24 Cctober 2005 4465-X-23.555 METHCD FOR THE
SYNTHESI S OF ZECOLI TE BETA WTH DI ETHYLENETRI AM NE
DESCRI PTION The invention relates to a nethod for the
preparation of zeolite beta, the structure-directing
agents (tenplates) conprising diethylenetriamne. 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 wth tetraethyl anmoni um cations as
structure-directing agents has | ong been known. Thus,
U.S. Patent 3,308,069 describes the synthesis of24 October 2005
zeolite beta in the presence of tetraethyl anmoni um
hydr oxi de. The zeolite <crystallizes at tenperatures
of from75C to 200C froma m xture containing

t et raet hyl ammoni um hydr oxi de and sources of Na20,
A1203 and Si02. In addition to tetraethyl ammoni um,.s_y.53 555
cations, bicyclic com pounds, such as, for exanple,

1, 4-di azabi cycl o[ 2. 2. 2] -octane (DABCO) have al so been
descri bed as structure-directing agents for the
synthesis of zeolite beta. U S. Patent 4,554,145

di scl oses the synthesis of zeolite beta with - 2 -

di benzyl - 1, 4- di azabi cycl o[ 2. 2. 2] octane chl oride or
hydr oxi de (di benzyl -DABCO). EP 0 419 334 Al descri bes
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U S. Patent 5, 13® VBT BKJIcE NFEERIWeMI\MiEhesi s of
zeolite beta w th di ethanol am ne and a
t et raet hyl ammoni um hal i de,

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,0, Al,0; and 8i0Q,.

In addition to tetraethylammonium caticns, bicyclic com-
pounds, such as, for example, 1,4-diazabicyclo[2.2.2]-octane
(DABCO) have also been described as structure-directing
agents for the synthesis of zeolite beta. U.S8. Patent
4,554,145 discloses the synthesis of zeolite beta with



preferably tetraethyl ammoni um brom de. U. S. Patent

5,232,579 discloses the synthesis of zeolite beta in

the formof large crystal s-uginhg tertiary

al kanol am nes as nitrogen-containing chelate |igands

and tetraethyl ammoni um cations, such as, for exanple,
dibeneyiyar éxiddazebiayediil@e 2. 21t icettiearolchtiam,de or hydroxide

riisop m ne and 2, 2- bi s(hydroxy- nethyl)-2,21,2
(dlbenﬁy P%%%b§ethanol are nmentioned as tertiary

al kanol am nes. There is still a great need for

EP al kepnatiaval gelphebard theC eRethedi MM eds fidle @ a using
preparation of high-quality zeolite beta. An object
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the prior art. This object is achieved by the nethod

as claimed in claiml. Preferred enbodinents of the
U-SnePhbenac60&69ng590dﬁhelbseenth@iawnamEsd&ntﬂinmmbﬂﬁte beta

..1he.subclains. The ers n skil in the a
with 3 BEREnEh TRl EnBolP R0 X ko] anioi gy P Lid i ¢ e
prebétablH H@t@aeehgnhﬁﬁkoﬁmlnaﬁ%mqael s therefore not

necessary here exanpl e reference can be nade to

US 3, 308,069 and the description there of zeolite
U.SpePatanl 502@8,572391%908@& the synthesdsiofi geggd.ite beta

in éﬁétfgrmbEEe&5¥ Q&EESlgehgl n%b%%if%& A1kano 1amﬁnes as

Fee-di mensi onar System aV|ng I'ng ciraime
nitnbgeh- aoﬁtamnmﬂgteﬂeﬂaten&1gandbhahd tee rhiet®dl ammonium
channels run in_two di nensions, through 3 the common

catiqna, sgef n@spoFﬂFseﬁFmRﬁFchtﬁélPEQFP%lﬂéuR& o halilge -
Tr1§@@£ﬁ§i§miﬁén7t91lESpEB?QQaﬂhh@CEhangga 5R%Q%yd9§§¥

structure of zeolite I's not uniformbut vari
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There is still a great need for altermative, 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, =zeoclite 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



Na' [AlySi 64_yOl26] *n H2O, y being less than 7 (cf.
also J.B. Higgins et al. Zeolites 8 (1988), 446-452).
Thus, within the scope of th& present invention, it
was surprisingly found that zeolite beta can be
advant ageously prepared if the structure-directing
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; , -t i_azahept.an di.en).., The i.scovery by the

risfg el R el i, e LD 8 et U e

st raditaitieageousiol itsebefter itherdty Atrhiesdin Buzepdii&s Hetween
is all the nore_ unexpected since the synthesis nethods

twoench mep@egss c thge#9-walied indnmammhsard ap® B. The
[ I = hEi arF ct.yre-direct] gent
R R R R P R T
Na' §A1 piiteur, & -6l enatb,onshi penhtthlezeokhhe bet(@fandlso J.B.
secondly, ifg%giégéfre to occur as a foreign phase in

Higging, fledtls Ft & Heto88)ar 4Py Undesi r abl e.
These are, inter alia, ZSM5 (M), ZSM 11 (MEL) and

ThuéPMwi8hinThHE, sBopBebrereChralsentShiviidR idh S &\«gﬁs
Sci ence_and CataPyS|s, 135°(2001) 447-455) descri be
surpkasinglrt fpenddrhatt zeglitiedetel cairetdsy lashatntiagemesly

e;sypihesi orQsils.. In_the system

orePRsRA ) R Bepuf -l gt ting] ot Phgidiares
compraper tiethylehedirebihenglyr, ugmi-ne iWRaaneydLtt | NHidhe. The

; ghange from0.1 to 10. For _ x=10, the clathrasi| nonasi
disGaeeplt Gy nkRealngpntossdipat Aiethy lemnsie imsms <as be

ar T as i nasi bl he- L ) .
e P 1t ge PR BRe 38, e, STl Y Jzeol e
bet#oiaedll whhéemZBht 48ekpeatedosiheet hte mgdittidsins afethods

unich' §te "ot tiedoid HReVARRERATRE e o, Soe Harn

triphdse as Qbieineturdbat rdbethyl ggehki alRe zddlite struc-
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zeo itk A t@Sang secondly, if they were to occur as a foreign

phase in a synthesis of zeolite beta, are vexy undesirable.

These are, inter alia, ZSM-5 (MFI), 2ZSM-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
porogils. In the system x (H,NC,H;),NH : 0.8 HF : Si0, : (10 -
x) H;O, 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 MFI as a foreign phase
and ag 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



al ready summari zed by R Szostak in "Handbook of

Mol ecul ar Si eves", Van Noostrand Rhei nhol d, New York

1992, pages 551- 553. The syathesis of ZSM5 and

ZSM 11 using aliphatic amnes as tenplate is

descri bed in WO 2001/ 004051. In addition to
strdbehhﬁldmmedﬁmﬁgﬂagéﬁﬁnﬁdﬁﬁﬂhb Spiyhestsl i ol NeM-48 was

trleth enetetram ne and tris(2- an1noethy|)an1ne are -
alrgpdy ﬁ*@m dired & gossiantalerit atandaah s Neleentar

siebkgpar %hoﬁho%fds tr&é’ﬁ-hﬁilac{e 1\5%19 HAS, SEEd, ﬁa&@& 551 -
person skille e art n gener a reacti
553nlfharey@mhsaysqu(ﬁSMHSI&nﬁnZSME&Btusmﬁgu&&rphwtién@nines

te | ea one silicon or_si

as E8RBLach: S s it Yo a4 ST i3 adifeion o
dietBgdehBereBind,t @ﬁyﬂﬂﬁr@o@c}ﬂfléﬂ@iﬂmt

i nvention, in general silicon or silica sources
trighhyRDRtEGMRSLOE @mdnetrskﬁﬁa:@smfrmﬁuhse]r) groine here also

[ the art_.can be used. in general, for
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tetraethylammonium cations, a silica source and an aluminate

source is prepared and this mixture is kept at elevated

Cemperatures until crystals of zeolite beta have formed.

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

is 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 diethylenetriamne the tenpl ates

known fromthe prior art and famliar to the person

skilled in the art can be used. According to a

particularly preferred enbodi nent according to the
addimdent iten,diduhydicaidtyienetnd athaer diplatSs Ustsvastfom the

salt of the general enmpirical formula R X R X2
Prigrypt R fanllias dadike RewePm Hetlird jm the art can
be Raldd cul ar brom de, or a hydroxide. According to a

particularly preferred enbodi nent, a tenplate mxture

which, in addition to diethylenetriamne, also
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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



brom de. This makes syntheses based on

tetraet hyl anmmoni um brom de interesting on a

commercial scale for the pro@uetion of zeolite beta.

A di sadvantage of a synthesis route based on the

bromde is the Iower alkalinity of the reaction
duenitg (rhe usl afudhe adialisealft ttet e iyl saénium bromide.
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 Silicon or alum numsource famliar to the person
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structures other than zeolite beta and, as described above,

is used as a structure-directing agent for the synthesis of
the zeolites ZSM-5, Z8M-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 ratioc 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,/21,0;

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



alum numin the reaction m xture, calcul ated as

Si 02/ A1203, is in general from about 10 to 400, in

particular from20 to 50. -Im individual cases,

however, |ower or higher SiOQ2/ Al 203 ratios may al so

be advant ageous. According to a preferred invention,
mixatireeadhn edmeCeaped)d hob@widly at adnldld®tisd advansageous

also present in the reaction 7 mxture. |In sone

ComBé§§§th6We€€Pld1 theaprasenase ofdwditedgestaral ions.

conpletely to avoid the presence of alkali netal ions.
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rati o, where Ris a tetraethylamonium salt, is from

about 0.04 to 0.5, in particular fromO0. 06 to 0. 4.
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0. 4rnventlon the HOSI2 ratio is from about 6 to 300,
in partlcular fromabout 10 to 50. According to a
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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;0/81i0, from 0.001 to 0.1
R,0/810, from 0.04 to 0.5
R'/810; 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:



H2ZOSi2 from8 to 300 is used, in which R R and M
have the above neanings. Particularly preferably, the
reaction mxture has the foBlew ng conposition,
expressed as nolar ratios: - 8 SiOQ2/A2C3 from20 to
50 MOSI2 from0.01 to 0.08 RS2 fromO0.06 to
0.4 R /SPOR:fAbiH:0.1 to 0.5 £HRA/ S00Rof 5om 10 to 50
in which R Ry nd Mare as defined above. According
to a furt @PR%+§¥erred enbodi FERT Hclor 8Pnf-P8 the
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di et hyl ene |ycol (R') as a further cotenplate, in
addi tion Ré/gﬂoheast di et hyl nemr Paki he @nd

tetraethy BEPD Lum cations, o bstaptially or

conpletel%zcong?%ts of the th?gégcghpgﬁngé above. It

is preferable if the R'" /SIQ2 ratio is from about
, 0,05 to 1 and preferably fromabout 0.1 to 0.5.
in phiCheRmoRe, amd M ang @edefiingd abwvewl ar R (R+ R +

R') ratiois from 0.2 to 0.8 and preferably R/R"

is fromO0.1to 2, in particular fromO0.1 to 1. In
Accprdimgpte, adifariesneretartes avhesingnt iacqarding |t the
; nd f e . .
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it is preferable if the molar R/(R+ R'+ R'') ratio is from
0.2 to 0.8 and preferably 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-
(CH,~CH;~NH) x-CH,-CH,-NH,, 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 compcnents 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-



or wthout stirring, preferably wi th constant
stirring. In many cases, it is advantageous to carry
out the reaction in a pol yppopyl ene, Tefl on-coated or
stainl ess steel autoclave. The reaction is preferably
effected at el evated tenperature, i.e. above room
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After the formation of the zeolite beta crystals,
manner,.fam| i
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AcctE e ey Br PR ErRbu b, BTl ) Tnd Yaven-
tiofj | seadi onystalendfi tuglnge Hoeazeali baser B Adddus the

obt ai ned can be dried or calcined in a conventiona
reaqiprie L Hepehdl ReBASE heOdBEPREdef Brmtangccelerate the

formation 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 zeclite 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 highex.



further use. By neans of a calcination, the zeolite is
converted into the hydrogen formand the tenpl ate
(mxture) is renoved. The-cabci nation can be carried
out, for exanple, in air or an inert atnosphere at
tenperatures in the range from about 200C to 900C or
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i npregnation or “physi cal m xing
origipgdt ket isseetce thamidresetto itheemewson edkitldked tin the

artt Q.Flduiflaegaf%' %t @él edggxté:{th m ne Sal}?}?té:f nJPAe?ftme%qo e%%tarlnl &1ere

FornekhmﬂléorthheerhQ@@habaﬁWHé AFHdte Refttth the aid of ion
articularly preferred here, as nentioned above, is a

exCRBREPnIEFbRIS drerRaratdon s Rhvsi¢al mixing methods.

t et raet hyl anmoni um cati ons and optionally diethyl ene

Acc8hieal tasat enpkake( 8k eé%po”ﬂéw fé%éﬂgnjﬁvéﬂﬁﬂgﬂnrelates

the present invention es to the zeo
to pheauspt afndikeshpjenktriantios as a template or cotemplate

(i.e. together with other 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.



descri bed above. Thus, it was surprisingly found that

this has particul arly advantageous properties. Thus,

the zeolite beta according tld t-he i nvention has a

particul ar norphol ogy in which the small primry

crystallites_ have predoninantly conbined to give
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dilute mneral acid or a dilute organic

embaddmenitn paeordinef tor dthe enbudntioh, adder dpnimapyt erystal-
c.invention, the prinmary._crystal- |lites_have a di anet

i el TS R OB AT (V6 dFRs v RS S pndiio RERESTADLY less

thapaot.iCymar ie$fadttdianhP5) &g PERART 8DbY NRY € pridFarably more
50% preferably nore than 75% in particular nore than

thagofO%f PRRipFabhy ymeresttdian t 88%havd ipreiigwlar t gore than

o030l V§r aggl oner; hayl ' t reater than 0.5 .
ot rar R e o P L SR R BV PR O S give

aggyomareteshamvdnym a THd amptieraryredtyst akhahe sizeumas prefer-

determned on the basis of the Line width of the
ably CBEERLEGn b o2 1 PRTERSIPT (GReatqiosHpgn 3 um. The

priﬁaﬁyh%&gé%@ﬂ%!é £ SANRLES dMHLMNANE DRt tPRehasis of the
. calcined or subjected to ion exchange being useciis1‘ or

lingheridkiy a9f poeerrelfl Iécabonnetr yakdaer 22i.UPr atd orthétam the
fre%%f%ngéﬁﬁé% %%%#§r6?é55§kgg S%%Blggn‘ﬁ &%klzﬁgv%atggt been
calcined or subjected to ion exchange 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 values 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 ozr
subjected to ion exchange, after filtration from the mother
liquor, rinsing with demineralized water to a conductivity of

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



| ess than 100 S/cmin the filtrate and drying in the
air at 120C. The X-ray powder diffractonetry was
carried out by the standardgrethod, as stated, for
exanpl e, in US 4,554,145, Exanple 1. The stated

val ues for the agglonerates are the nean dinensions

120Car,i twiiadh czeBantef sHiplledyr gesd Boent Redispehlsest beforehand
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tlmggnhg%hakhégg jegfer to a conductivity of Iless than
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120C, which zeolite sanples had been redi spersed
b han . ac treated wi,th ul trasound fo
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use enera as where zeo
haVbagabaenosdmpglsanQQWeﬂmunm'hﬂﬁe|uhaﬂsnhauzﬂbliﬁe beta

arti.cul ar ortan here are the uses a a
obt BRhell 4 EbralBgr LA e SLE S an o AT C AU Ly
tag88uBr hetnghyikaund chae slhaimdde uﬁ@c@tddte ¥ dnvention
obt ai ned according to the i nvention has partlcularly

beiggyahmitagdesos thet ﬁﬂr@fﬁggneﬂs of abgsmedsunpthicut, tihmt the
advaH¥§ﬁp%|onp9?hg? %th% E%%llgrr%FEPes%taltra accord-

assu advantageous propertles 0
ingzeol the batenehbai riad cotpairdsonN@itd Wae eriva i tlma
,conparison with _materials of the
prior art are based on the particular morphology of 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 menticned as nonlimiting examples.



prior art are based on the particul ar norphol ogy of

the crystallites and open-pore aggl onerates, which is

permtted by the nethod acamrding to the invention.
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and shape by conventiona such as extrusion,
washeadhetting or spray drying, optionally with the aid of

The invention is now further illustrated with reference to

the nonliimiting examples below.

Example 1:

Zeolite beta was crystallized in a reaction mixture with the

following composition expressed as molar ratios:

0.068 Na,C : 0.09 TEAO, : 0.24 (H,NC,H,),NH : 0.04
A1203 : SlOz : 0.18 HBI' : 12 H,C

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



bi nders, or coating of noldings, in particular
honeyconbs, wth a suspension of zeolite and bi nder
as so-called washcoat. Theilianwention is now further
illustrated with reference to the nonlimting
exanpl es bel ow. Exanple 1: Zeolite beta was
in Bﬂysﬁabibfe@dtmrawmsaaﬂdmdlﬁoduhﬂs\Mﬂﬂtﬁﬂﬁ;wﬁuﬁlsmﬁrmﬁng.
0 on expressed.as nol ar . 068 Na20 :
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at this tenperature for a further 12
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beta was identified as a single phase. The wet

Filtcdaenmgabfﬁnafyshs ggﬂ%@sﬁﬁ%ﬂbye\b&ﬁgbt beflaN&Eroh tHebmother
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f. Al 5% wei %ht of Si
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The primary crystallites obtained 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 um.

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 pym and less than 10% thereof had intergrown to give

agglomerates.



liquor could be conpletely filtered off using a
Buchner filter in 3 hours. The primary crystallites
obt ai ned had a di aneter of-Ilxss-than 17 nm and

exhi bited nore than 90% intergrowth to give aggl o-

merates. The average size of the aggl onerates, i.e.
Exampd eD20  val ue based on the nunber of particles, was
2.4 m The D10 value of the agglonerates, i.e. that

val ue at which 10% of the agglonerates were snaller,
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zeolite beta type were added to the reéaction m xture.

weighe whsthef anpunseed Eipstabedwad $6%obyl swdighonof
cond P IRUBE 954507 U2edoaf PSS e LY 30.1 g of

sodium hydroxide in 791.7 g of water was added to 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
Cemperature 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 AR



consisting of 124.9 g of sodiumalumnate and 30.1 g
of sodium hydroxide in 791.7 g of water was added to
this mxture with stirring.lé6lke reaction m xture was
honogeni zed for 10 min by vigorous stirring and
transferred to a synthesis autoclave (10 1 vol une).
Exafipd eni3x t(@ad cdamtheat)ed therein to 150C in the course
of 12 h and kept at this tenperature for a further 95
h. The product was filtered off, washed wth
Thedizebllittedbeataeroba:rairﬁd’ €ith @ExahiPle ITherpnrditedd WS
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nunber of particles, was 4.3 m The D10 value of the
aggl onerates, i.e. that value at which 10% of the
aggl onerates was snmaller, was 1.5 m 16 - Exanple 3
%ﬁﬁcﬁ_ﬁati on): The zeolite beta obtained in Exanple 1
was heated in a nitrogen streamat 1 K/'mn to 380C
and kept at this erature for 8 h, after which the
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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 $i0, used. A second solution
consisting of 838.0 g of sodium aluminate and 167.3 g of
godium 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 membréne 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.



A1203 : Si02 : 0.16 HBr : 12 H20O The reaction m xture
was prepared by dissolving 3662.0 g of
t et raet hyl ammoni um brom de, 1¥348. 3 g of
di et hyl enetriamine and 7319.4 g of precipitated
silica (Sipernat(r) 320, Degussa, Cermany) in
The 18riB2rQ grgbtmﬂﬂétesThﬂﬂlatdmamanﬂnﬂdﬂgless than 19 am
crystal |zat| the zeolite beta type were
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valgedbagedl Qm hheenuntber6 PI3pgréficlesd washydidoximie The D10
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the F&@gb&mét@@éﬁu&eﬁ‘él Bfmialgeandwihsansfenmed to a
synt hesi s autoclave (40 1 volune). The m xture was
heated therein to 150C in the course of 12 h and this
tenperature was nmaintained for a further 125 h. After
cooling, the product was filtered off on a nenbrane
filter press, rinsed wth distilled water and dri ed
Exafb1d26C. The product was analyzed by X-ray powder
diffTactonmetry and identified as a single-phase
zeolite beta. 17 The primary crystallites had a
Zeof&@@?ﬁ@ﬁao&aéeé§g%9§@ll%ea”hnaﬁdr@%@%lhga%f%@hfg Wit8Mthe
had intergrown t0 give aggl oner- ates. The average
folbpwengf compoagylioner axkpyeseed. ashmolbd redligs :based on
the nunber of particles, was 7.0 m The D10 value of
al t iC % of the
0. O%E}g ’ggnera s@v\'@z?éozsnalol fba;t \Asa\i?h;e%ﬁ NYE[hExa%pI%%é)S
Alzd;eolshezbeta.masHnystablH;&d in a reaction mxture
with the follow ng conposition expressed as nDIar

rati os; 0.08 Na20 : 0.20 TEAO2 107 gFQhEQFM)
The(yQﬁgﬁlon mixture was prepared by dissolving 1998 6 g of

tetraethylammonium bromide, 261.6 g of diethylenetriamine and
1608.6 g of precipitated gilica (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 8i0, 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



Al2C8 : SIO2 : 0.40 HBr : 12 H20 The reaction m xture
was prepared by dissolving 1998.6 g of
t et raet hyl ammoni um brom de; 261~ 6 g of
di et hyl enetriamine and 1608.6 g of precipitated
silica (Sipernat(r) 320, Degussa, Germany) in 3189.6
Na g lof7sndityewe igrhse conchls,0138 | 4% lopnes sghingof ofi 14Kd 619. 7% by
we.of sggggp1aluninate and 100.6 g of sodium hydroxide
S g of water was added to this mxture with
stirring. Zeolite beta seed crystals were added to the
Ther @aGlady Hriidt=A.1 (e mss Hlatdheseede Wéé@'@nél@sw nm
0g by melght of the amobunt of Si 2 used. The
andr BB diam B @ﬁ/vatélenhd‘msbelmtzemgmym 1P raiveyagglomer -
|g u sfe a. synt hesi.s
ateﬁutocgaégé%%%g i#l %ﬁ%? IR D50
valtleebeised on the hmﬂoerxocam treimelclidy e vl 3 herudheatiesl pio
to 150C in the course of 12 h and kept at this

valugnpdr &hgr @99 omerat@shdr- 38.8hat vagkug atodthirh 10k of
thepé fd e f washe th distilled water
gﬁnee gtesl%e%re %ﬁgqlﬁrdduct \(/:"\L/a\g51 ecked by X-ray
pomder diffractometry, and zeolite beta was
identified as a single phase. The wet chem ca
anal ysis gave a conposition of 0.33% by weight of - 18
Na, 1.7% by weight of Al, 36.4% by weight of Si and

E lg@%by wei ght of C. The primary crystallites had a
xa& ameter of less than 33 nm and nore than 90% of them

had intergromn to give aggloner- ates. The average

h g e. _the Q _val.ue based gn
zeoRt €8 Bhpt, SaB R PP At b a5 Mool MR Gt cne
fonhemggbempba&escnl,. exp&eetse\aab@e mflawh ir@ft iH¥o of  the

aggl onerates were snmaller, was 1.6 m Exanple 6:

olite beta mas crystalllzed in a reaction mxture
0.0 t]ﬂ %(P.'e .09 TEAOQ; : 0.08 (HNC;H,)NH : 0.04

A1203 : SlOz : 0,16 HBr : 0.16 (HOC2H4)2O : 12 H,0

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
S8i0; 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 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
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



foll owi ng conposition, expressed as nolar ratios:
0. 068 Na20 0.09 TEAQ®2 : 0.08 (H2NC2H4)2NH : 0. 04
A1203 : 5102 : 0.16 HBr : -01B6-(HOC2H4) 20 : 12 H20 The
reaction m xture was prepared by dissolving 961.2 g of

t etraet hyl ammoni um br om de, 209.7 g of
progugthyrenanpilagiedeby ¥ogay gosded etififivand qpates amd

1deé65§%§g?géer5em%:qpl§ﬁgt %gtilg N 'e%q&(t%' \')\%%[trélat? Cfr)e %Q: chemical

anaTgspkataveont 3oRi by ey shal ldfzataj ors .2aeds, efeildlc of Al,
zeolite beta type were added to the reaction m xture.

41.3RebYnHsigbt PheSiedddciddsttdl SYnaeighd RE fei ght of
the ambunt of Si 2 used. A second solution consisting

The%riﬂér? QrQEtﬁﬁQ&E% 6%‘&%‘1&%&1‘9 AR 53 %R 1y I MBS than

hydr oxi de 1h water was then added to this
22 nmxandemmrehthanrBoﬁgprh@eme@a@ mmtangnnwnenmxglve

onogepi zed 10.m n by vigaqr stirrin nd .
299 [ PARERErFeq PG 8V EyRERe e b0t ST A eyt - ©-
D50 THeludl khgea wastheahambbReod pak@ it3Qe, | dda .Coymse The
of 12 h and this_tenperature was mai nt ai ned for a

Dlofvainerof1bhp. agglemerasesing, e-h&hgitoyaduenad which 10%

or bl B LgHLLRIELIRE e FRrEEE D

anal yzed by X-ray powder diffractonetry and
identified as a single-phase zeolite beta. The wet
chem cal analysis gave 0.50% by wei ght of Na, 3.2% by
Exame' h rAJil 4%.2W b ge'g t 05 Si and 14. 4% by
tes obtained had a

di anet er ofiless than 22 nm and nore than 90% of them

231(ag oPt @EHiANPal 0z8HVRataggwerer ahesialhg dveragideddento
of the agglonerates, i.e. the D50 value based on the
a beRlrgiernayipgrai ¥pédmenas 2. 3, nntha 90pfo gy Hfuarsroninm

nit Qﬂ@fét&§ssbl9edtEﬁ%r¥§hugnatSggn%ho%OQ%e a1t iRea

aggl onerates were sma
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 BlUchner 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.




Exanple 7 (Production of the Hform 2310 g of

dem neralized water were initially introduced into a

beaker having a vol une of 52D, -and 190.0 g of anmmoni um

nitrate were di ssolved therein and 500 g of the

calcined zeolite from Exanple 3 were suspended
Exampdeeitn.{ PHodustidpensifortheaFestiionmed for 2 h at room

tenperature. Thereafter, the zeolite was filtered off

ver hner fi.lter and rinsed ., w. th distilled :
2408 502 BERINETanif o) oBEen (BSR ilitndly dRSRGesdsinto
a bedkpenHadiagaan violuhes @fUlsi QN a8fd 100 o S AP UM

nitrate in 2310 g of dem neralized water and stirred

sulfgbenvese digsglvedomheasiar and 00T adafthe calrined
i ' red filt
R o ABLE| Pol i SV EREb R Mo, (e W o che
suspendianwaaki Bglaff ehe anspessiilere washetfidiert ddte 2 h at
obhgi ned _was suis_‘pended once_again_in 4 1 of
IOOlae IH
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o e g Pty ¥R A Sn
ordegt tehaahigieansal gopd ef wabbiHgbelfferdolas possitkdieecthe

. 019% i ght of Na, .3..4% by wei ght .of Al
£1188¥8 e SRERYRES Fak, ShahRocB bbb Bteit 0 ¢ Lot
dembxarpl £z284(Watduchhanfofl cbhedFe fifoakh i24Q e @f Biichner

dem neralized water were initially introduced into a

filtgakefhenorhgen. vehanElétercakanyasl 6 igdotfon g h at
120%'5%%&@&%@&%8 vgdpt Q%rgFﬂogﬂd 500 g of the
calcined zeolite from Exanple wer e suspended
therein. The pH of the suspension was 3.14. The
The swgperisenicabsasalystd fave20h08t byoomightperfata,e.3.4% by
. Thereafter, the zeolite s filtered off ver a
weL ucﬁﬁ§r£f1I%%rfﬁngyrwﬁﬁgggmfghsai§P Iﬂe&%mgWéwglﬁﬁt of Fe.
order to achieve as good a washing effect as possible,
t he




filtercake obtai ned was suspended once again in 4 1 of
dem neralized water and filtered off again over a
Buchner filter. Thereafter,2Xhe filtercake was dried
for 16 h at 220C and calcined for 8 h at 350C. The
wet chem cal anal ysis gave 0.08% by wei ght of Na,

3 49.- by weight of A, 43.1% by weight of Si and
1.1% by wei ght of Fe. MI‘LT_@Q&E&& CLAIMS 1. A nethod

for the preparation of zeolite beta, the tenplate
used conprising diethylenetriamne. 2. The nethod as
claimed in claim1, characterized in that the

tenpl ate used conprises diethylenetriam ne and

t et raet hyl ammoni um cations. 3. The nethod as cl ai ned
inAemﬁhbpdofOKhéh&b@M§pﬂnauﬁpn afharest dre deekan that

EShETRLR: e taa SNl Ly gp ol ety

conpound contalnlng tetraethylannonlun1cat|ons 4.
nmet h s_clained in ,any of, the ahove cl ai ps,
npchaPRofGafy dupmed (ELAIRNT o IR HERATIRSE n that

coﬁnQStéi(ngmatexms@aS%% 1'§ésaﬁlre%tﬂﬁ%né€k:ﬁahﬁﬂ@%
Si 02/ Al 2 from10 to 400 MO/Si Q2 from 0.001 to O.

R2bE Srapthydampopdumocatdon®./ SiO2 from 0.05 to 1
H2O SI2 from8 to 300 is used, in which Ris a

t et raet hyl ammoni um sal t preferably a halide and/or
thﬁhﬁyﬂebhbdeaSRClasmedlemhﬁn@maanﬁnuhezﬁhbﬁ%leianms,

?Léﬁé%%ggéglze8n1n5th£@etﬁ? t%glqs %i%fn%uféwéﬁéﬁ
subgtantially 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/S10, from 0.001 to 0.1
R,0/810, from 0.04 to 0.5
R'/S810, 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



10.

characterized in that the reaction mxture is kept at
a tenperature of from 100 to 180C until crystals of
22 zeolite beta have formed®2 and the zeolite crystals
obt ai ned are separated off. 6. The nmethod as cl ai ned
in any of the above clains, characterized in that the
r egepilatenibettar dialvas fidmmed ,oldro thge coeplosti¢ i arystals

ex ssed .as nol ar ratlcg%: ffgiZOZ/AI 208 from20 to 50
PeBef) hco SRt e DSt o siae from 0.06 to 0.4
R”/S|02fr0m01t005 HAO S from1l0 to 50 in

V\,hiﬁh R, geﬂgnd M.ar.e defined in claim 4. 7. The
RGeS PethAte & Lt i ate Ubdhe @kevR, claims,
Ch@hé?h@ﬁ:bﬁ@e'dn ﬁﬁ@tha% e USSR SBkiud ﬂa{ge the
general enpirical fornmula R X, R X2 and/or R X

pr épéﬂawnylgagompn@mtd@n,pmmm wmmeﬂalaba‘a}tm t he
brom de. 8. The nethod as clainmed in any of the above
clainms, characterized in that R is tetraethyl ammoni um
bromde and Mis sodium 9. The nmethod as clained in
any of the above clains, characterized in that the
tenpl at e ssed/xdowpri ses  di etfybmneogtyceb in addition
to diethylenetriam ne and tetraet h%l ammoni um cat i ons,

or subst 3RI/&43e or  conpl et eFYPBoAsP L1 ECOP - PRese

compoundsg,clyiothe method as glahngdysneany of the
above clai'ms, Ccharacterized Tn that seed crystals of

zeolite RtASHPe 23 from 0.1 to 0.5
H,0/S8i0, from 10 to 50

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'Xs,
preferably as a halide, particularly preferably as the

bromide.

The method as claimed in any of the above claims,
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



11.

12.

13.

14.

15.

16.

added to the reaction mxture in order to pronote the
formation of further crystals of zeolite beta. 11. The
net hod as clainmed in any of 23he above cl ai ns,
characterized in that Mand/or R and/or R are
exchanged conpletely or partly for hydrogen and/or
meeddedoto gheupealctAon mMixtungd in BrddiB td IpRmat, the

VI /. (W he Per.i adi Tabl e of th
0 EoefpEi8h of uthar enEitadd Gp Fadl e Bika

or
platinumnetals, particularly preferably Pt, Pd, Rh

or_ Ru. 1 The use of diethyl enetriam ne and .
opEPEnBFERoR GenFiatasry L ATAS T SRR griains,
cotBARhateriRed B ROGtl O Al ol FeRAIPIIOR OfaZedstdianged
beta. 13. The use as clained in claim12 together wth

t eePEBLRYELlYyamFoPRIfRlyatficonfiydpgen zaul/iae netiads of

obt aj I y th as ai i y | s
t O§?§g5%5_%1$he§%g§1:i t%g’%etlg’asf%qai i r%[‘g’aiq}nlfém,argd/or
t NeIPLi ofr yhec Pestiadiict galayiofy thediFmieait 0f dress

than 0.5 m preferably less than 0.1 m _in particul ar
| eB3TERGHL2E. 65T Uan&9pr &Cer &l51-y Noiog tHa&t iswyy metals,

Paphieukah by yP %%@Qho&igw t AN pfP%, igyy parti cul ar
ng$e t han 90%? bo% t hem bei ng Fﬁ?efgfg%%I?% gi ve
aggl onerates having a dianeter greater than 0.5 m

Phanssthr” 8, gpEhye BRBrk1aliunil R ittt Moy 1ene

ei ghgcodf asl ai mremplétendrlootempdltta nablae ratlodrdidwdhe

as_clained.in any oE_cIa'nB 1to 11, as a catalyst,
i PhEPEF_hIaR PE £Re lESnb@F@Von of hydrocarbons, or

as an adsorbent .
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 c¢laim 14, the primary
crystallites having a diameter of less than 0.5 um,
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, in particular greater than 3 um.

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.



