1 H GH METAL CONTENT MOLECULAR S| EVES AND THEI R MANUFACTURE | NTRODUCTI ON
OF THE I NVENTION 5 [0001] This invention relates to process for the
manuf acture of high netal content nol ecul ar sieves, particularly but not
exclusively to high alum num content nol ecul ar sieves such as
al um nosil i cates and anal ogues thereof; to certain novel high netal content
mol ecul ar si eves per se; and to processes! which utilize these novel
materials and materials nade by the manufacturing process as catal ysts
and/ or absorbents. 10 BAGHHEING, ConHiT MGINICONARKIER Y ARDNGSEIR cat es
are a well known class of nolecular sreve materi als which have found
wi despread use as catal ysts and absoMAEACKUBEL,5ic structure of these
crystalline materials conprises SiO4 tetrahedra (which have four oxygen
atons at the apexes with the 15 silicon atombeing at the center) and A1O4
tetrahedra (WNIHRORHCETIONOF SIYINVENDIN at t he apexes with the al um num
aj[ om b.el ngsat Oblh Ce'ﬁn ri%venﬁﬁr?%&atteﬁttcg %hﬁg{safoﬁrtﬁe Frﬁgﬁ’fld&{njeyofaﬂigh trﬁ%}tﬁecontent
di mensi ona IJ connected to each other "throughout the structure through the
sharing of apexeaeygeresapatiwilarifhius netrexelngjedhe ot high dwingws ¢ontent meleckilaresteyiconal
network struc 1N I.ffeer Ln.si : | on
t he arrangené%#{%?Sﬁépggﬁgggg&gﬁlkgggé%%%gg%fbgwég %ﬁgggﬁgﬁgﬁﬁgga% nhggs
si npl est t er meveheer ngtaed taprocamses ndiahonidizel tewchotvel rhyderalssindi nga¢ralsmaderbiyahe i n
whi ch sone ofmgnrl}? t%irirAf-l- r| gergssasicn agyhg s(iri{lorizﬁ)acgrgen%re repl aced by Al 3+ ions. For
each Si4+ ionrep ace%pBy an B ne cﬁarge'nust be bal anced by havi ng
ot her posil®ive ions such as Na+, K+, or Ca2+ present. It is the presence of
framewor k al yum i i i ich is inmportant in providing, for
exanpl e, the“§%¢§€§¥ﬂ€€%?ﬁ%ﬁﬁ?ﬂ@?ﬁﬁfﬁWige 25 materials. [0003] A wi de
variety of s)yoaleti cARImMinGshisted are atved] laawn bsyaimdlaatan siede thtedalg lvhichrhiaow s
synthesis roytes. ]t hag been rel ativel as 0 nuf acture.certai .
2 Ui nosi || cAPEY WHEIRE wpeer saypn b alkolgt, LB SGURSRE S5,y
ISi 02{ Al 2]93 lr&ﬁzité)ﬁls dohﬁbﬁsés$i0@kdﬁﬁjldﬁi?§b{/ﬂi@ﬁlﬁa§8 ?t;%\hidkhgdﬁadtﬁni &l @k iap’ﬁle%wlitﬁ\Ahe
evel s of alum num present in the framewor trycture. It is, however,
di f11 oul't 1§ o SHERR 898 1o 2its9eaiepoasd O draptirbtish havg g?urtoﬁé%eniaéo,ms at the
al um nosi | i cap&gs With ¢t dhaNBuhekdd by ¥t thé Bdhtdne TREsS t@fahédrkl BietedlariVahil Gise

attenpts to produce }
dimensionally connected to each other throughout the structure through the sharing of apex

oxygen atoms. This arrangement provides a three-dimensional network structure defining
pores that differ in size and shape depending on the arrangement of tetrahedra and
20 composition of the structure. In its simplest terms the material may be considered to be a
silicate material in which some of the Si** ions in the silicate are replaced by Al’* ions. For
each Si*" ion replaced by an AP*, the charge must be balanced by having other positive ions
such as Na', K', or Ca®* present. It is the presence of framework aluminum in
aluminosilicates which is important in providing, for example, the catalytic properties of these
25 materials.
[0003] A wide variety of synthetic aluminosilicates can be manufactured through various
synthesis routes. It has been relatively easy to manufacture certain aluminosilicates such as
ZSM-5, MCM-22, Zeolite Beta and ZSM-22 with high SiOy/Al,O3; ratios, that is,
aluminosilicates which have relatively low levels of aluminum present in the framework
30 structure. It is, however, difficult to achieve low Si0,/Al,O; ratios of 20 or less, that is,

aluminosilicates which have relatively high levels of aluminum. Various attempts to produce



2 such materials have resulted in materials that are non-crystalline and/or
are heavily contamnated with other materials. 100041WD 00/ 37398 ( Mobi l)
claims a small crystal ZSM5 which has a Si 02/ Al 203 ratio of |ess than 25.
The preferred ZSM5 has a Si 02/ Al 203 nol ar ratio of 15-20, and specific 5
materials are disclosed having Si 02/ Al 203 nolar ratios of 15:1 and 19: 1.
The synthesis nethod utilises an am)rphou?s silica-alum na having a

Si 02/ Al 203 nol ar ratio of 10:1 to 25:1. 100051 EP- A-0106552 (Toyo)
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X and Y are 6[@00?5?“ ngg. Ah@f()%smhb%))des&rib@s Pb@déé@if& thdYghi@icaGe BDIBGMS Sifilar
sieves of certain structure ty ﬁes and havi ng Y02/ X203 nolar ratio of from2

to | ess than ©3SM-p apd fepgerifawith figh MIZQhH{Ol” ORI PregetfrcaBrd iScqgude ar e

predoni nat el e A8 Gre@Andleklicd twérﬁémmne@of zgo&éggﬂeh&)u@Fﬁasa@ahpaﬁa%omlﬁg t he
framewor k al umi num can be partially or conpletel aced é one or nore

ot her tri V&l exnulr amerpheus ayrinodlicaissy Bie repylignt %vm@w iGaterhayh diGoHd2Qsr mpkainor k
silicon can Rgifa tiakly®#r conpletely replaced by one or nore other
tetraval ent el enents, such as germanium [0007] Thus in one aspect the
present invention provides a process for the manufacture 25 of a synthetic

porous cryst alNe P oRCHIRTNVERM§oNV ch process conprises the steps of:
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20 there are analogues where the framework aluminum can be partially or completely replaced by
one or more other trivalent elements, such as boron, iron or gallium; and the framework
silicon can be partially or completely replaced by one or more other tetravalent elements, such
as germanium.
[0007] Thus in one aspect the present invention provides a process for the manufacture
25 of a synthetic porous crystalline molecular sieve, which process comprises the steps of:
(a) forming an aqueous reaction mixture comprising a source of X,03, a source
of YO,, and a source of metal hydroxide MOH, wherein X is a trivalent element, Y
is a tetravalent element and M represents an alkali metal, in which reaction mixture
(i) the molar ratio of HyO/MOH is within the range of 70 to 126, and
30 (ii) at least a portion of the X;03 and YO, is provided by an amorphous material
containing both X;05 and YO, said amorphous material having a Y0,/X,0; molar

ratio of 15 or less;



5 invention may be represented by the fornmula: (n)Y02: X203, wherein n at
|l east 2 and is less than 15. [0009]In a further aspect, the invention

provi des a synthetic porous crystalline nol ecul ar si eve having the M
structure type, the TON structure type or having the structure type of 10
zeolite beta, conprising (n)Y02: X203, rein Yis a tetraval ent el enent;

Xis atrivalent elenent; and nis at least 2 and |less than 15. [0010]In
the formul ae specified in the process and nol ecul ar sieves nentioned above,
Y 15 represents one & nuysallizng dbel reprtion| mintyre sto perduesk dhp| roras| estalding r om

silicon and gernaniugbkamgsk§.gﬁgferably silicon. X represents one or nore
trivalent elenments, for exanpl’e sel ected from al um num boron, iron and

gal lium and is pref@)abdcyvening thervystallithémaatisie of n is preferably from2 to

14, nore pref ly f,r 2 to .13 an t preferably fr 2.t012. By of
exanpl e the V@P‘z’ﬁ of An%n%laeﬁul e P ogucﬁﬁaé%@f fb% To aé:télge%t artlhel ,ocesstsjcoﬁwgés/ 6

to 20 14 of 7invamtid@may b8repesehfed by @@Mfdjduta:a furt her aspect, the invention

provi des a process for converting hydrgﬁagbggzrwhich conprises contacting a
hydr ocar bon feedstream under hydrocarﬂ co sion conditions with a
synt heti c porwheseieh ysleat £ hteis (89d el Ar si eve according to the present

i nvention or repare t he nuf acturi ng process according to the
present i nver@?@g to?%g@?%lre@?“% g}%\}%‘fegp%‘hpr{ﬂ’f‘g‘fsﬁesyﬂ Eﬂ"o‘%f’é?tﬁ(‘}WS‘lﬁg’é‘ﬂﬁoﬁeé&]ﬁ{
[0012] I n a yafievk watihe theaPR&iuctutd§pd, INETONGRuSuRMSIES HaRing ABOERkchueNtypE 0Cess
whi ch co i ses. contacting a feedstream containing one or nore absorbents

[ .
under absoP ptacBHe BYREPIPEHEE wi th a synthetic porous crystalline mol ecul ar

sieve according to the present inventigymrxas prepared by the
manuf acturing process according to the present invention to 30 effect

absor pti on of S &ris AdFtevyentelereah Solsiervdett clsmepth and B &y tlfashfrand less than
I5.
[0010] In the formulae specified in the process and molecular sieves mentioned above, Y
15 represents one or more tetravalent elements, for example selected from silicon and
germanium, and is preferably silicon. X represents one or more trivalent elements, for
example selected from aluminum, boron, iron and gallium, and is preferably aluminum. The
value of n is preferably from 2 to14, more preferably from 2 to 13 and most preferably from 2
to12. By way of example the value of n may be in the range of 5 to less than 15, such as 6 to
20 l14or7to13or8to 2.
[0011] In a further aspect, the invention provides a process for converting hydrocarbons
which comprises contacting a hydrocarbon feedstream under hydrocarbon conversion
conditions with a synthetic porous crystalline molecular sieve according to the present
invention or as prepared by the manufacturing process according to the present invention to
25 effect conversion of the hydrocarbon feedstream.
[0012] In a yet further aspect, the invention provides an absorption process which
comprises contacting a feedstream containing one or more absorbents under absorption
conditions with a synthetic porous crystalline molecular sieve according to the present
invention or as prepared by the manufacturing process according to the present invention to

30 effect absorption of one or more of the absorbents from the feedstream.

DESCRIPTION OF THE INVENTION



DESCRI PTI ON OF THE | NVENTI ON 4 [0013] The present invention provides a
process capabl e of producing a nol ecul ar sieve having a conposition

invol ving the nol ar. relationship: (n)Y02: X203, wherein X is a trivalent

el ement, such as al um num and/ or boron arid/or iron and/or gallium
preferably alumnum Y is a tetraval ent e} enent such as silicon and/or
germani um preferably silicon; and nis from2 5 to |l ess than 15,
particularly preferably from2 to 12, such as from8 to 12. The preferred
formof the nidPEJul arThe pessant § ryerawnaxrwﬁeﬁ@sqrcl'optsa@eablmfmﬁmh@ma azZegpquias sieve

preferably ZSM A, a%ﬁ}{h nl\ﬂ{%/]v] %ncﬁsgqf%lhﬁo%slﬁﬁ (g X *2@3,13\% m mgﬁ%valent

nol ecul ar si eves of t ove Speci or mu having
structure typdsmanheudon aekttmlumn an&or yquen grd/drlren gd/ercgalliven, myeﬁ@ahi}" alpemum,éf

beta are beli gvggrakﬁe %lem%vel cﬁ:%ﬂgﬁ? In é:/n xs e%ann%t efera%)B' s[llﬁgijfégnl 1E lﬁ%m 2
process of the presen ihventron N % 05|t on o e reaction

m xture and ftoﬂems ﬁfans&apamcngrlymteéaralw ﬁomgtcatehcﬂ bsyfrcsmBe@ﬂchhe"ﬁlﬂerred form
conposi tion of. the cti.on.m xture is. contr.ol atlo
oo Vot bRl R 508, e bR S L f eSS iRty A8 Toei

the reaction MWWLfdirﬁlly geoliletdnizeplithgetd. aTigre afoleélat evik? 6f the Abavd dpdci foad fbﬂi’l&lla

source of X203 .and the urce of Y in the reaction mxtur.e are
oauired t o P Bavg B AR SR bk e MERG it o e g b v
el ements. SUQiﬂeEeihﬁ@ﬂd&oB@hh’vebcoﬁfpobﬁbﬂtoxaﬁﬁerand YO is sel ected to be

anor phous 0, hav Y02/ X203 nolar ratio of 15 or less,. This ratiQ may
be for exéﬁpdlgﬁm.lA ol fhsguotsss 9b tis; pressat invggfion bth the, fempasision f fhe FR6HYE 1o
12. [00151In @xmee&ﬂrfbﬁﬂ oL ERad Efﬁfbtnatsh@cﬂ%@ﬁw@fedsme\/@mp%maan of the reactlon
alum nosilicate and the 20 source of X203 a gr ovi di ngl both X and Y

an anor phous "KW foonirelieqt weiwthak fher mplag raaﬁsofarézOéM Surdereo Bci’c“ha“ﬁﬂhz’ﬁstabnd

Si 02 These af@ﬁeﬁ%%oﬁﬁh%r‘&ka%sxﬁﬁy i1 AEREAHBSmIXeurE Gsf»exﬂﬁ@ﬂmetraag%%f% kd €8, In
stabilized aluninas, silica-alumna, acidic silica-alumna, or

silica-al um r#dd IH%IP*‘S?%CG qfXoPgarh the gures@! P tsedri the|TEAGH PIRMPSUIE A JRINTEALO | t 5

boehm te (4l pharal aamgnge mggwydéf&tm coﬁl&nésgooﬁ‘l mncpv%ie%{ehéds&ch%tngrea@me of
anor phous source of both X203 and Y02, such as 25 anorphous

al uni nosi | i c&e® X405 aad KOs isrieiceFd ip Yerasrorpifounpipigo hpyee Epa(KIZS)s pRlar w@ie ephdors
source of boffys X?Q?’rz@i@%a}(%@ férlé%}nﬁé ﬁ@ﬁ&?@#ﬁz cﬁ'lé&g‘ sﬂ&?ésl ﬂo?@ﬁ & 18T z‘?gﬁy

|l ess than 1.0 wt % Na20, "such ess than 0.5 0, nore preferabl
| ess than 0. 12wt % of Na20 such as | ess than 0 05 wt %NaZO and nost

preferably | han, 0 % mg h r Si,
the preferr ezﬁﬂégtr cglno? B;Aalf%g an ngllelélg t%esﬁggggm%l §I gérr!éltﬁrgﬁ()g?@% E:&{?re) 90
as sol d b30 3GoBesolkshdad. Y PD@idfding bah X red|Vi isewamorgifous hnpradieats whicht
the reaction i

anor phous and RS A AR S oK ATERARE SEr e Mlihold uleih s sodbiimey b,
Y02/ X203 nokederradad nosilida stbiliaed dlamdas, Fihiea- phlrrmmsacmhy&tlad-:ilumma,rmlsémrhhmlm eve

that is prodyc bythe h Y02/ . X203 ratio of Iessthan
15. Thereforgyéar%‘ra‘lS oIrt &rP rg% (gﬁﬁaetvgleaaun%nécﬁl i Seéll{ne%\sleltsprb(%%}m(’: I£| ha alumma

desired Y02/ )@ﬁ&lyﬁﬂltd) Olt vsi 4140l prefehed Speihe fametj)hmescwurrcedf bath3e; hrid Y@z,po&sasbl e
In accor dem: amorp ous a Lgnllrlgs\llllecggel 12 réubstam%‘q ufs ree of %28 ripr f[grabglfthex arlnglrpgous source of
both X;03 and YO, such as amorphous aluminosilicate, comprises less than 1.0 wt % Na,O,
such as less than 0.5 wt % Na,O, more preferably less than 0.1 wt % of Na,O such as less than
0.05 wt % Na,O, and most preferably less than 0.01 wt% Na,O. In the case where X is Al and
Y is Si, the preferred source of Al,O3 and SiO, is a commercial material SIRAL® 90 as sold by
30 Sasol/Condea.
[0016] It is a requirement of the process that the reaction mixture includes a source of

X203 and YO that is (1) amorphous and (2) contains both X;0;3 source and YO, source and



5 nol ecul ar sieve product by optionally including a separate source of X203
in the reaction mxture that is different fromthe anorphous source of both
X203 and YO2 conbined. [0017]1n a preferred enbodi ment the reaction m xture
contains, in addition to the anorphous source of both X203 and Y02, a
separate source of X203. This separate soyrce may be a crystalline
material. Preferably the separate source of X203 contri butes 50% or | ess,
10 nore preferably from 15 to 50% such as from20 to 45% of the total
anount of X208)ihes YR ¥Lacndlamatg of Ly & lessn The prepe cpedllispbvdicnansicenbat is

reaction m Xwg@uc@@egﬁm@ p'r&es%thgp &),/ QIO rnam%e&sﬁésshﬁa% BY R mndraér to,

ratio of from2 to such rom 12, for exarrplefromeo
course, if forchigngy arlealsmharl ScleVrSsprdé@t lh@\dng 8 desifads¥ Or/KeOoratip a&llhlmﬁﬂl%lﬁpep‘éiﬁio

of Y02: X203 i .4inQ LEAGH A0 Hhoh UL & IRUAL th 8RR RR R R WAL drx e

equal |y possi a separate e reaction mxture
to suppl emént mokeilarsivp rpmgtuctnlalt @uoadtllycmcitxangnarsgpam‘t souy@ofa¥uD; X0 e reaction

[0018] The rear%;xl 20 hrq I)S(Eh'ﬂ:eren 2 m ftfper E}‘{TE 50]1.16 \é?boe%h cko#g%ﬁ%gtqocgtfnggf ressed. in

terns of nole ratios, as indicated I I"owi n 1 Ratio
Usef ul Pref erfoet’] Mbsin l&rxﬁéiéfrécédmhf&ﬂinmmhe <redcﬁoﬂ-rﬂ15tu8a téhtdi()/in YHORitidH -tO Othe
15-40 15-25 amorphous source of both X,03; and YO, a separate source of X,03. This separate source
may be a crystalline material. Preferably the separate source of X;0; contributes 50% or less,
10 more preferably from 15 to 50%, such as from 20 to 45%, of the total amount of X,0; in the
reaction mixture. In a preferred embodiment the reaction mixture formed in step (a) of the
process has aY0,/X,03; molar ratio of from 2 tol5, such as from 5 to 12, for example from 8
to 12. Of course, if for any reason it is desired to adjust the overall molar ratio of Y0,:X,03
in the reaction mixture upward rather than downward, it is equally possible to add a separate
15 source of YO; to the reaction mixture to supplement the amorphous material containing both
YO; and X,0;.
[0018] The reaction mixture may for example have a composition, expressed in terms of

mole ratios, as indicated in the following Table 1:

TABLE 1
Ratio Useful Preferred Most Preferred
Y0,/X,0; <15 2-15 8-12
H,O/ YO, 10-90 15-40 15-25
H,O0/MOH 70-126 80-126 90-126

20 [0019] It has been found that maintaining the H,O/MOH mole ratio in the range 70 to
126, together with the other required process features, enables the production of the desired
high metal (preferably aluminum) content molecular sieves, especially those of the invention.
Conveniently the ratio is close to 126 but may be lower and still give desirable products, such
as in the range 70 to 125, eg 70 to 120 or 70 to 115. The lower end of the range, too, enables

25 production of the target products. Narrower ranges for the ratio are conveniently 80 to 120 or

90 to 115.



H20/ MOH 70- 126 80-126 90-126 20 [0019]1t has been found that maintaining
the H20/ MOH nol e ratio in the range 70 to 126, together with the other

requi red process features, enables the production of the desired high netal
(preferably alum num content nol ecul ar sieves, especially those of the
invention. Conveniently the ratio is closg to 126 but may be |ower and
still give desirable products, such as in the range 70 to 125, eg 70 to 120
or 70 to 115. The lower end of the range, too, enables 25 production of the
target produch0820]Nar Toeveynthresin gessessof thehiavengipn g1asbe pederveA ivatht grywidhout asided 0

or 90 to 115. 0 T S:
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Test is descrsuige/dlumﬁnausaﬁafuswnﬁmpf &culmr sibve Zﬂ@hteﬂ,a&liqufaS @’éﬂ\é—ISySﬁ typicyity .

4, p. 527 ( 1£?n6e5a2 Criec%\@y determ*n'larfgﬁgen{ 3‘1? use v@‘tﬂ& (lepareg tag%ggﬁlélgig%%)ﬁvil; E'F

experinmental con i‘ons > herern
t enper at uz@ olfe &ﬂfﬂ;@t amd ofinararal bdxlage édn@wsuoatper \amrd@sfccratabsdpdr mnd éitrg) withnhda he

%]gt‘.ll’mna![ hgf mzj;‘?uétlw of ¥3 389/%! sx&gaﬁl}n‘n mg c]% ur e ) Th&{ %P%mljesr} 1st crl]ees!:rlgbemfrq 9K
3,354 078, and in the Journal of Cataly51s, Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and
Vol. 61, p. 395 (1980). The experimental conditions of the test used herein include a constant
temperature of 538°C and a variable flow rate as described in detail in the Journal of
25 Catalysis, Vol. 61, p. 395 (1980).
[0023] In their hydrogen form, the molecular sieves of or manufactured by the process of
the present invention preferably have an Alpha Value in excess of 500, more preferably in
excess of 800, and most preferably in excess of 1000. Preferably the molecular sieves of or
manufactured by the process of the present invention have a surface area of 200 m’g! or

30 greater, as determined by the BET method (S. Brunauer, P.H. Emmett and E. Teller, J. 4m.
Chem. Soc., 1938, 60, 309) using nitrogen adsorption at liquid nitrogen temperature.



t he present invention preferably have an Al pha Value in excess of 500, nore
preferably in excess of 800, and nost preferably in excess of 1000.
Preferably the nol ecul ar sieves of or manufactured by the process of the
present invention have a surface area of 200 M2g-I or 30 greater, as
determ ned by the BET nethod (S. Brunauer7 P.H Emett and E. Teller, J.

Am Chem Soc., 1938, 60, 309) using nitrogen adsorption at liquid nitrogen
tenperature. 7 [0024] Wen used as a catalyst, it nay be desirable to

i ncor por at e t[ie24jol eweams@liasuestabﬁt mmayrhﬂdﬁs'amluméubomorathélemotbet;:ebssi@\fes bhe

resent invention t h .anat her .S

!to enper at ur es %H’&anéﬁmﬁt ed%ﬁgllﬁ Qrf’%ﬁ h"pi’rgifedl VgD g, :tﬁa%mc%r%aeerm Hm SISt os .
Thus t he nol ewuhsaempéreves and otbér dasamuinaaatmpﬂ@dd biyorgehﬁ: @hoaass pxmf:estschseThus the

i nvention mayguisedlnthefo m5df an _extr ﬂgew hb| q4i erfeth
nol ecul ar si V& f&i‘:%?fe“rf?éa‘aw HY yE:‘%Ser‘?fﬁ*"tso |‘“¥ﬁ“ﬂ8ﬂe?‘ay éi? ap gie form
typi ﬁal I %/ bOLt{ijhgmktrﬁ&HtéTgﬁtg bandra]f |\>l/he|re3ﬂxhleﬁ(ﬂecu(hf siexd EsU&iéfieﬁ;e(li Fh&n}tﬁé(kﬁhﬂﬂﬁ(ﬂlal S
usual Iy forned by extruding e nol ecul ar sieye, optiona in the presence
of a binder, RS-y A ﬁ’ﬁtffaliap%linﬂlqéfg}éf‘ﬂ’@g rae%‘\.{rl Tﬂhﬁ'p %rx‘f’?ﬂ‘ﬂé? eﬂ1 B?tﬁd%r
materials usagu@ryeoxh%alb?teaﬂ&dlﬁgnth% higoldcaRP SER] U]Bt@)'ixal@ndn e pedserce d@h bir@BS and
e.g., nmechanical attrition, which occur in _various 10 hydrocarban

conversi on pri>uBg aed caleipige shemtesinge extrdatp Fl‘%fetl’m%t"&“irﬁls useh gte G5gitanido the
enpl oyed W t hehh@arlitel aall! GtherS b&MRRNSS ¢ @ MBMEEiAL drRidn bWhiche o RuP G Svarighs t he
invention include active and inactive materials and synt hetic or naturally
occur ri ng 12 ediyAtoebepscoprsiongrofesEgani ¢ material s such as clays, silica
and/or netal [pyisgles Ek‘z&ﬁbl&%f%ﬁr}d@? R&teriadal by &F enTBYyBGif thOBI10ARMIAkL ¥f
occurring or | n the 15 formof gelatinous preecipitates or gels includin

m xtures of girimanafaguredrivtthe peoepsies. thovivemtion| igcludecastivg ARyl Hlaglps mpPHs be
used incl ude t I i de
t he subbent on%{l}gest{pd? dhlg (1% lﬁ%ggbgl(t)%%gn enl Sqm} i Mie)%?lé SV 8§ys At
CGeor gi a and Rhd/pi gatabpxiges sueh ot Memsaj 'rﬂhfv\hiterhn@mbe ﬁﬁlen natiaby aFCUC?rmngTI in (et

is hall Oy# t %J&C’éelaﬂhéu‘? ’prCQIp?tlét'e§ ? %/eﬁggglfl&n?gera @srl?lg?fxcé %1(1 xg'&glrbxg eéﬁt‘géﬁf& be

used in the raw state as ori'g ter being subject

cal ci nati on, cawirdhg clewst winly ITIW l:@h@ﬁdi e®ludaobl monfatqudinmteEa«dnlpﬂot;s fUﬁilsotWiecrh
materials i n(‘faml 1es P Olrugé'l ?he suggentonr{at ercli ?he ns co I | lug;o al u x'i]ea’McNamee,
si |l i ca- magnest a, Ica-zZirconi a, |ca oria, |ca y I a,

silica-ti tanl(Eom w&i Flogida tcRynar yotlreﬁsnmowhlbh cﬂmmmcmnasﬂ constituent is halloysite,
silica-al um na- tnqord&ﬁ nacag%a al unm .na-.zi,r coni a belu!seldc nesi a and

si | i ca- magnedPtd g POYTELH S UHL TR FAS $PEV B tge of*"o Qatﬁél?luf% 8¢ e
by the pracessingf of hRerpbetise mibjécredent tadinatay, bed usethent or chetaing| mpdxﬁmtiohe

formof pill %kar%glre]se 5fe gthgrrmgtérge{lsu gn%}uﬁg ’poygug rx}mtr{’x r\rllmatterrl]ﬁs 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 [0026] The molecular sieves of or manufactured by the process of the present invention
may be used, for example, in the form of pills, spheres or extrudates, with or without
conventional binder. The molecular sieves find particular application in hydrocarbon
conversion processes and absorption processes. Examples of preferred processes include
hydrocarbon conversion processes where reduced non-selective acidity is important for

30 reaction selectivity and/or the maintenance of catalyst activity, such as alkylation,
dealkylation, disproportionation, and transalkylation reactions. Particular mention may be

made of ethylbenzene conversion, xylene isomerization, toluene disproportionation and



conventional binder. The nol ecul ar sieves find particular application in
hydr ocar bon conversi on processes and absorption processes. Exanpl es of
preferred processes include hydrocarbon conversion processes where reduced
non-sel ective acidity is inportant for 30 reaction selectivity and/or the
mai nt enance of catalyst activity, such as al kyl ation, deal kyl ati on,

di sproportionation, and transal kylation rdactions. Particular mention may
be nmade of ethyl benzene conversion, xylene isonerization, tol uene

di sproporti ongfettne talene as;ﬁqioaﬂinhwﬁ Taté uemrsdahsnmmgaqhocdﬂbunrfaédsaan takheplace i m

conversi on of hydrocarbon feeds can tak n_an onve ent

exampl e, in f3%i QreREnhapde, {/leﬁ?jmxgédm @?I&Fi’iﬁ%" B’é‘ﬂ”'ﬁeg%jt Sf rs}J‘X(ﬁ% Sgg ?‘fbor%n
the types of @pe@gSorlasiymRel of bXassldesiraf Ekaﬁ@lﬂ@cciﬂ}bﬂfmcﬂemaﬁﬁbt@%nm%m%§es
i ncl ude, as non limting exanples, the followng: 5 [0027] (A) The catal ytic

cracking of an &‘E?n?srfé’“fl@éﬂnﬁﬁ‘aﬁi’lﬁﬁdlé"efof PYRE ol efins. Typical reaction
condi tionssi ngbge a(A)emiheEéﬁlH[cecrﬁ l@rf% @anﬁlﬂleﬂﬁ@&:to prodtceUli &% o‘chﬁns Typlcal
era

subat nospheric or atnospheric, ran to 1013 kPa
at nospher es g&tf§e) condiigns wsluden PF’iaH%e %lSQ&& 8f 7{)%% Fﬁ%tsts‘érFi/%ftng%’é‘HSprhﬁrt"é)
of from 10 mdrlatrﬁ@sggms ediRrall) 2RERNGS o [(ﬁ@a&]a%lé 0 It%s&@;ealgx&geﬁt&aaweﬂee of

hi gh nol ecul ar wei ght hydrocarbons to | ower nol ecul ar wei
hydr ocar bons.timg/(ypleate of g catplysi/feed meteX df dogn ?Qﬁ“”&ﬁ&%%ldwoll@séfr"aé% ng i ncl ude

tenperat ur es 9628ir OW;@OQ& tcﬁ’[ﬁl?\@(ﬁ grac BE%? Uﬁl@? nQ)flecLlraP '@eig(ﬂt h&%ea?@&@ %H%W@p 1

to 30 at nospheres) wei g our y space velocities of 'fromO0.1 to
hr-i. [0020] (®)lecTike waighh dadihgarkans.ofyradal apaghet Fendiipds deragabnbitis qr@vktrﬁemclude

et ude. ot crgmtdres BERTR Wb CYA RERET BREMSL AP S AETG B0 pRATbH 7%
at nospheri c tam@ph@és), Wa“(e@@@mlmmhwle@t)es of framiOgihto 1AGbr | y space velocity

hydr ocar bon TR rac(eq orer FRRRETEG 4 BRI, BB HRE u O Rhfence ot
of aromatic fpebdikylemknado hpdmentcss. Tmcabmctpineqonduylb@nmslude aTe;npnemwre Pédiot on
Son o0t LohgSUE e B RS BT RL s AP APRE s, PieRRLLS
vel ocity of fhoamy épade VelodilyauftiraR0O tdsmea) hahdmdaanhgtdhagaehydtd@ytdbm’p@lydjb)narmhte:
ggfLgt?Ler;OgégﬁégﬁéggﬂFgggﬁ%h§ﬁ§%§q§éﬂ§n??hgg ?Leh¥g;gf?ggogzn3¥tions are
dependent in [bazope NEDHSIHedsdtrizitRnf Fegbrittie deaiidcklpdiponents, for example, xylenes.
Typical reaction conditions for such include a temperature of from 230°C to 510°C, a pressure
20  of from 50.6 to 5065 kPa (0.5 to 50 atmospheres), a weight hourly space velocity of from 0.1
to about 200 hr' and a hydrogen /hydrocarbon mole ratio of from 0 to 100.
[0031] (E) The dewaxing of hydrocarbons by selectively removing straight chain
paraffins. The reaction conditions are dependent in large measure on the feed used and upon
the desired pour point. Typical reaction conditions include a temperature between 200°C and
25  450°C, a pressure up to 20.69 MPag (3,000 psig) and a liquid hourly space velocity from 0.1
to 20.
[0032] (F) The alkylation of aromatic hydrocarbons, €. g., benzene and alkylbenzenes, in
the presence of an alkylating agent, e. g., olefins, formaldehyde, alkyl halides and alcohols
having 1 to about 20 carbon atoms. Typical reaction conditions include a temperature of from
30 100°C to 500°C, a pressure of from about atmospheric to 20.26 MPa (200 atmospheres), a
weight hourly space velocity of from 1hr! to 100 hr' and an aromatic hydrocarbon/alkylating

agent mole ratio of from 1/1 to 20/1.



the desired pour point. Typical reaction conditions include a tenperature
bet ween 200C and 25 450C, a pressure up to 20.69 MPag (3,000 psig) and a
liquid hourly space velocity fromO0.1 to 20. [0032](F) The al kyl ati on of
aromati ¢ hydrocarbons, e. g., benzene and al kyl benzenes, in the presence of
an al kyl ating agent, e. g., olefins, fornual dehyde, al kyl halides and

al cohol s having 1 to about 20 carbon at onk. Typi cal reaction conditions

i nclude a tenperature of from 30 100C to 500C, a pressure of from about
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pressure of fipasn elapss whdiome 2hrp 1o GO9¢r ep emetirdydReaeanolefip Falegrtio of

hourly spage yghqe {oVo®f. THORY AN 'ﬂrog&tszggg Ik fea@F RO l(ﬁargqmﬁini dkyl aromatics
hydr ocarbon/olefin nole ratio of g5 from1l/1 to 20/1. The resulting products

from t he reacvhighwhansubssaesndhaulfonatbdkidve arroprdariaplicatoncas sypibeticslatseasqsent | y
sul fonated h art peu i cat.i G I H)
The al kyl ati gﬂrq&oﬁ ar E}?aiﬁalﬁgglrdgccgr%%ﬂ%ﬁmyté %%Pﬁ%t&})}?g%h?ﬁg%? %)%p?r(g)\[;ﬁggéasrﬁort
chai n al kyl aheimaikyt awortiogerdsounds, egg., theradkyitipe pf Aerizene with beopylercetovretide

propyl ene to pravi : > Typical . cti didd el
Fempor ot ur e SETHG A BRTeis o e SR nbBREL LAgSBRA AR T eNG SUET, B o 4
to 30 at ndgphedifies) |0land0ahkBa Oneti0athysphaerdnd anweingtic hidnaedronsyeigh hourly

vel ocity (V\HS\chof f.é{)@éllﬁg\r,)-gfﬁt ORESTONRVAF VI [0035] (1) The hydrocracki ng of

heavy petrol el mfvglé) CyCOImIC stocks, and ot her hydrocrack charge

stocks. The dae3s]yst (IWrhé hgdrodradkingast kfate pttrolemafi@dsivcksf cyatic Isoelst andether
hydr ogenati o 0 nent of thelj.g pe | gyed .i.n hydyrocrackin atalysts., 15
[ 0036] (J) Thg‘ygﬁo%ﬁﬁfp%%e Sipek 14 Sprlrevab ﬁ?“é?“r‘naﬁg&geﬁ%%et an ‘f‘%"gq"% e phe
of benzene angdiogdndeneconpohert ufthe g@s employeiin hyyosinking cataBste. ol efins (e. g.,
et hyl ene d opyl e ezF to produce no-and di.- alé‘tl%gl ates. Preferred
reaction ilgndﬁ'h(’gns {}?1 P%ﬂgﬁ?té"r?p"é AAEGFRUC FIGHYTEH ?Bt’a;%@,tmgs %ibé%eﬂ? andyy
from 690 to S58dsckRagfuéllO cdaiSag sivst dhhin ofeMERYgOklllefe dndgidlehby to brddace
0.8hr-1, a WHSV-reformate of from 1hr-1 to 2hr-1 and, opti onaltjrg/, Bo98s
recycle fr ommong-apgdy dp-akiylates. Preferred reaction conditions include temperatures from to
250°C, a pressure of from 690 to 5516 kPag (100 to 800 psig), a WHSV-olefin from 0.4hr" to
0.8hr!, a WHSV-reformate of from lhr to 2hr and, optionally, a gas recycle from 1.5 to 2.5

20 vol/vol fuel gas feed.

[0037] (K) The alkylation of aromatic hydrocarbons, e. g., benzene, toluene, xylene, and
naphthalene, with long chain olefins, e. g. Ci4 olefin, to produce alkylated aromatic lube base
stocks. Typical reaction conditions include temperatures from about 160°C to 260°C and
pressures from 2413 to 3103 kPag (350 to 450 psig).

25 [0038] (L) The alkylation of phenols with olefins or equivalent alcohols to provide long
chain alkyl phenols. Typical reaction conditions include temperatures from 100°C to 250°C,
pressures from 6.9 to 2069 kPag (1 to 300 psig) and total WHSV of from 2hr! to 10hr™,

[0039] (M) The conversion of light paraffins to olefins and/or aromatics. Typical reaction
conditions include temperatures from 425°C to 760°C and pressures from 69 kPag to 13.79
30 MPag (10 to 2000 psig). Processes for preparing aromatic compounds from light paraffins are

described in US-A-5,258,563, which is hereby incorporated by reference.



20 vol /vol fuel gas feed. [0037](K) The al kylation of aromatic
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ypi cal reactio ition res from to , a
pressure fror‘llqﬁg %Spf"?e\f Wﬁ?{%ﬁ%@% psig), hydrogen circul ation
of from 178 t[0042780 (/A& n{bifdA6n hyairdddacRHQ/ (ﬁﬁﬁkllﬂ@h)jocémﬁh the Iptegeticel ohithe zéoite
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zeolite Beta. Typical reaction conditi i nc enpperatures fra 0
400C, pressurl@d YPai!60Gtol309 psig) Wﬁb’s%fﬁ’o(b“ too &g%{) E’E‘le‘@%e“ °fr f?"]&h? 4
to 0.6 and aihysy agen (g@(roqybmamp/ﬁmpm 534 to 890 nB/nB (3000 to 5000

SCF/ bbl'). [00 The reaction of alcohols with olefins to produce m xed
ethers, for Mlaflﬂ b (Qidoeaptiona pisAnclt Wit plaRP PHICTE PREDEERdOETAIBIE the

i sopent engy t Qeeﬁfxc%v 'o?l%élﬁinbly lwith- Rbbidneiditd: HERRNe AN oVidd nRML-t-BBYN¥her

et her (TAME). i cal conversion conditions include tenperatures from 20C
to 200C, pres dndem ! kpathylo ethgr ITHMEE)( Tvpisalooonvarsign, ceqddiong ginglhde
olefin per Nobbnahall HBhORHal SHEYChrdludh fort 205 ik o 208Mipk (ARH1260atm),
al cohol to olefin no feed ratio fromO
WHSYV (gram oleﬁn per hour gram- molecular sxeve) frorn 0 lhr to 200hr™ and an alcohol to
olefin molar feed ratio from 0.1/1 to 5/1.

25  [0044] (R) The disproportionation of aromatics, for example the disproportionation of
toluene to make benzene and paraxylene. Typical reaction conditions include a temperature of
from 200°C to 760°C, a pressure of from about atmospheric to 6.08 MPa (60 atmosphere),
and a WHSV of from 0.1hr" to 30hr".

[0045] (S) The conversion of naphtha (e. g. Cs-Cyg) and similar mixtures to highly

30 aromatic mixtures. Thus, normal and slightly branched chained hydrocarbons, preferably

having a boiling range above about 40°C, and less than about 200°C, can be converted to

products having a substantially higher octane aromatics content by contacting the hydrocarbon



25 [0044] (R) The di sproportionation of aromatics, for exanple the
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similar mxtures to highly 30 aromatic mMtures. Thus, normal and slightly
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typically be used. ] (W The conversion of C2 unsaturated hydrocar bons

(et hyl ene andé 6P zmesphkmssie )l emperatureshbeldve abwut| 2503F deayy e disehip elbgnpmeries (s
such al de?(yd?gedgtgckt t{'ﬁen the feedstock is in the liquid phase when contacting the molecular sieve

catalyst. Thus, when the olefin feedstock contacts the molecular sieve catalyst in the liquid
phase, temperatures of from 10°C to 250°C may typically be used.
[0049] (W) The conversion of C; unsaturated hydrocarbons (ethylene
and/or acetylene) to aliphatic Ce.;2 aldehydes and converting such aldehydes to the
25  corresponding Cs.12 alcohols, acids, or esters. In general, the catalytic conversion conditions
typically include a temperature of from 100°C to 760°C, a pressure of from 10.1 to 20.26 MPa
(0.1 to 200 atmospheres)and a weight hourly space velocity of from 0.08hr™! to 2,000hr™".
[0050] The molecular sieves of or manufactured by the process of the present invention
may also be used in absorption processes, as mentioned hereinbefore. Example of such
30 processes are absorptive separation for eg light gas separations. By way of example, mention

is made of the separation of any of CO,, methane and C2 to C6 hydrocarbons from each other



25 correspondi ng C6-12 al cohols, acids, or esters. In general, the

catal ytic conversion conditions typically include a tenperature of from
100C to 760C, a pressure of from10.1 to 20.26 MPa (0.1 to 200

at nospheres)and a wei ght hourly space velocity of fromO0.Ohrt to 2,000hr"

| . [0050] The nol ecul ar sieves of or manufactured by the process of the
present invention may al so be used in absldrption processes, as mentioned
her ei nbef ore. Exanpl e of such 30 processes are absorptive separation for eg
l'i ght gas sepgr ghihORfnixBVesV6Y oftfer CHATRIS, subNki BB icpardBéle off colfpBn&@P0RL | ON
of any of CO2, nethane and C2 to C6 hydrocarbons fromeach other 12 or
from adm xt urethylepf/ebateanixpeser PrpylenciRieprna QUXWES separ at i on of conponent s

from et hyl enaﬁﬁlﬁanem%grg{?e,ﬁmg raf ARMERDBALARAQE 1l A and QR5hkroer o der

to nmore full ustrate the nature nhe invention and the manner of
practicing sameticinheanavibatinentins isf furthéreillustiatedshyr Bie elllayying 1ssarmples. ol Higse

exanpl es. n ngx?l?les, %m(lac;(u? ggrla%&'ersv ok 'égsu%griggﬁgre{o%ew fhe ?ﬁ?gﬂa‘i@@gfh&@pﬁﬁ% to

define the propertres o he products that were nanufac . These
par amet er s waha weeasanuédtuoyl. Taehpaguesrsdese medserd bi teghniqes @82t ddloWal ue

IS an approxi indicatjon.of the catalytic cr I ctivyity oOf.
catalye comlTeh « oAWTa vaiar tr e PR Mot orBS LAy REirhonhcfini ne.
const ant (r ateatabft coaipared testaiderdeaniyet Ji epregers theoklatiee rofe condtat (rate oprermahi t
tinme). It is based on the activity of silica-.1 l.um.n cki: yst
taken as haviRPSIFONCHHE R?él"ﬂllngfCX FatplptpsT EhY %h?z’%%i‘gar&%alséhgg/-&%l%me
Al pha Test (i Sl@@s£Erhdk@td datalyst tikenRathaviigpan SlpBH¥alor8E 1 (Ratet Constdoird 0é6 seofsup.-

Catalysis, Vol. 4, p. 527 (,1965),. 6. P, 278 .(1966); and l,. .6 :
395 (1980), eacHheiMesTrstia %Sa“‘i*F)é‘r‘%i\{ﬁé-B’ﬂt- Ny %?%%‘g’é’ 5.’3[%3 %’“f‘ﬁg?f%gas%sr‘si’ %’E’%’gh.
The experi mery. 8p7 Qossi VbBSp. 0f8 (1986}, asd VUl 6t p189e(1880)nedch tieomomtmdsterit by
tenperature of 538 C. and a variable flow r?te as described i.n det.aill in
the Journal defereneeasdp Jhaf desenpgion. ‘Hhe experimaenial eqnglaiipns Ofg‘ﬁﬁf &5 gl 187 das

determ ned by b %El-f)eﬁﬁltr@&dﬁ@%. dessvirber fow rae aBdesaabrin delaitin theheinial ahd
E. Teller, J. Am Chem Soc., 1938, 60, 309, using nitrogen adsorption at

i qui d ni 87 odetplysisnel at-or 95 (19¥34] Wat er sorption capacity was neasured to

determine thgypaje capach bikafasidiRriRes By MeYBET SRAMMES. debGbd B 130 Brénalidie
measur enent procedure the catalyst is first dried in thernpgravinetric

| [
anal ysi s ( TGRHebminptrend Eufelter, J\Qedm- Grhenst SpdB38. 0, 389 isinaraioser ALRALSD AR
to 30C. Water; | §.& %}@p]% ver the dried material at 30C and 800 Pa (6
Ton) partial lgb’?sngtlgb%g{l% tegm?s adsorbed until full capacity is achieved,
as nonit or ed [B354 he Weteghorpgen wapmity hias mcsswirhiadelemype theeporeaaparhe ohehght

changes apg MEARY! ShoX WIEorthe GRAL HGSuwaperh Mrdddurd G il sl daka iy
be reportéed as wat er upt ake 1 n°nyg gramof dried catalyst; or in
per cent age t ehampograsingtic ahlyviat( EGAndgdPbed wipr kdiyedataiill fsesdeningige BN t he
dry weight of thfﬁf%é' Wa&erslsamgln?ﬁn L¥Q§e§]t@@eg%§m ab 96@%@@0&@9?@ 'TB%) Was
measured to J&YET M ne 't NE por e capacrty of the ' .
partial pressure. Water is adsorbed until full capacity is achieved, as monitored by the weight
gain on the microbalance of the TGA. The weight changes are measured by the microbalance
25 inthe TGA. The final data may be reported as water uptake in mg / gram of dried catalyst; or
in percentage terms (weight of water adsorbed expressed as a percentage of the dry weight of
the catalyst sample).
[6055] Cyclohexane sorption capacity was measured to determine the pore capacity of the
catalyst samples. According to the measurement procedure the catalyst is first dried in
30 thermogravimetric analysis (TGA) equipment under helium at 500C for 30 minutes then
cooled to 90C. Cyclohexane is then pumped over the dried material at 90C and 13.2 MPa (99

Torr) partial pressure. Cyclohexane is adsorbed until the full capacity is achieved, as



catal yst sanples. According to the neasurenment procedure the catalyst is
first dried in 30 thernogravinetric analysis (TGA) equi pnent under helium
at 500C for 30 mnutes then cooled to 90C. Cycl ohexane is then punped over
the dried material at 90C and 13.2 MPa (99 Ton) partial pressure.

Cycl ohexane is adsorbed until the full capacity is achieved, as 13

nmoni tored by the weight gain on the mcrobBal ance of the TGA. The wei ght
changes are neasured by the nicrobalance in the TGA. The final data nay be

reported as Cr}ﬂgrle?) ﬁ L{Pe% ainbd Bhe/ midfoBiRE HAthedGaat dhey SbightOéhahgks are
percent age terns t cy c ohexane adsorbed expressed as a percentage

of the dry vvemgmred)by tttrvem@mbalmtm skapB4) . Ths fnglodwy mayek smartabisptyrghexane
capacity was : ng It%g /t anggtt(ﬁ{emcgl §th& upgér éx@a?pt%%gé(v ht Bm(;l%ﬁéxﬁhé/ﬁsorbed

sanpl es. Acco e reasur emeént proce e the catalyst is first dried
i n ther nogr avéxpessei @s apme}ns:gsoi(m@)/ve@gbi@ﬂémammwmﬁ i um at 500C for 30

mnut es th?%@@@éfd L0 ol AR SaP HIRGHAY Ferchlifie TR SR Blpadily b and

10 a (75 arti pres xane 1s a sor unti _
capam ty is amtulysveﬂnplas Avooridingr ©dthb ymdahgemait gitoced@re gthé reatelystt Isefirst dried in

m: crobal ance %n{ogrgv%c ﬁ;}ggrs]\é\ﬁhgilw) O%F%Qq etsurbr e ndhEr WY ?6’0(? Yor! 3 minutes then

m cr obal ance € reported as n-hexane uptake
innmg / gram @Bledrtcbeot:catmkmtls pmﬁpednovlﬁerheeﬁdlelgéatt%]Gmld(l\ﬂe\/lﬁhWSOTOl’ﬂ -fagiehne

adsor bed expressed erc a t the..c

sanpl ). EXANPEEYE: %’iﬁ‘f‘?‘lgé? %deB#’ %@Rﬁg‘eﬁ ﬁad)a %’ Vﬁ?halslén omiy G gye%lgtwfbght

50057] A (r]I eactgamr(tayﬂﬁdwﬁlas&e FHthS TGR. WWas “prgep@aﬁgél smrmastrech@/ thé nﬁfr@a@noé
ei oni sed water 0] 50% aqu eous sol uti

al uni nat e (ZB“S}%Eﬁ%%hﬁéingrP&taf’gay é\laq_lhe(j‘a%ef“%a?ﬁﬁfrb / %ﬁ%"ﬁ%ﬁé)%d GHapss

ZSM 5 seeds afdnp Me&ﬁgesth%l—@g%hﬁﬂf anex4ab Qusorisad| dxprrssal lamar}ﬁ:rc(eﬂ.tﬁgelommry

silical/alum na) as supplied Sasol / Condea. The H20/ NaCH nol ar rati o of

the reaction ‘fﬁ‘&’(‘t‘ﬂf@eﬁfi‘%'ysiﬂ{nfée The reaction m xture was charged into a

Parr 20 aut oct@xRrpakch :MEésﬁ'df*ZSMisfu% Apropyamindtand3&ede (310 F) and at a
stirrer speed of 200 [ 0058] SO|I§ product was isol a?ﬁ_eg fro

resul tant 1pr dOORF i R¢ ﬁ?@oby(swf}eﬁlﬁ)af“i”ﬁwe WiReSIHERPIS $SIaNgoN S8 tdtgpnﬁﬁqj

dried at 110 Gy rTmeg Bf Q%%tanEbestm(%%&Gﬁ&H n@g of Sod ¥ sRise (23138 S@hind and
product was ana Ct)og/ X-ray fraction and Scanning El ectgon M craoscopy
B

(SEM and vvasl9f5<%|Nd2 efrapwpldhmylec}g@f@Mﬁrﬁée‘%r%a‘I’ Voot RAL " Pamanorphiont e
St Ut U €28 LRE) (1ALt R BOREARAOR ' B SeiobCoftcd, 1HORDBINALR:

ZSMS mat er i was convert to 1ts acid formby exchange with anmoni um
nitrate and wagatménolht ciaptenh Mkt ERYE (Moﬂre)reacnh@rreﬁpwvﬁé&h#a%wr% Pifas

found to 9 v au%clave *&ac)r/y\@#l}{%%% Zéﬂ&ﬁ's atd SEEE §1l6r°§75"£r% a@ﬁ%é?fspe%ggf PRORIM.

wat er sorption capaclt exane’ sorption capacity of 6.9 %
and an n- hexgnesssor pBolah podpacwasy isofated. Sor%thQOESE}(ﬁWHHEd@t Syinture Sy Sfilsationgv 5

using n-pr Opyvlva%ggd wnﬁ r;lielomsedd Water and dried at 110 °C. The product mixture contained 78.7%
solids. The solid product was analysed by x-ray diffraction and Scanning Electron Microscopy
(SEM) and was found to be a highly crystalline small crystal ZSM-5 (hence MFI structure
25  type) having a SiO,/Al,03 mole ratio of 9:1.
[0059] The ZSM-5 material was converted to its acid form by exchange with ammonium
nitrate and was then calcined at 538°C (1000 °F). The calcined material was found to have an
Alpha Value of 1412, a BET surface area of 260 m?g’', a water sorption capacity of 10.6 %, a
cyclohexane sorption capacity of 6.9 % and an n-hexane sorption capacity of 9.8 %.
30 EXAMPLE 2 Synthesis of ZSM-5 using n-propylamine and seeds
[0060] A (reaction) synthesis mixture was prepared consisting of 250g of deionised

water, 14.5 g of a 50% aqueous NaOH solution, 6 g of sodium aluminate (25.5% alumina and



[ 0060] A (reaction) synthesis m xture was prepared consisting of 250g of

dei oni sed water, 14.5 g of a 50% aqueous NaOH solution, 6 g of sodium

alum nate (25.5% alum na and 14 19.5% Na20), 8 g of n-propylamne, 3 g of
ZSM 5 seeds and 75g of SIRAL890, an anorphous silica-alumna (15:1 nol ar
silical/alum na) as supplied by SasoUCondea. The H20/ NaOH nol ar ratio of the
reaction mixture was 91.5. The reaction rf#xture was charged into a Parr
autocl ave and crystallized for 24 hours at 155 C (310 F) and at a stirrer

speed of 5 209 siNa, b U6 L ook brboPRRARKCY. WA Zomlsalads GioTsE it SIRALPYGN
product m xture by fiTtr t1on, washed wi th deionised water and dried at 110
C. The producmomihrtssiicegnmin(d2 ! gaoler siliepmlyraisa) ahawrebtd By Sewderdegasthe
anal yzed by g1 by, ¢l Mo%a?%tig%%}t%nr?_ ol e WaR ol SUNEhetrBachSy Akt charged
crystalline srall crystal fience MFl structure ty e) having a

Si 02/ Al 203 nohte aF@rratioclawd antirybtall[z80 62 2% thewrF M5 fre(B &9 |l§|andvafsa gigygcekef t o
its acid fg)r @Ogﬁ%change wth anmmoniumnitrate and was then cal ci ned at
538C (1000 F)~ e 'calcined material was found to have an Al pha Val ue of
839. EXAMPLE [B063y Nt h&slids pofluc SMsbSisvigied gfram pho pesibanit meodiat mixes byl Silfay08.3] A
reaction (synthesis) m.xture was pr r QRSEST | f . isQni,sed
water, 10 g d"fagl? 5‘6")5/% g]ﬂﬁ‘éiﬁfswﬂﬁ scgr[%gtal?grl](? (g E%O?Qg%cginﬂ%%%gél ﬂ’ﬁ,ﬂa@? ?6%26 5%
al um na and %BLbBYTNasY ,prédiug wis dnalpredpyl ary nigffra@iog aofl SESBMusl wasefdendatadbe37. 5

uppl ied by St Fomene R aPRETHG P! 1herds SR Ha b asiOy BROHRR, 2

was 71.0. (gJheattoeatiion m xture was charged 20 into a Parr autocl ave and
crystallized for 22 hours at 155 C (310 F) and at _a stirrer s d of 200
T [006.4] AP o GHAASMACTHET Ses e © A e e hed E SmRop iR

m xXture by

filtration, piriesaeehswehRadRbOR ST Waverr)anit dicired naterihll @asGourkhte hawd and
product was anal yzed by x-ray diffraction and SEM and was found to be a
hi ghly cryst dPhaneluefdip%crystal ZSM 5 (hence MFI 25 structure type) having

a Si 02{ Al 203 gypl \pLats @n@;esﬁ%f 281\1—99@5@ ;ﬂiﬁ‘o;z_/ﬂﬂlﬁeﬁﬁﬂ%eﬂﬁ was converted to
'ts acid ];50 ' %0%] excza}ggc%m\l,\j (gy?lthgsrirgo r?liixlflurpe was prepared consisting of 125 g of deionised
water, 10 g of a 50% aqueous NaOH solution, 3 g of sodium aluminate (25.5% alumina and
19.5% Nay0), 8 g of n-propylamine, 2 g of ZSM-5 seeds and 37.5 g of SIRAL®90, an
amorphous silica-alumina (15:1 molar silica/alumina) as supplied by Sasol/Condea. The
H,0/NaOH molar ratio of the reaction mixture was 71.0. The reaction mixture was charged
20 into a Parr autoclave and crystallized for 22 hours at 155 °C (310 °F) and at a stirrer speed of
200 RPM.
[0064] Solid product was isolated from the resultant product mixture by filtration,
washed with deionised water and dried at 110 °C. The solid product was analyzed by x-ray
diffraction and SEM and was found to be a highly crystalline small crystal ZSM-5 (hence MFI
25  structure type) having a SiO,/AL,O3; mole ratio of 12:1.
[0065] The ZSM-5 material was converted to its acid form by exchange with ammonium
nitrate and was then calcined at 538°C (1000 °F). The calcined material was found to have an
Alpha Value of 1416, a BET surface area of 244 m’g’!, a water sorption capacity of 8 %, a
cyclohexane sorption capacity of 5.2 % and an n-hexane sorption capacity of 9 %.
30 [0066] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention

lends itself to variations not necessarily illustrated herein. For this reason, then, reference



nitrate and was then cal cined at 538C (1000 F). The calcined material was
found to have an Al pha Val ue of 1416, a BET surface area of 244 nRg-1, a
wat er sorption capacity of 8 % a cycl ohexane sorption capacity of 5.2 %
and an n-hexane sorption capacity of 9 % 30 [0066] Wiile the present

i nvention has been described and illustrated by reference to particul ar
enbodi nents, those of ordinary skill in tle art will appreciate that the
invention lends itself to variations not necessarily illustrated herein.

For this reasg,qi&hade§ks %?:E&ied LRt @ firSesiBrdR ek Rintizeha PRERERR dlhRd s
for purposes o deternlnlng he true scope of the present invention. 16

CLAI M5B What imesehtdanveptonis: | . A process for the manufacture of a synthetic
porous crystalline nDIecuIar si eve, which process conprises the steps of:
(a)form ng an aqueous reaction m xture conprising a source of Al 203, a
source of Si02, a source of netal hydroxide MOH and a structure directing
agent, wherein Mrepresents an alkali netal, in which reaction mxture (i)
the nolar ratio of H20/MOH is within the range of 70 to 126, (ii) the

Si 02/ Al 203 nolar ratiois from2 to 15; and (ii)at |least a portion of the
Al 203 and Si02 is provided by an anorphous material containing both Al 203
and Si 02, said anorphous material having a Si o2/ Al 203nolar ratio of 15 or
| ess; (b)crystallizing the reaction mxture to produce the porous
crystalline nol ecular sieve; and (c)recovering the crystallized material.




2. The process according to claim1 wherein the nolar ratio of H20/MOH in
the reaction mxture is within the range of 80 to 126. 3. The process
according to claim1 wherein the nolar ratio of H20/MOH in the reaction

m xture is within the range of 90 to 126. 4. The process according to any
of the preceding clainms wherein crystallization is effected at a
tenperature of 80 to 225 C, preferably;of 100 to 160 C. 5. The process
according to any of the preceding clains wherein, in addition to the

anor phous material containing both A 203 and Si 02, the reaction m xture

al so conprgﬁgﬁ{ separate source of Al 203. 6. The process according to
claimb5 the separate source of Al 203 contributes 50% or |ess of the
total anmouwhaof cAnZdi3s:i n the reaction mxture. 17 7. The process
according to claim5 wherein the separate source of Al 203 contributes from
20%to 45% of the total anmpbunt of Al 203 in the reaction mxture. 8. The

process acgor di Agrdc@ssaBYthe Rfin@facttled My MhétR poroReFRiaNideifolsRPRAKRYE Source
of Al203 is a crystalline material. 9. The process according to any of the

precedi ng Whigh pEoceis epmPiIses HE stapbPPhous material containing both Al 203 and
Si 02 conpri ses dafss ol hn YaMoudbearY miRLEE %n%pls}ﬁglaeséﬁrcg bBaR1,O, Lk W % Na20,
7°0°0 Na2 " The b

nore preferably 1ess tha 1 wt 9% Na20. 10 rocess according to any
of the prewedintSikhai siretndnesital hy drexidediPHond a sauctyrt diretivargingi ng bot h

Al 203 and S 02 i n [ 2 | L.t 02/ Al 203 nolar ratio of 14
or |ess, ﬁ%% g?%%ﬁ?“@?“%?p%gﬁ %ggﬁﬂﬂgﬁthg%% %ﬁgghggof from8 to 12. 11

The process accoy di nie trolaamtioaff HHeMPHeis @dthingthe kaagersf Mhterl@bn t he reacti on

m xture forned j.n st has Si a2/ Al 20 ar ,ratio of fromb5 to 12.
12. A synthetiéhgordﬁgsgﬁ%§¥§§W?ﬁénﬁﬁfﬁ%ﬂPéﬁgE%éwg having the MFl structure

type or the TONiigt r ugtiedse atpopgon SOMMBrAISONGad 810,Ss PRovidR2 By an \shigHods N 1S
from2 to rr]ie%t'erial containing both AlLO; and SiO,, said amorphous material having a
Si0y/ALOsmolar ratio of 15 or less;
(b) crystallizing the reaction mixture to produce the porous crystalline
molecular sieve; and

(c) recovering the crystallized material.

2. The process according to claim 1 wherein the molar ratio of HO/MOH in the

reaction mixture is within the range of 80 to 126.

3. The process according to claim 1 wherein the molar ratio of HO/MOH in the

reaction mixture is within the range of 90 to 126.

4. The process according to any of the preceding claims wherein crystallization is

effected at a temperature of 80 to 225 °C, preferably of 100 to 160 °C.

5. The process according to any of the preceding claims wherein, in addition to the
amorphous material containing both Al,O3 and SiO,, the reaction mixture also comprises

a separate source of ALOs.

6. The process according to claim 5 wherein the separate source of Al;O3 contributes

50% or less of the total amount of Al,O5 in the reaction mixture.



13. The synthetic porous crystalline nolecular sieve of claim12 wherein n
is from8 to 12. 14. The nol ecul ar sieve according to any of clains 12 or
13 having a BET of 200 M2g-1 or greater. 15. A conversion process for
converting hydrocarbons which conprises contacting a hydrocarbon feedstream
under hydrocarbon conversion conditions with a synthetic porous crystalline
nol ecul ar sieve according to any of clgns 12 to 14 or manufactured
according to the process of any of clainms 1 to 11 to effect conversion of

t he hydr ocar bonTHeg@ockssiacerdamto claim 5 wherein the separate source of Al,O; contributes

from 20% to 45% of the total amount of Al,O5 in the reaction mixture.

8. The process according to any one of claims 5 to 7 wherein the separate source of

Al,Osis a crystalline material.

9. The process according to any of the preceding claims wherein the amorphous
material containing both A1,O3 and SiO, comprises less than 1.0 wt % Na,O, preferably
less than 0.1 wt% Na,O, more preferably less than 0.01 wt% NayO.

10. The process according to any of the preceding claims wherein the amorphous
material containing both AL,O; and SiO, is an amorphous material with a SiOy/ALO;

molar ratio of 14 or less, preferably of 12 or less, more preferably of from 8 to 12.

I1. The process according to any of the preceding claims wherein the reaction

mixture formed in step (a) has a SiO,/Al,O3 molar ratio of from 5 to 12.

12. A synthetic porous crystalline molecular sieve having the MFI structure type or

the TON structure type, comprising:
(n)SiOQ: A1203,

wherein n is from 2 to 12.

13. The synthetic porous crystalline molecular sieve of claim 12 wherein n is from 8
to 12.
14. The molecular sieve according to any of claims 12 or 13 having a BET of 200

m?‘g'1 or greater.

15. A conversion process for converting hydrocarbons which comprises contacting a
hydrocarbon feedstream under hydrocarbon conversion conditions with a synthetic
porous crystalline molecular sieve according to any of claims 12 to 14 or manufactured

according to the process of any of claims 1 to 11 to effect conversion of the hydrocarbon

feedstream.



