WD 01/04051 13 JAN 2004 PCTNSOQ 19058 SYNTHESI S OF ZSM5 AND ZSM 11 Field
of the Invention 5 This invention relates to the synthesis of ZSM5 and
ZSM 11 and intergrowmhs and/or m xtures thereof. Background of the

I nvention 10 ZSM5 and its synthesis using tetrapropyl anmoni T @y
cations aSud o1 :LoEFCt' ng agent are disclosed in U S. Pate 886.

ZSM 5 has al so een synthesized with a wide variety of other organl C
nitrogen directing agents, for exanple alKkyl d| am nes having 5-6 carbon
atons (U.S. Patent No. 4, ¢138nHE L Hopyl anmoni um ( DVEPA)
cations (U S. Patent No. 05, 0C nocycl ohexane (U.S.
Patent No. 5,174,977). U. S Patent No. 4 151 189 di scl oses that ZSM 5, ZSM
12, ZSM 35 and ZSM 38 can be s eShZ 8 .u8ing primary am nes having 2-9
carbon atons as the directing M cul ar Exanple 12 of this

pat ent di scloses synthesis of 20 ZSM5 using ethylanm ne as the directing
agent. Insufficie .. nf or mat j r.ovi d i le 12 . to reach a
definitive concl uﬁ“ﬁﬂpvﬁgm’cnd'e Wét"stf’? T‘yg"gteétf‘ Hﬁ‘?%% %ﬁ@d'ﬁéﬂ’% of the reaction
m xture but, i@egtiwtRhnt/oe nfatieserbE/M nate enpl oyed was the nornal
commercially avail able material containing 25.5% A1203, the reaction

m xture woul d have a silica/alumna nolar ratio of 50. According to 25

Tabl e 2 of the 189 patent, tﬁ'f‘ckﬁf&ﬁﬂ%hlﬂ“ln@iﬁﬁﬂ' e 12 was only 85%

crystalline, . €. was inpure, al um na weight ratio of 17,
whi ch corresponds to a nolar ratio of 29. However, the product analysis

data in L) ble 2 d 1151{1 htpl} nol es of
al um na are prese%?ﬁ%] edrlie;s rtggs(l)sn"}%mgga%gmpk% es ufn? ﬁ&gg%"ge“%%. ally no Na.
Thi s strongl yireciipgagens ateldisclosedsih Lb$ Patret 8@ 36102;8864 A8M-hhasradsobeerduct
conposi tion of Tab not gle ZSMS nd e the nol ar
Farro ot e Suiedytin $35af il heolber GEiic nirRher Sl aachE 6!
example alkyldiamines 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.c. was impure, and had a silica/alumina weight ratio of 17, which corresponds to
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

30  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.



WO 01/04051 1 3 JAN 2004 PCTIUSOQO 19058 2 1In addition, U S. Patent No.
5,369,071 discloses that ZSM5 with silica to alumna nolar ratios as |ow
as 20.3 and al pha val ues as high as 1488 can be synthesized in the
presence of n-propylamne froma reaction m xture having a pfH M@ﬁ and
oH /S 2 ra"‘iﬁi"%‘o' 1-0.3, an MSIQ2 ratio of 0.2-0.6 (\M}%ﬁ, /fo%g 5

al kali or al'kalihe earth netal) and an H2O' SIQ2 rati o of § M 11 and
its synthesis using tetrabutyl anmoniéim cations as a directing agent are

disclosed in US. g, NG phef $380 oA 858880 WzsiiE 8t s o 4, 108, 201

descri bes the synthesis resence of an a am ne 10
havi ng 7-12 caluhina melagmatios bs lowsas 2D Sand mipbmvalyes s highrs &4&8mphbe U. S.  Pat ent
No. 4,229, 424

. ' I . Of t is
crystalline rrsa'{l {el"rg?lgelrdgggﬁ%ﬁk%%ﬁgg'p%%%r%@%%gwgg&% B%vh‘ﬁéz olites. 15
To date it hal)-pt endOHERIC: eatinl of 0di-0.3,i a0 IM/SiQ0atpy afdL2:0.6 7@herd MiiscinZSM 11 with
framework silj,ca. tonal.um lLar .ratj as.less t bout 20. (See, for
example, R zlg% oarlék ! en?f%%&%?a&a"%flyéﬁﬁé@ %ﬁ%c\}fe@3 7an Nostrand Rei nhol d,
NY, NY, 1992, pages 520 and 530, respectively.) Framework al um num sites
f zeolites, .and i s. desirabl e

are 20 responsi bl r,the acid activity.o . L

for many catanyt i ESMLaT i Fatest wine ROt RRnOnA Sigha Fop SRHE T wi 1 h ¢ he
hi Ighest poslsiige@:am&iidclosaaﬁdujst Paté\'ﬂ@ohﬁ,m, Ehﬁh&r&mh 5. Wﬁd Nol e frane¥\ork
silica to alum nojar_ratio. It i nown that the aci cfivity of a
zeolite can b@&?ﬁcﬁr@m’%@emw %W—lésn%@m,o?g%@kﬁd@m%tem No.

4, 326, 99410 bukaviiigc) BlafstilalBns@dds an additional step in the catalysts
production regime and hence there is a need for a direct synthesis route

for producing high activity ZSM5 and/or ZSM 11. According to the
invention, it has pRWisBRRsWH St Bampl)k SpatchtMo14.229 424, to produce

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



30 and intergrowths and/or m xtures thereof with extrenely high acid
activity can be produced using, as a directing agent, a non-cyclic am ne
having the fornula 13 JAN 200# WO 01/04031 PCT/ US00/ 19058 3 (C2H6N) " NmHq

wherein nis 1, 2 or 3; mis Oor 1; gis 0, 1 or 2 and (n+ Nadl ei t her
2 or 4. It b? be appreciated that, although ZSM5 and@%@ﬁ%@a‘

normal | y v Mesi zed as alum nosilicates, the framewo m can be
partially or conpletely replaced by ojher trivalent elenents, such as
boron, iron allium_.a e _framewrk.silico n epartlally or
conpl etely r@%ﬁé@%ﬁ“ﬂﬂ/ﬂ%ﬁ'ﬁ&m?’g{%@vg\léﬁtor I%lrsrght & éﬂ@rﬁ‘g@'@ f mani um 10

Summary of t kichet Buehiti on I n one aspect, the invention resides in a process
for producing a synthetic porous crystalline material having the X-ray
diffraction lines listed in Table I below conprising the steps of: 15 20
25 30 (a) form ngmmeaqi;irwintmﬂﬁumﬂaoﬁg:msﬂmiangzswnl:a&nefmaalykali or

al kal i ne art cations OXId of atrlvalen element (X), an
- oxi de of 2 tﬁ%?ﬁ?dgﬁfi&@?@fﬁmfwe légli" hEP B water,
wher ei n sai dcmﬂ&élwéplweabybmeM&?alamﬁmIstuuoms Homont fbfEndér Mol e ratios
within the fol | owi ng ranges: Y02/ X203 =15 - 35 H20/ YO? =10 - 50 OH YO
=0. 01-0. 2 M Sathum,sn m_f@mework silicon can be partially or completely replaced by

other tetravalent elements such as germanium.

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 trivalent 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
H0/YO, = 10 - 50
OH/YO, = 0.01-0.2
25 M/YO, = 0.1-0.5
R/YO; = 02-50

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



R/'YO2 =0.2-5.0 and wherein the directing agent Ris a non-cyclic am ne
having the fornula (C2H6N)nNHg wherein nis nis 1, 2 or 3; mis 0 or 1;
qis 0, 1 or 2 and (n+tmtq) is either 2 or 4; W 01/04051 (b) 13 JAN 004
PCT/USOCO'1 4 maintaining the reaction mxture under crystal on
condltlons,g ?w crystals of said porous crystalline nat g%-%jg Gtor nmed;
r

and then ecovering said crystals fromthe reactlon mx ure.
Preferably, the directing agent R is %elected from diethyl enetri ani ne,
triethyl enet e”a”ﬂﬂe aﬂﬂmiaﬁmﬁ [ the AXLAGShitiird érmfepﬁgft}ﬁzﬁfoﬁfcﬁﬁaﬁéaé sai d
reaction m xture has a conp tlonlnterms e ratitos wthin the

fol | owi ng ranges: 15 m)m%sﬂaldmsmmam@mmma@domm =0, 02-0.1
M YQ20. 1-0. 3 R/'Y02 =0.4ps?. 0 Brief Description of the Drawi ngs 20 Figure 1
is the X-ray diffraction pattern of the amoni um form of porous
crystalline material fornmed according to Exarrple 1. Figure 2 is the X-ray

diffractign patte of rous.,. 25 crystalline nmateri al
f or med acgordl ng {2 Exrg%mwr}é@ﬁ% U reRROR Hxrute’

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:

YO/X:0; = 15-30
H,0/YO, = 15-30
15 OH/YO, = 0.02-0.1
M/YO, = 0.1-03
R/YO, = 05-2.0

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 pattermn 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 5
Description of Specific Enmbodi ments 13 JAN 2004 PCTI USOQ 19058 The present

i nvention provides a process for producing ZSM5, ZSM 11 anfis' qn[growt hs
and/ or m Xa'p@smodiher eof which, in their hydrogen form ca@rBsiiRe

extrenely high acid activity, as neasured by their al pha value. A pha val ue
has | ong been recogni zed as a useful greasure of acid catalyst activity, and

its correlation with framﬁf@{mpwmgmgmem@ zeolites has been the
subj ect of a nunber of publfTcatirons 1n erature, e.g., W 0. Haag,
R M Lago, and P. B. Wisz, Nature, 309, 589 (1984). Al pha Val ue conpares
the catalytic cr Qe fa | hexane
conversi on per vgﬂqﬁr@g‘ﬂ?t % y’ﬁ)‘y'g%r ﬁﬂ%?gﬁ}?{%g&ﬁzﬁdﬁez%g’fc??w ty of a
standard si IWHMMW&MQMWSWWtCh, initeir badrsigan fogmy candhadescri bed in
US Pat ent %ﬁu HE Q?I tﬂhé I p. 527
(1965); Vol. a%&h%&é]% (afgg%&lwyd%g edg)gth% érkl(%ig@g:ghav? € entire

contents of |lm1g beewrecognized @s auaﬁ:lmmaﬂnmobpldrcafa@semny THnditexperi nental 15

conditions o ncI u n re of 538C
and a vari a{ﬂr}eﬂﬁf){’)\?\ﬁ éla g%grgn(aésr{élrg mz of’fels ra1tp°tcﬂ }gﬁf"% Y
Cat al ysi s, Vinimbefdf publicatiddbin tlfdnhtemme;e%s Véfo tI'['Bag,I Rl\MrlLag)nandem Bpr oduce ZSM 5

and ZSM |1 erials 0 ' [ hgi.r hydro al pha val ues
bet ween 1003%% %6‘8’. @b?@]gg’?% &Hfléjwe ‘}Z/@W% g"ﬂl’fqifl gﬁ'ﬁ be produced
ha}/l ng all@ﬂaadrilﬁityleﬁa Eutalyst Qﬁte@fnorﬁﬁﬂﬁkxﬁi&koﬁﬂ%l&ipéf%ﬁﬁﬂe&ilfl%aﬁ@w p&ll al phg
val ues as hi as 350 ZSM 5 S re st tura I mlar an
sonetimes r e\9 By Wi §a°t‘2’?§y|9 f@éa{\ési'%T l{ngga cr 3?¥ ZSM 11 and
thei r intergaGgh Testad\dbsetibet i €S 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
variable flow rate as described in detail in the Joumnal 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:



produced by the process of the invention are characterized by the X-ray
diffraction lines in Table 1. Below. WD 01/04051 6 Table 1 13 JAN 2004
PC' T/ USO0/ 19058 D-spacing (A Rel ative Intensity [100 x U (0)] 11.2+/-0.2M S
10. 1+/-0.2MS 3.86 +/- 0.08MVS 3.72 +l- 0.08M S These X-ray YjfjARaidti on
data were q@demsed With a Scintage diffraction 5 systefpcrRghdRped W th a
germani um solid state detector, using copper K-al pha radiation. The
diffraction data were recorded by stem@ scanning at 0.02 degrees of
two-theta, where theta is the Bragg msglie, and a counting time of 10
seconds for eag_h_;t_g,p_,_‘th_L_%gLnl anar spacings _d s _were calculated in
Angstromunits,| and tRePrar&tve | ntensR“-ﬂ#t’éfSI%Fnslthélqoiﬂé[ﬁ?)]U ais

one- hundr edt h The TNIEePsLpy o [ Ne [10 StTOoNgeEgRj gl T e, apbove background,
were derived witth the use of a profile fitting routlne (or_second
derivative algdrithn). MhktkfRensities| are incorMeSted for Lprentz and

pol ari zati on efffects t rve T Ttenstties Hver—++—terns of the
synbol s vs = very stror? +é%% 3 strong (%‘Y}% in = medi um (40-60),
w = weak (20-40), and3m+#-(weay vveak (0-20). Ith«BSouI d be understood that
15 diffracti on 'deta—ti+sted—For—this—sanple—as—s+hgle—-H-nres—ay consi st of
multiple overlapping |lines which under certain conditions, such as
differences in crystallographic changes may appear as resol ved or

partially resolved |ipes i cal |y, tal I ographi c changes can i ncl ude
m nor changes inﬂ}?ﬁq d’éYF‘m'%El %E’F@cﬁﬁﬂ}e@rmﬁlmchmﬁl%tal symetry,

Wi t hout a5 chaR@s, bauippee withaifehirfum %a@ﬁ@é&té&&%u@&sﬁ&%awl udi ng
changes in rélative Intensities, can al S0 occur as a
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/Iy 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.



result of differences in cation content, franmework conposition, nature and
degree of pore filling, crystal size and shape, preferred orientation and
thermal and/or hydrothermal history. WO 01104051 7 13 JAN 2004

PCTI USOQ' 19058 The crystalline materials produced by the prﬂggj ﬂﬁgthe

I nvention %&P@ﬂ conposition involving the nolar relati BRistbne

X203: (n) YOZ, fein Xis a trivalent elenent, such as alum num boron,
iron and/or gallium preferably aluginum Y is a tetraval ent el ement such
as silicon and/or germanium preferably silicon; and n is 10-30,
preferably 15-25. 10 According to the synthesis process of the invention, a
reaction m xture The crpstaltioeomateddspraduied by the pravess of theaihkeltion baveal kal i ne
earth netal (:M] o i QRsvidd gxi ge qu %ri val ent elenent (X), nornally

al unina, an GXFRESR aVolvipz GG molatrelationshi® vy normally silica, a
directing agent (R) and water. The reaction m xture has a 15 conposition,
expressed . in terms of nole ratios gfoggbcl@s, as foll ows:

Conponent Osef ul Preferred Y02/ x2031820%8H % . 30 po/ Ya10- 5015- 30

OH YC20.01 -0.20.02-0.1 R Y020.2-5.00.5-2.0 M YQ20. 1-0.50.1-0.3 The

di recting agent LS a pon-cyclic. am ne having.the fornmula (C2H6N) nNnHg
Wherein s tocT o Wiered R GGl cnent, Spch 3g lodhiny poigagoranden 1o 20
either 2 or 4allitgpreferdblyaluhimeliiesietrilcaelBhentSudirdseicen ami/dty | ani ne
(wherein n=1, nm=0 and g--1) or ethy]enedi am ne (wherein n=1, nrl and gq=2)

or fromthe 8etmanium, preferably silicon; and 1 is 10-30, preferably 15-25.
10
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
YO02/X;04 15-35 15-30
H,0/YO, 10-50 15-30
OH/YO; 0.01-0.2 0.02-0.1

R/YO, 0.2-50 05-20
M/YO, 0.1-9.5 0.1-0.3

The directing agent R is a non-cyclic amine having the formula
(CzHgN)NpH, whereinnis 1,2 0r 3; misOor 1;qis 0, 1 or 2 and (n+m+q) is
20  either 2 or 4. Preferably, the directing agent is selected ethylamine (wherein n=1,
m=0 and q=1) or ethylenediamine (wherein n=1, m=1 and q=2) or from the
polyamines diethylenetriamine (dien [wherein n=2, m=1, g=1]),
triethylenetetramine (trien [wherein n=3, m=1, g=0]) and tris(2-aminoethyl)amine
(tren [wherein again n=3, m=1, q=0]), wherein the polyamines have the following

25  structural formulae:



pol yam nes di et hyl enetriam ne (dien [wherein n=2, m-1, g=1]),
triethylenetetramne (trien [wherein n=3, m=1l, g=0]) and

tris(2-am noethyl)amne (tren [wherein again n=3, nmrl, g=0]), wherein the
pol yam nes have the following 25 structural fornulae: WO 13 040%M( 8 5 13
JAN 2004 RWebi4hies0/ 19058 Dependi ng on the directing agenpcfismabdesgnd the
silica/lalumna nolar ratio of the reaction m xture, the zeolite produced
will be either ZSM5, ZSM1 | or a 1 m xture or intergrowh of ZSM5 and
ZSM 11. For exanple, at silica/alum na nolar ratios bel ow 20, the product
tends to be a ZSM5/ZSM1 | intergrowmh. At silica/alumna nolar ratios of
20-30, the product tends to be ZSM1 | 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 nent, the reaction m xture contains 0.05-5 w % nucl eati ng seeds.
Crystalligation is carried out under either stirred or static conditions at
a 20 tenperature of 100 to 200C, preferably 120 to 170C, for 6 hours to 10
days and the resultant crystals are separated fromthe nother |iquor and
recovered. Wen used as a catalyst, it may be desirable to incorporate the
zeolite of the invention with another material resistant to the

t enper at ur es and Rensedingan thediteating agent olyisenyard thasilicaduumioa oot eatdi on
processes. [ I . .'n vV, Is and

synt hetic or na?uratﬁhﬁggléédr“%zgaﬁeg%ﬁ&%g@gg% Fiéﬂd?iﬁg{ggﬂ Tt materials
such as &0 aymixtge lor intergmovittosf 28M-aland ZSkek . ﬂiocbumlahtuihua&lumﬁihe | atter may

be either na ULhkI e . for nous pre i pitates or

gel s i ncl udi %‘éfa?nkxﬁugeg‘gwép tﬂg?m%%ft g’ﬂ@sqﬂgf 5 %@ggﬁl wﬁ’ mat eri al

whi ch i s act siliea/alomina snolay rativa pf20-30) ehegoduer t8hdsno BOESME ] Iswitletheitieht y of t he
directing 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
wit% 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 contro] the amount of conversion in a given process so that products



catalyst in certain organic conversion processes. Inactive materials
suitably serve as diluents to control the anobunt of conversion in a given
process so that products 13 JAN 2004 WO 01104051 PCTNS00/ 19058 9 can be
obt ai ned economically and orderly w thout enploying other ne é
control | i ng tlheept € of reaction. These materials may be ] B4 into
naturally occurring clays, e.g., bentgnite and kaolin, to inprove the crush
strength of the catalyst under commercial operating conditions. Said

materials, 1 . & pe b n r the
catalyst. It G s esl rab 210 A%Sow glt YWE &qu}"g{&yﬁg\?p{ﬁr%%%%aggrush strength
because in c@mtmllmgahe Ims)flrtacu@ dﬁssermubmls way b me@poratedantoat al yst from

br eaki ng do oye oﬁ%rﬁgﬁ]%?; kee$ }«%{:&?@nﬂﬁ?% m%l) ayethatr:]%/gsrung i de binders

have been enp purpgose “o I fpr he crush
strengt h of toﬁéxc caalarktymﬂer cﬂ:ﬁmiﬂanal optratyngooaditionsn @arﬂl maytmam i.ehclagn be

conposite ew.cr n the . |l anite and kaolin
fam |y, W%I ch* Cpp et n%ﬂ’ Aefsf‘fgrt% %%E‘ﬁ‘t ﬁrﬁn‘?e f’?cpr?ﬂ €%kaol i ns commmonly
known as Di xucaalywﬁﬁm@goocﬁeuuhgtrangﬂaMaﬂem d’:cdmablame@tns désivable td N whi ch the
main mneral constituent s halloysite, 15 kaol.inite, ite, nacrite, or
anauxite. SufFVERLrca @gﬁt%@“&gﬁl&mg OV it poy iik%“’&?mlé'r &E‘?Sﬁélayy n ned or
initially Sulanﬂﬁﬁ@ﬁﬂdhmmmwﬂﬁéeheﬂlplo@% ﬁbrhﬁ@ﬁéﬂl?lﬁrtﬁ gotal

nodi fication. In ad tlogtothefore 0|ng mat eri al s, e zeolite produced

by the procedBProvHg Lhe conposi t ed W|th a porous matrix
mat eri al 1guch as silica alumna, silica-mgnesia, silica-zirconia,
silica-thoria, silica-beryllia, silica-titania as well as ternary

conposi tions suchNa@rally ppcuging qlaws whichiren be comapositedawith thangw crystel coni a

si |1 ca-al url A RARRdoradiliohind hiPralRONRRH MRk EANIE indlRacthe rel ati ve

proportions of finely divided zeolite and”inorganic oxid matri x vary
widely, wit hSllbbente@éﬂsmﬂé%ﬁpmcommln@oweﬁDmMcMamm, Gewgie 90% by

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 0% 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 exampie:



wei ght and nore usually, particularly when the conposite is prepared in the
form of beads, in the range of about 2 to about 80 w.% of the conposite.
30 The zeolite produced by the process of the invention is useful as a
catal yst in hydrocarbon conversion reactions where high acti¥V3taNi2804

| npor t ant . walweAkosy €acti ons include, for exanple: WO 01/ O#8BUsobdedss3 JAN
2004 PCT/ USOQO 19058 1. disproportionation of al kylaromatics, e.g.,

di sproportionation of toluene to proguce xylenes, with reaction conditions
including a tenperature of from about 200C to about 760C, a pressure of
from about atnospheric_to about, 5 60 at nospheres, a weight, hogrl y space
velocity (WHSV) oF abdifpraportiopstion of alkylaiematicss e ey fispropeptignation o

hydr ogen/ hy diofiefs RGRodERE RylEfs] WitiPleadlioh BehdRFIAS theMtigQ0emperh@re gibout  50; 2.
i sonmeri zation of alkyaronatics, such as xylenes, with reaction 10

condi ti ons i fremabeutgLerG tespeyt 367 Cea pressurenhitgpoiboubaypospherigtsabeuts 40C, a

pressure of 7 . | Ihly space

vel ocity 9( vﬁ%@iﬂoi@:@%&#&gﬁ@oﬂ&%ﬁ%@%&%gﬁﬁ@g&@’%\ﬁ?ﬁ&pi%Eg}"gt&(

hydr ogen/ hy dateet2Glui , amd ahydregeivbydrbcagbopimmlamitie df & (riraddedbydrageablout 10; 15
3. oligoneri tu#ﬁf' of olefins with reaction conditions including a

tenperature 0 rom about 150C to about 400C, a pressure of from about 100
to about 1500 kPa, and a wei ght hourly space velocity (WHSV) of about 0.1

hr-1 to 100 hr1,, 20 4. ar.oriﬁ;tiia]&(iéon otfﬁparaffi s and, ol ec{ii ns wth
reaction conditi dhs IPEITGARYRY of aliouremaues, sheh sy PEIABSECURbT t o about
600C, a pp esedndRtions inklu@ify adéimperatdrd Of from absuy 200PEUO akdia s4ep0]aa wei ght hourly
space velocity (WHSV) of about 0.1 hr-1 to 10 hf' , 25 5. c¢racking of

hydr ocar bonsPRFsFs af kot ahont 109 rte1akoub 00 kR a pregighy hgurly space velocity
(WHSV) of about 0.1 hr-1 to about 50 hr”', and a hydrogen/hydrocarbon mole

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 br',

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 foliowing examples are presented.



tenperature of about 300C to about 700C, a pressure of about 0.1 to about
30 atnospheres, and a WHSV of about 0.1 hr"1 to about 20 hfl. In order to
nore fully illustrate the nature of the invention and the manner 30 of
practicing sane, the follow ng exanples are presented. WO 01/ Q4034N 204
Exanpl e | %o odfds2004 PCT/ USO0/ 19058 To a stirred sol uti geraisockess g of 45%
sodi um al um nate (19.5% Na20O, 25.5% A1203) in 290 cc of distilled water
was added 60 g of UtraSil silica (924%5 Si 2, 0.4% Na20). To the
resultant stirred mxture was added GExgmple1aqueous 60%
triethylenetetramne (trien). The resultant m xture had a pH of
approximately 12.2 and is described by the followng mle ratios of

i ngredi ents: 10 STORBrRAGBIwHAR N B 624599 sokund Bluitlall @8.55ONS00H Si 02 =0. 03

H2O Si &2 =20 %go/T e m. xtuyre vags _peqat ed for 65 hours at 16QC In an aut ocl ave
stirred at 35074 N0 &y A 14 Waternveag 2dded S0t Wrplibalica (924% washed
with distbl| SHD)as%Na,0NdT 6lihe @cbuldnt #EG mikfurdss Jda66Y § 6f @GR appar ent
m xture and/gé%l ntergrow h of ~ZSM5 and ZSM 11, as shown by the x-ray

diffraction &‘j‘edbﬂgrfeéﬁ“ﬁni“}? (friegy  Breresultamn ixturechad g phkafnt  si ngl e peak  at
about 45 t Woapgielimately 120G 8dstPed by He G ikg tile 28idR UF inzfRieBRY i OUS
presence (forﬁdg?arrpl g) of a peak at z)irb(;ut 14l %s gxp:act eglgfbg}eggZSMS but not
for ZSM 11. On analysis, the sanple had a Si 2/ A1203 ratio of 19, a Na
IAl ratio of 0.25, and a Trien/4§o,faldo o 0.69 The sanple was cal cined at

538C to rlgrmve the organic, exchanged w th amoniumion to renove sodi um

Na/Si0Q- = 0.13
Trien/S10, = 0.3
OH/SIO, = 0.03
H20/8i0, = 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
Z5M-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 Si0,/Al,05 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 ion 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. After an additional 5

minutes on stream, its alpha measured 3500.



and heated to 538C to elimnate amonia. After about 10 m nutes on stream
Its 25 al pha was 3400. Five mnutes later, its al pha was 3500. After an
additional 5 mnutes on stream its al pha neasured 3500. WD 01104051 12
Exanple 2 13 JAN 2004 PCT/ USO0/ 19058 The procedures of Exanpl 4 3 jaee:
repeat ed byhopgdofyd @ di fferent polyanine, tris(2-am noeppyisgibsg (tren),
as the directing agent and with the 5 ratios of reactants belng as
follows: 10 Si 2/ A120320 Na/Si 2 =0. 1% Tren/Si02 =0.5 O/ Si 2 =0. 08

H2Q' Si 02 =30 The product had the X-rayadigifs action pattern of ZSM5 as
shown in Figure 2 and a small-crystal™nor phol ogy. Only tetrahedral Al was
seen in the NWR spectrum of the as-synthesized zeolite, as shown in Figure

3. The int it ; | (NDB) 3,
e intensi yﬁépaicelngsalf;mﬁ}ng%er@&gm dbuP B SdifEnf ( NCE)

corresponded to aratio o e as-s esl zed zeoli1te had a Si 02/ A1203

rati o of 19,polyargng, mis(3-amingethyl)amise (uen), axthg dieecting ageat angl with®e4. In its acid
form thes zeglidd & rSQRRE Be; - hexane (p/pa=0.25). After 20 |line-out,

t hree success*’ve neasurgen%]ﬁtaés)’?@?vev?ded al pha val ues of 2500 75. Exanple 3
The procedures of Exanple | were repeated except that diethylenetriamne
25 (dien) was used and the ratié?é;/ﬂfzogea(—it antg, were as follows: 30

Na/§8i0, = 0.19

Tren/Si0; = 0.5
10 OH/Si0, = 0.08

H,0/8i0; = 30

The product had the X-ray diffraction pattern of ZSM-35 as shown in
Figure 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(NQOs)s, corresponded to a ratio of 17.
The as-synthesized zeolite had a Si0»/A1;0; 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/py=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 dicthylenetriamine
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/SIO, = 0.03
H,0/8i0, = 20



Si 02/ A 203 =20 Na/Si 02 =0.13 Dien/Si02 =0.5 O Si @2 =0.03 H2.0/Si &2 =20 WO
01/ 04051 13 JAN 2004 PCT/ US00/ 19058 13 The product was again ZSM5. As
synt hesi zed, it had a Si 2/ A1203 ratio of 20, a Na+/Al ratio of 0.6 and a
dien/Al ratio of 1.0. Inits acid form the product of Exandl® M gg an
al pha of 24QPsosExanpl e 4 The procedures of Exanple 1 Wgigalstdgised Uusi ng
ethylam ne (ea) as the directing agent and with the m)le rati os of
ingredients as follows: 10 15 Si 02/ A Y3 = 20 Na/Si02 =0.13 Ea/SI R =

2.0 OS2 = 0.9 prbfot wad m‘shmm&m@ O A:
As-synt hesi zed, it hardaS| KIIZCB ratio dmd %}} ¥2§lryratlo of 0.4 and

an ea/ Al rat PH2Qa Na'/Al mFﬁ‘é’fQé agd adicabh satie Qillé)o IhéﬂaCléfPT(l‘Nﬁl# prodgy Al ratio

of 1.5, it DbefRehridWs Bed Aishaldr2lod his ratio nust equal or exceed 1.0 for
all the Al to be in the zeolite framework. In its acid form the 20 product

of Exanple 4 had an al pha of 2300. Exanple 5 The procedures of Exanple 1
were repegted except that ethyl enedli:mﬂﬁ

The procedures of Example 1 were repeated using ethylamine (ea) as the
directing agent and with the mole ratios of ingredients as follows:

10 Si0y/ALO; = 20
Na/Si0, = 0.13
Ea/8i0, = 2.0
OH/SiO; = 0.03
H;0/8i0, = 30
15

The product was again ZSM-5. As-synthesized, it had a Si0Q,/AlLO; ratio
of 20, a Na'/Al ratio of 0.4 and an ea/Al ratio of 1.1. The as-synthesized also 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 §

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/Si0, = 0.11
En/Si0, = 1.0
30 OH/SiO; = 0.03
H,0/Si0, = 30



I

25 (en) was used and the ratios of reactants were as follows: 30 Si OQ2/ Al 203
26 Na/SIQ2 = 0.11 En/Si02 =1.0 OS2 =0.03 HRAOS X2 = 30 W

01/ 04051 1'3 JAN 2004 PCT/USOQ 19058 14 The product was agajn ZSM 5.
As-synthesized, it had a Si02/A1203 ratio of 23, a sodi um cortEdaN 2é 0. 57%
a Na+/ Al rwoiocos$1 0. 2 and an en/ Al ratio of 1.2. It is techessmbeg t hat the
Na+/ Al ratios in the products of Exanples 1 to 5 5 were substantially |ess
than one. This inplies that the am neldinside the zeolite franmework is at
Iigstd partial | yJ er\llmgpmmomt:?ebs Aaigaiast-B. ];As@ﬁrthésgled,ﬁ'imta%ioamh;bseamso_ ni um form
- ai ns: : rocess for producing a synthetic porous
crystalline & faghum ﬁ%%@fgﬁ%yi A /AdptRof G2 ‘%‘fmtl‘mfd;z-a cheni cal
formula of X203: (n) Y02, wherein Xis a trivalent elenment, Yis a
tetravalent ele nd nis 10 to 30, and an X-ray diffraction pattern

t £ . d
having the follo 1%0 ﬁ? RRied they the Na'yAlratiog)in the|psedugs of Frameles Lto(5100 x 1/1(0)
11. 2+/- 0.2 Myére sdtidtadtidtyOest thinne STRS trhpifts Bt Mk YRine inside the zeolite

framework is at least partially protonated, i.e., in a partial "quaternary"

ammonium form.



3.72+/-0.08 M S wherein said process conprises the steps of: (a) formng a
reaction m xture containing sources of alkali or alkaline earth netal (M
cations, an oxide of the trivalent elenment (X), an oxide of the
tetravalent element (Y), a directing;agent (R) and water, whadeiAN ¥l d
reaction mxture has a conposition in terns of nole ratlos wi thin the

f ol | owichgims anges : Y02/ X203 =15-35 H20/ Y02 =10-50 OH /Y2 =0.01-0.2 M Y02
=0.1-0.5 R'Y02 =0.2-5.0 and wherein the directing agent Ris a non-cyclic
anm ne having the fornula (C2H6N) nNmHg wherein nis 1, 2 or 3; mis O or

1; q i4. ®,plo@arss? fd r.(xl?tftmtﬁl)lgl S @ivhRBEL 2 0o Aiu ta}0i pg Lhe
reactl on ,m xture un tallizat |yon (O g%?]%lqtl g%]ﬁﬁ?ll?h%ryg Lot

sai d por ousmcrzllgysatnalalq'lpﬁ‘é BFi &P e¥Fess ophedf0andat I@éﬁme@bvécvrmgasajﬂj

crystal's ¥oonrive:; eandican m Xiute cri1ddk IR0 2 14 Brgess, ap. ol ai med
inclaim gre sald dlrectlnggagent is selecfe flrometh He,

et hyl enedi &Achs, et hyft&netd i 5 A ey Keney eﬁnéﬁra@tmrd pattern
tris(2-amavaetyhyhg aféNewidg Agiocess as clainmed in claiml1, wherein said
reaction mxture has a conposition in terns of nole ratios within the

foll owi ng ranges:

D-spacing (&) Relative Intensity {100 x I/I{0)]
11.2+/-0.2 M-5

10.0+/-0.2 M-8

3.86+/-0.08 M-V8

3.72+/-0.08 M-5

wherein said process comprises the steps of:

(a) forming a reaction mixture containing sources of alkali or
alkaline earth metal (M) cations, an oxide of the trivalent
element (X), an oxide of the tetravalent element (Y), a
directing agent (R} and water, wherein said reaction mixture

has a composition in terms of mole ratios within the following

ranges

Y02/X:03 = 15-35
H20/Y0; = 10-50

OH /Y02 = 0.01-0.2
M/YO: = 0.1-0.5
R/YO2 = 0.2-5.0

and wherein the directing agent R is a non-cyclic amine having
the formula (C:HeN)nNnHy wherein n is l, 2 0r 3; mis 0 or 1; q is

0, 1 or 2 and (n+m+q) is either 2 or 4;

{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.



- = - I =0.1-0.3 R Y02
=15-30 H20/Y02 =15-30 OH/Y®2 =0.02-0.1 M Y02 =0.1 _ _
\:(82/5X§08 4.15A process as clainmed in claiml, wherein said crystallizati on5
conditions include a terrperaturewﬁf 100 to gogecnfpg:a'?ngu{: ﬁgdAﬁSﬂﬂ?%gc .
clainmed in claim4 wherein sai _ :
Q p’rb\ogregiegg as claimed in claim1l V\hé{'e! n the YOZ%)ZOS nole ratio of the
: [ | pitdtie® sl 9520150ma9, id N imrq(':tlwgg ent_. 1S . B .
[??EE szagnnim%ie k?els) m ne grpld tlhe sya%t heti c p(r)%rlljss_aclrys‘i%lelcltﬁﬁg ABERY i s
ZSM 11. feriEC%Féceg’ém%ls P ABENS N Elthl henedireriekn tdmeeefqa/%ge_aiglmsﬁ,; gt :a 8
of the rtedethgbedodtitaing 29&&1%%—%&9&%‘?&25& laggent ( )tlhstiC ect ed
fromdiethylenetriamne and triethylenetetram'ne and the synthe Whp (
crystalline material is ZSM5. 8. A process as clained in cl alhm 130 SLSI '[]he
Synthet! & porous. crystal e retarim s etpst 538 BPaftue muenaened 1 n
[ crystalline na -9 pr .
§|yg|t 216? j&?(%?éoﬁgoérﬁoé){%gﬂ? héti EepBF 088 metgstratiomewieh it i he has1 Bowfingmewor k

Y02/ X203 rembesrati o | ess than 30.

YO0z2/X203 = 15-30
H20/Y02 = 15-30
OH /Y02 = 0.02-0.1
M/YO: = 0.1-0.3
R/Y0: = 0.5-2,0

4. A process as claimed in claim 1, wherein said crystallization
conditions include a temperature of 100 to 200°C for 6 bours to
10 days.

5. A process as claimed in claim 4 wherein said temperature is 120
to 170°C.

6. A process as claimed in claim 1 wherein the Y0:/X20: 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.

7. A process as claimed in claim 1 wherein the Y0:/X:03 mole ratio of
the reaction mixture is 20 to 30, the directing agent (R} 1is
selected from diethylenetriamine and triethylenetetramine and the

synthetic porous crystalline material is ZSM-5,

8. A process as claimed in claim 1 wherein the Y0:/X:03 mole ratio of
the reaction mixture is greater than 30 and the synthetic porous

crystalline material is ZSM-5.

9. A process as claimed in claim 1 wherein said synthetic porous
crystalline material has a framework Y02/X203 mole ratio less than
30.




