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23 18 hours, followed by heating at 200[err]F (93[err]C.) for,

24 hours. 24 U S.  Patent No| 3,119, 659, issued January 28,
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Desé)Clgtle: 2KEPARAMONI GFafHoLA® 1L he preformed body i n an aqueous reaction
re until crystals of the zeolite 28 are fornmed in the body. The
=§QH@“B?‘the preformed body and t he aqueous reactant 29 m xture has a
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piti@iude 2coBO L. hn loheSerb@IHRAY the reaction mixture is self~supponting and may be shaped if desired. In the method, the reaction
mixture is heated at crystalhzanon conditjons and in the absence of an added external liquid phase, so that excess liquid need not be removed
from the crystallized product prior to drying the crystals.
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m xt ures whose conposition, expressed in terns'3 of nole ratios of oxides,
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From abodt 10 to about 28 Herr] O ( ! From
about 15,to about i £3s ghéih@erystalline aluminosilicate
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From about Qeélited. frbmut redctiorSmitererthatAiontaing afly sufficient water to form zeolite L.
From about 10 to about 28 Herr] O (K[ er + Naferr]O

From abodt 15 to about 41 5 or Klerr] + Na[err] O

From aboyt 0.26 t®. : \ ivi
From aboﬁt 0.34 t%dg%e%l.oé%?%%%% %%@rl{rn]k%éﬁ]g %idally produce finely divided
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source of al um num or fumis heated to a tenperature of at | east
80C. foriea psolietsodfound ard fomgedenough to form 17 zeolite L, the conposition

of the r F?aCt on r’rb>§t 'lyat%np ﬁ\(nl 9,%95,@%3,]‘ i%éde%‘@‘uﬂg 1%9%5 to ﬁziié)r%anowski et al., discloses a

18 method for making type A zeolites in the form of coherent polycrystalline aggregates by

19 forming reaction masses consisting of a mixture of sodium aluminate, a siliceous material
26 and water, wherein the H;O/Na,O mole ratio is 5 to 25. The mass is aged while maintaining
21 it out of contact with an external aqueous liquid phase while preventing the mass from

22 - dehydrating. The aging step can include maintaining the mass at 100°F. (38°C.) for, e.g.,
23 18 hours, followed by héating at 200°F (93°C.) for, e.g., 24 hours.

24 U.S. Patent No. 3,119,659, issued January 28, 1964 to Taggart et al., discloses a

25  method for producing an aluminosilicate zeolite in a preformed body by providing an

26  unreacted preformed body containing a reactive kaolin-type clay and alkali metal hydroxide,
27  and reacting the preformed body in an aqueous reaction mixture until crystals of the zeolite
28 are formed in the body. The aggregate of the preformed body and the aqueous reactant

29  mixture has a H,0/Na,O mole ratio of at least 20. It is stated that zeolite L can be made in

30 this manner.
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m xture containing only sufficient water 4 so that the reaction mxture
may be sBapefmdle ratios pbaxides, fallsewithinitbeirangg® reaction nmixture is 5  heated

at crystallizgti jthons and in the a | liquid
phase, so tha?{’pg&zgj;'ggjs%b?i qui d need not ngdrﬁg%@géﬁﬁ?n%bﬁ%gfcrystal lized
material prionkto +dN¥OMBiDhe crystals. 7 From abédt 0235l@abotv¥ 04, publ i shed
Decenber 24, 1985, relates to a prefornmed synthetic 8 zeolite sel ected
fromthe groudi@dWdiQsti ng of Y, onega zeol i FeomaboytdOitoabout2Hnite, L
zeolite 9 a ri{erita,whose Si/A atongc ratiq fanges from1.5 to 100,
t he prefor nedrig’géﬁﬁde*e'g\@zﬁé 10 obtained fr mr%a%?@fléﬁﬂg O Thi nosi lici ¢
mat eri al ;,wh@ge Si/A atomic ratio is |lower than 1l that of the product and

ranges fromO0.5 to 90 by treating the material wth a silica-containing 12
product in KuO/@LEeMNaeOdf at | east one or ghrom aboutihdd tpaationt base. 13
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provi de a d aring crystalline SESREPRILD- ?a%‘élr?garrinirrum
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I nvention to piovi de a method for preparing crystalline 17 zeolite L while
m ni m zi ng SpOIEEO wdN0) 18 It is KrdmabomtrlSdojabout 4I t he

i nvention to provide a nethod for preparing zeolite L in 19 the absence of
added bi Rder®T 20 It is also an object of this invention to prepare

crystalline gegp .th?+|Nda@)t he formof a 21 FP&H%boﬁttQ.ﬁétcfal%dr?Egger obj ect of

the invention to provide a nmethod for preparing zeolite
comer ci al | KyOekf Nb,O)¥Bis Wi t hout any post Eromiahout @34 tosbduw0fi ng st eps.

23 It 1S further object of the inyentipon tg provide a nethod for
preparing ze%ipFllAéz 324 having a snmall cry ffgmag?létlsqt%@%out&

H,0/(K,0 + Na,0) From about 15 to about 51
U.S. Patent No. 4,058,586, issued November 15, 1977 to Chi et al., discloses a
method for preparing zeolitic aluminosilicates, particularly those that are characterized by

pores in the 4 to 10 Angstrom sizes that are designated Zeolites A and X, in which compacts

o 0 3

of Zeolites A and X, metakaolin clay mixture undergo crystallization at a temperature of

10  200°to 700°F (93° to 371°C.) . The crystallization is carried out in a calciner or other

11 drying equipment. Normally, the formed particles furnish all of the liquid needed for

12 crystallizatién, though steam may Be added during the crystallization process.

13 U.S. Patent No. 5,064,630, issued November 12, 1991 to Verduijn, discloses the

14  preparation of zeolite L in very small crystalline form in which an alkaline reaction mixture
15  comprising water, a source of silicon, a source of alkali metal and a source of aluminum or
16  gallium is heated to a temperature of at least 80°C. for a period of time long enough to form
17 zeolite L, the composition of the reaction mixture having the following molar ratios

18  (expressed as oxides):
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preparl ng zeoll e at 26 reduced raw nat §r|aI costs. 27 Thus, in
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11 m xture has an_Od Si q’lerr mol ar, ratio of fromO0.20 to 0.40, form ng
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phase 149 f Obn@férfidrtt WHosé SYRAI bontie raficfangesiromor.5 e 000, tRe prefdinted Rokte u&hg
m xture is extrudabl e and 15 capabl e of maintaining a sha e.
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crystallize the zeoli Thi s armunt of water is |less than the anount of
water 203required in conventi omal dRA<SQE I Hiz iNMENIIF)

an anount that not tantl reater t hat quired.t
o oduce  he seol Tt ah objesf b Hafion fo B A mehed ot Rlephii s Siapindigsolice
pr esent 5nvqg;},gg@,uhgmllﬁ%?1{qmﬂfotrlaa§stdlwoﬁed to dissolve the reaction :
m xture 23 conmponents, or, 1f they are not dissolved, |ess than that

requi redéto i meftse atfsherebiact of thednwentionrte pwmnmk;od for phepanag erystatiings
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18 It is a further object of the invention to provide a method for preparing zeolite L in
19  the absence of added binder.

20 It is also an object of this invention to prepare crystalline zeolite L in the form of a
21  shape. Itis a further object of the invention to provide a method for preparing zeolite L in
22 commercially useful forms without any post crystallization forming steps.

23 It is a further object of the invention to provide a method for preparing zeolite L
24  having a small crystallite size.

25 It is a further object of the invention to provide a method for preparing zeolite L at
26 reduced raw material costs.

27 Thus, in accordance with the present invention, there is provided a method for

28  preparing crystalline zeolite L, said method comprising preparing a self-supporting reaction

29 mixture comprising at least one active source of silica, at least one active source of alumina
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degree o crystallization. Tt has also been found that i

OH Si J ery] caphble of atdimtaindgargtmpeoo hi gh, the 15 reaction mixture takes on

undesi rabl e physical, properties. On the other hand, .if the OH 16 /[Si(Jerr]
nol ar ratf o is tobiEHee d1 BT9PRYIRg M5 TeRrionmpkierg of the Rresens process, that tite
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conpri sess sufficient to produce the zeolite L. Thus, the reaction mixture itself furnishes all the water -
19 needed to crystallize the zeolite. This amount of water is less than the amount of water
20  required in conventional processes for preparing zeolites. It is an amount that is not
21  substantially greater than that required to produce the zeolite L. For example, the amount of
22  water used in the present invention is less than that required to dissolve the reaction mixture
23 components, or, if they are not dissolved, less than that required to immerse the reaction
24  mixture components in the water. Thus, during the crystallization step according to the
25  present process, there is no separate, added external liquid phase present which must be
26 removed from the crystallized material at the end of the crystallization step by, for example
27 filtering or decanting, prior to drying the crystals. This absence of an added external liquid
28  phase distinguishes the present invention from methods for making zeolite L wherein the
29  zeolite L crystals are formed from solution or where solid reactants are heated in an aqueous
30  solution until crystals of zeolite L form.
31 While it is not a requirement to form the mixture into a shape before the mixture is

32 subjected to crystallization conditions, it may be desired in many cases to do so. Inthat
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alum na, and sufficient water 22 to formthe zeolite L. This anmount of
water is considerably Iess than that required in 23 conventional processes
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powders during 3 m xi ng and kneadi ng steps. Alternatively; sufficient
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general | y honogeneaqus .m xture th shaped I S_NQt necgessary
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with the art can readily determ ne _w thout undue experinmentation 4 the

anount o0 | jdigsodered that Itl@a malaratip affects both the physical prppayes pf thegeactignmigture

|F°r exanp| e’ana gg%é‘ﬁ &y&&fﬁ%&&& géhlém 2R 0liid b’é@écé fifbdi ISeGaJh‘?.%:ﬂeh's‘é‘%ﬂléi the
€ess V\B.t , ces nm Irerela nor e.

preferr eﬁ t haictibhemmre wm hlaee meemdﬂeu pmxdqn peoesties, e.gl IWﬂHbds'&H"—ﬂﬁEiSéxﬁh@ ahdS

a uni form honogeneous appearance, the length of tinme devoted to

kneadi ngt3t hecambge of beipg s cWhile agiheisame time,proyiding am pegeptable degree of

The wat g, Cogﬁs%gzé% on. Q?h{ CASS bR fﬁhﬁ& dﬁ&& %fHP_ilé”ﬂl rﬁgggﬁb e Oghfg%ythe

be 10 furt he sté exa I ng or

water. Vjsen rbicﬁéﬁmkaﬂe tdieb oﬁ hndédaﬁblsepmtsmnpmpmw&ed@ﬂhé otz thahditipthe OH
shape, adjusting the ampunt of water can facilitate 12 shaping the
react i onlémi ¥BifP.dnelapiratinds fqo IPWaFYMSfalwqth"Bél@éP‘i“aé‘hpport ing, i.e., the
shape wil] 13 not collapse or "nelt" due to an excess of water in the
reaction 'm xture. 14 Typi cal sources of silicon oxide (SiJerr])
include milicates, silicaDNDATED DESCRIFTIOANO THE INVENTIGNI silica,
fumed sili ca, tetraal Kyl orth05| I | cates silica hydroxides, precipitated
silica 1§ a8 NG THE INOMEX BURE umnumomde(Al[err]CIerr])

| nCl ude 2?)' uri nat eﬁle I%L&{Hn%xt@x%qrom which and in which the zeolite L is crystallized comprises

21  at least one active source of silica, at least one active source of alumina, and sufficient water
22 to form the zeolite L. This amount of water is considerably less than that required in

23 conventional processes for preparing zeolite L.

24 The amount of water required in the reaction mixture of the present invention is that
25 amount which is needed to adequately blend the mixture. Thus, a reaction mixture is
26 prepared by mixing water with active sources of the zeolite to form a uniform mass having
27  preferably a heavy paste-like consistency. The active sources will be in a form that can be
28  easily blended into a uniform mass, and may be, for example, powders, hydrated particles,
29  or concentrated aqueous solutions. Sufficient water is added to wet all the powders during
30 the mixing and kneading steps. Alternatively, sufficient water is added that the powders
31  may be kneaded into a uniform and generally homogeneous mixture that may be shaped. It

32 is not necessary that all of the active sources be readily soluble in water during kneading,
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hydr oxi de (AI(?O—|| err])), and kaolin 18 clays. One advantage of the present

i nvention is that the sources of silicon oxide and 19 al um num oxi de can
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19  aluminum oxide can all be non-zeolitic.

20 Salts, particularly alkali metal halides such as sodium chloride, can be added to or
21  formed in the reaction mixture. They are disclosed in the literature as aiding the

22  crystallization of zeolites while preventing silica occlusion in the lattice.

23 The reaction mixture also contains one or more active sources of potassium oxide.
24 Any potassium compound which is not detrimental to the crystallization process is suitable
25 here. Non-limiting examples include oxides, hydroxides, nitrates, sulfates, halogenides,
26  oxalates, citrates and acetates. The potassium is generally employed in an amount so that
27  the alkali metal/aluminum ratio is at least 1/1, preferably greater than 1/1. Mixtures of

28  potassium with one or more other alkali metals may also be used.

29 The reaction mixture should contain the following components in the amounts

30 indicated (expressed as mole ratios of oxides even though the actual starting materials may

31 not be oxides):
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19  forming the reaction mixture, it may be necessary to change the liquid content of the

20  reaction mixture, either by drying or by adding more liquid, in order to provide a formable
21  mass which retains its shape. In general, for most shaping methods, water will generally

22 comprise from about 20 percent to about 60 percent by weight, and preferably from about 30
23 percenf to about 50 percent by weight of the reaction mixture.

24 The reaction mixture is formed into a shape, e.g., particles. Methods for preparing
25  such shapes are well known in the art, and include, for example, extrusion, spray drying,

26  granulation, agglomerization and the like. When the shape is in the form of particles, they
27  are preferably of a size and shape desired for the ultimate catalyst, and may be in the form
28  of, for example, extrudates, cylinders, spheres, granules, agglomerates and prills. The

29 particles will generally have a cross sectional diameter between about 1/64 inch and about
30  1/2 inch, and preferably between about 1/32 inch and about 1/4 inch, i.e., the particles will
31  be of asize to be retained on a 1/64 inch, and preferably on a 1/32 inch screen and will pass

32  through a 1/2 inch, and 'preferab]y through a 1/4 inch screen.
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19  above. |

20 It is preferred that the total volatiles content of the reaction mixture during

21  crystallization be in the range of between about 20 wt.% and about 60 wt.% , and preferably
22  between about 30 wt.% and about 60 wt.%, based on the weight of the reaction mixture,

23 where the total volatiles content is the measure of total volatile liquid, including water, in
24  the reaction mixture. It is a feature of the present process that no additional liquid beyond
25  that required to produce the zeolite L is required for zeolite crystallization.

26 Crystallization of the zeolite takes place in the absence of an added extemnal liquid
27  phase, i.e., in the absence of a liquid phase separate from the reaction mixture. In general, it
28  is not detrimental to the present process if some liquid water is present in contact with the
29  reaction mixture during crystallization, and it can be expected that some water may be on
30 the surface of the reaction mixture during crystallization, or that some water may be

31  expelled from the reaction mixture and may collect on or near the reaction mixture as the

32 reaction progresses. However, it is an objective of the present invention to provide a
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st ep. 16 10ecrystallizetRiareraDnf WizhzeGtalliaity. In the present rdetbbi s the crystadlizedgnaterialy
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18  percent crystals. Crystallized material containing at least about 80 weight percent crystals,
19  and even at least about 90 weight percent crystals, may also be prepared using the present
20  method.

21 Once the zeolite crystals have formed, the crystals may be water-washed and then
22 dried, e.g., at 90°C. to 150°C. for from 8 to 24 hours. The drying step can be performed at
23  atmospheric or subatmospheric pressures.

24 SEED CRYSTALS

25 The zeolite made by the present process is crystallized within the reaction mixture
26 that comprises amorphous reagents. Crystalline material (i.e., “seed” crystals of zeolite L)
27 may be added to the mixture prior to the crystallization step, and methods for enhancing the
28  crystallization of zeolites by adding “seed” crystals are well known. However, the addition
29  of seed crystals is not a requirement of the present process. Indeed, it is an important feature
30  of the present process that the zeolite can be crystallized within the reaction mixture in the

31  absence of crystals added prior to the crystallization step.
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6 apphcatxons, crystallization conditions can be tailored to produce zeolite crystals with

7  diameters of less than 1.0 micron. The crystal size of the zeolite may be determined by, for
8 example, grinding the shaped particles to separate the individual crystals. High resolution
9 electron micrographs of the separated crystals can then be prepared, after which the average

10  size of individual zeolite crystals can be determined by reference to calibrated length

11 standards. An average crystal size may then be computed in various well-known ways,

12 including:

Z:;l(nix Li)‘

n

L
i=1

13 Number Average =

14  where n; is the number of zeolite crystals where minimum length falls within an interval L;.
15 For purposes of this invention, average crystal size will be defined as a number average. It
16  is important to note that for purposes of this invention, zeolite crystal size is distinguished
17 from what some manufacturers term “zeolite particle size,” the latter being the average size
18 of all particles, including both individual crystals and polycrystalline agglomerates, in the
19 as-produced zeolite powder.

20 Typically, the zeolite crystals are less than 10 microns in diameter as determined by
21 Scanning Electron Microscopy. Since small crystals are desirable for certain catalytic

22 applications, crystallization conditions can be tailored by, for example, reducing
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20 intimately admixed with the zeolite using standard methods known to the art. The metals

21  can also be occluded in the crystal lattice by having the desired metals present as ions in the

22 reaction mixture from which the zeolite is prepared.

23 Typical ion cxéhange techniques involve contacting the synthetic zeolite with a

24  solution containing a salt of the desired replacing cation or cations. Although a wide variety

25  of salts can be employed, chlorides and other halides, nitrates, and sulfates are particularly

26  preferred. Representative ion exchange techniques are disclosed in a wide variety of patents

27  including U.S. Patent Nos. 3,140,249; 3,140,251; and 3,140,253. Ion exchange can take

28  place either before or after the zeolite is calcined.

29 Following contact with the salt solution of the desired replacing cation, the zeolite is

30 typically washed with water and dried at temperatures ranging from 65°C. to about 315°C.

31  After washing, the zeolite can be calcined in air or inert gas at temperatures ranging from
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exchange can take 28 place either before or_after the zeolite is calcined.
29 Fol |l owi ng contact with the salt %51 ution of the desired

replacing cation, the zeolite is 30 typica she wat er and dried
at t enper ht uplant 2807 19 820 Emierpesiods e¥ 8{115 rg&%ﬁg oM gf%ﬂwl@.lrssgr KOfS 0 produce

Fangi ng' 17 onp caba &hvERrERebisBlay v e By hRhin A EopRrsi IRGEANL °F,
rangi ng fgom 1 toReBardis 6f therczaﬁmfsq;res*eﬁt Brthe spfthesized¥obrdloT it 2&alite, th@spdtidP
product especially useful in tgdrocar bon conversion processes.

3
Regar dl es4 ofrrasgement oﬂ.hs ajpmessthat form thebasia erysiaklatticg erfcshmmrht@ reanaingessentially

t he spati al an f th t rmt tti

of the 2l i fadanaef ERE kxcBingel e hay e, 1oAY, it 0bE iR aftice Rrishles.
has littlg, if ann‘hc%élﬁe&m?rbetdaecl Z@QE&t&l@st' ithoGeaditiol %I?rﬁngGLf the reactlonThe
- zeolite may be used as a cafal yst, wtholt additional formng, If the

reaction 7 mikturahas Hees fdroed ifitorarshapé thablsaof afsazpean'dshap@ desifedfos t}‘DGJIB.mElte

shape desired for the ulti te 8 .. cataly tlvel e zeolite can
be conposPt eGat@lyeh %ﬁmv équ zgplite cap, CQH'{I’OF’GC Wét é?thert"é‘ﬁﬁ’é&ét’?ﬁ‘%%n t4ndhe

ot her congit IS
Cechni qued. s (EfiferiRs 846 Bulef oONRH: ot IOV iR Rt CGRERGEN pHielids ukin

nat eri al 90i nedchdiqudsisuehtas spragdeying) @xtrusion,amidahe like. Soch mpanihataterialy include
natural ly occurri l_I%‘ézeolltes as we]l as 12 mor}ganl c materials such as
clays, silli cacthyrpnddnagtive materials ancksynthetie or patpralyQrcuping #eplitss aswelbaspy pe
in the fqrm I

of sili cg&anglzquﬁhé%daf13 OXI Eﬁ‘ﬁé %é%égﬁégﬁﬁgc Wgrx}%?e?:haellgﬁ%rﬁgé nj unc%ﬁt‘dmg’ or

W t h t he 18y ninhgitedn zaoforhef gblaﬁnousil;ﬁecipithes] adlsyi gels,tincludingInixeurespf siliea b
conversion and selectivity of the cataly in certain 16 organi c conversion
processed4 | meesalioxiderallse pham active %F%IBF y‘owén%%*ylta .tlp%)mt%ett%ze@bm i8h the

17 anount, of l I t d
cconom cd Ty CERBEE At ndh S BRRRE Eaveior A solfaRUHE of e IR cBHAIR
react i on.jgFr g dovesRAI processes! Edceive mferindy eanbsrablyseovepas! dilurgltsi toicontrol the
natural ly occurring clays, e.g., bentonite and kaolin. These 20 materials,

i e., cldfs, apounkef coayersionfiyaivenprosess prthat pragugtsicga bs obinedeconamigallyt |

because IR papisEeimfs B8 indiitoEahiofible BRSLBRIRNE" KichBNT8ble el
handl i ng. 19Thlhs.vé eéwan&@pm@aknﬁohauﬁmﬁbmm@mw B, mmiﬁreSanaacabhat Thass e

problens i n processing.
20 materials, i.e., clays, oxides, etc., function, in part, as binders for the catalyst. It is desirable

21  to provide a catalyst having good crush strength, because in petroleum refining the catalyst
22 s often subjected to rough handling. This tends to break the catalyst down into powders

23  that cause problems in processing.

24 Naturally occurring clays which can be composited with the synthetic zeolite of this
25 invention include the montmorillonite and kaolin families, which families include the

26  sub-bentonites and kaolins commonly known as Dixie, McNamee, Georgia and Florida

27  clays or others in which the main mineral constituent is halloysite, kaolinite, dickite, nacrite,
28  oranauxite. Fibrous clays such as sepiolite and attapulgite can also be used as supports.

29  Such clays can be used in the raw state as originally mined or can be initially subjected to

30 calcination, acid treatment or chemical modification.

31 In addition to the foregoing materials, the zeolite prepared by the present method can

32 be composited with porous matrix materials and mixtures of matrix materials such as silica,



24 Np(lt,yg,gygw occurring clays which can be conposited pETAUSsHEB268
synthetic zeolite of this 25 invention ingjqude the nontnorillonite-and
kaolin famlies, which famlies include the 26 sub-bentonites and kaolins

commonl y_known .as Di xi e _ FolE=RE=Ta] L Oaw: 27, o sin
whi ch thk n&uﬁmﬂﬁ"ﬁgﬂ?’ %‘%ﬁ%&?‘ﬁ%ﬁ gﬁ@’ﬁ*&?ﬂ‘%@?’?‘i%‘ﬁ%@@n‘?‘ﬁé’?‘ ya(?lisc cfl?ﬁec%}ﬁr’ _
nacri t e, 5 28 silicaBBAME, sBica Hiddia) titanid-sivcortaiaiiwel} as mphary compositiond suwhuk gi t

can al so be used as supports. 29 Such clays can be used in the raw state as
origi nal 3y silicedlusning-shorise siliga-aluming-zircosa.silice-alaming-magresiaandon, aci d
treatment or, chem cal. nodif.]cafi . . : l.Il.pn to the foregoing
mat eri al &, ﬁﬂﬁaﬂ%ﬂ‘ﬁ‘%‘zﬁf‘é‘ﬂér@@é %’9q)§éanpbreel§e&rlﬁ fc#&ﬁ%?@ﬁﬁ 32 be conposited
Wi th porgus natr ippe¥BbIRE icath 8ls6 BE compsbsitedSwith othie Zdotite¥auch adbyntistichand Matural

silica, -14- 1 alum na, titania, magnesia, silica-alumna, i
si | i ca- magnémijasites (@.g.c X-and riOoandseriasites.c Fhenenn also be compgsited Wiy gurely synthetic

211 ca- o unphalitespichas ke oE BEZSNE SSE XV SR s BRRR HhABRaBNEls 2°an
4 siliga %B&ﬂ‘é‘é{:ﬁ;@t&&é’éﬁrﬁposﬁ@&irﬂ%éﬁsﬁﬁﬁgd?ﬁchﬁnbbe formof a cogel. 5

The zeolite can als e conposited wth other zeolites such as synthetic
and natupal 6  fEhejzaclitegsepasedin thepmaeht processis uaefubin hyskkocarben canyersiinso be
conposited with purely synthetic 7 zeol i tes ,such .as .t hose. of the ZSM,.
S8 kU 0rUreaighn Midioribon Soyeriam reRtions Frorhegica Jag P Adic BReeRfe g ich
conposi tyed 'c&b%n%%ﬁﬁﬁn%&@?ﬂfﬂﬁﬂg afEBéHah%edt% different carfdlecariehina@oRipRBAdELd i n
the presént process 1S use I n hydroCarbon conversion 10 reactions.

Hy dr ocarjpon Exampdesuif diydroearbon conveasion cdaetivnsinckide acamaizatior opCoparefis ton

whi ch 11 carbon contai ning co ,'oungi: argpgh%%geg to di fferent., carbon h
cont ai nildg EEAPASERERZENE AN & ob s 19 {p BrdroparRons i BFrept Pz Q€ apEn Che
I ncl ude gro - | alfl;u-'g z
reform nlg 015% H’%’%ﬁggg%&tgrpﬁﬂahgﬁcar g%ﬁ?g%ﬂ@%@gﬁ%ﬁgﬁﬂgﬁ%ﬁ% The 14
zeol i t e Ban HEABEIY issaedAagst &, H78abBemard etalt,ang $1.S aBatentdd. dseH, 318, ($ss:d
Pat ent No. 15 4,104, 320, .issued August 1, 1978 to Bernard_et al., .and, U S.
Patent N6. dasay 1987 wdnsscus. hathfyhi h SirgR9OTPRratefoy Orence Hofgif i (fir
whi ch ar i%%?l{_eq?rat ed by reference herein in their 17 entirety. 18

1 .

EXAMPLE 150 Grans of silica (H-Sil 233, a hydrated silica
manuf actigre by PPG was pl aced EXAMPLE 1
19 150 Grams of silica (Hi-Sil 233, a hydrated silica manufacture by PPG) was placed

20  in a Baker-Perkins mixer. 40 Grams of NaAlO, was added to the mixer and the two were

21  mixed for about ten minutes. Then 75 grams of a 50% KOH aqueous solution was slowly
22 added to the mixer and mixing continued for about 3 hours. Deionized water (180 grams)

23 was then added slowly to the mixer to form a paste-like mixture. Heat (about 60-66°C.) was
24  applied to the mixture to dry it slightly and make it extrudable.

25 The mixture waé extruded through a 1/12-inch die and the extrudates divided into

26  four parts (A, B, C and D). Parts A and B contained 50% volatiles, and parts C and D were

27  air dried to 43% volatiles. Molar composition of the extrudates was as follows:

28 Si0x/Al,03 =10
29 (Na0 + K;0)/Si0, = 0.25
30 K,0/(Na;0 + K;0) =0.59
31 OH'/Si0; =0.29

32 The HO/Si0; ratio was 5.0 for parts A and B and 3.8 for parts C and D.



20 i.n a Bakgydbgédihns m xer. 40 Grams of NaAl(Jerr] .was addedpé&prukheodgs<er
and the two were m xed for about ten mnuyutes. Then 75 grans of a.50% KCH
agueous solution was slowy 22 added to the~m xer and mi xi ng conti nued for

bout 3 h : ioni zed t 1 3 th dd lowly to,th
sbout 'S hours. Coiop gedvat s L1 gLarml 25 s, ien adeer Ul LA
applied t0 tjg. i &k U5§er%£'};[ ath bbttR! Wi ehitd 3R dn MBKR1dvEe IR BSRRIned 13%¢ water

The m xture was extrude rough a 1/12-inch die and the extrudates divided
into 26 faouroyside the(boistles to Prevent ddyingRdithessaimplnsl wilen bratad despedially smbhh samples
and parts C and D were 27 air dried to 43%vol atil es. | ar conposition of
the ext r ddatiadasggautgelayen); ddhe engd of crystaAll?izg;qq, gi“?‘f Mg Fgﬂ ra?@‘e}ﬁc watgpoylgide

Na i = . . . A
(LoreT 6 O oo o Uolbithfdgrrofin ettt wes neeligib Tk BolB{cBhlaliihd parts 4 and
was 5.0 f@r Qaversthén asatedannID8. forffour dwsfandGhamdtties contairihg prts B and D wefech

of parts A B, C and oD was placed in its own one quart Teflon bottle with a
2 hol e 7 n heated280°C. forfoundaysbot t | e was seal ed in an aut ocl ave which

cont ai ned 1 C .er t.si t . i.ng.of

canp! es vhenTREEra sXpuefeh 48 Sebff ith defihidel WAk Hierd S8 14 yhdom gyen
the end of cayisbet|dventizith THeRRtradaes wetd drlalyea bl X 2adiffiadtin idldetdifhifed to
the bottles, so consu ion of this water was negligible. The bottles

cont ai ni My peontain geclitel Lovith ao athes crysadinecases. dhe penogpeernyptallinites, #ben days,

and the bottles coptai i afr. B.and D were 7 . ted at 150[err]C for
four day&! gCOmRfEe ‘Qs%mq‘yﬁﬁ&[&@u’d"é‘i’&&%é‘}ﬁeswgh‘é‘diﬂ%?? ﬁ dei oni zed wat er,
filteredjpdried in a vacuum oven 9 at 12Hiemr] C. overnight. The
extrudates were anal yzed by X-ray diffraction and determned to 10 contain

zeolite Bwith no other crBastalline phases. The per centPereept Caystallinity S6RD
when 11 conpared to a 100%Azeolite L reference, are shown i4|g Table 11. 12
Table 113 Par t Per cent
Crystal l ypity XRD 14 B A 55
45 15 B 55

16 C 30

17 D 70

18 EXAMPLE 2

19 150 Grams of Hi-Sil 233 was placed in a Baker-Perkins mixer. To this was added 30 grams
20 of NaAlO; and 7 grams of NaNOj and the resulting mixture was mixed for about 10

21  minutes. To this was slowly added 75 grams of a 50% aqueous solution of KOH and this
22 mixture was mixed for three hours. Then, 100 grams of de-ionized water was slowly added
23 to bring the mixture to a paste. The mixture was then heated at about 66°C to dry the

24  mixture back to an extrudable form. The mix was extruded through a 1/12-inch die. A

25  portion of the extrudate was air-dried to 46% volatiles. The molar composition of the

26  extrudate was as follows:

27 Si02/Al,03 = 13
28 (NayO + K,0)/Si0, = 0.24
29 K,0/ (Na,O + K,0) = 0.61
30 OH/Si0,=0.29

31 H,0/Si0,=4.2
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EXAMPLE 2 19 150 Grans of Hi-Sil 233 was pI aced in a Baker-Perkins mxer.

To this was added 2 A DGR 1 2R ctaVE and
resul ti ngl m xt ur eTaﬁlggﬁf({%gd goﬁ ac%@ﬁ\[ qléhéllpr@hﬂ%tgg@ o 5t ?ls was SPO\(I:\Aay an
added 75 gr afgaéd atd sﬁﬁe/cfmuﬁacuags aAd ditogenout ptéSkiranThe bkisudile wiax Waskedsih

m xed for three hours. Then 0 grans of de-ionized water s sl Q added

23 to br3 ngwates amumdm@pﬁdzwsmgqéwm%oﬁ splutioa. filkeredand Qé/&ﬂas iBdut
o0l err] C 40 ShdhubSuehhs 1269 1 R@ﬁgg%’as g%&gﬂ@ﬁ',&a{r%% T for YRS

extruded ¢hrd extrudate was
ai r-driedst OTﬂé Ytrand wh@ﬁaalyﬂes bS"X-?d diﬂ'fﬂéﬁﬁlh khdtgsioind foend Go earitaiadablitolass

as follows: Qerr]/AI[err]O[err] 13 28 (Na[err]O +
Klerr]0)/&i qrmron]lyzedhtephaza Kl err] 0/ (Na[err]O+ Klerr]0) = 0.61 30
O—VS|CIerr] 0.29 31 Herr]OSigerr]= 4.2 -16- 1 The

extrudate’was placed in a 1-quart Teflon bottle in a stainless steel

aut ocl ave and 2 heated at 150[err]C for four days and aut ogenous
pressure. The extrudate was washed with 3 water adjusted to pH 12 using
aqueous KCOH solution, filtered, and dried overnight in a 4 vacuum oven at
120[err]C. The extrudate was finally calcined in air at 593[err]C for six
hours. 5 The extrudate was anal yzed by X-ray diffraction anal ysis and
found to contain zeolite L as 6 the only zeolite phase. 7 -17- 1 WHAT
IS CLAMED | S:



2 1. " Awblbeshigor preparing crystalline zeolite L, said rea¥iosbs/10268

conprising: 3 (A) preparing a se{f supporting reaction mxture
conprising at | east one active 4 source of silica, at |east one
active sourc a source of hydroxide in 5 anount.s
sufficient tWB%@@@H?‘S?% L, and sufficient water to produce zeolite L,
6 wher ei nAthanbe asgrephriNk ehysiAlileseotite O kai Glettidd cotprading:at i 0 of
fromo0.2 %o 8 ‘ﬂ p Iﬁgi’%)i heat i ng saldreactlodrilmmxture at a

tenperatue fr om ab(AI)t pSPhrng 3 &1f-supprrting redction mixtur@OWnprisipgLat lgasi one active
crystallization conditi n the absence added exter

liquid pHhse for S¢S %ﬁoﬁgﬁqa' f‘ﬁdlﬁ%SttoBe]a‘é‘FYﬁ %%‘f@u@.} 13 Fo8TGE or}?@fdﬂmde’f.
The met hod accordjpgyi s.@qaem o qx‘aaﬁ@e Reofifd U, drRAGEHiABntWatb HoSrB@eeolite L,
water/silica 12 io during crystallization of no greater

than aboug 6. 13 Wdereih the reatkien nmxt\nrd han‘ arODH /8iQ, wiodargatio ebifrdny @2 ¢d OAn and

m xture during crystallizatiqn has wat er / |I|rag dg:r t|o
bet ween about 2 and(}%m;gnssalggeafyonplxture %teﬁmeﬁqmr 8 P‘h& @

wherein said r eac&b% %ééﬁgrfstﬁﬁ%ﬁ&ecgtnatidﬁ ﬁ&l the rzﬁbSTnce o]f TR'aBled extemal

conposi tidn ranges err err
- 20 20 o liquid phwe[fennmchhmertb@fzﬁc@[sQnsr ¢f zeolite LO. 15 - 0.45 21
K[err]O’(Na[err]O+ Klerr]O = 0.3 - 1.0 22 OH Siderr]
= 0.2 100.4 23 H[err]O’S|Qerr] 2- 6 24 25
5. met,hod aec r
L e ok i, R R R R T
Sierr] /14\1[ er r | Ohfldrlratio during crystallﬁauéﬁoﬂno greater than about 6Na[ err] O +
K[err]O)/S|Qerr] = 0.20 - 0.40 3 Klerr]O (Na[err] O +
Klerr]O 13= 0.4-1.0

14 3 The method of Claim 2 wherein said reaction mixture during crystallization has a

15 water/silica molar ratio between about 2 and about 5.

16

17 4. The method according to Claim 1 wherein said reaction mixture has the following

18 molar composition ranges:

19 Si0,/ALO; = 5-20

20 (Na,O + K;0)/Si0, =  0.15-045

2 KO0 +K0) = 03-10 ) ) )

22 OH /Si0, = 02-04

23 H,0/Si0, = 2-6

24

25 5. . The method according to Claim 4 wherein said reaction mixture has the following

26 molar composition ranges:
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Herr]O SiJerr] =3-5617 6.18- The met hod according to
Claim1 wherein the silica/alumna nole ratio is from38 about 5 to
about 10..9 10 7. od according _t4@ Claim6 wherein the )
silicalal ll,lm na nol e ra;Fﬁ;j@U#rom 11 g 1gabout 5.5 to about 7. 12 13

8. Theamet hod accor ¢Na® +&,0)/8i03 1 =21he020n 40 d reaction mi xture further
conprises at 14 | east one active squrce of a Goup VIII netal. 15 16
9. The3met hod accor &R¥MNaOd B 8 =vhePdinl-Qai d Group VITI wetar—s——

selected from 17 I num pal] adipwa a conbi nat i
19 10. “*The method a&%ﬂﬂﬁb to Claim 1bilzr?eg‘ign the sili caﬂ”ﬂﬂmugimmgﬂ,m
ratio in ghe zeolite 2M,0/8i0, L product 3i- from about 5 to about «. *
11. The met hod according to Caim1 wherein the silicafalumna nole ratio
in the zeblite 23 - L product is fromabout 5.5 to about 7.0. 24
12. The_met hod cordi ng to Clalm,l wher,ein the.reaction m xtur.e.i
ext rudabl & i 25 116 Tethot pe o Tidind f Sirdin Wi Bbimbl Slt 43 i from
met hod fog preparigggutoy tvebaht 100e zeolite L, said nmethod conprising: 28
(A) preparing a self-supporting reaction m xture conprising at |east one
active 299 source of silica, at |east one active source of alum na
and a source of hydroxide,in 3 . camounts suf.ficient to.praduc
zeol i te U0 add suflieanehiod sspicing 1o Qi § Wherein fhe slica/alumina mold ratio 5 froy
t he reactjjon m xt Lﬁg,gumﬁ@gbog-b}_& Jerr] nolar ratio of fromO0.20 to 0. 40;

(B) ) .

32 ormng said reaction mxture into a shape; and
12 :
13 8. The method according to Claim 1 wherein said reaction mixture further comprises at
14 least one active source of 2 Group VIII metal.
15
16 9. The method according to Claim 8 wherein said Group VIII metal is selected from
17 platinum, palladium and a combination thereof.
18

19 10.  The method according to Claim 1 wherein the silica/alumina mole ratio in the zeolite

20 L product is from about 5 to about 7.

21

22 11.  The method according to Claim 1 wherein the silica/alumina mole ratio in the zeolite
23 L product is from about 5.5 to about 7.0.

24 12,  The method according to Claim 1. wherein the reaction mixture is extrudable and

25 capable of retaining a shape.

26

27 13. A method for preparing crystalline zeolite L, said method comprising:

28 (A) preparing a self-supporting reaction mixture comprising at least one active
29 source of silica, at least one active source of alumina and a source of hydroxide in
30 amounts sufficient to produce zeolite L, and sufficient water to shape said mixture,
31 wherein the reaction mixture has an OH/SiO, molar ratio of from 0.20 to 0.40:

32 (B) forming said reaction mixture into a shape; and



8 -19- (C) hefdokgerai d reaction mxture at a terrperature of akOTUSSNAG268 O
about 200[ err] C. .under crystalli z8t lon conditions and in the
absence of an added external 3 | i quird phase for sufficient tinme to

formcrystals of ze .4, 14 3
wherei n- dai d reacti g¢| rL'i'Fﬁtl i‘&?%‘w{%ﬁ%ﬁ ﬁ%g%l%ﬁﬁg Pébr}’%r‘r%ﬁ (St?ggb&t
during cpystalli zgjge@Nuiier BRs@IBALBH cohdifiofdatid inGhe dbsence dfoan adde@xiEridiod
of Claim 14 wherein sald reaction mxture during crystallization has a 9
wat er / si 13i ca nol diquidphaseifet sufficienttime tofoamerystalgof geolitglil 16,  The
met hod according to Caim 13 wherein said reaction m xture has the

fol | ow né 12 nol ar conposition ranges: 13

Sigqerr] a'zf ] A-pid 1113th8d fgcord%ng to (ﬁalmzpj Wherein said reaction mikt¥pd Bds'd Qat‘e‘r/sxhca

K[err] O err] Klerr]Q (Na[err]O

Klerr] O 6 = 0. 3molat rdliolduring crystalhzauon of Qi e wthei about 6. = 0. 2 ]
0.4 17 Herr]O SiJerr] = 2-6 18 19 17. The
met hod adcording to Caim 16 wherein said reaction nmixture has the
fol |l ow ng 20 r | thQn e . . 2otion h
S Qlerr] /%Al[g - mFBJoa of CIAHPE4 %@f&r&g&ﬁgge%cugr}nuxmre dunng(%zfta]hzftgn asa

K[err] O /eSi ( er r]water/sﬂx@a Rfblar rétiéBetdiden about 2 and about X[ err] O (Na[ er r] O +
Klerr]0) = 0.4 - 1.0 24 OH Siderr] = .25 -
0.4 25 10 Herr]Q Sigerr] = 3 - 526 27 The

1 .
26 0 LD e et HE i T Sl sl e %@%@f%ﬂ%égt“ SR

18 whereixn the Slinb%/cah@&xﬂanmiges.r atiois from

13 _ Si0,./ALO; = 5-20

14 (N2;0 + K,0)/Si0; =  0.15-045 H"~X
15 K,0/(Na,0 +K;0) = 03-10 [m I

’ oo = 0204 W 0 2 o
17 H,0/SiO, = 2-6

18

19 17. The method according to Claim 16 wherein said reaction mixture has the following

. 20 molar composition ranges:
21 ' Si0y/AL03 = 5-15
2 (Na;O + K;0)/8i0, =  0.20-0.40
23 K,0/(Na,0+K;0) = 04-10
24 OH/Si0, = 025-04
25 H,0/Si0; = 3-5
26

27 18.  The method according to Claim 13 wherein the silica/alumina mole ratio is from
28 about 5 to about 10.

29 '

30 19.  The method according to Claim 18 wherein the silica/alumina mole ratio is from
31 about 5.5 to about 7.

32



31 alvpe9/s9917 to about 7. 32 -20- 1 20. The met IRaI/USI8002E8Ng
to Claim13 wherein said reaction mxture fyrther conprises 2 - at
| east one active source of a Goup VIIl netal. 3 4 21. The net hod

1
according,to ai rekaasais : ekal i : r :
pl ati n:ngl pa?&ad: t;ﬂlmgglr? ;ﬁaggdrlr-‘glﬁ%gtg icﬁ\lﬁfﬁjeyé%#}'{%@kahgf %g@h&éﬂlrrr{é‘f ﬁg&dﬁ pnises
accordi ngato C ai m léakst oheactive sbinee sfiaGrdup VIB hadtdli ne zeolite is a 8

spherical or cylindrical particle having a cross sectional dianeter between
about 1/6% 9 inch and about 1/2 inch. 10 11 23. The net hod

according,to,¢l ai r.el Y } [,S 1

spheri cal 4or 2(i::'lyl i ;Qi%l?nga ﬁggéé}%:to?;%ﬁﬁ%b g'hé%?)rggs&%g%?‘ﬁiﬂ?:‘%@&%?%@%%frﬁg’en
about 1/32 13  platinif¢paldiinfbed/d cdrhbinktiéithereodi ameter. 14 15 24, The
met-hod according to Caim13 wherein the silica/alumna nole ratio in the

16 6 zeolite L product is fromabout 5 to about 7. 17 18 25. The

met hod acgor di,ng Claim1l3 erein the,silicalal umn l.e rati.o Ln the
To 07 A0 a1, aRe mefhel sbportd BB i £ Berei o sifpsiferitying Beoifegs’a T
met hod acgor di ng §ghecal dPcfiindal ﬁéxﬁclbhﬁvfn?%rbé%%e@ﬁdﬁa’l’H&rﬁe‘iexed&&é@?ﬁo‘ﬁt pied
21 capabl e of retaining a shape. 2Z 23 _

9 inch and about 1/2 inch. '

10

11 23.  The method according to Claim 22 wherein the shaped crystalline zeolite is a

12 spherical or cylindrical particle having a cross sectional diameter between about 1/32
13 inch and about 1/4 inch in diameter.
14

15 24. The method according to Claim 13 wherein the silica/alumina mole ratio in the
16 zeolite L product is from about 5 to about 7.

17

18 25.  The method according to Claim 13 wherein the silica/alumina mole ratio in the

19 zeolite L product is from about 5.5 to about 7.0.

20 26.  The method according to Claim 13 wherein the reaction mixture is extrudable and
21 capable of retaining a shape.

22
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