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alum nosilicate zeolite in preforrred body by providing an 26 unr eact ed
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21  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., 18
23  hours, followed by heating 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 2 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 HO/Na,O mole ratio of at least 20. It is stated that Y zeolite can be made in
30  this manner.

3] - U.S. Patent No. 3,777,006, issued December 4, 1973 to Rundell et al., discloses a

32  process for preparing zeolitic bodies having a size in excess of 200 microns, by preparing clay
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t he preducicnatdineefinosilicate sbofitelffor? @ réittibh AktuROcdntanii@ balkyisaficiint Water so
silica-containing 26 product in the presence of at |east one organic or
i nor gadBc shatdhe reactign mixtuys 2@y be shaped if desired. In the method, the reaction mixture is
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It is a further object of the invention to provide a nmethod for preparing
cryst alli ne GB 2,160,517 A, published December 24, 1985, relates to a preformed synthetic

22  zeolite selected from the group consisting of Y, omega zeolite, offretite, erionite, L zeolite
23 and ferrierite whose Si/Al atomic ratio ranges from 1.5 to 100, the preformed zeolite being
24  obtained from a preformed aluminosilicic material whose Si/Al atomic ratio is lower than

25  that of the product and ranges from 0.5 to 90 by treating the material with a silica-containing

26  product in the presence of at least one organic or inorganic base.



5 Y zeolite while m nimzing aqueous waste. 6 It is a further
obj ect of the invention to provide a nethod for preparing Y zeolite in 7
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PCT/ US97162997 1 Thuscismaenrdange aithshe presentanventionithere inprovided axmthod for. to

about 75[,err] C. _i.n the, absepce .of an added 2 .external |iquid phase. 3
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Thus, t hd9r eaeolitemsouroetafiabining inl amduntssuffinient 49 pradiee Yereelite, and sufficient water to

20  produce Y zeolite, and maintaining said reaction mixture at a temperature of up to about

21  130°C. under crystallization conditions and in the absence of an added external liquid phase

22 for sufficient time to form crystals of Y zeolite.

23 The present invention also provides a method for preparing crystalline Y zeolite, said

24 method comprising preparing a reaction mixture comprising at least one active, non-zeolitic

25 . source of silica and af least one active, non-zeolitic source of alumina in amounts sufficient to

26  produce Y zeolite, and sufficient water to shape said mixture, forming said reaction mixture

27  into a shape; and maintaining said reaction mixture at a temperature of up to about 130°C.
28 under crystallization conditions and in the absence of an added external liquid phase for

29 sufficient time to form crystals of Y zeolite, -

30 In a preferred embodiment, the present invention also provides a method for

31  preparing Y zeolite which includes an aging step prior to the crystallization step. The aging
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PCT/US [ 12997 l.Lum na, and sufficient water fo form Y .zeolite. This
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22 once the reaction mixture is formed into the desired shape containing the desired amount of
23 water, the resulting shape is self-supporting.
24 Among other factors, the present invention is based on the discovery of a method for
25  crystallizing Y zeolite from a reaction mixture which daes not contain an organic template
26  capable of producing Y zeolite and which contains only enough water to form the Y zeolite.

27  Further, the Y zeolite prepared by the above described method is made as very small

28 crystallites. _

29 DETAILED DESCRIPTION OF THE INVENTION

30 PREPARING THE REACTION MIXTURE

31 The reaction mixture from which and in which the Y zeolite is crystallized comprises

32 at least one active, non-zeolitic source of silica, at least one active, non-zeolitic source of



6 preferably a heavy paste-like consistency. The active sources wll be
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non-zeolitic sources of silicon oxide (Sigerr]) include siljcates, silica
hydr ogel 13 26ampuntcyivater added depesrsion theimixing apparawg asd jop die active senrcesgmployed.

ol 7T A B4 0055 B B e it
alum nates, af} 'id‘?eluﬁaﬂ' t@btbﬁkﬂ}'ﬂﬁ:@&&iﬁ@%\ﬁ%gﬂﬂﬂe 2éolifs. Grdredxainple, hydrated
Alferr](SOerr])[err], alumnum 29 hydroxide (A (OHerr])), and kaolin
clays. Ole asourpescafdhe tedliteempy eaquire rélativelytlessiwdter, andidrigdspuscesdeayrrequireof

T/ Uo7 P4 o6 G ot LR € el shas R0 i e it apElpRute il me,
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They are disclosed in the |iterature as aiding the 3 crystallization of
zeol i t es19hi imixtpresis @ot coitipakinithe present invention.i n the lattice. 4 The
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-process is sui't ere. exanpl es 7 e Ooxi ,
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aCe1al€Sn3  the reaction mixture and ensure that it will be self-supporting, i.c., the shape will not collapse

24  or "melt" due to an excess of water in the reaction mixture..

25 Typical non-zeolitic sources of silicon oxide (Si0,) include silicates, silica hydrogel,
26  silicic acid, colloidal silica, fumed silica, tetraalkyl orthosilicates silica hydroxides,

27  precipitated silica and clays. Typical non-zeolitic sources of aluminum oxide (Al,Os) include
28  aluminates, alumina, and aluminum compounds such as AlICl;, Aly(804),, aluminum

| 29  hydroxide (Al{OH;)), and kaolih clays. One advantage of the présent invention is that the

30 sources of silicon oxide and aluminum oxide are all non-zeolitic.



8 The alkali netal is generally enployed in an anount so that the al kali
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subst an®i alatyeaskl/d, preferably,greateethandlly to form 26 the zeolite. 27 FORM NG

THE SHARES 28 . t ' ' t he
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cryst alili zahdieited (@presbétdsahivle FRiby oF bgided\even Whdiph thé stBftingefdtertd) mayTioEB6 an
required to prepare catalytic materials containing the resulting zeolite.
Prior tl@ fomidaly 31 the reaction mixture, it nay be necessary to change
the liqu d content of the reaction m xtur 32 ei the drying or by

addi ng l:sre liquid, in order to provid eglrmable_masgrj&ﬁ:?tiu retains WO
98/ 0449 Si0./ALO, = 4-1 4.5.-@WT/US97/ 12997 1
its shape. In general, for nost shaping nmethods, water will generally

conpri from about 20 M7/SiQercent =t o Mbut-260 percent ®¢-wed ght, and

pref er y from about 3 .eent to abauj 3 per cen y i ght of the
reacti gﬁ m xture. 4 BHp%@F\e reacti g}# n?gt ure is for%g'f)\r{fo a shape,
e.g., perticles. Methodg,dMioprepasi ngia ¢ such shapes arg well known in

the art, and include, for exanple, extrusion, spray drying, 6
gr anul at§ onwhergip Miisranadialionetalisatiome |  ke. \When the shape is in the form of

particlgs, they I ref of.a size and .shapne desired.fqgr,the
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20

organic compound which serves as a template to form the zeolite (typically called an “organic

21  template”). In fact, the reaction mixtures used in this invention are organic template-free. As
22 used herein, the term “organic template-free” means that the reaction mixture contains either

23 no, or very small amounts of an organic template which is capable of forming the zeolite. Ifa
24  small amount of a compound which can serve as an organic template for the zeolite is present

25  inthe reaction mixture, it should be in an amount substantially less than that required to form

26  the zeolite.
27 FORMING THE SHAPES )
28 One advantage of the present invention is that the reaction mixture may be formed

29 into a desired shape before the crystallization step, thereby reducing the number of process
30  steps required to prepare catalytic materials containing the resulting zeolite. Prior to forming
31  the reaction mixture, it may be necessary to change the liquid content of the reaction mixture,

32  either by drying or by adding more liquid, in order to provide a formable mass which retains



8 for exanple,'extrudates, cylinders, spheres, granules, agglonerates and
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bet ween abowo okfoadoei nch and about 1/2 inch, 10 and pref er ablpCTmsora2997
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chem cal. . nodi fi cat.i opn. M.cr.acrystalli.ne cell e has al so, been fqQund . to
ooy o 11 o to be Fétiinelon 3184 60 304 pierBRbly b SL57 frech aereamand wilkadss Seoszh 3
CRYSTALhb ZAT / £ lﬁﬁﬁ’g b )resent process, the zeolite is
crystall ?zeéléeql}{tc ’earnd\ﬁnt"ﬁfalr} t he Fgagﬁ%%h%%%ﬂpm xture or within the shape
made frdf the rediHeishapeprepatediromthetrdabiion mbdare willconinmsuffidient wakét to retaint e

m xture from which the é{(f,ql ite is crystallized has the nplar conposition,
ranges dftat dgsiny shapg, ofdditional water is ndt requiced i dhespixiye imerder todnitigiegr maintain

vol ati | C AR ' ' E@H{Mr [ 2; ¢ ' [ I n
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I bet ween about K 30. Wt . % and ,about 60 wt.%_ based qn the weight of th
react i ot Xtqmventional mejhadsfor deyingwel solids gan beused 59 05Hhe FeaChipR MIEHES, A4 e
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5 Crystallization of the zeolite takes place in the absence of an
added exPer nal | iNaterallp occusrieg elays, e&., bentenite,kaghin anersmerillenite, sgpiclitpaed e

2P o 91T ehsf SREh0uit o OB i RBERARELS T2
22 crystallization to provide a product having good crush strength. Such clays can be used in
23 the raw state as originally mined or can be initially subjected to calcination, acid treatment or
24  chemical modification. Microcrystalline cellulose has also been found to improve the
25  physical properties of the particles.
26 ZEOLITE CRYSTALLIZATION _
27 According to the present process, the zeolite is crystallized either within the reaction
28  mixture or within the shape made from the reaction mixture. In either case, the bomposition
29  ofthe mixture from which the zeolite is crystallized has the molar composition ranges stated
30 above.
31 It is preferred that the total volatiles content of the reaction mixture during

32  crystallization be in the range of between about 20 wt.% and about 60 wt.% , and preferably
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m xture a ﬁ&@“?gl | ect on or near the reacg-s on m xture as ? %é@?%n 11
progresses. However, it is an objective of the present invention to provide

a et hog Ofpefween abbiE3CIt YZAndhbbiESI D4, bRsddrontie Weikht'aF it Tedctioliniikttkrg e t he
anount of water which nust be 13 treated and/ or discarded foll ow ng

cryst al i zawheseithetotal velatilenienntentds the measure gEtata yolatile liqnid, incjuding wates] inthe

t hesi t hod whj ch ' ddi tional water for.. tallizat]
beyond 4 18ectonature I8 amire oFthe pirsedt Hotest faking addiipnal igmd pegcnd that,
16 4 (‘éﬁﬁfédtth?rétﬁi%ﬁ theOV ZBblitk i requlAel O£ SeblitdéryRalllizationl S Preferably

"aged" before the 17 Y zeolite is crystallized. "This aging is
acconpl Sshed by Grystatlizationof thézeolitestakescplaceiin therabserice of 48 addededxiernaldiquid ow

15T e TRFS LBy B ebuBRS of SN DRSE SHRoHE BOT G THACoh MUt O Brgere,
pl aci ng 7t h&s Hhxddififehtal 0 tﬁ@grese_:liﬁ gi‘d’o@ss‘?x?.‘sﬁrﬂé lgtﬁ[id %Eu{?sr presdP i Chtact with

smal | anmount of water vapor hts, the reaction m xture 1's mal ntained
at rooms8t eneectinumiztuve daring ¢rystallizationgingrit carhecexpected thal ygane atater mdytte diithe
tenperature af whjich the m xture is aged will be fromabout 25[err]C. to
about 70 erfupe ,O%Sfﬁﬁcﬂﬂme d“PF&ﬁ&iﬁH@P“%Pémaf@mF&'%dﬂﬁym Hedc

F :
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t enper atiur esufiigient pmouptefliquid requized taforme zeglite.nat the reaction nixture
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o mog Torhe: +ommORErS Sacbr ARMLE MRkE Afifedt 1o pRUEHT Hpgl bRRRL U 27 |
98/ 044987 Y zeolite is crystallized. This aging is accomglished by maintaining]the reaction mixture at a
PCT/ US97/ 12997 1 are typically maintained from about /0[err]C to, about

130[ er r 1% |, relativelydewy temparatire{sompared te the) arystallization tempasaturg)omder qonditions t he

tal {4 ' . t ' hi gh,. | & Wi ll. 3
i c; 9 * bRy B EPRER daadion Ok rion BBl ety el WE Iittein e
condi tipms ¥éaledtontainer RAGUESpoSAR A6 Alsivall aftiouRt of Witer vapoe). I 'Thus/Mh¥réction Thi s
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crystal bf zat oo LI CRd he hidere i RS Hotn Mok 25401 §3bbike JPRIrldeaBly
23  from about 25°C. to about 50°C. This temperature should be maintained for a time sufficient

a

24 to provide crystalline Y zeolite following the crystallization step. 1t is believed it is within the
25 - skill of one skilled in this art to readily determine the length of this aging step without undue
26  experimentation. In general, the aging should be continued long enough to allow Y zeolite
27  nuclei to begin to form in the reaction mixture. Typically, though, the aging step will be at
28  least 24 hours, preferably 2 days or ionger, with longer aging times leading to a more

29  crystalline product. |

30 Crystallization is conducted after the aging step at an elevated temperature and

31  usually in an autoclave so that the reaction mixture is subject to autogenous pressure until the

32  crystals of zeolite are formed. The temperatures during the hydrothermal crystallization step
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DESCRI PTI ON OF Y ZEOLI TE 27 Y zeolite is disclosed in U S. Patent
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given in Table | below. In Table 1, d is the distance et ween
lattice ¥ anmsthodnd I/1[err] is the ratio, expressed in percent, of the

i nt It f 2 ' | i I t I nt I t f 1 t, ]
e (1B )) o ey Feife coRaidideramed, e FivBRD mi Gy el oo and ok °
PCT/ US9 6129 ed] e.g., 't DO°C./tb 15670, O Béth 810! 2aHdui) - TH dr§igsEed caflibRipRB AR

well as relative intensities may be subject to 2 snmal " vari ations
accor di ng t catmosphericdu subatmaspherc preSsures. vari ati ons do not indicate a change

3 of stJruc re.due to the replacenent of certain cations or to a
devi ati o | n—ﬁﬁMﬁiﬁca/al umna ratio. 5

I’S‘SL El @ (A The zeolite made by the present process is crystdlliZed&ittin ik réSction mixture,
20  which comprises amorphous reagents. Crystalline material (i.e., “seed” crystals of Y zeolite)
21  may be added to the mixture prior to the crystallization step, and methods for enhancing the
22 crystallization of zeolites by adding “seed” crystals are well known. However, the addition
23 of seed crystals is not a requirement of the present process. Indeed, it is an important feature
24  of'the present process that the zeolite can be crystallized within the reaction mixture in the
25  absence of crystals added prior to the crystallization step.

26 DESCRIPTION OF Y ZEOLITE

27 Y zeolite is disclosed in U.S. Patent No. 3,130,007, which is incorporated herein by
28  reference in its entirety. Y zeolite is characterized by a lattice of 3-dimensional channels

29  whose opening is about 8 A (8.10"° m). Itis generally, but not necessarily, obtained in the
30  sodium form. Its X-ray diffraction is given in Table 1 below. In Table 1, d is the distance
_31 between two lattice planes, and I/l, is the ratio, expressed in percent, of the intensity of any

32  pgiven line (I) to the intensity of the most intense line (I,). The only lines considered are those



7.46 24 5. 68

44 4.76 ' 23 4.38

35 3.91 12 3. 77

47 3,31 \WO9I044 o 1037 302 PCT/US97112997

16 2.92 21 2.86 _
48 2- 7 71 with I/I, greater than 10. Of course, distances as “%ﬂ aB réldtive intensities may be subject to

The Y zeolite

pr oduce%l bymﬂh@armt@s%mwrm%mfle pradpet anglyzed. h§%°hava§lﬁt19¥§eﬁ°a!m indicatera change
T
;?It : ga?ial um %5& cﬂ?ﬂ% bgF %@rﬁfe% ﬂ% rXpl%%?gﬁ%ﬁ} 8‘?’?{? e c;%d%éa%(?@t‘gﬁ% ned from

a correfat smaa/mﬁﬁnatﬁﬁoumt cell constant as 9 cal cul ated from X-ray
diffraction analysis (see Sohn et al., Zeolites, 6, 225 (1986)). 10

ZEOL| TESCRYSTALLI TE SI ZE 11 TyRABLEY the zeolite crystals are
| ess-than 10 m crons |n neter as determ ned by 12 anni ng El ectron
M croscopy. Since snal I stals are desirable for cert®s®n catalytic 13

~applications, crystallijggpon conditions can be tailoreggo produce zeolite
crystals with 14 dianeters of less than 1.0 micron. The crystal size of -
the zeolite may be deterhdhed by, for 15 exanpl e, gri B4i ng the shaped
particles to separate t@f | ndi vi dual crystals. High resglutlon 16 i
el ectron m crographs of f separated crystals can then fe prepared, after
which the average 17 sigggof individual zeolite crystahg can be determ ned
by reference to calibrated | ength WO 98/ 04499
-11- 43T/ US97/ 12997 1 standards. 86 average crysta
size may then be conmputed jn various well-known ways, 2 i ncl udi ng: 3
Nunber Average= [err] 439eren[ar]|sthenmmerof@emitecrwnMS
where mnimumlength fal4gqwithin an interval L[err]. 549 For purposes of
this invention, average crystal size will be defined as a nunber average.
It is 6 i nportant to nhBe that for purposes of this iB%ention, zeolite
crystal size is distinguished from?7 what sonme manufacturers term
"zeolite particle si ze, "3PRe latter bei ng the average silbe of al

2.92 21
2.86 48
277 20
2.64 .19
2.59 | 11

The Y zeolite produced by the present invention typically has a silica/alumina mole
ratio of less than 6, preferably from about 4.5 to about 5.0. The silica/alumina mole ratio of
the product zeolite can be determined from a correlation with the unit cell constant as
calculated from X-ray diffraction analysis (see Sohn et al., Zeolites, 6, 225 (1986)).

10 ZEOLITE CRYSTALLITE SIZE

O W ~3 O

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

13 applications, crystallization mnﬂiﬁom can be tailored to produce zeolite crystals with

14  diameters of less than 1.0 micron. The crystal-size of the zeolite may be determined by, for
15  example, grinding the shaped particles to separate the individual crystals. High resolution
16  electron micrographs of the separated crystals can then be prepared, after which the average
17  size of individual zeolite crystals can be determined by reference to calibrated length
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the water content of the reaction m xture or the shaped particles prior to
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than 1.0 3ricron. 16 ZEOL| TE PNuhb A crystallized
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silica which is not incorporated 20 in the zeolite structure. This excess
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silicalalymna mol e rati.no. These nmet hods may al so include the use of

(NH err]) erP"j'qud[“E#wa&W ‘c 26 ion-exchange resin treatment. The

zeolite ggn al so h??ﬁmﬁﬂ%wﬁ&%m?d&%ﬁhﬁmhic} ih Bﬁn?e?erastfageeahmehwe

|attice to attack om-acids. The zeolite can be used In intina

conbi nat 1bn Scarnir@ElecthyniMixgescapy.n§ince spalhenystals aseidésirable fonzestasncatalyticadi um
nmol ybden rhenium nickel,.29 .cobalt, chrom um_nmanganese, or a noble
metal . ohih AEPliGaNOs,FRyAZtn.AoRERRS Fasibe AT B for SERPRIGIEAUHRE  n whi ch
a hydrogenat | ' : X j ' ; Mo :

o8/ 04499?3“ CRRfallZalivienipenaire Oy ihtrdadind DunfnfE St & in {Ré%}f&%g % 78}1?-./ o1 8¥
1 r epl i¢i ngeduaing sheswaten comentwf chemehetionanixtura or the. shapedrparticlespridr,toG oup

| A, Goup Il A angd. G.oup 2 VIIl netals, as well as their mxtures. O the
repl aci ngs me CEystaflization, itg, HEO,dUE%F*F%‘FFscha]ﬁé’{lﬁ! fﬁflaeterssmfé%sa'sanrlaﬁ) SUERR: h, M,

70 .

Ca, M, , %OgggﬁST@i@“L@ Ti, Al, Sn, Fe and Co are 4

particul arly . he hydrogen, ammoni um and net al
conmponenl® can be Acoryitaligestimatetial dontairingtrystals of zeolitéis prepred i the pradessasbe
I mpr egnat ed or, the netals can, bgophysi cally 7

inti mately a ﬁ%cf%'bteé] %t{% ?flrhé 260l18¢ pancbeuserl gs ynthpsized o EaHeR oAl oAt he
1L oSt i, hsor i B ARl 7B e b et
the zeol poe hbtherzesite 8fhucture. This excess silica can be removed by washing with dilute acid (e.g.,
| 21  0.2M HNO;) or dilute base {(e.g., 0.0IM NH,OH). This washing should be done prior to
22  thermal treatment of the zeolite. Usually it is desirable to remove the alkali metal cation by
23  ion exchange and replace it with hydrogen, ammonium, or any desired metal ion. The zeolite
24  can be leached with chelating agents, e.g., EDTA or dilute acid solutions, to increase the
25  silica/alumina mole ratio. These methods may also include the use of (NH,),SiF;s or acidic
26  ion-exchange resin treatment. The zeolite can also be steamed; steaming helps stabilize the
27  crystalline lattice to attack from acids. The zeolite can be used in intimate combination with
28  hydrogenating components, such as tungsten, vanadium, molybdenum, rhenium, nickel,
: 29  cobalt, chromium, manganese, or a noble metal, such as palladium or platinum, for those
30  applications in which a hydrogenation/ dehydrogenation function is desired. Typical
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These pat eqicataytichllytactive prodatEespecidlty i8I indiyBrocafbell coh@isioh Brdtédes. as

bi nders for the catalyst. It Iis " desirable to provide a 8 catal yst having
good cRlsh streRggardidseofths eationspeesent in the syathesizedformef thet zeolits, thesspafialen

22 arrangement of the atoms which form the basic crystal lattice of the zeolite remains

23  essentially unchanged. The exchange of cations has little, if any, effect on the zeolite lattice
24  structures. |

25 The zeolite may be used as a catalyst, without additional forming, if the reaction

26  mixture has been formed into a shape which is of a size and shape desired for the ultimate

27  catalyst. Alternatively, the zeolite can be composited with other materials resistant to the

28  temperatures and other conditions employed in organic conversion processes, using

29  techniques such as spray drying, extrusion, and the like. Such matrix materials include active
30  and inactive materials and synthetic or naturally occurring zeolites as well as inorganic

31  materials such as clays, silica and metal oxides. The latter may occur naturally or may be in

32  the form of gelatinous precipitates, sols, or gels, including mixtures of silica and metal



9 subj ected to rough handling. This tends to break the catal yst down into
powders which 10 cause problens in processing. 11 Nat ural |y

occurring cuayssiaesh can be conposited with the synthetic zepdtigomhodni s
12 invention include the nontnorillonite anrkd-kaolin families, which

famlies include the 13  sub-bentonites and kaolins comonly known as
Di xi e, MINanmpddesGlise®f an activerthaserial an compynstion withghe symitiatic Zeplitghi.e hcarmbinedhi n

' I t] t is.hall ite, kaolinite .djckite crite, .or 15.
anao o2 P ot Hombrrp e bSusrom i sefeenablafshe paeiSon e loreabic, g
as suppont s. coavérSiohprocessedY Indehve Material Gan EhiiaBE' seAW a3(diihéntd o B5AtEHI TR Atdount
m ned or can be initially subjected to 17 cal'cination, acid treatnent or

cheni cal 4nodoffdonwersion in 4 given process sorthatqutoductscandetdbtaifiert expoomiralip wathout using
the zeolite epared by the present thod can 19 be conposited with
porous Mt r  Sthermeans focogtallide fhe rate.ofpeaction: Fredvgndy, Zepiie Sipenals haeibesn, 20
alum na, &itapi | | Ll Las My bhtbfits SROBOERE ! R
silica- zi6r colﬁ?%l?msl I | cﬁﬁr@a&%@ %‘ig{si %é’ Egétb’ I a, Sl ﬁ‘l'ca’r hﬁ‘ % 'g%tlera'l?]s’ L€,
titani a- Zi r celayspoxides)velicl, fasction) ingiast, axbipdess for thscatalpdh. dsis ddsirable to provide a
sislica-alum na-thoria, silica-alumna-zirconia, sillca-alum na-mgnesia and

23 si | i%a-FAtjyse having pped erush strengthyhecause inpetioleumrefiniag the eatalystds efiep| . 24

The zeolig e j t ' ' t. C
20 nacudhr SBcRa30 iR, Fils is'soNrb of Salalybr darpi i Bt WA

conposi tid Waube ProbRimé ift procBsirgt zeolites 26 such as those of the ZSM
SSZ, KU, FU, and NU series. The combi nation of zeolites can 27 al so be

conposi tidd i n a pYewlyioseungagiclaysrwhichycan bgcomposited withethe synthetic zeobisofdhisi n

the presgnt process is eful in. rocarb opver si.gn. 29,. .reactjons.
Hydr oc ar@gn @Sﬂ@lgpé?%‘hdeﬁgﬁﬁopgﬂ nlg:?{xge ‘ih@ﬁlfﬁ'&ﬁﬁs’ Vi"?‘g}.m]&esﬁ?‘ggges s in
which 3013 Csublidntdies adiddling SorRabAlY knowh as Dahig McNemel, iGeRkgiatans Fid¥Hda cl
cont ai ni ng conpounds. 31 Exanpl es gf hydr?ocar%oncconversi o% reacti onscays

i ncl ude Mydrorothergimyhich she meinaninerab¢opstitverds halloysite kacfinite, digkite inaeritepor
produce fg angportatiign Lupl s such 2o 42501 L0, ARY daChish 1 hsed as UBp08L 04430

EXAVPLE %5 clays can beiséd i'the Riw SthieiaS 3rifiilatlydinined 33 catbdinitialy bjatrkd 662
manuf acture by PPG was placed in 3 a Baker-Perkins mxer. 73.5 Gans of

NaAl J er¥] vesicinatipagadidtrestment orecheminal modificationner e 4 ni xed for about ten
m nut es.,_Then 55 gr . of 50% NaCH ueous sol.ution ow dded
Lo he m8rerand T aiBiooihe e sapHE A ohe S5all repuse by TS Hreiert mefSdE®
grans) 6 i : < 6 08 i . 2 b ity e.
eat e ol OekiEs URG poral nlati® niabEialh sk inilrde i et BRI G1L 46Eh Ty Mk
and nmake20 t sluiinagttahia, magmesiahsilica-aloming, silica-1Bagnesia osiliva-zirconiaj gilita-tHoriapom

tenperature i.p seal ed. contai ner., . . .
P 21 snnca?bexylﬁa, sﬂlca txtan?a, titania-zirconia as well as ternary compositions such as

22 silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia and
23  silica-magnesia-zirconia. The matrix can be in the form of a cogel.
24 The zeolite can also be composited with other zeolites such as synthetic and natural
25 faujasites (e.g., X), and erionites. They can also be composited with purely synthetic zeolites
26 such as those of the ZSM, SSZ, KU, FU, and NU series. The combination of zeolites can
27  also be composited in a porous inorganic matrix.
28 The zeolite ﬁrepared in the present process is useful in hydrocarbon conversion
29  reactions. Hydrocarbon conversion reactions are chemical and catalytic processes in which

. 30  carbon containing compounds are changed to different carbon containing compounds.
31  Examples of hydrocarbon conversion reactions include hydrocracking and fluid catalytic

32 cracking of gas oils to produce transportation fuels such as gasoliné. and jet fuel.



9 The m xture was extruded at 1,200 psig and the extrudates divided
into four parts (A 10 B, Cand D). Parts A and B were air dried to 45%
vol ati | eswom_grts Cand D were air 11 dried to 40% vok,a.})dsg.ﬁu,}pe

mol ar conposition of the extrudates was ad4follows: 12

SigJerr]/A[err]derr] = 5.3 13 : Na[err]/Sierr] = 0.68 14
OHSigerr] = 0.30 15 The H[err]O’m m)lar ratio vvas47for parts
A and B and 3.8 for parts _C ach of parts

was pléced in 159 Grams @ﬁéﬂ'ﬁﬁﬁﬁrsﬂfﬂ é‘rhYSFﬁtPCl EﬂlW Wtefama@yf? )i‘MascMéCQ‘;ldK}er

and eagh [ \V

ot a1 BAeEPR SRR 73 S OBnE OO Srallafch GG Bl dnd e v L'
(espec4al Injixed ok kbt ten mnutes. ITheg 65 t&mﬂwm%MH a&xﬁedub golgtiéh whs slowly
crystallization, there was still about 12 cc water outside the 20

bottl ed, §éd9;dow§hﬁmiw #nd mixing eontisued faxabowted;houss.n Deionized avaest(1 9@ grams) e

bart's & " e bR b tq RspE piioe fide i Hidst il EFPisd 50 Hec
bottleg cm&ﬁwtdmwagﬁuﬁ(@w Domﬁreg) AIAhEEk i bxthidibR! ddthe hiktuf ks days.

23 he resulting crystalline extrudates were washed w th e| oni zed
wat er , 8fi ISttKededve!mghtant rogm temperatnae imansealed coataingP0[ er r] C. over ni ght and

Col T8 |1 o T RSN .1 S5 R e e B o,
ext ruqat e 4Band D? YBA Aln8 B \@Eretaﬁfﬂr!iﬂé 459@66\&11& and Qs @%ﬂ@w&ﬂ%f“ ghest

degree of Crystallinity. Scanning 27 el ectron mcro copy showed that part
A had 13 crdried 46 46Varelatiles) . Fhemalancompositiensof the extrudaes was i follaotsi on anal ysi s

showed,.a unit cell nstanp; of 24.77 A, corresponding to a framework 29
sili cgﬂal um na ﬁbl’fé‘i}(b& o?éf 4. 8. -16- CLAIMS 1. A met hod for
prepanikng crysth,yysl@e Y_zgggite froma reaction m xture which does not

contain an organic terrpl ate capabl e of producing Y zeolite, said 5
met hod4corrpr| siOF/Si03) preparing in the absence of added bi nder a

| f- t t { t ,
agn- zS | it I@&f&@c !?lggﬁrt?P)é%?%énﬁ&é Iégﬁr:‘%(ﬁ]é"élgl%ls %g“ e QI itic source
of 10 guce v zeo%h nﬁ%‘(&ﬁ?pﬁ@emq{sw&me 4&%%5Mm & iRt

to pro

in the cover, and each bottle was sealed in an autoclave which contained 12 cc water outside
18  the bottles to prevent drying of the samples when heated (especially small samples in large
19 autoclaves). At the end of crystallizaﬁon, there was still about 12 cc water outside the
20  bottles, so consumption of this water was negligible.. The bottles weré then left at room
21  temperature for 24 hours. The bottles containing parts A and C were then heated at 110°C.
22 fortwo days, and the bottles containing parts B and D were heated at 110°C. for four days.
23 The resulting crystalline extrudates were washed with deionized water, filtered, dried
24  inavacuum oven at 120°C. overnight and calcined for 4 hours at 593°C. The products were
25  analyzed by X-ray. All four products were found to contain Y zeolite, with the extrudates
26  crystallized at two days (parts A and C) having the highest degree of crystallinity. Scanning
27  electron microscopy showed that part A had a crystal size of 0.5 micron or less. X-ray
28  diffraction analysis showed 2 unit cell constant of 24.77 A, corresponding to a framework

29 silica/alumina mole ratio of 4.8.



water to produce Y zeolite wherein .said reaction mxture has an
OHerr]/Siderr] nolar ratio of 0.2 to 0.3 and 15 (B)
mai nt ai ni noweusMede@act i on m xture at a tenp?éature of up to Fonaseiddeerr]C

under crystallization conditions and in the*dbsence of an added external

i quid phas lgient. time to formcrystals of Y zeolite. 20

2. Thel mm&ﬁﬁmg claim1 wherein said reaction m xture has a
water/sijicg nol HYobHepdihoCrystdlie Y 2881it8 Sl mERod tembAking:NaN about 6.
3. Theirret hod §m§@gi rr?%gergicdﬁlysai d T eaction mxture dhrfn%

crystal l3zation ha§Ah pregiacing sirbactian muktare @#nprisingraféast dreet avtive, ronezepliic and
about 6. 4. The net h?d,accord'h ng to claiml1l wherein said reaction mxture
has the fol | owi n§OWGE QF SEANIA {6ash PreAqH e nomyzeplic Jourge; of ajuyruna jr gmounts —
4-7 30 . err i . = - .
OHerr]/Si gerr] s“mc’en%j’°hé°g.‘%?&{5;@“#%‘?5?']"8 wptgr g"r ?‘]““‘15 ¥ zeglite agd g
wherein ghe Merr] (By nintainkt saidfeidion hikivpeat HtemperfsreOfup 26 abSRABOPOY t O
claim4 wherein said 35 = reaction m xture has the follow ng nol ar
conposi t 7on r angagder crystallization cprditignsand ip the@bsgncp of an added-externa] liquig phase
M-err]/ S, err] o - S Jerr] 0.25 -
0.3 H er?] as g g?rriufﬂmentnmg%%o%n &y%a@h@'%ﬁ%x fein Merr] is an alkali
nmetal cagi on. 6. The met hod according to claim1l wherein the

silica/alumna nole ratio is about 4 to about 7. ) .
1 The method according to Claim 1 wherein said reaction mixture has a water/silica

11 molar ratio during crystallization of no greater than about 6.

12

13 3, The method of Claim 2 wherein said reaction mixture during crystallization has a
14 water/silica molar ratio between about 2 and about 6.

15

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

17 molar composition ranges:

18 Si10,/A1,04 = 4-7

19 M'/Si0; = 03-12

20 OH/8i0; = 02-0.6

21 H,0/810, = 2-6

22 ~ wherein M is an alkali metal cation.

23

24 S The method according to Claim 4 wherein said reaction mixture has the following

25 molar composition ranges:

26 Si0,/ALO; = 45-6.0

27 M'/Si0, = 04-10

28 ' OH/SiO, = 0.25-0.5

29 H0/§0, =  3-6
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7. The met hod according to claim6 wherein the silica/alumna nole ratio

Is fromabout 4.5 to about 6. 10 8. The met hod according to
claim1 whgh e id reaction mxture further conprises at i‘?ﬂﬁ sactive
source of a IQ‘J?VI Il nmetal. 9. The met-b®ed according to clal %n”@e%her ein
said Goup VIl netal is selected fromplatinum palladium 15 and a

conbi nak i 06. t heThemethbd acddrdinged ICtamalcwherdinrthe silicaZdlamina molb estio is abdwe 4 to
silicalalumna nple _ratio in the Y zeolite product is less than 6. 11. The
met hod &ccor di n@bQ"67cI aim1 wherein the 20 silicalalumna nole ratio in
the Y zpolite product is about 4.5 to about 5.0. 12. The nethod according
to claiml wherein, after the reaction m xture has been prepared and prior
to stepd B, 7t he TheatdordingitoClaing 6ivehefgih tieodilivathhfhin®mdle ratio i foMSIbaLLd. 8 tdrom
about 25[err]C to about 75[err]C in the absence of an added external |iquid
phase. 33. A et 6 or preparing crystalline Y zeolite froma reaction

m xt ur e, whi ch does not contain an organic tenplate capable of producing Y
zeolite, said 30 met hod conprising: (A) preparing in the absence of

added bjndgr a gk hmmuara@e&ung tb ©ifin PWhefeltf saidereG@BRThiktuPe fidther @3Mpriea&t
active, non-zeolitic source of silica and at | east one active, non-zeolitic

source ®f 35  least one agtivesouzge ofiadGroupdkmetsl. hydr oxi de i n anmounts
suffici&nt to produce Y zeolite, and sufficient -18- water to shape said
m xture”wherein said reaction mxture has an OHerr]/SiJerr] nmolar ratio

of 0.2100 ©.3; @R nie@iod d260rARigto Clafi 8 SMeftindald Grdup\IIPmeRRRSelected from

11 platinum, palladium and a combination thereof.
12

13 10.  The method according to Claim 1 wherein the silica/alumina mole ratio in the
14 Y zeolite product is less than 6.
15

16 11.  The method according to Claim 1 wherein the silica/alumina mole ratio in the

17 Y zeolite product is about 4.5 to about 5.0.
18 | |
19 12, The method of Claim 1 wherein, after the reaction mixture has been prepared and
20 prior to step B, the reaction mixture is maintained at a temperature from about 25°C.
21 to about 75°C. in the absence of an added external liquid phase.
22
23 13. A method for preparing crystalline Y zeolite, said method comprising:
24 (A) preparing a reaction mixture comprising at least one active, non-zeolitic
25 - source of silica and at least one active, non-zeolitic source of alumina in amounts
26 sufficient to produce Y zeolite, and sufficient water to shape said mixture;
27 (B) forming said reaction mixture into a shape; and
28 (C) maintaining said reaction mixture at a temperature of up to about 130°C.
29 under crystallization conditions and in the absence of an added external liquid phase
30 for sufficient time to form crystals of Y zeolite.
31

\\
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and 5 (© maintaining said reaction mxture at a tenperature .of
up to about 130[err]C under crystallization conditions and in the absence
of an adde rnal liquid phase for sufficient tine to for of Y
zeolite. 18"&%& 14. The nethod according to claim 13 V\#e iygﬁ;lg%gﬁd
reaction mxture has a water/silica molar ratio during crystallization of
no greatler ihan BROmethod adéording lbe ClaihNGdvitdreiilthe amdunt bif osatdriis sfficlentasaidken
m xture during crystallization has a water/silica nolar 15 ratio

bet ween Zabout 2 thAdeastionmiguressi-sypporidg-hod according to clai m 13 wherein
sai d react lon m xture has the follow ng nolar conposition ranges:
Siqerr]7A[err]derr] = 4-7 20 Merr]/Sigerr]

= 0.3 - 15.2 Criemeihodiacddttlibk to Claim 13 wherfin3aid reactiohinfiktufe s Watel/silica

= 2 - 6 wherein M- is an alkali netal cation. 17. The method accordi ng
to clai 16 wherwplar satiogduripg crystallization ofinozseater thanabout® f ol | owi ng nol ar

conposition ranges: SiJerr]/A[err]Jerr] 4.5 - 6.0
Merr]/SIderr] = 0.4 - 1.0 OHerr]/Sigerr] = 0.25 -
0.3 30 7 16. The methol ®f CldinSisQiMdréih said reaction mixtdre dii RallizaMon his #N

al kali metal cation. 18. The nethod according to claim1l erein the

si li ca/ & um na nwhter/silica molas rdtiodretwiamabodt 2 endislont 67. 19. The net hod

accor di to claim 18 wherein the 35 silica/alumina nole ratio is from

about 4.% to about 6.0. _
10 17.  The method according to Claim 13 wherein said reaction mixture has the following

11 molar composition ranges:

12 Si0/ALO; = 4-7

13 M'/8i0, = 03-12
14 ' OH/Si0, = 02-0.6
15 H,0/8i0, = 2-6

16 wherein M" is an alkali metal cation.

17

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

19 molar composition ranges:

20 Si0/ALO; = 45-60

21 M'/Si0, = 04-10

22 OH/Si0, = 025-05

23 Hy0/8i0, = 3-6

24 wherein M is an alkali metal cation.

25

26 19. The method according to Claim 13 wherein the silica/alumina mole ratio is from
27 about 4 to aboui 7.

28

29 20.  The according to Claim 19 wherein the silica/alumina mole ratio is from about 4.5 to
30 about 6.0.
31
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-19 - 20. The nethod according to claim 13 wherein said reaction m xture

further conprises at |east one active source of a Goup VIII netal. 21. The
met hod according to claim20 wherein said 5 Goup VIII_nmetal is
sel ect ed ¥P3 tinum palladiumand a cggbination ther eoFCTHITRAY et hod

according to claim 13 wherein the shaped crystalline zeolite is a spherical
or- cyljndpical ThemidthédcadiamdinitorCIanP PP wherein i FaatiBi Mixtute further BSMPBSE at
about 1/64 inch and about 1/2 inch. 23. The nethod according to claim22
wherei 2 t he shigastions active bouregcolaGraupevilEmgtabpheri cal or cylindri cal
particLe having a cross sectional dianeter between about 1/32 inch and
about 1/4 inch in dianmeter. 15 24. The nethod according to claim
13 whegei not he Trielm&RéRhdeBtdhig HOCIRint 21 Whedeth $8EGYOAFOITT htal [sQdieetedifforh €SS
than 6. 25. The.method according to claim 13 wherein the silical/alum na

mol e ré&tio in tpletininy palladium andoalcambinatiofGhereof. about 4.5 to about 5.0. 26.
The nethod of claim 13 wherein, after the reaction m xture has been forned
into a’shape and prior to step C, the reaction mxture is maintained at a

tenperatumg fr QP&H Y . § ' . . :apsence of
an addZd ggier(ra\(ﬁe Iq%q%%@ﬁg@ﬁ@%e@ﬁééﬁ%% A rr{r%ng?htféégherei n -
t he re@cti on nispherical orscyindricatipdvtiele having a jpridk sectionslalianeientetweenvbpat 1/64

9 inch and about 1/2 inch.
10
11 24, The method according to Claim 23 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 25.  The method according to Claim 13 wherein the silica/alumina mole ratio in the
16 Y zeolite product is less than 6.
17
18 26.  The method according to Claim 13 wherein the silica/alumina mole ratio in the
19 Y zeolite product is about 4.5 to about 5.0.
20 :
21 27.  The method of Claim 13 wherein, after the reaction mixture has been formed into a
22 shape and prior to step C, the reaction mixture is maintained at a temperature from
23 about 25°C. to about 75°C. in the absence of an added external liquid phase.
-
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