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DESCRIPTION

The invention relates to a method for the preparation of
zeolite beta, the structure-directing agents (templates)
comprising diethylenetriamine. The zeolite beta obtained is
suitable, inter alia, for the preparation of catalysts for

hydrocarbon conversions and as an adsorbent.

The synthesis of zeolite beta with tetraethylammonium cations
as structure-directing agents has long been known. Thus, U.S.
Patent 3,308,069 describes the synthesis of zeolite beta in
the presence of tetraethylammonium hydroxide. The zeolite
crystallizes at temperatures of from 75°C to 200°C from a

mixture containing tetraethylammonium hydroxide and sources

of Na,O0, Al,0; and SiO,.

In addition to tetraethylammonium cations, bicyclic com-
pounds, such as, for example, i,4—diazabicyclo[2.2.2]-octane
(DABCO) have also been described as structure-directing
agents for the synthesis of zeolite beta. U.S. Patent
4,554,145 discloses the synthesis of zeolite beta with



agents. U. S. Patent 5,139,759 discloses the synthesis
of zeolite beta wth diethanolam ne and a

t et raet hyl anmoni um hal i de, _ {)Jr_ef erably
t et raet hyl ammoni um brom de. U. S. Patent 5,232,579
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of the present invention was therefore to provide
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There is still a great need for alternative, simple and
economical methods for the preparation of high-quality
zeolite beta. An object of the present invention was

therefore to provide such a method, which also avoids the

disadvantages of the prior art.

This object is achieved by the method as claimed in claim 1.
Preferred embodiments of the method according to the inven-

tion are contained in the subclaims.

The person skilled in the art is familiar with what is to be
understood by a zeolite beta. A more detailed explanation is
therefore not necessary here. For example, reference can be
made to US 3,308,069 and the description there of zeolite
beta and to US 5,139,759, column 1, lines 18 to 56. Stated
briefly, zeolite beta consists of a three-dimensional pore
system having 12-ring channels which are connected to one

another. The linear channels run in two dimensions, through



two end nenbers, the so-called polynorphs A and B. The
enpirical formula of zeolite beta If' forhexagpke% y
Na+[ Al ySi 64-yO128] *n H20,_y;being | ess than cf.
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: 0.1 to 10. For x=10, the clathrasil nonasil
part\%\ggggﬁﬁgion@gé( LFAFETFG D | #0¥ hehe anget heshexel. Beolite
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phase in a synthesis of zeolite beta, are very undesirable.

These are, inter alia, ZSM-5 (MFI), ZSM-11 (MEL) and ZSM-48.

Thus, P. Behrens et al. (Studies in Surface Science and
Catalysis, 135 (2001) 447-455) describe the structure-
directing effect of diethylenetriamine on the synthesis of
porosils. In the system x (H,NC,H,),NH : 0.8 HF - Sio, : (10 -
x) HyO, the proportion x of diethylenetriamine was varied in
the range from 0.1 to 10. For x=10, the clathrasil nonasil
was obtained after 120 days. In the range from x=7.5 to x=9,
a mixture of nonasil and silicalite-1 (MFI) forms within 13
days. From x=7 to x=5, only MFI is formed, while ZSM-48 forms
on further reduction of x, first with MFT as a foreign phase
and as a pure phase at x=2. In the case of values of x<1 no
crystalline phase is obtained. That diethylenetriamine, in

addition to other nitrogen compounds, can be used as a



structure-directing agent for the synthesis of ZSM 48
was al ready sunmmari zed by R Szostak in "Handbook, of
Mol ecul ar  Si eves”, Van Noosfrand Rhei nhol d, New York,
1992, pages 551- 553. The synthesis of ZSM5 and

ZSM 11 using aliphatic amnes as tenplate is
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crystals of zeolite
(temﬁéﬁﬁ&ﬁheamIleaﬂtomnelbntﬁeéﬁubeeglaﬁea wblibedt and at
tatlon silicate silica sols, silicic acid

i
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tetré&ﬂhyegm&onlum cations, a silica source and an aluminate
source is prepared and this mixture is kept at elevated

temperatures until crystals of zeolite beta have formed.

Examples of suitable silicon or silica sources are, without
limitation, silicates, silica sols, silicic acid esters,
precipitated silica or pyrogenic silica. Precipitated silica

1s preferred according to the invention.

Examples of suitable aluminum or alumina sources are, without
limitation, aluminates, aluminas or aluminum hydroxides or
aluminoxide trihydrate. Aluminates, such as sodium aluminate,

are preferred according to the invention.

According to the invention, it is now essential that the
structure-directing agents (templates) used for the synthesis

of zeolite beta comprise at least diethylenetriamine. In



of zeolite beta conprise at |east diethylenetriam ne.
In 5 addition to diethylenetriamnne the tenplates
known fromthe prior art ang famliar to the person
skilled in the art can be used. According to a
particularly preferred enbodi ment according to the
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comprises more than 90% by weight, more preferably more than
95% by weight, more preferably at least 99% by weight, of at
least one compound containing tetraethylammonium cations and
diethylenetriamine. Particularly advantageous syntheses are

permitted thereby.

Nonlimiting examples of suitable compounds containing tetra-
ethylammonium cations are: tetraethylammonium hydroxide,
tetraethylammonium bromide, tetraethylammonium chloride and
tetraethylammonium fluoride and mixtures thereof. Usually,
the tetraethylammonium cations are used in the form of
hydroxide or bromide, the price of tetraethylammonium
hydroxide being a multiple of the price of tetraethylammonium
bromide. This makes syntheses based on tetraethylammonium
bromide interesting on a commercial scale for the production
of zeolite beta. A disadvantage of a synthesis route based on

the bromide is the lower alkalinity of the reaction mixture



bromi de interesting on a comercial scale for the

production of zeolite beta. A disadvantage of a

synthesis route based on the bromde is the | ower

al kalinity of the reaction mxture - 6 due to the use
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| ess (expensive) tetraethyl ammoni um cations are
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structure-directing agent for the synthesis o the

Furtflediore. PSS tiAME R izeA e 8 fankthe cpremeuas: linvention

i bes r jyt ' not. structura

e eraten to paa R e el R 4

requirpfcshasr ial &Mmm@mﬁmachﬂﬂ@Ltd Ocﬁ&%ngf&soékt, so
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i.n general from about 10 to 400, In

art,S%ﬁ%ﬁ@%ig%épkgﬁmgget@ngmotes the formation of zeolite

structures other than zeolite beta and, as described above,
is used as a Structure-directing agent for the synthesis of
the zeolites ZSM-5, ZSM-11 and ZSM-48 and for Nonasil. These

are all zeolites which are not structurally related to beta.

As mentioned above, in general any silicon or aluminum source
familiar to the person skilled in the art can be used in the
method according to the invention. The ratio of silicon to
aluminum in the reaction mixture, calculated as Si0,/Al1,0,, is
in general from about 10 to 400, in particular from 20 to 50.
In individual cases, however, lower or higher Si0,/A1,0,

ratios may also be advantageous.

According to a preferred invention, at least one compound

having an alkali metal ion is also present in the reaction



In individual cases, however, |ower or higher

Si 2/ Al203 ratios nmay al so be advant ageous. Accordi ng

to a preferred invention, -at7 l-east one conpound

having an alkali metal ion is also present in the

reaction - 7 mxture. In sone cases, however, it may
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preferable if the R/SIiQ2 ratio, where R is
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used in the nmethod according to the invention,
saltpp dssifapny gt P fTomabbui, 6in cpsf)tﬁ):rcula]rpﬁrbmcul ak to
0.4 fromabout 10 to 50. According to a preferred
‘enbodi nent, a reaction mixture having a conposition,
expressed as nolar ratios, in the ranges: SiOQ2/A 203

Furthecrmol@z t d 40 pMeSIa(Mef romthdH 1o d, ]rata.?cq Sbl@re R'

gﬁyg 04 tg 0.5 R /S102 from0.05 to 1 H2QO S
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m xture has the
the case of the reaction mixture used in the method according

to the invention, the H,0/8i0, ratio is from about 6 to 300,

in particular from about 10 to 50.

According to a preferred embodiment, a reaction mixture
having a composition, expressed as molar ratios, in the

ranges:

Si0,/A1,0; from 10 to 400
M,0/S10, from 0.001 to 0.1
R,0/810, from 0.04 to 0.5
R'/S8i0, from 0.05 to 1
H,0/81i0, from 8 to 300

is used, in which R, R' and M have the above meanings.
Particularly preferably, the reaction mixture has the

following composition, expressed as molar ratios:



foll owi ng conposition, expressed as nolar ratios: 8
Si 2/ A12G3 from20 to 50 M2AO'SIA2 from0.01 to 0.08
RROSI 2 from0.06 to 0.4_KR/Si02 from0.1 to 0.5
H2ZO'Si2 from10 to 50 in which R R and Mare as
defi ned above. According to a further preferred

enbodi rerfi®@geardi ng to the dAdusentd iy dhe tenpl ate
m xture useg/l al so contains diethylene glycol (R') as
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about 0. 126”075, Furthernor XM 24 £hriFerable if
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it igeprefecanledidr thbaidi1ess steel @ut agl ave, Jheio from
0. o [ga tion i.s preferably effected at el evateda

. ggnﬁe?agagepreferably R'/R'' is from 0.1 to 2, in
particular from 0.1 to 1. In principle, diethylenetriamine
homologs, in particular compounds of the general formula H,N-
(CHz—CHZ—NH)x—CHz—CHz-NHz, X being greater than 1, can also be
used in addition to or instead of diethylenetriamine, but the

best results are obtained with diethylenetriamine.

The reaction mixture according to the invention, containing
at least the components as mentioned above, is then reacted
in a manner familiar to the person skilled in the art for the

formation of zeolite beta crystals.

The reaction of the reaction mixture can be carried out with
or without stirring, preferably with constant stirring. In
many cases, it is advantageous to carry out the reaction in a
polypropylene, Teflon-coated or stainless steel autoclave.
The reaction is preferably effected at elevated temperature,

i.e. above room temperature, in order to promote the crystal-



i.e. above roomtenperature, in order to pronote the
crystal - 9 [lization of zeolite beta. Preferred
tenperatures are from abautg 70C to 200C, in _
particular from about 100C to 180C. The time required
for the synthesis of zeolite crystals may vary within
1izatiiden lofmisoBite Gbe €QUr SLe H8PLRES tehPLehtded 0 A&,
ot her reaction conditions chosen, in particular the
aboYlealtOrFQ etRRt @t uke Bt gl sonfusint RbRUGT 10 C to 180°C.
reaction mxture. In many cases, the reacti onltlge IS
frs SRMAT 5 hauyr .days, _for .exanpl e from
The ati)lgru[% 16 hlgjerds to Stoﬁgdagssﬁgﬁégrézc F%%lggn Cpystals may
varyeatitinddr ovtdeatl iat os ploed | of peessseedependpr efietal wilia, on
| evated .pressure,. for exanple in the above-
the %\ts;r?t%lroﬁfée&l Cgtdtpo&lca%(fl AESF d?]ﬁgg?laf alPr BpErAEylar the
reacefibodiverite REGOFI NN thd NEohPyEDe 16hoRs $6Ed GLYSLALS
.. of zeolite beta may al so be added to the reaction
MIXtng-uld MR f@sqD privateaction adwvel ésafecmheeveral
f.or, [ f, f erecrystal s, of .zeolite beta in the
hourfeggaitsgg’% of t é;érq’eafc ﬁto%xa}ﬁnli%%rgrgg 8%985 b&d PalEFe FO 90
daysThe use of seed crystals (for exanple fromearli er
syntheses) is famliar as such to the person skilled
in_the art. After the formation of the zeolite beta
The Teastirl PReds CATT IR Uparat eHCBPFPRAT ACRARESUTE OT,
pref%&&bﬂ&araEOeﬁE%aQ%kﬁ%&é%%df§g_féP_éggmgaé’iBOEhe above-
exanmple by filtration or centrifuging. e zeolite
mentdppedapytogdavebt ai ned can be dried or calcined in a
conventional manner, dependi ng on the deS|hr ed form and
e use calcination,.the zeolite is
AcCo T Eoa ™ o ey S bRl T SrOT A F ok abe Tnven

tion( megredr eyysitalsendyvetolhe: aadicd nady 001 §8NbbegaLhi ed the
in air or an inert atnosphere at

reac?g%e{“gfr‘ﬁﬁégnghe%’ﬁéenraﬁ&e PRI AL LR 0BE e SDADE bhe

formdt gb6Rr of further crystals of zeolite beta in the reaction

of the reaction mixture as described above.

The use of seed crystals (for example from earlier syntheses)

is familiar as such to the person skilled in the art.

After the formation of the zeolite beta crystals, these can
be separated off in a manner familiar to the person skilled

in the art, for example by filtration or centrifuging.

The zeolite crystals thus obtained can be dried or calcined
in a conventional manner, depending on the desired form and
further use. By means of a calcination, the zeolite is
converted into the hydrogen form and the template (mixture)
is removed. The calcination can be carried out, for example,
in air or an inert atmosphere at temperatures in the range

from about 200°C to 900°C or higher.



- 10 According to a preferred enbodi nent according to
the invention, Mand/or R and/or R can be exchanged

conpletely or partly for _hygragen and/or netals of
grgﬁps ITA TITA IVA 1B, IIB, 111B, 1VB, VIB and/or

VIIl of the Periodic Table of the Elenents, in
Acc¢mmimgutarafpte@érré@séﬁbod%%eﬂw adeﬂHfﬁéfﬁaniﬁgals

articularly preferabl , Pd, Rh or .
inveni i pRr Mr and( aE By er &dt icgus hfare}@é’iae)gﬁmrgeup]feﬁely

or RN u%koﬂgdrgﬁgﬁl Al %lrj tllh;g)r ogggrnrmulgar o[arﬁfrm'

bet a Tay for xarrp
TVA efR sTIR| uRiLABM IWEt, alvsrBofar@r/@itpSIIIIlI A Ad mdridei o
le o e Elenments and/ or magnesi um

Tab]%:“ %ﬁ? oﬁ?@?%ﬂﬁﬁgl Ag PREtisMlgitndlorc &1 .0fg ar®, Fe, Ni
or gladhah ﬁ@t&h@ p?é%@&cﬁﬁb&h%dg 88 b 19”%%heRh or Ru.

t heref ore need be expl ai ned in nore-“detdil
Furthgrgeem| ehet peiexohangetdansheaef fecteedthsintded Homi d

A Foh o8 [ ARy RS By Y R K et may
conqaxnuﬂﬂorrhﬁﬁmpbé rﬁydk@§ent0rbg% 4se-cof metals, aluminum

i ethyl enetrianmine as a tenplate or cotenplate (i.e.
metay é% FrRRH bt nerdt ¥hpl afeshe Rex imstilvodafdre tdfe the

1 r b reicul ar referred
RO e o e ik e
Orlgdrretlh;ﬁlaéwecms; amrenefamdllaet taethyl pemreRinuEkGalie@NS rAfthe

as .tenplate(s).

e R i T Hir Salpbt: =<Pha LpeBLsm oRFesiSterd 1 here.

For &&&@pﬂéﬂEﬂﬁéiéibﬂiﬁgéeééhtEebéfﬁe@QE@'%@tht%% %H%.of ion
net hod described above. Thus, it was surprisingly

exchaggigy Merdiodsh slmma%glia@twnubar bhyadeait adedns methods
properties. Thus, the zeolite bet a according to the

Accok@!%@t@@1§“¥%fkhé¥”%%§€é9r Bgeg%XE:Egggl 1onh%elates

smal I” primary crysta ave predo
to thenvissredft cligitty lengeriagihonesahesenphate or cotemplate

of the zeolite beta according to
(1. eCh%raCE%rlskh%ﬂﬁgéhé} templates) in a method for the

preparation of zeolite beta. Particularly preferred here, as
mentioned above, is a combination of diethylenetriamine and
tetraethylammonium cations and optionally diethylene glycol

as template(s).

According to another aspect, the present invention also
relates to the zeolite beta obtainable by the method
described above. Thus, it was surprisingly found that this

has particularly advantageous properties.

Thus, the zeolite beta according to the invention has a
particular morphology in which the small primary crystallites
have predominantly combined to give larger agglomerates. The
characteristic nature of the zeolite beta according to the
invention firstly permits better filterability in comparison

with the beta zeolites prepared by methods of the prior art.



invention firstly permts better filterability in
conparison with the beta zeolites prepared by methods
of the prior art. - 11 Thejpetter filterability is an
i mportant property of the synthesized zeolites,
firstly permtting a nore rapid and econom cal

The syethesi stwl tBrhbgheryyi ekdsaand @asieint S%ﬁ#@&y of the
romthe nother |iquor (e.g. by f||trat|on)

Syn t%’@%ﬁeajgezepélai% r édaiShed | Berhéttdnghen pm@rc%smam:gtd and

conShBRS 11 Mo W 16 sf‘s $Qlhd- }llqcﬂgélg §§8§dgtl Ognl a4 qrg 1solatlon

as, for exanple, in an ous“i on exc
£ rond egh@ininnabieon Miquodi l(et.g.nmmer a1 taakdoan .a Thiéut 8dvantage
Ofs%a”' c, aci d.. Accordi n% to a referred enbodl ment
is a

Hetor AT hg P59 HE | Rt S Neth P IRTRF IS r FEERE- 1 tWaich a
soliliave quidl as@b&radlohess t AaGudragM 4 %ref%@b'exca'm%a% in an

than 0.1 m in particular [éss than
aquUepPHst kbl 9Xﬁba@9et hen B0Glegrwiigrathl gn npieht RENLWRSD, mineral

in.partic re than 900, .of the prinmary
aCldcrsgt a{ll i es t_have Tt Gr oé}/c\fr%QO Ip‘%dbq ot aflesPreferred
embol:iamlemlg adtaneiey geeatre tlh\r’iférﬁzl%ﬂn pref ¢Jrinhly crystal—
ter than, 1 m in particular greater than 3 m
lltegrl fS 8rybtaae e eifzelews &éﬁérrﬁ rfedumn m@mmy less

thanOfO hen ling ;W;‘tfit'i QiaEhQ Lef L egt) n?o% ger }S more
T gl zeol teu 3

eta), the Treshly synt esi ze
thanh&\ﬂes,noprbéenabdal cane Dhaﬂuiﬂsescterhtpahf@ﬁcel&@&aﬂﬂere than

. bej ysed for the owder diffractonetry after
205 £ ra'ilonpfrrl(sf?‘ﬁ’ff)ﬁe Ciﬁﬁs‘r%}lpljttr%%og’avﬁ néPﬁ&’%ﬂWﬂ to give

aggldrarneesl irzadivat gr d&rﬁe@@ﬁdggﬁb‘ébtry Han !l gs§ t N prefer-
100 S/cmin the filtrate and drying in the air at

ably)ggeateie thamyl pé%erlmlnartamm rgraasecartrhla@d uytm. The
prlmgi‘gs &taél_n_l_qatréj F?E% Q«Llah %E?glﬁd foronext'?hr@l EéSlS osf the

Exanpl e ues for-tn
line ag\gldo?derafestl'aar ertfieéecnaan ohtnea&bcms farat hpet ikha®anN  the
.. smal | est_ di nensj on, averaged

fres%@%ﬁhgyhgﬁtgggfzﬁan?ﬁth Uyl sifdRlet eyhichhdsaveal et been
calcaheddeier Mt iusidg @ LEQ fé>‘$&1‘i‘aﬁ§é5 ‘being used for the
X-ray powder diffractometry after filtration from the mother
liquor, rinsing with demineralized water to a conductivity of
less than 100 uS/cm in the filtrate and drying in the air at
120°C. The X-ray powder diffractometry was carried out by the
standard method, as stated, for example, in US 4,554,145,
Example 1. The stated wvalues for the agglomerates are the
mean dimensions (arithmetic mean of the largest and the
smallest dimension, averaged over a multiplicity of agglomer-
ates) . These values are determined using an LEO field emis-
sion scanning electron microscope (LEO Electron Microscopy
Inc., ©USA) on the basis of powder samples of freshly
synthesized- zeolite beta which has not been calcined or
subjected to ion exchange, after filtration from the mother
liquor, rimsing with demineralized water to a conductivity of

less than 100 uS/cm in the filtrate and drying in air at



sion scanning el ectron m croscope (LEO El ectron
M croscopy Inc., USA) on the basis of powder sanples
of freshly synthesized zeolihte beta which has not
been cal cined or subjected to ion exchange, after
filtration fromthe nother |iquor, rinsing with
120 e PRE ahi 200 Maler ofduCtidd YV, Of h
2OE0 S b the I A ! [ e §fed 1gRrorenana
10 399ePnehi dreaddd teishnplleg alsacingeefor edDs percsedls and then

- rehand _in _acetone, .treated with ultrasound for 30
applls)l :%gn !é %n “HHERST appiicRS t U R TaT r FERIEsr o%é’“l: ufr &t to 10

nA) .rangee frosadupéméntl0 i NA) of rERQ LASYREEBNt dS 000  times
ef fected under 80,000 tinmes magnification. The val ues.
mAgNIdi P PR onfienedabnger oB8id0be t ¢omEirmeai finsk oA53, 000

timeHNGnARM # &1 PELAR, Produced according to the invention
can be wused In general in all areas where zeolite

beta according to the prior art is also used. O
parti.cul ar inportance_here are the uses as catal yst
The &reoéﬁt_c%ﬁ 3%‘?t%@5%$¥C%<ﬁda‘a§°56é’aﬁb‘éﬁt thet inhgptAgnbean be
usedSURPIdidly founth heresthghotbe zeol Ltepheta, cor ing to
obt ai ned according to the invention has partlchar y

the phigr amgeousabetivéedesOf | parsiasdamedppnirthout hhee are
ss of _th

' t ing limted to the correctn [ _
the ggg%%ﬁéﬁ%ﬁé%i¥§£;%% C%ﬁﬁ%ﬁ?ggéﬁﬁgoﬁFoﬁggp?EsaGFOFﬁént' 1t
havingolbeem katwoohd ddbd 86664 dhet89thart BRel R¥ENE LANLERS

braGompari son with materials of the prior art are based
obtaghth@ Bt i dr nohphbr gyt opnthes prysigilarey adyan-
tage%ﬁ%na@@ﬁ%f%ﬁgénmﬁéuf%'aggﬁﬁgd'SwP@%ShEt?He ?XV&H€'OH
- nmethod according to the invention. Thportant exanpﬁes
beingf lamigedfcaadid teohstatnascabfl yRis aseumpohyRl SEBAS the
hydrocarbons, in particular catalytic al kyla- tions
advaggag%gﬁgtﬁﬁfp%ﬁ%ﬁﬁﬁ(?%Eﬁﬁ?aﬁﬁ%%%ﬁ? 5t Phyined accord-
ing Ebi etlel 1inUradfdisod eactdMMSar Bedy | @l ERN8a88Hials of the
. _acetylations, isoneriza- tions and
PT10Ry 1 Gi §8ifeasad Gifs, they prrticylar worpheddgynef the

crystallites and open-pore agglomerates, which is permitted

by the method according to the invention.

Important examples of a use of zeolite beta in catalysis are
conversions of hydrocarbons, in particular catalytic alkyla-
tions of aromatics, organic rearrangement reactions, Friedel-
Crafts reactions, alkylations and acetylations, isomeriza-
tions and hydroisomerizations, in particular of paraffins,
generally hydrogenation-dehydrogenation reactions of
hydrocarbons, olefin polymerizations or oligomerizations,
olefin-to-olefin conversions and methanol-to-propylene

conversions.

In the field of use as an adsorbent, the adsorption of
hydrocarbons from exhaust gas emissions or NO, reduction may

be mentioned as nonlimiting examples.



general |y hydrogenati on-dehydrogenation reactions of

hydr ocar bons, ol efin polynerizations or

ol i goneri zations, olefin-tgsolefin conversions and

met hanol -t o- propyl ene conversions. In the field of

use as an adsorbent, the adsorption of hydrocarbons
Depdridih@xhiaustic Jass EALESLOAS BheNDXoN @AUCHERR BBYaiBRA by

menti oned as nonlimting exanples. 13 Depending on
the mpthpdizeeridEngt he ghel invepsianobeani hedmbyedt be further

r gl ] ion_can _be m xed aqr

proRR e PR AP Lo lERR, “Rehobraiple Fopterence may
be mexbniexe ref erlencei sayostee madeubenesta, tthe, disgl 08ur @ ine
0 in US 4,554,145, col. 4, line 60 to colum 6, line

B8 SR §s Herenyt i ntlol pbr ABeBerRbYhencgererREEfoAn the
desd%ﬁﬁ&ﬁ&%fQﬁﬁ@ref@f@ﬁ%é?dP£@féP§édpEﬂ9€ﬁ§Eng§ ggssﬁﬁgs of

zedlites relate to aqueous 1on exchange, o rd Stars
the jzgplidaharrfe {astdesgnéded, ibor eexhapbe, EpnlER-8t856& ion

) deal umi.natiopn by treatnment with dilute
exc%%ﬁ%éiﬁa%ué%F%ﬁl%Fédif%?eeﬁ?ﬂgi?c aBi §Fafd’By 080 A),
dealhydnreitieraly tiead tiehe (ichf @i 1uexappherR1 §298t 8k, 5
.. Studies in Surface Science Catalysis, 137 (2001)
dilupe oganiq Akt t3eh Y Rrfluphbsroslahyeaswened (sfzefor
a nv, | . such_as _extrusion

exan?ggig?tFﬁ§§%¥£§br§§ﬁar€$nﬁ£9%g ?%ﬁglg§gﬁpfﬁ ?ﬁeaayalgf 137
(2008i) n@erls,2 Bt) cqatddige ofomod fli mgsdihgspaft hayl desired size

honeyconbs w th a suspensi on of zeolite and bi nder
and §§%g§j§¥IQQPY?ﬂﬁﬂﬂRﬁ&.égﬁﬁp ﬁveﬁPFBnaﬁseﬁéﬁPFaPFher
tablilthusiy dredpid d0f BEeNCspt Pond ey NQREhMhiNgdia of

. _exanples below. Exanple 1:" Zeolite beta was
bindergst g1 icaading ©F eeetdbrg®i xiwreankihulhe hbokioninbg,

e AR N SURLES300 S LA 8440%3.0. 008,20

washcoat.

The invention is now further illustrated with reference to

the nonlimiting examples below.

Example 1:

Zeolite beta was crystallized in a reaction mixture with the

following composition expressed as molar ratios:

0.068 NaO : 0.09 TERO, : 0.24 (H,NC,H,),NH : 0.04
Al,0; : SiO; : 0.18 HBr : 12 H,0

The reaction mixture was prepared by dissolving 908.7 g of
tetraethylammonium bromide, 641.9 g of diethylenetriamine and
1754.2 g of precipitated silica (Sipernat® 320, Degussa,
Germany) in 4576.2 g of water. A second solution consisting

of 199.5 g of sodium aluminate and 39.8 g of sodium hydroxide



A1203 : SSO2 . 0.18 HBr : 12 H20 The reacti on m xture

was prepared by dissolving 908.7 g of

t et raet hyl anmoni um bromi de, 1§41.9 g of

di et hyl enetri am ne and 1754 2 g of precipitated
silica (Sipernat 320, Degussa, GCermany) in 4576.2

in ®67w8t §r orAwaeeend §0L1ah'eent6°%' {
sodi um al um nat e aﬁd 39.8 g of so |b§%ﬁu%£o%? h’f%l£}1n9
Zeopphepbygtaf smﬁeﬁrmgaéadaereo atifed triox thiee refaidt ion

ri lite _beta seed crystals were added to
le§ géregg?lg%ggn?éturs STh ﬁﬁ¥§¥ St H@ssddd Oryvedight of
them@moﬂﬂ@bby seoghised. the ﬂ@@@@io@fmﬁigérésﬁgs HBfogenized
£ f ctlon m xture was honogeni zed for 10 m n by
Ty @o?bﬁs ¥tY%??ﬁ@uﬁnatﬂrﬁh§9eﬁﬂédtﬁénafesyﬁﬁhegl9

otk OFL AV &t § v ) xpure was heat ed
Y herein to %@aéelghggg ggipggvgf&%ﬁ R+a Erﬁeﬁﬁsapeﬁﬁﬁg
thexelperat Use°Foinather thers&é28fh12Aht ahdcRepingr thes

was f| ered off, washed with distilled water
temﬁgcﬁ%ﬁ?%d At %Eéh?ﬁelﬁPoBuc@fRﬁ§ EREERBE byhx- papduct
wasFﬁWEkﬁrémféfﬂCt@£§ﬁé& wpd §§Q£i§§eﬁe&§t s hdeptitised,

K single phase The wet chem cal analysis gave
120 cF SSBB%yPW%@gW wis Nehegkedo by Herght powtieAl di35rS¥thbyetry

fy 1 ht of .C. terln of f
and\%% eF%yﬁ§%e3?%ed§%€o ¥ m%e%ﬁ ?rohiehe ﬁ%?ﬁ@r he wet
chemmccgﬂorarmaom@hsbegm@pd) BBE%Yb*}l\béﬁ@EQ SEfnHSI Y12 b%/ weight

es

filter,in 3 hours. The primary crystall
of Ag‘crtg‘\ S e iqAhet brSbfapdsk3 ¢ hanby 17ehahtndf C.

exhi bited nore than 90@6|ntergromﬁh to glve agglo-

FiltRBfialeSf fTNEr aves age, shas; Qédt
the D50 val ue based on the nu %% par Om tﬁe mOther

liqupry Crﬁﬂ%é)el)l@?mpﬂmml}offlheela@@l@ﬁﬁrm:asg a Buchhai:

t 10% of the aggl onerates were snaller,
filt¥h H%.? J3ls s = ;
was 1.4 m 1n conparison, over 48 hours was required

for filtration from the nother liquor for a zeolite
The petimagoomparstsdi)i repsistetdingd had a diameter of less than

17 nm and exhibited more than 90% intergrowth to give agglo-
merates. The average size of the agglomerates, i.e. the D50
value based on the number of particles, was 2.4 um. The D10
value of the agglomerates, i.e. that value at which 10% of

the agglomerates were smaller, was 1.4 pm.

In comparison, over 48 hours was required for filtration from
the mother liquor for a zeolite beta (comparison) prepared in
a corresponding manner using only tetraethylammonium bromide
as a template (with identical total template molarity in the
reaction mixture). The zeolite suspension (comparison) was
finely divided and the primary crystallites were larger than
0.5 pum and less than 10% thereof had intergrown to give

agglomerates.



a correspondi ng manner using only tetraethyl amoni um
brom de as a tenplate (with identical total tenplate
molarity in the reaction_myxture). The zeolite
suspensi on (conparison) was finely divided and the
primary crystallites were larger than 0.5 mand Iess
Exariiel 40% t hereof had intergrown to give agglonerates.
- 15 - Exanple 2: Zeolite beta was crystallized in a
reaction mxture with the follow ng conpag%on
Zeo X sl @ss ek 5cballfeq n0 h the
0. %a?émr\lczmn@ AT l. 50, IR o, M gih
follquaing ofFPIP@%H?BOWaseTpPépased by dicdsel viang ok229. 0 g
of tetraethyl amoni um hydr oxi de sol uti gnl(gS% f
t t.h by i,0 g o
0- Oél%%%l er?gtoréll\?m&n%é an Hsﬁguﬁ”o)fZFRI rec?)p|ot2§t ed
Al:Ositi8aof Si pezrad(r) 320, Degussa, CGernany) in 4486.3
g of water. 175.5 g of tenplate-containing crystal-
i zat,i.on seeds of the zeolite beta type were added to
The trhea LR T ORE W Xt W7 8, PTRB2HELs Dyt diFeodwda@dc hpadalts g of
t et PR EkO0AdtYon Wath Ay a s« BE QHQHFEO%f g%gg #%%%.tﬁ by weight
second. solution ~consisting o i um
aquUeL Ui Salwt ker) 30341 gé of Oéodnathdneknrdanune?%d? 1%76 4 g
edt this re wth stirring. e
of queé/@% on: é/rr$c$§<t%?ngc\:/\a/as RORDY %ﬁ%eégof' oP Y SHn ﬁ?rmany in
4486vixgey afs veitdr i g7 sns gr@ﬂstéﬁlpﬁgtbocant ﬂﬁtlﬂ%s'csrystal—
aut ocl ave (10 1 volunme), The m xture was heat éd
lizatpgneiseads whEhe seeltbarketar tmehwam Rédedattot frihe

. or fauther-9 C
reac%?@g?gﬁ%é %hef‘g 2 tg]ilgtlilg vvgf eat‘LSna'agr ieF Y
welght ;gO@heﬂamqnnnhmﬂ Smastﬁhﬁtkeﬂ iacdh%ayopgmﬂgﬁ

ff. t and zeolite bea was i1dentified as a
consqls IrnC %g§e2r4y % Céjl’ﬁ“?}a?l ARANGERsangav8 - 8. §ustby
sodlweu @lytir@fxﬂ‘cha 12'107%1b.y7 i ghtwte Al wadlad¥elYto this

mixture with stirring. The reaction mixture was homogenized

for 10 min by vigorous stirring and transferred to a
synthesis autoclave (10 1 volume). The mixture was heated
therein to 150°C in the course of 12 h and kept at this
temperature for a further 95 h. The product was filtered off,
washed with distilled water and dried at 120°C. The product
was checked by X-ray powder diffractometry, and zeolite beta
was identified as a single phase. The wet chemical analysis
gave 0.9% by weight of Na, 2.0% by weight of Al, 41.3% by
weight of Si and 14.7% by weight of C.

The primary crystallites had a diameter of less than 29 nm
and more than 90% of them had intergrown to give agglomer-
ates. The average size of the agglomerates, i.e. the D50
value based on the number of particles, was 4.3 um. The D10
value of the agglomerates, i.e. that value at which 10% of

the agglomerates was smaller, was 1.5 um.



wei ght of Si and 14. 7% by weight of C. The primary
crystallites had a dianeter of |ess than 29 nm and
nore than 90% of them had _i E%er_grovvn to give aggl oner -
ates. The average size of the agglonerates, i.e. the
D50 val ue based on the nunber of particles, was 4.3
Exampldhe DiQ1cvakdeoql .the aggl onerates, i.e. that value
at whi ch 1T0% of ~the aggl onerates was smaller, was 1.5
m - 16 - Exanple 3 (Calcination): The zeolite beta
The Obd &l ned HO i a_ nitr .Stream
o R mints abetand TR L abBin ¢ Peanberdti v &y s
N1typgen t 2 rowncht t heKleapetat BBe cwaand rRepeased thurt her

1 mn, _After the tenperature had been
Femﬂré;%%ﬁg% a%%,/ géeqnh na3t hFk eYﬂh_@/\F?h tPRe “RMPEEGENTST Masgm
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The reaction mixture was prepared by dissolving 3662.0 g of

tetraethylammonium bromide, 1348.3 g of diethylenetriamine
and 7319.4 g of precipitated silica (Sipernat® 320, Degussa,
Germany) in 18,132.0 g of water. Template-containing
Crystallization seeds of the zeolite beta type were added to
the reaction mixture. The mass of the seed crystals was 10%
by weight of the amount of Si0; used. A second solution
consisting of 838.0 g of sodium aluminate and 167.3 g of
sodium hydroxide in 2266.5 g of water was then added to this
mixture with stirring. The reaction mixture was homogenized
for 10 min by vigorous stirring and transferred to a
synthesis autoclave (40 1 volume). The mixture was heated
therein to 150°C in the course of 12 h and this temperature
was maintained for a further 125 h. After cooling, the
product was filtered off on a membrane filter press, rinsed
with distilled water and dried at 120°C, The product was
analyzed by X-ray powder diffractometry and identified as a

single-phase zeolite beta.



synthesi s autoclave (40 1 volune). The m xture was
heated therein to 150C in the course of 12 h and this
tenperature was maintained-far a further 125 h. After
cooling, the product was filtered off on a nmenbrane
filter press, rinsed wth distilled water and dried
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stirring. Zeolite beta seed crystals were added to the
reaction_nixture, of the seed crystals was
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Al,0,f eagkinn . Moxyr gpwas jhonppgeni zed for 10 min by
vi gorous stirring and transferred to a synt hesi s

autoclave (10 1 volune). The m xture was stirred
The ¥fareifanfpixtugehwars poeRarathdnatdissahdingendh@ated of

tetraethylammonium bromide, 261.6 g of diethylenetriamine and
1608.6 g of precipitated silica (Sipernat® 320, Degussa,
Germany) in 3189.6 g of water. A second solution consisting
of 101.6 g of sodium aluminate and 100.6 g of sodium
hydroxide in 739.3 g of water was added to this mixture with
stirring. Zeolite beta seed crystals were added to the
reaction mixture. The mass of the seed crystals was 10% by
weight of the amount of SiO, used. The reaction mixture was
homogenized for 10 min by vigorous stirring and transferred
to a synthesis autoclave (10 1 volume). The mixture was
stirred therein for 1.5 h at room temperature and then heated
to 150°C in the course of 12 h and kept at this temperature
for a further 38.5 h. After cooling, the product was filtered
off, washed with distilled water and dried at 120°C. The
product was checked by X-ray powder diffractometry, and
zeolite beta was identified as a single phase. The wet

chemical analysis gave a composition of 0.33% by weight of



to 150C in the course of 12 h and kept at this
tenperature for a further 38.5 h. After cooling, the
product was filtered off, shed with distilled water
and dried at 120C. The product was checked by X-ray
powder diffractonetry, and zeolite beta was
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di ssolving 961.2 g of tetraethyl anmoni um brom de,

209.7 g of diethylenetriamne, 598.7 g of diethylene

gl ycol and 1719.3 of precipitated silica (Sipernat(r)

320, Degussa, Germany) in 4485.0 g of water.
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The reaction mixture was prepared by dissolving 961.2 g of
tetraethylammonium bromide, 209.7 g of diethylenetriamine,
598.7 g of diethylene glycol and 1719.3 of precipitated
silica (Sipernat® 320, Degussa, Germany) in 4485.0 g of
water. Template-containing crystallization seeds of the
zeolite beta type were added to the reaction mixture. The
mass of the seed crystals was 10% by weight of the amount of
Si0O; used. A second solution consisting of 195.5 g of sodium
aluminate and 39.0 g of sodium hydroxide in 791.5 g of water
was then added to this mixture with stirring. The reaction
mixture was homogenized for 10 min by wvigorous stirring and
transferred to a synthesis autoclave (10 1 volume). The
mixture was heated therein to 150°C in the course of 12 h and
this temperature was maintained for a further 110 h. After
cooling, the product was filtered off on a membrane filter

press, rinsed with distilled water and dried at 120°C. The



transferred to a synthesis autoclave (10 1 vol une).

The mxture was heated therein to 150C in the course

of 12 h and this tenperatugg was maintained for a

further 110 h. After cooling, the product was _
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was stirred for 2 h at roomtenperature. Thereafter,
the zeolite was filtered off over a Buchner filter
and rinsed wth distilled water. In a second cycle,
the filtercake obtained was suspended again in a
Exampdleut’ oiPmfduld0i.¢h obfthanmmofbumm nitrate in 2310 g of
denineralized water and stirred again for 2 h at room
ereafter, the zeolite was filtered off
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a bewdteer haviimgs dervdlamachb £ve 12sagQ0doa . Waghbrgaghbasm
as possible, the filtercake obt ai ned was suspended

Nitrghee veks KissU vEDfthrie Herand 26080 wat of &hed calcined

zeolite from Example 3 were suspended therein. The suspension

was stirred for 2 h at room temperature. Thereafter, the
zeolite was filtered off over a Blichner filter and rinsed
with distilled water. In a second cycle, the filtercake
obtained was suspended again in a solution of 190.0 g of
ammonium nitrate in 2310 g of demineralized water and stirred

again for 2 h at room temperature.

Thereafter, the zeolite was filtered off over a Blichner
filter and rinsed with distilled water. In order to achieve
as good a washing effect as possible, the filtercake obtained
was suspended once again in 4 1 of demineralized water and
filtered off again over a Blichner filter. Thereafter, the
filtercake was dried for 16 h at 120°C and calcined for 8 h
at 450°C. The wet chemical analysis of the H-beta zeolite
obtained gave 0.01% by weight of Na, 3.4% by weight of Al,
42.9% by weight of Si and 0.01% by weight of C.
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filtered off again over a Buchner filter. Thereafter,
the filtercake was dried for 16 h at 120C and
calcined for 8 h at 450C. Jpe_wet chemnical analysis
of the H beta zeolite obtained gave 0.01% by wei ght
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The nethod as clained in either of the above cl ai ns,
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weight of Al, 43.1% by weight of Si and 1.1% by weight of Fe.
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substantially or conpletely consists of
di et hyl enetri am ne and at | east one conpound
contai ning tetraethylanmniymcations. 4. The nethod
as clainmed in any of the above clains, characterized
in that a reaction mxture having a conposition,
expressed as nolar ratios, in the ranges: Si Q2/A 233
from10 to 4600 MO $AQQEI\f-Ir<@nAq}gOl to 0.1 RO S X
from0.04 to 0.5 R/STO2fromro-05 to 1 H2O Si A2
from8 to 300 is used, in which Ris a
tetraet hyl ammonium salt, preferably a halide and/or
the hydroxide, R is diethylenetriamne and Mis an
al kali nmetal ion. 5. The nethod as clained in any of
t he v fjze e _reaction
m xt ure |s%k€%%e %Pé%%%gég u?g %?OEF%ﬁ Eﬁﬁ %@oc
urreintte leryes tedexd of oR2r i 2 endi ﬁfebnyaeh@wlaﬁﬁﬁed, and
the zeolite crystals obtained are separated off. 6.
The nethod as clainmed in any of the above cl ai s,
ch‘élleame@rhcziechs rc Tdihed henr €agihon, %K&H&@t@@izéﬁeln that
f% oW n 05|t| on, expressed as nolar ratios:
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H2Q' Si O2 om 10 to 50 In ich R, R and Mare as
defined in claim4. 7. The nmethod as clained in any
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characterized in that the template mixture used
substantially or completely consists of

diethylenetriamine and at least one compound containing

tetraethylammonium cations.

The method as claimed in any of the above claims,
characterized in that a reaction mixture having a

composition, expressed as molar ratios, in the ranges:

Si0,/Al1,0, from 10 to 400
M;0/810, from 0.001 to 0.1
R,O0/810, from 0.04 to 0.5
R'/Si0O, from 0.05 to 1
H,0/810, from 8 to 300

is used, in which R is a tetraethylammonium salt,
preferably a halide and/or the hydroxide, R' is

diethylenetriamine and M is an alkali metal ion.

The method as claimed in any of the above claims,
characterized in that the reaction mixture is kept at a

temperature of from 100 to 180°C until crystals of
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general enmpirical formula R X, R X2 and/or R X3,
preferably as a halide, particularly preferably as the
brom de. 8. The nethod as_chained in any of the above
clainms, characterized in that Ris tetraethylamoni um
bromde and Mis sodium 9. The nmethod as clained in
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tenpl ate used conprises diethylene glyco

t PhfietnEd evet r e netaddof €t r aet hyl ammoni um cat i ons,
or substantially or conpletely consists of these
conpounds. 10. The nethod as clained in any of the
abidiee g e, as chhatuedr izedniynofhahesabdver y3hahs , of
z jte . beta are. 23 . added to the reaction mxture_ in
o?%%#g %F?#%F " P hE 2 oF et FERCHECRURE KERT B aFakbeof
zefdli Tcew e aconddos TheoRPt beErassehahgedoh Brany 9f st he
above clains, characterized in that Mand/or R and/or
R are exchanged conpletely or partly for hydrogen
and/or nmetals of groups I1A ITIIA IVA 1B, IIB

1B, 1vB, VIB, and/or VIII of the Periodic Table of

the El engRbs/al particul ar ¢ , «-C0, Fe, N or
pl ati num neb?QI s%bB particul arl )%%Enr eggber%gl")p Pt, Pd, Rh

or Ru. 1PLOfB&Ouse of di et hylfenet ni.am ne ands
optional%y ?'e hyl ene glycol_. as a tenplate or
cot enpl afé® %léznethod for tEEMpPef&r &G On4of zeolite
beta. 13r'TkBeoyse as cl ai med i-gpClhahm:l2 ot @get her with
tetraethyl - amonium cations. 14. A zeolite beta
obt ai nab eob§1%2nethod as cl &rpedliontanyg0 of clains 1
to 11. 15. The zeolite beta as clained in claim 14,
the primry

in which R, R' and M are as defined in claim 4.

The method as claimed in any of the above claims,
characterized in that R' is used as a salt of the
general empirical formula R'X, R'X, and/or R;X3,

preferably as a halide, particularly preferably as the

bromide.

The method as claimed in any of the above c¢laims,

characterized in that R is tetraethylammonium bromide

and M is sodium.

The method as claimed in any of the above claims,
characterized in that the template used comprises
diethylene glycol in addition to diethylenetriamine and
tetraethylammonium cations, or substantially or

completely consists of these compounds.

The method as claimed in any of the above claims,

characterized in that seed crystals of zeolite beta are
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11.

12.

13.

14.

15.

16.

crystallites having a dianeter of Iess than 0.5 m
preferably less than 0.1 m in particular less than
0.05 m and preferably norejthan 500, particularly
preferably nore than 75% in particular nore than 900,
of them being intergrown to give agglonerates having a

di aamear t6r eakek-ebBan o8- B peef %T %b%ng%a %%qﬂygwéhe
m in particular greater than 3
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15, or obtainable by a method as clained in any of
clains 1 to 11, as a catalyst, in particular in the
cdﬁb@r@?bhodfahydﬂ@caﬁdoms aoy as ahecaddorieentlaims,

characterized in that M and/or R and/or R' are exchanged
completely or partly for hydrogen and/or metals of
groups IIA, IIIA, IVA, IB, IIB, IITIB, IVB, VIB, and/or
VIII of the Periodic Table of the Elements, in
particular for Cu, Ag, Co, Fe, Ni or platinum metals,

particularly preferably Pt, Pd, Rh or Ru.

The use of diethylenetriamine and optionally diethylene
glycol as a template or cotemplate in a method for the

preparation of zeolite beta.

The use as claimed in claim 12 together with tetraethyl-

ammonium cations.

A zeolite beta obtainable by a method as claimed in any

of claims 1 to 11.

The zeolite beta as claimed in claim 14, the primary
crystallites having a diameter of less than 0.5 pm,
preferably less than 0.1 um, in particular less than
0.05 um, and preferably more than 50%, particularly
preferably more than 75%, in particular more than 90%,
of them being intergrown to give agglomerates having a
diameter greater than 0.5 um, preferably greater than 1

pm, 1in particular greater than 3 pm.

The use of a zeolite beta as claimed in either of claims
14 and 15, or obtainable by a method as claimed in any
of claims 1 to 11, as a catalyst, in particular in the

conversion of hydrocarbons, or as an adsorbent.



