WO 01/04051 PCT/ US00/ 19058 .SYNTHESI S OF ZSM5 AND ZSM 11 Field of the
Invention 5 This invention relates to the synthesis of ZSM5 and ZSM | |
"and intergrowths and/or mxtures thereof. Background of the |nvention 10

ZSM5 and

¥ hesi s usi ng tetrapropyl anmoni um ( TPA) c EET 02058,

directing agent are disclosed in U S Patent No. 3,702,886. ZSM5 has also -

been synthesized with a

agents, for
4, 139, 600),

4,565, 681) 15 and 1,

Pat ent No. 4,

be synthesized using primary am nes haV| ng 2-9 carbon atons as the
directing agent. In particular le 12 of _this patent di scl oses

synt hesi.s of
information i

to the silica

t he sodi um al
mat eri al cont
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exanpl e al kyl

c nitrogen directing
atons (U. S. Patent No.

di et hyI et hyl propyl ammnl um (DI\/EPA) cations (U. S. Patent No

2- di am nocyc] ohexane (U S. Patent No. 5,174,977).

151, 189 di scl oses  t Bield efdhe Invenfion 15 79w 35 and  ZSM 38 can

20 zSMissinyentien r@tmwath? wathesls PHESMrt ek 43M-1dg8dt . I nsuffi ci ent

patent, the product of Exanple 12 was onl y 85%crystalline,

e, S0P, 2 R b b I 5

charge bal andiectinglagehtxre distlosadgh UOS. PatenoNe 3,702,886 U ZENGS hafalmlmem nt,
are only 0.06

| f. N and al | Na. T t t
e Y R T R R S R A T

t hat nmuch of

in the ZSM5 éxainpiecikyddifimines having 5-6 carbon atoms (U.S. Patent No. 4, 139,600),

dimethylethylpropylammonium (DMEPA) cations (U.S. Patent No. 4,565,681)

15  and 1,2-diaminocyclohexane (U.S. Patent No. 5,174,977).

U.S. Patent No. 4,151,189 discloses that ZSM-5, ZSM-12, ZSM-35 and
ZSM-38 can be synthesized using primary amines having 2-9 carbon atoms as the
directing agent. In particular Example 12 of this patent discloses synthesis of

20  ZSM-5 using ethylamine as the directing agent. Insufficient information is

provided in Example 12 to reach a definitive conclusion as to the silica/alumina

molar ratio of the reaction mixture but, assuming the sodium aluminate employed

'was the normal commercially available material containing 25.5% Al,Os, the

reaction mixture would have a silica/alumina molar ratio of 50. According to

25 Table 2 of the '189 patent, the product of Example 12 was only 85% crystalline,

~ i.e. was impure, and had a silica/alumina weight ratio of 17, which corresponds to

30

a molar ratio of 29. However, the product analysis data in Table 2 does not charge

balance, in that although 0.11 moles of alumina are present, there are only 0.06
moles of N and essentially no Na. This strongly suggests that much of the
aluminium in the product composition of Table 2 was not in the ZSM-5 lattice and

hence the molar ratio of the ZSM-5 was significantly higher than 29.
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hence the nolar ratio of the ZSM5 was signifigantly higher than 29. WO
01/ 04051 PCT/1JSOQ' 19058 2 In addition, U S. Patent No. 5,369,071

di scl oses that ZSM5 with silica to alumna nolar ratios as I %5%
and al pha vaVQ&YYISt i gh as 1488 can be synthesized in thefoF ’@é@ﬁé

n- propyl amne froma reaction m xture RBaving a pH 10-14, and OH /S Q2

ratio of 0.1-0.3, a I 0 of ere. M or

al kal i ne earth net alq‘} %%#il% q,f&q ?64 %ﬁgatiéﬂglwgh%ﬁ%s

synt hesi s usi ng‘mﬁmﬁMﬁtmwm@ma@hﬁaﬁeﬁm@amwagﬁw are
disclosed in U S. Patent No. 3,709,979, whereas U.S. Patent No, 4,6 108, 881
describes the SyRbgwzEsddn e presepopof prpronylamipe femagesntion mixprehaying AL 10
having 7-12 carjgory, aﬁmxsidzrh@éﬂ@pobmﬁlo&muofo@bmemk&eM§anPatent
No. 4,229,424, to produce i nt er gr owt hs of and ZSM 11, that is
crystal | i ne Smatalielior alkaling esrthimetal) andrandG/SiO: ratieraf18350f bot h zeolites. 15
To date it has proved extrenely difficult to produce ZSM5 and ZSM 11 wth

framework silica to alumna nolar ratios |ess than about 20. (See, for
exanple, R Szostak ZSNbi1d lsodits gyinthesik asing tetralgitpemmoniyancations asandireRtingihol d,

NY, NY, 1992, ctyi ) I num sites
are 20 responS| Sﬁ@%@%ﬂﬁ% ﬁﬁ%?’%ﬁ’bﬁ%’&lﬁﬁealsg ,E'gdr#éw%fﬂps desirabl e
for many cat al y4,108,881slescribes mesﬁhhaxsmzsmuuwhzw&canwmmm with the
hi ghest posgi bl.e aci tiv and hence the | owest possible framework
silica to a m}f‘?é('ﬁ;d% a%‘?ﬁ“] is known that the acid activity of a
zeolite can be increased by control |l ed 25 steaming, see U S. Patent No.
4,326,994, but such steamn n additjonal step e catalysts
production regine arfbis é‘@g PE" E%CM%HST datent He. ﬁ‘eé?tr; 4251 to producd
intergrowths of ZSM-5 and ZSM-11, that is crystalline materials exhibiting

structural features of both zeolites.

15
To date it has proved extremely difficult to produce ZSM-5 and ZSM-11
with framework silica to alumina molar ratios less than about 20. (See, for
example, R. Szostak, Handbook of Molecular Sieves, Van Nostrand Reinhold,
NY, NY, 1992, pages 520 and 530, respectively.) Framework aluminum sites are
20  responsible for the acid activity of zeolites, and it is desirable for many catalytic
uses to be able to produce ZSM-5 and/or ZSM-11 with the highest possible acid

activity and hence the lowest possible framework silica to alumina molar ratio.

It is known that the acid activity of a zeolite can be increased by controlled
25  steaming, see U.S. Patent No. 4,326,994, but such steaming adds an additional
step in the catalysts production regime and hence there is a need for a direct
synthesis route for producing high activity ZSM-5 and/or ZSM-11.

According to the invention, it has now been found that ZSM-5, ZSM-11
30 and intergrowths and/or mixtures thereof with extremely high acid activity can be

produced using, as a directing agent, a non-cyclic amine having the formula



synthesis route for producing high activity ZSM5 and/or ZSM 11. According
to the invention, it has now been found that ZSM5, ZSM 11 30 and

i nt ergr om hs and/ or nixtures thereof with extrenely high acid activity can
be producW@Of408l, as a directing agent, a non-cyclic anf¢REUIAINNY t he
formul a V\D 01/ 04051 PCT/ USO0/ 19058 3 ,(C2HE6N)" NnHQ wherein n is 1, 2 or 3;:
mis O or I S 0 1 or 2 and £n+m+ ) IS either 2 or 4. It is to be

appr eci at ed { sibgreinsiols2 9nd ‘Eg\ﬁ‘lfll'&rl%:oﬂ(ﬁrr%nﬂ)( Ht@hist hesi zed as
al um nosi |'i C@&&fz }he frarrework al um num can be partially or conpletely
repl aced by other trivalent elements, such as boron, iron and/or gallium
and the franework silicon can be partlally or conpl etely repl aced by ot her

tetraval ent el eNeRtSio b G atg@ gj ygmizg flz{rpﬁoﬁﬁm nti on In one
es.in pro e

aspect, the invention re pro ucing a syhthetic
por ous cr&stwdthesrzedméummbmhmsn@)etﬁhmewmcaa}WUmﬁwcmbepartlallms listed in

Table I bel action mxture;
cont ai ni ng s%@@g@ rﬁlﬁ%&&y%ﬁgf&ﬁ»ﬁ%ﬁﬁlﬂhe&s grﬁasfbg{og‘i ﬂ‘?}\%dégt i ons, an oxi de
of a trival epillimheaidnhe frathewark silicon chn befpantially br consletely replewed by (Y) a
directing agept wherein said reaction m xture has a
conposition P erttg@'???eﬂ?elﬁ'ﬂ?@s Si5h s germRnm. 1 the following ranges:

Y02f X203 = 15 - 35 H20/YQ2 = 10 - 50 OH YOQ2 = 0.01-0.2

10 Summary of the Invention

In one aspect, the invention resides in a process for producing a synthetic
porous crystalline material having the X-ray diffraction lines listed in Table 1
below comprising the steps of : |
15 : .
(a forming a reaction mixture containing sources of alkali or alkaline '
earth metal (M) cations, an oxide of a uivélent element (X), an
oxide of a tetravalent element (Y), a directing agent (R) and water,

wherein said reaction mixture has a composition in terms of mole

20 . ratios within the following ranges:
YO, /X0 = 15-35
H,0/YO, = 10 - 50
OH/YO, = 0.01-0.2
25 M/YO, = 0.1-05
. RIYO, = 02-50

and wherein the directing agent R is a non-cyclic amine having the
formula (C;HgN),NH, whereinnisnis 1,2 or3;misOor 1; qis
30 0, 1 or 2 and (n+m+q) is either 2 or 4;

A7 e = eVt BV < PECn SALI ¢ Ln e s




25 MYQ2 = 0.1-0.5 R YQ2 = 0.2-5.0 and wherei.n the directing agent Ris a
non-cyclic amne having the formula (C2H6N)"Nm wherein nis nis 1, 2 or
3; mis 0 or 1; is 300, 1 or 2 and (n+mtq) is either 2_gqr 4:

01/ 04051 PCW’&B@@?&QOSB 4 (b) maintaining the reaction m&{?’mlgﬁoa% r
crystallization conditions wuntil crys#als of said porous crystalline
material are fornmed;, and .then (c) .recqvering said . crystals,.f.romthe
reaction mxture. ‘%ref mwgaﬁée%th’ﬁ&q‘% chned '%‘%gglcgﬁql @5 r om
diethyl enetriam ne, trimil BiysRRIFedid pololecrystalliné ifatetiabdre feraiedydndam ne. 10
Preferably, said reactigon m xture has a conposition in terns of nole ratios
within the foll ow ng raﬁﬁ%s: Y02/ X203 = 15 - 30 H2OY®R = 15 - 30 15
HY®R =0.02-0.1 MYQ2 = 0.1-0.3 R YQRZ =0.5-2.0 Brief Description of
the Drawings 20 Figure 1 is the X-ray diffraction pattern of the ammoni um
form of poPous cr{@t al Tepenering said pryptals frompthe seactionimiguieo Exanpl e 1. Figure
2 is the X-ray diffraction pattern of the ammonium form of porous 25

crystalline material formed according to Exanple 2.
Preferably, the directing agent R is selected from diethylenetriamine,

triethylenetetramine and tris(2-aminoethyl)amine.

10 Preferably, said reaction mixture has a composition in terms of mole ratios
within the following ranges:
YO0/X:0; = 15-30
H,0/YO, = 15-30
R 15 OH/YO, = 0.02-0.1
M/YO, - = 0.1-0.3
R/YO, = 05-20

Brief Description of the Drawings
20

Figure 1 is the X-ray diffraction pattern of the ammonium form of porous

crystalline material formed according to Example 1.

Figure 2 is the X-ray diffraction pattern of the ammonium form of porous

25  crystalline material formed according to Example 2.

Figure 3 is the aluminum NMR pattern of the as-synthesized porous
crystalline material formed according to Example 2.

30



Figure 3 is the alum num NVR pattern of the as-synthesized porous
crystalline material fornmed according to EXanple 2. 30 WO 01/ 04051

PCTI USO0/ 19058 5 Description of Specific Enbodi nents The present invention
provi des aMOBOMFY for producing ZSM5, ZSM 11 and i nt er BESNEPEINTRA/ or

m xtures thereof which, in their hydro en form can have 5 an extrenely

high acid activity, as nmeasured by th al pha val ue. Al pha val ue has | ong
been recognl zed as a usef ulDeseriptionof Spegific Emhodiments ctjvity, and its
correlation with framework al uminum content in zeolites has been the

subj ect of a nunber of publications in the literature, e.g., W 0. Haag,
R M Lago, and PThgpreseainyentiogproyides mgcessmP(Oﬂgeng ZSM-&'Z@SM/dIlue conpar es

the catal yti ﬁﬁgh%sgﬁ Vi chexane
conver si on pgfl&v me o ca?a ysS per un| ?‘a‘k‘?‘ﬁw‘f&‘jﬂ‘{ﬂ%“?ﬁ VT ty of a
standard $il |anax’a¢rmiyhxgh@cddctmgl,esameAsysdbyﬂtwalpHap*ahxeTédphan@lwescr| bed in
US Patent No.. 3,354 07 he_ Jo naI of \ol p. 527
(2065) - Vol - ¥ 1038 b Bropcliel s 3t Al of bt acintf amplls O, 77
contents of wbirelatian with ﬁamewmkmlmﬂnhammtmtbyzﬁoﬁtesmm tHewmbjespafai rent al 15
conditions of t S ed h ncI ud nst e e of 538C
and a vari af"® %ﬂ‘ge\ﬁ h;\‘f oﬁ%m qa %&a(?;(%agiﬁnl}dh%ag? ‘ﬂéilﬁ

Cat al ysis. VoWeis Natie, 30@933;9 (TM) QKlpEﬁVﬂu@éorﬁﬂhﬁeslﬂWﬁﬁlyﬁHbr&ﬂcﬁhgor oduce ZSM 5
and ZSM 11 mater,i al s, In their hydrogen form have_ al pha val ues

bet ween 1800 aamtyﬁ@@ataw @'dte samnemwwnmspwmwsw@% P produced

havi ng al pha uﬁﬁﬁvﬁﬁtﬁﬁ&ﬁv@of@é%aﬂlﬂﬁ%ﬁa%&lﬁﬁ @dtﬁy:ﬁa'rhé‘g al pha
val ues as high as 3500. ZSM5 and ZSM 11 are structurally simlar and
soneti mes r efAlpha-Best is dgscribed in US Patent No. 3,354,078; in the Journal of Catalysis,

Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395 (1980), the entire

contents of which are incorporated herein by reference. The experimental

15 conditions of the test used herein include a constant temperature of 538°C and a fy
variable flow rate as described in detail in the Journal of Catalysis, Vol. 61, p.
395. - : ' :

The process of the invention can produce ZSM-5 and ZSM-11 materials,
20  which in their hydrogen form, have alpha values between 1000 and 3500. More
particularly, ZSM-5 materials can be produced having alpha values as high as
2500 and ZSM-11 materials having alpha values as high as 3500.

ZSM-5 and ZSM-11 are structurally similar and sometimes referred to as
25  pentasil zeolites. The ZSM-5 and ZSM-11 and their intergrowths and mixtures
produced by the process of the invention are characterized by the X-ray diffraction

lines in Table 1. Below:

am



25 pentasil zeolites. The ZSM5 and ZSM 11 and their intergrowths and

m xtures produced by the process of the invention are characterized by the
X-ray diffraction_lines in Table 1. Below. M!! WD 01/ 040 0/ 19058
6 Table 1 DYOOYMOFY (A) Relative Intensity [100 x 1/1(0)] ;}h}?’%{/‘g@az M S
10.1+1-0.2 MS 3.86+/- 0.08 MVS 3.72 #l- 0.08 MS These X-ray diffraction
data were collected with a Scintage djrfbr ction 5 system equipped with a
germani um solid state detector, usi n&?ﬁ&f)ger K-al pha radiation. The
diffraction datg were rpcspaéiigl(A)y St ep- $ CREBtIVEInbnsity 100 dI(HES| of

t wo-t het a, wher e-theta-is-the Braggangle—and-a—coupnting—t+re-f 10
seconds for each step. ﬂw%"'(‘r?t?erpl anar yspaci ngs, M“%, were calfculated in
Angstromunits, [an E10.EHAgYE TNtengities of t(peglines, T7Tp is
one-hundredth of{ the intensity of the 10 strongest |ine, abhove packground,
were derived with the usk8@f/~80Brofile {itting r&iMShe (or secpnd
derivative al gort n ' —t- ' entz and
pol ari zati on efflects. THe given in terjrs of the
synbols vs = very strong (80-100), s = strong (60-80), m = nedium (40-60),
w = weak (20-40), and vw = very weak (0-20). It should be understood that
15 diffraction data listed for this sanple as single |lines may consi st of
nul tiple overl appTige Kirag diffbition defadRire 6dllctRd WithABbidthg2BffrastiGih as
differences in crystallographic changes, may appear as resolved or
partial |y ?es8ystesy eqyipead with a germanium solid state detector, using copper K-alpha

radiation. The diffraction data were recorded by step-scanning at 0.02 degrees of

two-theta, where theta is the Bragg angle, and a counting time of 10 seconds for
each step. The interplanar spacings, d's, were calculated in Angstrom units, and
the relative intensities of the lines, I/ is one-hundredth of the intensity of the

10  strongest line, above background, were derived with the use of a profile fitting
routine (or second derivative algorithm). The intensities are incorrected for
Lorentz and polarization effects. The relative intensities are given in terms of the
symbols vs = very strong (80-100), s = strong (60-80), m = medium (40-60), w=
weak (20-40), and vw = very weak (0-20). It should be understood that

15  diffraction data listed for this sample as single lines may consist of multiple
overlapping lines which under certain conditions, such as differences in
crystallographic changes, may appear as resolved or partially resolved lines.
Typically, crystallographic changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without a change in the structure.

20  These minor effects, including changes in relative intensities, can also occur as a
result of differences in cation content, framework composition, nature and degree
of pore filling, crystal size and shape, preferred orientation and thermal and/or
hydrothermal history.
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01/ 04051 PCT/ US00/ 19058 7 The crystalline materials produced by the
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crystal
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result of differences i PRYOMI%Hnt ent ,

I of pore filling,

I story. WD

such as

al um num boré‘PmPQSFt@m@WéVl&thengqfil’dmonﬁhléf erably aluminum Yis a

tetraval ent el enent such as silicon and/or
and n is 10-30, preferably 15-25. 10 According to the synthesis process of
a reaction mxture i ¥Opmd¥Qsed cont ai ni ng sources of al kali
of a trivalent elenent (X),
normal ly silica,

t he i nvent$on,
or

al kal i ne earth netal

(M cations,

an oxi de

normal Iy alum na, an oxide of a tetraval ent el enent

a directing agent WhpreanX iswtrivalentElemeneandth asraluminm;lmrbtas’roaamﬂonorrposi tion,

expressed int
Preferred YO¥?

iy

ralki os.,Qf

B retel apiingp v o

Bitotagin siR

s foll

ntl%lc

(v,
l? a%%lxcoag#mngp

0.02-0.1 R Ygénfanidnh pfefédatily #iliCon; MidO8 10-30; Preferdblyl 151285,

10

germani um preferably silicon;

nent Usef ul

€ 0.01-0.2

According to the synthesis process of the invention, a reaction mixture is

produced containing sources of alkali or alkaline earth metal (M) cations, an oxide
of a trivalent element (X), normally alumina, an oxide of a tetravalent element
(Y), normally silica, a directing agent (R) and water. The reaction mixture has a

15

composition, expressed in terms of mole ratios of oxides, as follows:

Component Useful Preferred
YOy X0, 15-35 15-30
H,0/YO, - 10-50 15-30
OH/YO, 0.01-0.2 0.02-0.1

R/YO, 02-50 05-20
M/YO, 0.1-05 0.1-03

The directing agent R is a non-cyclic amine having the formula

(C:HgN) N H, whereinnis 1,2 or3; mis O or 1; qis 0, 1 or 2 and (ntmtq) is

20

m=0 and g=1) or ethylenediamine (wherein n=1, m=1 and g=2) or from the

polyamines diethylenetriamine (dien [wherein n=2, m=1, g¢=1]),
triethylenetetramine (trien [wherein n=3, m=1, q=0]) and tris(2-aminoethyl)amine
(tren [wherein again n=3, m=1, q=0]), wherein the polyamines have the following

25

R Iy

structural formulae;

either 2 or 4. Preferably, the directing agent is selected ethylamine (wherein n=1,

si ze and-

i

HE



The directing agent Ris a non-cyclic amne having the formula

(C2ZHEN) nNnHg wherein n is 1, 2 or 3 mis Oor 1; gis 0, 1 or 2 and
(n+tmtq) is 20 either 2 or 4. Preferably, the directing a ected
et hyl ani ne WOAPHEInh n=1, nm=0 and g=1) or ethyl enedi ani ne gﬁ#éqgé’ﬁ'ﬁaﬁ 1, n¥l
and g=2) or fromthe polyam nes diet hél enetriam ne (dien [wherein n= 2,
mel, g=1]), triethylenetetramne (trien [wherein n=3, m=l, g=0]) and
tris(2-am noethyl)am ne (tren [wherein again n=3, nel, q7-0]), wherein the
pol yam nes have the following 25 structural fornulae: W 01104051

PCT/ USO0/ 19058 8 5 Depending on the directing agent chosen and the
silica/lalumna nolar ratio of the reaction m xture, the zeolite produced
willbe either ZSM5, ZSM11 or a 10 mixture or intergromh of ZSM5 and
ZSM 11. For exanple, at silical/alumna nolar ratios bel ow 20, the product
tends to be a ZSM5/ZSM 11 intergrowh. At silical/alumina nolar ratios of
20-30, the product tends to be ZSM11 with the tren directing agent and
ZSM5 with ea, then and trien. 15 The synthesis nmethod of the invention
functions with or without added nucleating seeds. In a preferred

enbodi ment, the r s ntains, 0 eeds.
Crystalli zat lon is eB%’a%@?%g]’ ﬁj Jul'fag&r gg?tﬁi‘g‘?’en%?? rglreesm‘:ﬁaﬂﬂFhfﬁ%iag%ﬁ Itions at
3 20 tgrrpe[1 aoﬂhereiant&tmh?ﬁxxme mllammglﬁhemﬁcﬂ;zsmu&lmours todlo
ays an e tesultant cr r ro e i quor an
recover ed %'E}?«?EI %@?@@ga{“ﬁd@%ﬁ'ﬁ b?té P‘W&‘B‘? porate the
zeolite of th@gw mtﬁawew 20| ﬂxg prodaétheds mease% %SMJ/ZSMSImtergxﬁvﬂth\t
broresaes - Sutie o saclar m i 2033, 56 Brodtir lends 10 bPM1 15 e el

dlrectmg agent and ZSM-5 with ea, dien and trien.

15 The synthesis method of the invention functions with or without added
nucleating seeds. In a preferred embodiment, the reaction mixture contains 0.05-5
wt% nucleating seeds.

Crystallization is carried out under either stirred or static conditions at a
20  temperature of 100 to 200°C, preferably 120 to 170°C, for 6 hours to 10 days and
the resultant crystals are separated from the mother liquor and recovered.

When used as a catalyst, it may be desirable to incorporate the zeolite of

the invention with another material resistant to the temperatures and other

25 conditions employed in organic conversion processes. Such materials include
active and inactive materials and synthetic or naturally occurring zeolites as well
as inorganic materials such as clays, silica and/or metal oxides such as alumina.
The latter may be either naturally occurring or in the form of gelatinous
precipitates or gels including mixtures of silica and metal oxides. Use of a

30  material which is active, tends to change the conversion and/or selectivity of the
catalyst in certain organic conversion processes. Inactive materials suitably serve

as diluents to control the amount of conversion in a given process so that products



active and inactive material.s and synthetic or naturally occurring zeolites
as well as inorganic materials such as clays,. silica and/or netal oxides
such as alumna. The latter nmay be either naturally occurring or in the
formof geMRPMYIM precipitates or gels including m xturefCEUSEVING, and
metal oxides. Use of a 30 material whith is active, tends to change the
conversion and/or selectivity of the catalyst in certain organic

conver si on pr‘@éé@g@?’t“eﬂﬁ%?@@“ﬁﬂ?@fﬂ%l)swﬁm‘?%ﬂw@sﬂ@rwr uents to
control the aeaa&amingiheqae\ssfeaem e rdt¥ils ﬂﬁﬁﬁ@ﬁx’ém?@raieﬁ%topf oducts WO
01/ 04051 PCT/ USOQ 19058 9 can be obtai ned econom call

enpl oyi ng ot Haturaleersumripg clays, eie:.dentopite andkaplin, o imprpvathe crwh strngthe

rat eri al S MR, s BeR b HmbilaP onch@lrd Bhdiiofle S hitfidld, 32 ol 0.

bentonite and kaolin, to 1 nprove t sh strengt e catalyst under
comrer ci al5 opaxidesi atg;, funetivnias binders Sxrithe eatalysti Klisdesirabde fo prbvidea 5 oxi des,
etc., functio | ade f |t |S. I rovi de a
catal yst havi %&T%Bg%ﬂ%r%@ﬁ S s}rl é%glgﬁﬂ%g%‘égssnecq&r{n%glﬁﬂ%?é{'gpésgrgﬁelg info S

desi rabl e t o prpveatthetatalyst fromt bileyidng dovamninks pewderdjkeimaterinlat Thesechgr -1 i ke '
materials. These cl.ay,. and{or .oxi de bi nders hav een enpl oyed normal |y
only for the 35@&58@@8’["8% ‘F%R?F‘h%’“{’lﬂgecﬂqm?%?'ﬁﬁgodﬁﬁeQ}F&fs‘ﬁ\é?cat alyst. 10

Nat ur al |'y ocdcimipravirgg the &ish stfength of @i calyepnposi ted with the new crystal
i nclude the nontonorillonite and kaolin famly, which famlies include the

subbentonttes, and the kaolins comonly known as Dixie, MNanee, Ceorgia
and Florida cl ays Nuur@fty'\&ichirring cliys #hich @8n BRédinpBsief With the Rewickys@Dt 1 S

hal | oysite, 15 kaolinite, dickite,. nacrite, or anauxite. Such clays can be

used in the riggludsthe montomosilpgjtepnd kgolin famdly owhirly families ipcludaspected to
cal cination, Qhéhidnites aPMRE kRSlins B6MioAly knBRH bf DEAL, McNamee, Georgia

and Florida clays or others in which the main mineral constituent is halloysite,

15  kaolinite, dickite, nacrite, or anauxite. Such clays can be used in the raw state as
originally mined or initially subjected to calcination, acid treatment or chemical

modification.

- In addition to the foregoing materials, the zeolite produced by the process
20 of the invention can be composited with a porous matrix material such as silica-
alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania -
as well as ternary compositions such as silica-alumina-thoria, silica-alumina-

zirconia silica-alumina-magnesia and silica-magnesia-zirconia.

25 The relative proportions of finely divided zeolite and inorganic oxide
matrix vary widely, with the zeolite content ranging from about 1 to about 90% by
weight and more usually, particularly when the composite is prepared in the form
of beads, in the range of about 2 to about 80 wt.% of the composite.

30 The zeolite produced by the process of the invention is useful as a catalyst
in hydrocarbon conversion reactions where high activity is important. Such

reactions include, for éxample:

and orderly w thout '

HiM



In addition to the foregoing materials, the zeolite produced by the process
20 of the invention can be conposited with a porous matrix material such as
silica- alumna. silica-magnesia, silica-zirconia, silica- éoﬁllm)ss
silica-ber VPP | ica-titania as well as ternary conpositions such as
si-lica-alum na-thoria, silica-alum na- 1éi rconia silica-al um na-nmagnesi a and
silica-nmagnesia-zirconia. 25 The relative proportions of finely divided
zeolite and inorganic oxidematrix vary widely, with the zeolite content

rangi ng from aboutl.| t QispRpoitioBRenvf alkyfaretiwitics ok /dispeopisticiiatipn opar ti cul arl y
when t he corrpoa}iﬁ}le IS (freggred iyﬁithe.for ...of _bﬁg&s, in the rar%ge of about
2 to about SOPHENVOPOGUGE XVIERASO¥It Eraction copdinons Peipdmg a LAIREIUISOL he process

of the i nventﬁ-&ﬁai:&xt@ﬁ@’ﬁ_’tb_aﬁéut96§“ﬁ,§|(§:¥e%&ue b A6 AR AERAPhER W ABSION
reactions where high activity is inportant. Such reactions include, for

exanpl e: \AD 049 @mosphers B wiglyhoody space gelacity (WSS Opefrabpesithl hiohtoof

al kyl aromati c a1 gl | ' !ﬁ?@ I | enes,

W th reactiona’(‘:)g%l io%géﬁrﬁ%bﬁg&gk%rg%‘p@?lgt%@e of Vo 2ri‘(l)m bo g OCto
about 760C, aabpueSzure of from about atnospheric to about 5 60 atnospheres,
a wei ght hourly space velocity (WHSV) of about 0.1 hr-1 to about 20 hf' |
and a hydrogen/ hydrocarbon nole ratio of 0 (no added hydrogen) to about
50; 2. isonerizatiin ofisohesipaticnofalkgaromatic)sith ax xylensswithwdabtisreact i on 10
condi tiong incluyding a tenmperature of from about 200C to about 540C, a
pressure H f%ﬁﬂ%gmluﬂ%%tﬁn%ﬁﬂfe#@@@‘?@%m& %W‘ﬁ%&?f space

vel ocity = (WsuRdf fc‘fm:r&b e 100116 aboukt J0GPIEPY, 2 weighf hdur Wloci

hydr ogen/ hydrocar boon no eo ratioao? 0 (no é?jgglgﬂﬁyélrrgsg%i t(?cfe%out 10; 15
3. ol i goreri zEWHS8W) of abontd.1 he1 ie atiout It i, and ahyddegentydrocarbpuimiolsy a

ratio of 0 (no added hydrogen) to about 10;

15 3 oligomerization of olefins with reaction conditions including a
temperature of from about 150°C to about 400°C, a pressure of from about 100 to
about 1500 kPa, and a weight hourly space velocity (WHSV) of about 0.1 hr-1 to
100 hr', - |

20 4. aromatization of paraffins and olefins with reaction conditions
including a temperature of from about 300°C to about 600°C, a pressure of from
about 100 to about 1500 kPa, and a weight hourly space velocity (WHSV) of
about 0.1hr-1 to 10 hr”,

25 5. cracking of hydrocarbons with reaction conditions including a
temperature of about 300°C to about 700°C, a pressure of about 0.1 to about 30
atmospheres, and a WHSV of about 0.1 hr! to about 20 hr’.

In order to more fully illustrate the nature of the invention and the manner

30 of practicing same, the following examples are presented.



tenperature of from about 150C to about 400C, a pressure of from about 100
to about 1500 kPa, and a weight hourly space.velocity (WHSV) of about 0.1
hr-i to 2100hr', 20 4. aronmmtization of paraffins and ol e}g%’ n%&areactlon
condi ti onsWOHEHFYi ng a tenperature of from about 300C to 8&9

pressure of from about 100 to about 1500 kPa, and a wei ght hourly space

velocity (WHSV) of about O.lhr-1to Jlg hr' l 25 5. cracking of
hydr ocarbons with reaction conditions ng a tenperature of about

300C to about 700C, a pressure of about 0.1 to about 30 atnospheres, and a-

VWHSV of about 0.1 hr 'to about 20 hr'. Ip order to rmrf ? |Ilustrate
t he nature of theTPﬁmW%@fﬂﬁggrﬁfﬁﬁé@d@B‘%‘Fm’ﬂﬁﬁé -2 ‘ﬂéfizgarre t he

foll ow ng ex / SIOORA (94.4% Example 1
To a sti rredQ?g utPg%qn?g@é@“%&d\?g%%%dgﬁrﬁ% (19. 5% Na20, 25.5%

A1203) i n5298iQx 0406 Nab)i rrpélwmstltentm AR v 20degk67(g @ aqusqUss | j ca

(92.4% 5 Si ]El}?a@! "%]lle ture was added 67 g
of aqueous Ggﬁ/"trl e{ yl'ene e%_ am ne %fé&lﬂe hn e%rﬁtggaﬁldgnt m xture had a pH
of appr oxi mapmoyinbih? 122 dnd i desesibed bneﬂlelﬁ;ﬂm mdbtmqgmg!‘eﬂ@nisat i 0os of

ingredients: SiO2/A1203 = 20 10 Na/ Si Q2 0.13 Trien/Si02 0.3 HS X
= 0.03 H2OS @2 = 20 15 The m xture was heated for 65 hours at 160C in an

aut ocl ave stirred at Si0/ALO; = 20
10 Na/S8i0, = 0.13
Trien/Si0; = 0.3
OH/Si0; = 0.03
H,0/SiO; = 20
15 The mixture was heated for 65 hours at 160°C in an autoclave stirred at

200 rpm, cooled, and filtered. The solid product was washed with distilled water
and dried at 120°C. It was found to be an apparent mixture and/or intergrowth of
ZSM-5 and ZSM-11, as shown by the x-ray diffraction (xrd) pattern in Figure 1.
Thus the apparent single peak at about 45° two-theta is characteristic of ZSM-11,

20  but the obvious presence (for example) of a peak at about 14° is expected for
ZSM-5 but not for ZSM-11. On analysis, the sample had a SiO»/Al,O; ratio of 19,
a Na'/Al ratio of 0.25, and a Trien/Al ratio of 0.6. The sample was calcined at
538°C to remove the organic, exchanged with ammonium jon to remove sodium,
and heated to 538°C to eliminate ammonia. After about 10 minutes on stream, its

25 alpha was 3400. Five minutes later, its alpha was 3500. Afier an additional 5
minutes on stream, its alpha measured 3500.



200 rpm cooled, and filtered. The solid product was washed with distilled
water and dried at 120C. It was found to be an apparent mnixture and/or
intergromth of ZSM5 and ZSM 11, as shown by the x-ray diffraction (xrd)
pattern inVWQ8UMES11  Thus the apparent singl e peak at abotVUSWBRB- t het a
is characteristic of ZSM 11, 20 but thezobvious presence (for exanple) of a
peak at about 14 is expected for ZSM5 but not for ZSM 11. On anal ysis,
the sanple had a Si 2/ Al 203 ratio of 1%Xampledo A yatjo of 0.25, and a
Trien/Al ratio of 0.6. The sanple was calcined at 538C to renove the

organi c, exchanged wth ammoniumion to renove sodium __and heated to 538C
to elimnate amorfihgproseduses efifirampled wers seneated hukusingafifferest 25 a| pha was

3400. Five m } - Af 1. i @pal 5

mi nutes on stir lésam mli’ ?ﬁss?% p@%ﬁ@@ﬁ@%@%@%%ﬁ@%@ ?%H%%@g%%%ﬂlw

PCT/ US00/ 19058tiosidf reagtentsbieingas followsr ocedur es of Exanple 1 were repeated but
using a different polyamne, tris(2-am noethyl)amne (tren), as the
directing agent and with the 5 ratios of reactants being as foll ows:

Si 21 A12C83 = 20 Na/Si Q2 = 0. 19 SiDdiGs O2== 020 10 OH/ Si 2 = 0.08

H2O' Si 2 = 30 The product had thﬁ@é:(;qay diffractjon pattern of ZSM5 as
shown in Figure 2 and a small-c { mor phol . Only tetrahedral Al was
seen in the NWMR spectrum of theTra/Si@nt hesi zed.zeolite, as shown in Figure

. The i [
3. The Infgensity OH/SIO; 0.08
H,0/Si0; 30
The product had the X-ray diffraction pattern of ZSM-5 as shown in

Figﬁre 2 and a small-crystal morphology. Only tetrahedral Al was seen in the
NMR spectrum of the as-synthesized zeolite, as shown in Figure 3. The intensity

15  of the resonance, at 52.7 ppm vs. 3M AI(NO;);, corresponded to a ratio of 17.
The as-synthesized zeolite had a SiO»/Al,Os ratio of 19, a Na*/Al ratio of 0.5 and
a Tren/Al ratio of 0.4.

In its acid form, the zeolite sorbed 12.3% n-hexane (p/pe=0.25). After

20  line-out, three successive measurements yielded alpha values of 2500 + 75.

Example 3

The procedures of Example 1 were repeated except that diethylenetriamine

25  (dien) was used and the ratios of reactants were as follows:

Si0/ALO; = 20

Na/SiO, = 0.13

Dien/Si0; = 0.5
30 OH/Si0, = 0.03

H,0/8i0, 20



15 of the resonance, at 52.7 ppmvs. 3M Al (N03)3, corresponded to a ratio
of 17. The as-synthesized zeolite had a Si 2/ A 203 ratio of 19, a Na+/ A
ratio of 0.5 and a Tren/Al ratio of 0.4. In its acid for t he lite
sorbed 12. 3@ e488lane (p/ po=0.25). After 20 |ine-out, th?@" ?P@é@sgsive

measurenents yi el ded al pha values of 3300 75. Exanple 3 The procedures of-

Exanple | were repeated except _that diethylenetriam ne, di en) was used
and the ratios of E}héa@ﬂaﬁt‘@s\?ﬁ#‘%zﬁgd'?oﬁ?mes‘wMEMbé3W/ Si =
0.13 Dien/Si = : '

01104051 13 oﬁg’apﬁ%%%tgu%{‘s%gal n M 5. As synthesized, it had a

Si 02/ A1203 r af Esample 3had amalpba ¢f2400.at i 0 of 0.6 and a dien/Al ratio of 1.0.
Inits acid form the product of Exanple 3 had an al pha of 2400. 5 Exanple
4 The procedures of Exanple 1 were repeated using ethylam ne (ea) as the

di recting5agent and with the nole r Zxample# ingredients as follows: 10
Si2/A 203 =20 Na/SiO2 = 0.13 Ea/Si02 =2.0 OHS 2 = 0.03

The procedures of Example 1 were repeated using ethylamine (ea) as the

directing agent and with the mole ratios of ingredients as follows:

10 ' SiOYALO; = 20
~ Na/Si0, = 013
Ea/SiO; = 20
OH/SIO;, =  0.03
H0/8i0, = 30
15

The product was again ZSM-5. As-synthesized, it had a SiO/ALO; ratio
of 20, a Na'/Al ratio of 0.4 and an ea/Al ratio of 1.1. The as-synthesized aiso had
an (Na* + N)/Al ratio of 1.5, it being appreciated that this ratio must equal or
exceed 1.0 for all the Al to be in the zeolite framework. In its acid form, the

20  product of Example 4 had an alpha of 2300.

Example 5

The procedures of Example 1 were repeated except that ethylenediamine

25  (en) was used and the ratios of reactants were as follows:

Si0/ALO; = 26

Na/SiO; = 0.11

En/SiO; = 1.0
30 OH/SiO = 0.03

H;0/8i0, = 30

%fdi%ﬂ?nﬁb‘%ﬂ.&j ERitsackdfoRe) the/proddi9058 VO .



H2Q' Si Q2 = 30 15 The product was again ZSM 5. As-synthesized, it had a

Si 2/ A1203 ratio of 20, a Na}/Al ratio of 0.4 and an ea/ Al ratio of 1.1.
The as-synthesized also had an (Nay' + N)/A ratio of 1.5, ji ei

appr eci at edVP R4 s ratio nust equal or exceed 1.0 for %ﬁ’}’?ﬂﬁebﬁ? to be
in the zeolite framework. Inits aC|d grm the 20 product of Exanple 4 had

an al pha of 2300. le 5 Th,e Gequr es of anpl.e .1 r epeat ed
except that ethyl éﬂ’@cﬂ‘% 'SJQ@GS%%“H‘E@ ﬁé(?i\?gésbfa UPeact ant s
were as fol | oys, &@M&&ﬁ@nmf@@?%'\m\@f/ﬁimﬁo%f@h anBah /M ratioclofq.230 OH/ Si (2

0.03 H2O0S X2 =30 _....... ... I . WD 01/04051 PCT/US00119058 14
The product was agal n ZSM 5. As synthesi zed, it. had a SiQ2/A12Q3 ratio of

23, 2 sodi um cont pis ke Aur Hat e Na TANatioRil e plodfeBoRBbrifloss VoA Tati 0 Of

1.2. It is to be noted that the ratios'in the products of Exanples

1 to 5 5 wer ewergisuhstantially less thansene; This implics tretithe amiveiinsiderthezeolitte ani ne
inside the zegld mgﬁ; rt ated, i.e., in a
parti al quatern%fof EJ&% |a§1r#1n$’8r OA%%S%E%X@%&# 19058 15

ammonium form.




Clainms: 1. A process for producing a synthetic porous crystalline materi al
having the X-ray diffraction lines listed‘in Table i bel ow conprising the

steps of 5 HB& I ng a reaction m xture containing sourqq_.'s‘.(éguo i or
al kal i ne e‘é@%’ né(nal (M cations, an oxide of a trivalent elenent (X), an
oxide of a tetravalent element (Y), a threcting agent (R) and water,
wherein said r on m xture has a conposition in terns of nole ratios

within the folT'OWng ranges: 10 Y02/ X203 = 15 - 35 H0/YQ2 = 10 - 50
OH Y02 = 0.01-0.2 MY =0.1-0.5 15 RYOQ2 = 0.2-5.0 and wherein the

directing age Ris_a non-cyclic am havi ng the..fornul C2HON) 6N.
wherein n is Elt 2 dfp ,esﬁ??ré’\{?fiuﬁﬁ“gf; ?tﬁcmfo'%crygﬁn?eé?ﬁrﬁfyrlaﬁkﬁgﬁgﬁ% ei t her
2 or 4; 20 (b) mai K-piyrdiffctidietines Hsted vTablod bolew Wwothprisiag yitstdpk bfat i on
conditions _until crystals of saigd porous crystalline kﬁ{ial re forned,
and then () reco®in W@PW@§W@W¥%WP€% %ﬂ&k@!w 25 2.
The process recited in %_ﬂbﬁ](mﬁ&isnmﬁ@ﬁ&h&iartﬁeiléﬁtgleﬂ%ﬂ$X)i’ﬁl sel ected
from et hyl am ne, ethyl enedi am ne,” di et hyl enetriamne, triethylenetetram ne
and tris(2-ani noet hyi ) afkide of at¢travalant elemeptd Yiacdirecting agen{R) and water,

wherein said reaction mixture has a composition in terms of mole

ratios within the following ranges:
10
YO/X;0; = 15-35
H,0/YO, = 10-50
OH/YO, = 0.01-0.2
M/YO, = 0.1-0.5
15 R/YO, = 0.2-5.0
and wherein the directing agent R is a non-cyclic amine having the
formula (C;HeN),NyH, whereinnis 1,2 or3; misOor 1;qis 0, 1
or 2 and (n+m-+q) is either 2 or 4;

20 (b)  maintaining the reaction mixture under crystallization conditions
until crystals of said porous crystalline material are formed; and
then

(¢) recovering said crystals from the reaction mixture.
25
2. The process recited in Claim 1, wherein said directing agent is selected
from ethylamine, ethylenediamine, diethylenetriamine,
triethylenetetramine and tris(2-aminoethyl)amine.
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L1 1rrrrrr111113ioji 11112 212222 e > cLs bbb 11111111
111 iillfl . WD 01/04051 PCT/USOO 19058 16 3. The process recited in Caim
1 or 2 e d reaction m xture has a conposition i m)le
rati os w t&ﬁ%ﬂfoﬁ@'fol | ow ng ranges: Y02/ X203 = 15 - 30 5%‘8’;’% 15 -
OHYO®R =0.02-0.1 MY 0.1-0.3 K 0.5-2.0 10 4. The process
recited in any pre d|n a r ndi tions

i nclude a ten%erat ?es%%it%@(l) %S{Eﬂ grg ﬁg%éﬁ?{%&&{oﬁ%&%@a‘% or 6 hours
to 10 days. 5. Thecmmﬂmmmmkeﬁhohrﬁawmmnmmlmngmgekterrper ature is
120 to 170C. 15 6. The process as clainmed in any preceding Caim wherein
the Y02/ X203 nole ratio of the reaction mxture is 20 to 30, the directing

agent (R) is tris(2-am noethyl)aypygr,@Nd the symptPetic porous crystalline
material is ZSM11l. 20 7. The proce/as(sé reC|ted in Clains 1 to 5, wherein

the Y02/ X283 nole ratio of H0/YO, 15-30
OH/YO, = 0.02-0.1
M/YO, = 0.1-0.3
R/YO, = 05-2.0
10 4. The process recited in any preceding Claim, wherein said crystallization

conditions include a temperature of 100 to 200°C, preferably 120 to
170°C, for 6 hours to 10 days.

5. The process recited in Claim 4, wherein said temperature is 120 to 170°C.
15
6. The process as claimed in any preceding Claim, wherein the YO»/X>0;
mole ratio of the reaction mixture is 20 to 30, the directing agent (R) is
tris(2-aminoethyl)amine and the synthetic porous crystalline material is
ZSM-11.
20

7. The process recited in Claims 1 to 5, wherein the Y0,/X203 mole ratio of
the reaction mixture is 20 to 30, the directing agent (R) is selected from
diethylenetriamine and triethylenetetramine and the synthetic porous
crystalline material is ZSM-35.

25

8. The process recited in Claims 1 to 5 and 7, wherein the YO,/X>0; mole
ratio of the reaction mixture is greater than 30 and the synthetic porous
crystalline material is ZSM-5.

30 9. The process as claimed in any preceding Claim, wherein said synthetic
porous crystalline material has a framework YO,/X>03; mole ratio less than
30.
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the reaction mxture is 20 to 30, the directing agent (R) is selected-from
di ethyl enetriamne and triethyl enetetram né and the synthetic porous
crystalline material is ZSM5. 25 8. The process recited in asﬁd@sl to 5

and 7, wheMePol/dP8 Y02/ X203 nole ratio of the reaction nt<t: 8gr eat er

than 30 and the synthetic porous crys1t7_al line material is ZSM5. 30 9. The -

process as clainmed in any preceding Caim, rein said.gynthetic porous
crystal | i ne nmif-er i Bie prepsssasiclamed s aey pig ggﬁ‘ﬁﬁ’l ‘@h?rﬁlf‘isﬁ‘als@get’tchan 30.
Sheet Has Been ReMloiaRrybiblielmdtrial his'ah agialabiivily ih ekdcsd & 1000, VIO 01/ 04051
PC T/ USOQ 19058 17 10. "The process as clainmed in any preceding Caim
wherein said synthetic porous crystalline material has an al pha activity

in excess of 1000. 5 10 15 Il 112112 21222Y 1000 1 1l 1111CLMS H M
5
10
15
-
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