylpyrrolidinium) bromide or pentane-1,5-

bis(methylpyrrolidinium) bromide.




accordance wth any one of clains 9 to 17. 19. A cat aI yst accord| ng
further conpri sing a binder 4r a support or msgueﬁmelaeeaaqhac&e

g: m;';]:al sel ect eﬁmmmllf“m HHH TOLg?dVPypf hgb,el eCrn?n}\/g, Oy‘muﬁg
r di

Ni, Pt, Pd. Re and Fh. "

to claim 18,

Use of a catal yst acco

or claim19 in a hydrocarbon conversi on process.

10

15

16.

17.

18.

19.

20.

21.

22.

A process according to any one of claims 9 to 15, in which the aqueous
medium comprises a salt L,Z.

A process according to any one of claims 9 to 16, further comprising a
calcining step.

A preparatibn process according to any one of claims 9 to 17, further
comprising a H" or NH," exchange step.

A process according to any one of claims 9 to 18, further comprising a
step for exchanging a metal selected from the group formed l;y formed by
tgg'r‘_oups IA, IB, 1A, 1IIB, A, HIB (including the rare earths), VIII, Sn, P’
and Si. -

A catalyst comprising a zeolite according to any one of claims 1 to 8 or
prepared according to any one of claims 9 to 19.

A catalyst according to claim 20, further comprising a binder or a support
or a further zeolite or a metal selected from the group formed by the
elements Cu, Ag, Ga, Mg, Ca, Sr, Zn, Cd, B, Al, Sn, Pb, V, P, Sb, Cr, Mo,
W, Mn, Re, Fe, Co, Ni, Pt, Pd, Re and Rh.

Use of a catalyst according to claim 20 or 21 in a hydrocarbon conversion

process.




