1 2 DEC 2006 WD 03/106343 PCT/ US03/ 12713 SYNTHESI S OF

SI LI COALUM NOPHOSPHATES FI ELD OF | NVENTI ON 10001] This inventiod & Bi&aiW& ¢ o
t he synt hB%} &/186348i | i coal unmi nophosphate nol ecul ar si eves fryidpe SHA
Tramework type. In particular the present invention relates to the

synthesi s of silicoal um nophosphate nol dcul ar si eves of the CHA framework
type using synthesis tenplates that contain at |east one dinethylam no

noi et y. - BACKGROUNDS OR THHES] NUENTIL IS ADURIINGDEHORPRATFES adi ti onal |y
produced from petroleum feedstock by -catalytic or steam cracking
processes. These cracking processes, especially steamcracking, produce

i ght ol efJ | ene and/ or propylene froma variety of hydro-
car bon feg,‘ igiﬁwrﬁﬂﬂg&in known for sonme tine that oxygenates,

especi al | o S; ngl ,sLar rid bhe.l ' |l efin(s).
The pref e)r(?oe(gl] On@?%\alﬁgﬁtékgn\rfgl%%?oﬁl ;}chéysrgﬁ)#gseg&gn%rhg?&}lg%?}g% Ié%%gtgto as a
met hanol - thgoleduldri fved of HOCHSframbebrk 1Bt Nangdrtitdarche pesstpdnbentiohi mari |y

et hyl ene and propylene in the presence of a nolecular sieve. 100031 Sone of
the nost udeteslto td exnthests ef siliesalfromophesphptei mglepdahsiavs afghe TBAI n(s) are

t he metal |.oal um nophosphat es such as the silicoal.um nophosphates (SAPO s).
There are f%?n?ﬂ“fféf \t/)péqﬁilléfrkg %ffla?ﬂﬁ%rf’r@?@éﬁ aércogﬁag{/@sle%ﬁ%ﬁg&i“f?%fyﬁﬂmépt, of

these the pmeg i nportant exanples include SAPO- 5, SAPO 11, SAPO 1S, SAPO
34, SAPO 35, SAPO 41, and SAPO 56. For the nethanol -to-ol efins process SAPO
nol ecul ar sieves having the CHA franework and especially SAPO 34 are
particularly inportant catal ysts. The CHA framework type has a doubl e
six-ring BAChGROUND O ThH: "ENIIRY arrangenent. The pore openings of the

CH ’H : e K
structure def i-ned by ej.ght. nmenber .rings that Y I, r of about
20 A o a0, 1 BlRRE e e BN TR0 R Bt DRl BB Y SRRy 20
6. 71 type dr'stahP&aing FRREES THeQBUOKI Ko PHRESes, cdpiiallytdanFetatiting, P. 96) .
Ot her SAPO nol ecul ar ~si eves of CHA franework type include SAPO 44, SAPO 47
and ZYT- 6.prad@eDESt QRO6(s) WS/ cllQ68%3arRGH/ us0d£1e2ff 418 a variety of hydro-

carbon feedstock. It has been known for some time that oxygenates, especially

alcohols, e.g. methanol, are convertible into light olefin(s). The preferred
methanol conversion process is generally referred to as a methanol-to-olefin(s)
process, where methanol is converted to primarily ethylene and propylene in the
presence of a molecular sieve.

[0003] Some of the most useful molecular sieves for converting methanol to
olefin(s) are the metalloaluminophosphates such as the silicoaluminophosphates
(SAPO’s). There are a wide variety of SAPO molecular sieves known in the art, of
these the more important examples include SAPO-5, SAPO-11, SAPO-18, SAPO-
34, SAPO-35, SAPO-41, and SAPO-56. For the methanol-to-olefins prooess
SAPO molecular sieves having the CHA framework and especially SAPO-34 are
particularly important catalysts. The CHA framework type has a double six-ring
structure in an ABC stacking arrangement. The pore openings of the structure are
defined by eight member rings that have a diameter of about 4.0 A , and
cylindrical cages within the structure of approximately 10 x 6.7 A type ("Atlas of
Zeolite Framework Types", 2001, 5th Edition, p. 96). Other SAPO molecular
sieves of CHA framewaork type include SAPO-44, SAPO-47 and ZYT-6.



2 100041 The synthesis of SAPO nol ecul ar sieves is a conplicated prﬁfezus.
There are a nunber of variables that need to be controlled in orldePtl &b
opti m se WMiet3/1gymshesis in terms of purity, yield and quallj(tﬁug;‘m%ﬂg SAPO
nol ecul ar sieve produced. A particularly inportant variable Is the choice
of synthesis tenplate, which usually déterm nes which SAPO framework type
is obtained fromthe synthesis. U S. Patent No. 4,310,440 teaches that "not

al | tenpl moDMITRY SMttResi$ H'g saPynegRhRy etvidid @eoﬁblﬁmé@wo@&sofrhs@r tain
a

species ... are suitable for the preparation of | nmenbers of the generic

cl ass." ldreimnaiber wélvarikiMoswthat heed tthebe samteoltednipl atder e ppiimaigcthet he
formation of djfferent franmework types. [0005] In_U. 8 Pat ent No. 4, 440, 871,
the synt hB&hesist ing tggmgeol RITE: Qe agdpeyalfuedy 1hg) SABY 1IScBlas si$¥8newor k

types are,g8sely %eggx\ét\{é)galr@ i&n#p%bgnlrnc%ﬂiaanpffe % {hiecch %gagip g\%ﬁhesibs‘l 13 Ip?a%t%,.cl osed are

EI’ ‘
a large n er-o es, W th " Ssone spec exanpl es.

In the spggichi €su@N3MRiEMiAesNWRRAT SAPOCHANLAMEWORK is bRehedBhOhl Bles are
descri bed. The preparation of SAPO-34 is reported, using tetra-

et hyl anmosyintimstzy A Sx i Rigert TRAOK)3, 1081 0i ®ogres phbarinoteall cemplathgrazensf TEACH
and di propyl am ne (DPA) as tenplates. Al so disclosed in this patent is a
speci fic SEtahhpreriaysd ot thei errees ohEUBMPRECS r- (e SPHabi felt thsn of

SAPO- 44. ’ﬁletggrgﬁﬁlg rof 1(,_)2\ lrr:%]régjttog%p Af?thgl ggg%rz d'cl%LsS n § ﬁgzﬂgos Wehq]%e \»}fn(r;'l#ngplch% pat ent

there are™n as'béing Suitab preparing

SAPO s of sdahiefiAde WorkinliYdRahe kb of diffeRRfeaRAosk Bipgs.ment i oned,
i ncluding triethanol am ne, N nethyl di et hanol ani i ne, N-nethyl et hanol am ne,

N, N- di met 081 handl.&niPaenalNd. 4 4408aA1 .ethhslyathhsinel amvide vasielyosfsb AP t enpl at es
for SAPO nol ecul ar si.eve

. O . these material s NN-di et hyl ethanolamne is
shown to PRYGEECSARERY §r\%’Fi‘iet‘;"ﬁﬂﬁ' peyarg ﬂa#%ék‘“%ﬁen et @Jc:?pefﬁg ot her

am noal co {ndiecat | i I B0 b RA Leh framework
type may E%@tf)]? %iﬁr‘llgg d?%?dosgg ﬁ}ef%elrgyhg@geraqfo%%sg]b‘i%b%e tglg}p %585%& s of
SAPO- 34 wasmé epaifiedxamplds. Sn tRatspadifidNexampled 40mbiier dfeCHAefhyéwarnoni um

hydr oxi de (TEAOH) either alone, or in conbina- tion wth_dipropylam ne
(DPA), had/msensietine apr &serbasd The ppsiparaiion of SprRHatihgFPonebasEg tekvever ,

e N e L -
and dipropylamine (DPA) as templates. Also disclosed in this patent is a specific
example that utilises cyclohexylamine in the preparation of SAPO-44. Although
other template materials are described in this patent there are no other templates
indicated as being suitable for preparing SAPO’s of CHA framework type. Certain
aminoalcohols are mentioned. including triethanolamine, N-
methyldicthanolamine, N-methylethanolamine, N,N-dimethylethanolamine and
N N-diethyvlethanolamine as possible templates for SAPO molecular sieves. Of
these materials N.N-diethylethanolamine is shown to produce SAPO-5, which is
of framework type AFI. For the other aminoalcohols no indication is provided as
to which SAPOQ or which framework type may be obtained through their use.
[0006] Since the synthesis of SAPO-34 was reported in U.S. Patent No.
4,440,871, 1etracthylammonium hydroxide (TEAOH) either alone, or in combina-
tion with dipropylamine (DPA), has been the preferred template for preparing
SAPQO-34. However, there are problems associated with the use of TEAOH and
DPA. When used alone, TEAOH affords a limited range of synthesis parameters.



W/10 03/100343 PCT/ US03/ 12713 For exanple, under certain conditions TEAOH

wi il also tenplate the synthesis of SAPO-1 S which has the AEl f1amenaols
type. TEA@H gs80dshsis rel atively intolerant to synthesis cpagifkhfnz
-variations. TEACH is sonetinmes conbined with DPA. However, DPA has a | ow
boiling point (110 C) resulting in the need for produc- tion plants that can
handl e high pressures. In certain countries, the use of DPA requires

speci al r &gl exbmpie, anddraeitziatcoohs oty EA@H tvgll tabswi templpte BE sppthB®PAof' s an

aggressive_ tenplate and is often inplicat i n . re-dissolution of the
sili coal un$f%1§0-whwhﬁhé%tw‘@cfmr&w%ém& %ﬁ% i§ thas gglpitvedsindolera@l yl ting in

poor ual | £y, SINSLaLLIAR  DLOSUEL S0 SULLEREDI LRIl SpsTyotal S

Finally, i prov Icul 0 " now € pure ase

ilicoal unj t I : i ' a14: L mna ratio.
L0007 1 n TP EERBERRA e IPlo St te BB A (R Te M ¢ P et ne !
obt ai ned "#en phatsMaDEarPhasies highipiessaws! dhesdiarboerias the usnpf APy I n U. S

Patent No. 6,162,415, relatively pure CHA SAPO 44 was obtai ned using the
sane tenpleguiseshepecial tthgwdnny atthefizations daei e ®F teaapl sAleo.t BPAl snfshum sour ce
and the ratio of phosphorus source,.t | um npum source. [.0008] .In EP O 993
867, it m%ggr%sﬁﬁ’ﬁt‘g‘ﬁpfé%aﬁndtlﬁ@ 78 o plicait W%ﬁ%s@@ﬁwi?her%@fﬂﬁwnph SAPO- 47
and the us b | AN BEE LU st N rdsBTRHE &0 erdlhifiyd but yl ami ne
has an eveﬁuﬁ \/\é/ei%( Cgl |ngSﬁpoiﬁrtl,ge§t %nl &> Than WA%F%%Q THUS Patent
No. 4, 861, g@8uctkkanplsarfidZittink ofalse crgpatst Ethallhait htdherovsd diffitult up to

NN- det hyl et hanol am ne produced CoAPSO 47, having Si _concentrated on the

peri pher i eBOwfloyRake pyigtiese kil cslligpalppanerbpsnhale moderler sieves Qithpat ent No.
4,310, 440, 0t r_i.gt h n 1I}am'ar}eﬁo N, N- di et hyl et hanol - ami ne,

N, N- di et hyl8t HARDICHHIRE2 TREQret hyl di et hanol ani ne, and N-met hyl et hanol - ani ne,

were all Uﬁﬂl@qolﬂr@@rﬂatéﬂtpﬁér 9,440 0T Nephas pires okt fgameuarkatype AFI.
N- met hyl et hanol am ne was al so reported to produce Al PO4-21 of franmework

type AVD., 0b@IE] "anthEmaorgd@sed aizing ayclvhsxylapmetas @ templated iU Ratenti ne
produced SAPO34, And SAPO.S under, 0 K grenl SXNLASSLS ST ke 1 2 D E 1
termplate but with control of the ratio of template to aluminum source and the ratio
of phosphorus source to aluminum source.
{0008] In EP 0 993 867, it was reported thai the use of methylbutylamine
resulted in SAPO-47 and the use of cyclohexylamine resulted in impure SAPO-
44, Methylbutylamine has an even lower boiling point, at 91°C, than DPA.
[6009] 1In U.S. Patent No. 4,861,739, Example 102, it was reported that the use
of N,N-diethylethanolamine produced CoAPS0-47, having Si concentrated on the
petipheries of the crystal and Co at the centre.
[0010] In U.S. Patent No. 4,310,440, triethanclamine, N,N-dimethylethanol-
amine, N,N-diethylethanolamine, N-methyldiethanolamine, and N-methylethanol-
amine, were all used to prepare AIPO,-5, alummophosphates of framework type
AFI. N-methylethanolamine was also reported to produce AIPO,-21 of framework
type AWO.
[0011] In EP 0993 867, it was reported that diethanolamine produced SAPO-34

and SAPO-5 under different synthesis conditions.



4 100121 In the art various attenpts have been nade to inprove the
synthesis of AlPO4 or SAPO nol ecul ar sieves. One approach has beenpth 0?
addi ti onvep({)“ﬂlgﬁ?@rce of fluoride ions to the synthesis m xture. [0013?u n
U. S. Paten . 5,096, 684. norpholine and tetraet hyl ammoniPédUSIyeR7exi de wer e
found to tenplate the production of SAPD-34 when in the presence of HF. -
According to this reference, the use of HF in conbination with the organic
tenplate results in silicoa]lum nophosphates which have inproved thermal and
hydr ol yt i{80k4 dpithe @i, varpos attepyptybaye lgfa%nemadwéo mpreye, the Fynibppoodo was

pr oduced m_Syn Si 1 xture Q i.n4 etr | Lum hydroxide =
and fl uor‘Lihg@“ PB%@E)?)?%W?BC&E{ 31revgsol%)ul%la§§3§°c?ﬁi?®g%g%ef] tﬁ %%@%8@%%&% Na, K and
amoni um drlteRidRmns [OBL Rl niRsiVnSxpat ent No. 6,001,328, a ,,

si | i coal um nophosphate indicated as U O S7 was prepared using

t et r anet HPOEHTonUu®n PadmoxiNde J@d,@8#y dnatghodine tmt rtatratthylbamonamy um

hydr oxi de, in_conbination with HF. L0016 In a Ph.D. thesis (E. H Halvorsen.
Uni ver si thydggxides e foumd 10 iempiate the gupdediopnat SARK-Sf Mg sppbe 34,

desi gnat ed Uipﬂle, was.. pr od 1.0 T Rl L.n: comby nation with
HF. 10017’?‘?%}5]?65% t Aaclcpr,dl r‘%agopﬁﬁggsf%%ge?it?e E@eog%ﬁgrl?l c%é&lb%l%g‘gghl ower Si
content f@E orpRidaARbEIOrQLRS iR Silki@RARIMIADPRIBELEP WL hatd iMBRRBEr OUS
Material s, 29, 117- 126, 1999). Low Si contenht has the effect of reducing

propane ftbemed pxchhadrdlvidetbdagi ng cat al yst deactivation. 100181 As can bee
seen fromthe djscl osuresn]gesc t here havg 1l%een a. nunber of
r

: h .
attenpts WBlﬂt;m beS ol dteninlip; @é{gggg?hgréﬁbqg‘éﬁﬁlsd?@@mfe ‘?‘H(—:SY@T]?E\31Frarre- wor k
type, wtgllm tc%ﬂta?rHSG%?éam‘%ﬁa 1@9&%&6‘@&&&{3@ &l P Rokide f lofd synt hesi s
tenpl at es Phat” are spetiftic or e synthesis of sili coar um nophosphat e

mol ecul arwatst @heile edurCifhamdaenih 1908 K had atddichin flubAde is a need for new
t enpl atin&’IQ systenms which afford nore effective control of the final
conposi t i B hé).SaAPaenaAlp. | h0Phs1s. calsdicoeaimppharplade |indieated @sal umi num

ston o) A8 05 L gL oo WD L3 ok alod bouapiglign v cssed
PCT/ USO3/ &8 4ddthylammonium hydroxide, in combination with HF. -
{0016] In a Ph.D. thesis (E.H. Halvorsen, University of Oslo, 1996), it was
reported that low silica SAPO-34, designated as UiO-S4, was produced using
TEAOH template in combination with HF.
[0017] Wilson et al., reported that it is beneficial to have lower Si content for
methanol-to-olefins reaction (Microporous and Mesoporous Materials, 29, 117-
126, 1999), Low Si content has the effect of reducing propane formation and
decreasing catalyst deactivation.
{0018] As can bee seen from the disclosures described herein, there have been a
number of attempts to utilise alternative synthesis templates for the CHA frame-
work type, with limited success. It is desirable therefore to find new synthesis
templates that are specific for the synthesis of silicoaluminophosphate molecular
sieves of CHA framework type. In addition there is a need for new templatihg
systems which afford more effective control of the final composition of the SAPO
and in particular the Si/Al (silicon to aluminum atomic) ratio in the final product,

which is related to and ofien expressed as the number of Si atoms per CHA cage



5 of the nol ecul ar sieve, each CHA cage being conposed of 12 T atons (T
atons are either Si, Al or P). SUMWARY OF THE | NVENTI ON [0019] Thé DAt g8int
i nventi on wooshiees a process for preparing a crystalline PCT/USU3/12713
Si li coal um nophosphat e nol ecul ar sieve of CHA framework type, fhe process
conprising: (a) formng a reaction mxtube conprising a source of al unm num
a source of phosphorus, a source of silicon and at | east one organic

tenpl ate W BB mALi 588, ORR QMANRE RIHNELNPREE 80 10T 8bhRIT AMs (D)

i nducing crystallization of crystalline nolecular. sieve of CHA framework
type from arheitherdss Abor i xt ure. [0020] The process of the present invention
results in new silicoal um nophosphate conpositions with the CHA franmework
type that, as synthesized, have unique X-Ray diffraction patterns. [0021]

I n one errbggi\mR f ]“T’?I W]Eﬁtﬂidwe”“ on there is provided a
silicoal unrn%rp-lm%g—e—nﬂeu—ar—m-eve, substantially of CHA framework type,
conpri si ng{eondhi N i The prebdndimieyibRipkdi@esSd skt Rr dregatiasta @pgalligppl ate
whi ch contains one or nore | NN-di methyl am no noi eties. f0022] I n one

ermbodi ment sibfoaltreinopbesphite i melemmiansievherfe CHA grapwaveiekl tape, the process

silicoal um no hosg‘z@i mol ecul ar, sieve, substantially of framework type,
conpri si ng“MEREINEr g?%?%ﬁé?%ﬂPﬁénW“{rﬁicﬁmpE@qgrﬁF fre 9§ RAMIDHE: &t ruct ure.

. Ina furt ' f r t, i 2 L L:ded a
cryatal 11 neurey [ PRtk &1sohite B GRER e W BA O SISHE RS
framewor k tomgriseshaii oton@e dhraedoietihs meietest ayd povaancidg fehyrsadiida@ibnpat t ern
containing at |east the d- spacings as set forth in Table la: 1 2 DEC 2006
WO 03/ 10632Bcrvetrilivsanylagiur sicge ofrggia%ﬁ]a@ez@ﬂﬁ‘(ypﬁfmmw reqetigonigge: 9. 461 9. 34
65 21.9 4. %ﬁ? 12.%66.87 14 2 'Ot%g 3. 86 %.5 13,.879 rgsush% 11 24.“7]4 3.59 47

process 0 present ~ invention m “ne

silicoaluminophosphate compositions with the CHA framework type that, as
synthesized, have unique X-Ray diffraction patterns.

{0021] In one embodiment of the present invention there is provided a
silicoaluminophosphate melecular sieve, substantially of CHA framework type,
comprising within its intra-crystalline structure at least one template which
contains one or more N N-dimethylamino moieties.

[0022] In one embodiment of the present invention there is provided a
silicoaluminophosphate molecular sieve, substantially of CHA framework type,
comprising N,N-dimethylethanolamine within its intra-crystalline structure. In a
further embodiment of the present invention there is ‘provided a crystalline
silicoaluminophosphate molecular sieve substantially of CHA framework type,
having a characteristic X-ray powder diffraction patiern containing at least the d-

spacings as set forth in Table la:



16.018 5.53 50 25.96 3.43 20 17.619 5.03 22 30.66 2.91 45 20.62 4.30 100

30.939 2.89 23 10023) Preferably,

t he present

i nvention provides?ta DEC 7006

crystal | iwe o3sbdsuxoal um nophosphat e nol ecul ar si eve subst gt@ghy,RE CHA
having a characteristic X-ray powder diffraction pattern

containing at |east the d- spacings as st forth in Table Ib: _ Table Ib 20

9.461 9.34 65 29.563 3.02 5 12.88 6.57 14 30.66

framework type,

d( ) 1(%. 20 d
2.91 45 13.879
5.03 22 32.397

2.59 7 21.9 4.0

15 38.398 2. 34

27.7 3.22 8 39. 7

nol ecul ar si eve

conprises N, N-di
100251 In a furt

si li coal um noph
conprising | NN

() 1("9

o

=7

p

6975

3373812

4 2.83 3 17.619
. 30 100 34.581

0 8 23.039 3.86
0 39.401 2.28 1

Fred that the

ble la or |Ib

i ne structure.

e is provided a

%?ﬁi”_gg,gig 1 453 olod ety d0)
1 586174 3954 47 385543 2xk g HBE ds Az
612887 36.893. 01514, 18 23.472413-8¢ ils prefe
havi8Ag thé.3%ray diffracdi’dn | phabPerin of7 Ta
megpyk ef harmyl am ngow fhiop gt § 1NEEa-| crypta

550 'iSTU:BII;L Uf—zjtzile pTBE-%JETE izl_zggilrlfi iy
L a4 1 for dotnol ant®e ki 30 ile 2Bt rla- crist

framewor k type,

I line structure.

There is also provided a m croporous crystalline silicoal um nophosphate

nol ecul ar
X 1 2 DEC

PheY® SUPSRRHA)) Y

A

CHA framewor k
present

mvention

tgl%%idegavg ngcr-{'lasté:lﬂgé acteristic

silicoaluminophosphate molecular sieve substantially of CHA framework type,

having a characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table Ib:

[0024]

Table Ib
20 d (A) 1(%) 29 d (A) I (%)
9.61 9.34 65 29.563 | 3.02 5
12.88 6.87 14 30.66 291 45
" 13.879 | 638 11 30.939 | 2.89 23
16.018 | 5.53 50 31.54 2.83 3
17.619 | 5.03 22 32397 | 276 2
18.999 | 4.67 7 33281 | 2.69 5
20.62 430 100 | 34.581 | 2.59 7
21.9 4.06 17 34995 | 2.56 3.
72423 | 3.96 7 35822 | 2.50 8
23.039 | 3.86 15 38398 | 2.34 1
24.74 3.59 47 38543 | 2233 1
25.96 3.43 20 30401 | 228 1
27.7 322 g 39.761 | 2.27 3
28.015 | 3.18 4

It is preferred that the molecular sieve having the X-ray diffraction

pattern of Table Ia or Ib comprises N, N-dimethylethanolamine within its intra-

crystalline structure.

[0025)

In a further embodiment of the present invention there is provided a

silicoaluminophosphate molecular sieve, substantially of CHA framework type,

comprising N,N-dimethylpropanolamine within its Intra-crystalline structure.

There is also provided a microporous crystalline silicoaluminophosphate

molecular sieve substantially of CHA framework type, having a charactenstic X-

.



\4"003/1 06 34 3 PCT/US03/ 12713 7 ray powder diffraction patterny, £L 70
containing at |east the d-spacings as set forth in Table Ila: Tab‘{é IFaz @0
dO 1 (%9 20wo(udpodBgs o) 9.357 9.44 67 22.866 3.89 13 12. 719(:@”%@3 %ﬁ 24.798
3.59 63 15.858 5.58 50 25.721 3.46 21 17.637 5.02 31 30.438 é ﬁ6
20.438 4.34 100 30.658 2.91 20 21.858 4706 17 30.917 2.89 26 100261
Preferably, the present invention provides a crystalline

si | i coal umkRORReSR Al FuctB: §RMEAT co?ﬂtﬁﬂ]%g%'h@ésﬁmé alshxciRds L4t floARHWOr K type,
having a characteristic X-ray powder diffraction pattern containing at |east
the d- spadeblgdlaas set forth in Table Ilb: Table I1b 20 d () 1(% 20 d(A)
“1(% 9.357 9.44 67 30.438.2.93 46 12,719 6,95 17 30,658 2. 91 20 13.819

6.40 8 30.917 2.89 26 _15 858 5,58 ngISLa41& 85 4__17.637|5.02 31 32.139

2.78 3 18.882 47029 33. 2bG\2.169 &) 2D. 438 4. 34 (AD0] 34(B17]2.61 9 21.858
*4.06 17 34.777 2..583%7 22.222 4. 005 3288662 50.89 22.386 3.89 13 39.481
2.28 4 24.798 3.58, 6% 4Z2. 5% 2 1P P94 788 B 4GP T 436541 2.09 5 27.481
3.24 7 47.479 1. SJ.15'3858¢ 03311848 Qg»)/zi.. 739 51

17.637 5.02 31 30.438 2.93 46

20.438 4.34 100 30.658 291 20

21.858 406 | 17 30.917 2.89 26

[0026] Preferably, the present invention provides a crystalline

silicoaluminophosphate molecular sieve substantially of CHA framework type,
having a charactenistic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table Ilb:

| Table ITb
26 d(A)y | 1(%) 20 d (&) 1(%)
9.357 9.44 67 30.438 2.93 46
12.719 6.95 17 30.658 2.91 20
13.819 6.40 8 30.917 2.89 26
15.858 5.58 50 31.418 2.85 4
17.637 5.02 31 32.139 2.78 3
18.882 4.70 5 33.299 2.69 4
20.438 434 100 34317 2.61 9
21.858 4.06 17 34.777 2.58 2
22.222 4.00 5 35.877 2.50 8
22.866 3.89 13 39481 2.28 4
24.798 3.59 63 42.641 2.12 6
25.721 3.46 21 43241 | 2.09 5
27.481 3.24 7 47.479 1.91 5
28.037 3.18 9 48.623 1.87 6
29.363 3.04 3 49,142 1.85 4
[0027] 1t is preferred that the molecular sieve having the X-ray diffraction

pattern of Tables Ua or IIb comprises N,N-dimethylpropanolamine within its
intra-crystalline structure.

10028] In a further embodiment of the present invention there is provided a
silicoaluminophosphate molecular sieve, substantially of CHA framework type,

comprising 1-dimethylamino-2-propanol within its intra-crystalline structure.



29.363 3.04 3 49.142 1.85 4 10027] It is preferred that the nnlecilar Si eve
having the X-ray diffraction pattern of Tables Ila or Ilb conpri dJEC 2008
N, N- di met Wfl riopanol amine within its intra-crystalline stg §61,740028] In
a further enbodi nent of the present invention there is prov‘ls}'ic:{iels'321I27]]3

si li coal um nophosphat e nol ecul ar si eve, 8substantially of CHA framework type,
conprising 1-di net hyl am no-2-propanol within its intra-crystalline

st ruct ur eThére 4s DS 3066ided\Q Q2 sH1ifS 43 Fen\BOS kgl Boldeale digveal SO
provided a crystalline silicoalum nophosphate nol ecul ar _sieve substantially
of CHA fr aubstaoidllyt ppeCHRaviamgwork Hapach®ings e ehatagteystisowdeay pdwlén act i on
pattern cqntai.ning at |east. the d-spacings as set.forth | ble I'lla: Table
I1la 20 d?{%ﬁa%]en/&%@n&@n)anww 169?‘@%45‘9193%?%??5§T.f§§§ “A.t}é‘%]neﬂ & 12.698 6.97
16 24.838 3.58 ¢ : : . : : 59 .50 30.399 2.94
36 17.644 5. 0224369222896 2041435100 100291—tPreferabl y, the
present inventi nﬁ%érﬂuﬁ&@ rrgg(r(yﬁ)Ll 1 nze Si i‘gﬁﬁﬂ' mﬁﬂ phat e nol ecul ar

si eve substanti al P¥38f |CHAYPr amewty k [t ¢h862 hatil®y a chBracteristic X-ray
powder diffracti ol @28 tier@9€ont ai i ngi d¢.8B8apst 3tIe d- 4paciings as set forth
in Table Il1b: Taid g1 1|1 b6230 d( )i1d (% 28@9d(, ) 314629 | 91854 |9.45 73 27. 458
3.25 5 12.698 6794 gkt 285Wg7 3. 1§ 4 [ 3338810 ©.g40 g@.d‘fQ 2.94 36 15.84
20.417 435 100 -

-

10029} Preferably, the present invention provides a crystalline
silicoaluminophosphate molecular sieve substantially of CHA framework type,
having a characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table 111b:

Table IIIb
26 d (A) 1(%) 20 | d(A) 1 (%)
9.354 9.45 73 27.458 3.25 5
12.698 6.97 16 28.037 3.18 4
13.821 6.40 14 30.399 2.54 36
15.84 5.59 50 30.922 2.89 16
17.644 5.02 21 34.28 2.61 8
18.878 4.70 2 35.917 2.50 6
20.417 435 100 39.463 2.28 4
21.862 4.06 10 42.644 2.12 3
22.183 4.00 4 43.219 2.09 3
22.845 3.89 8 47.401 1.92 4
24.838 3.58 43 48.662 1.87 5 0
25.699 | 3.46 19 n |
[06306] It is preferred that the molecular sieve having the X-ray diffraction

paitern of Tables Illa or JIIb comprises 1-dimethylamino-2-propanol within its
intra-crystalline structure. |

[0631] In another embodiment the present invention provides a method for
the manufacture of a molecular sieve catalyst compositibn,. which method

comprises forming a mixture comprising at least one molecular sieve of the



18.878 4.70 2 35.917 2.50 6 20.417 4.35 100 39.463 2.28 4 21.862.l 4 ?ﬁ 10
42.644 2.12 3 22.183 4.00 4 43.219 2.09 3 22.845 3.89 8 47.401 1| HBtlg 2006

24. 838 3.8 H¥308%: 662 1.87 5 25.699 3.46 19 ]10030] It iS$Q%ﬁj 55%?3that t he
-nol ecul ar sieve having the X-ray diffraction pattern of Tables [1Ta or Illb
conprises 1-di nethyl am no-2-propanol within its intra-crystalline
structure. 100311 In another enbodi nent the present invention provides a

met hod f orpcdcfeiy Gt & Rt Do ObSftbe SLENA0RHAlY Slol&RMAPERLL T ON. whi ch

i)

met hod coprrprl ses éorrﬁﬁlg a mxture conprisihg at |east one m)?ecul ar sieve
of the 1 ZafdhGt d&¥posién.03/ 106343 PCT/ U503/ 12713 9 present invention, with
at least one fornulating agent, to forma nol ecul ar sieve catalyst

conposi ti df93310032] Ibnysiet ﬂﬁ‘flﬁnﬁﬂ%ﬂm@ﬁ%&ﬁ RESSENt IR¥CIB B RIVIdeny@nt i on

provi des for, a. nol ecul ar azi eve cat al ﬁl con&posi tion c%&rrpr]i sing at |east one

si |i coal urPRSEHHs phEf Y nof _%lﬁﬁstar < OF t HE %Nt Tvelitt on®Pn admi xture
with at |eashiaife Mspraﬁetgh}oﬁ'&:u%%r&%e of 3233dsehNindediitit ineldngBRdi ANt the

present invention prov or the use of "a tenplate conprising one or nore
di met hyl anitieasnmiedfoiraslating tfetsynt hesi s of sili- coal um nophosphates of CHA
f ramewor k tﬁge. £n0034] | n anot her enbodi nent the present invention provides
a method P33} Nk adiwties erihodinagntdherpresent| igvesiopugovidealardhe agmplbai ti on,

Ut et GO bR B PR M e FOAILR) DEpRahgRs) LB Lo
tenpl at e WiahfniGOMAbRRe ONECHRA fraBéRoNtPpedi Met hyl am no noi eties or as
obtained froma process utilising a tenplate conprising one or nore
di met hyl anjlfid4]noi et i bsgnovlier kmdodineas theqmesent pivanticnt proyidegemesthadofof or m a
mol ecul ar t?lleel\lllgm.(l: aE:t%l‘g Sotf g OI%E%%{J]%} Os?éve catalyst composition, which method
comprises forming a mixture comprising at least one molecular sieve comprising
within its intra-crystalline structure at least one template which contains one or
more N,N-dimethylamino meoieties or as obtained from a process utilising a -
template comprising one or more dimethylamino moieties, with at least one
formulating agent, to form a molecular sieve catalyst composition.
(0035} In yet a further embodiment the present invention provides for a
molecular sieve catalyst composition comprising at least one silicoaluminophos-
phate molecular sieve comprising within its intra-crystalline structure at least one
template which contains one or more N,N-dimethylamino moieties or as obtained
from a process utilising a template comprising one or more dimethylamino

moieties, in admixture with at least one formulating agent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036] Figure 1 shows the XRD pattern of a crystalline

silicoaluminophosphate molecular sieve of CHA framework type comprising N,N-
dimethylethanolamine within its intra-crystalline structure.

[0037] Figure 2 shows the XRD pattem of a crystalline
silicoaluminophosphate molecular sieve of CHA framework type comprising N,N-

dimethylpropanoclamine within its intra-crystalline structure.



100351 In yet a further enbodi ment the present invention provides for a

nol ecul ar sieve catal yst conposition conprising at |east one 12 DEC 2008
si |'i coal UNPH8{G43 phat e nol ecul ar sieve conprising withi ri’(i"lt/ﬁSOS/]z? -
intra-crystalline structure at | east one tenplate which contains die or
nmore N, N-di net hyl ami no moieties or as o8tained froma process utilising a
tenpl ate conprising one or nore dinethylamno noieties, in adm xture with
at | east [0088]f or nul Bigureg a@genhowBRI fiE DEBCRI REENM OofTHE DEAWANGS [ 00361
Figure | shows the XRD pattern of a crystalljne silicoalum nophosphate

nol ecul arsikgoalranipppimiphite anelrelrr sigpe Ot S ifEAMRHVITK NY PRl cABPRFINEt ltanol ani ne.
wthinits,{,nt.rascrystalline structure.. [0037] ,Figure 2 shows the XRD
pattern o(?\]’}g”c&?vg"cyy@i“ﬂgz'@i)l’?n@&?ﬂlwﬁ ﬁ%‘ﬁhB?ﬁé?lgn%ﬁécéﬂFar si eve of CHA
framewor k type conprising N, N- dinethyl propanolamine within its
intra-crystalline structure. wo 03/106343 1 2 DEC 2006 PCT/US03/12713 10
[ 00381 Fi DETAIBEDDES R NIONQF THD INVENTIONt al | | ne ‘ ‘

si | i coal um nophosphate nol ecular sieve of CHA framework type conprising |-
(N, N- di m BYROPUGHDNO) . - 2- propanol within its intra-crystalline structure.
DETAI LED | PTI OF. THE .| NVENTI ON ..I NT ON 100391 The invention is
primrily cted tonalt 4 Mt Fod o yngﬁ%gi ngadésial i%%tg?‘gnﬁ{ophosphat es
subst ant i glokesRingt HEcSAUmidopRBENMEIES ts¥B&antiali dTaht QYA BFathéwdi@sypeen found
that a spécific group of organic amnes are effective tenplatés in the
synt hesi singfars¢dlardohisipdendpinobihant epacticerolianf sigemesinohied dre effetdivef r anewor k
type. Through the use of these tenplates it is possible to_prepare

si | i coal ulkMbBEoR haswdhess ol plieeanBiREPIOPhHE MAleRLATtSI§ Vg PB@&C?%

significa I TRUL| L of;her . ..f I AP e sieve. It
has been ﬁ%ﬂﬁgg&é{pe' ﬁ?jré)&égrlr]pfhra%t gsse éfgﬁ \éés)éénb %\éﬁgcl. Ig(ﬁ?? %P%D%’né}éhfﬁremre

di met hyl agiibealiBiRbhesphateb e CrHARREnforiifvef wahewahitodyde &pslifiefnt
substantially high purity are obtained. Furthernore these tenplates may he

utilised whpwhitiss o€ othen diamerempitenes dn thermelheulassigneh dishas heen Eppdghasf CHA

framewor kifI tggl%lalte@ Ge du%g ; &,ﬁgﬁl caotn%aainS %Qé %re More td?methylamino moieties, then

SAPOs of CHA framework type and of substantially high purity are obtained.
Furthermore these templates may be utilised with other known templates for the
synthesis of SAPOs of CHA framework type in a dual template synthesis to
produce SAPOs of CHA framework type with low acidity. In particular they may

be utilised in combination with tetracthylammonmium hydroxide or chloride
templates in place of DPA, to produce SAPO of CHA framework type of low
acidity and relatively low silicon content.

MOLECULAR SIEVES

[0040} The SAPO molecular sieves of the present invention, may be
represented by the empirical formula, on an anhydrous basis:

mR:(81,ALP,)O,
wherein R represents at least one templating agent comprising one or more
dimethylamino moieties; m is the number of moles of R per mole of {81, Al P,)O,
and m has a value from 0.0417 to 0.3333, preferably from 0.0833 to 0.25, and
most preferably from 0.125 to 0.1667: X, ¥, and z respectively represent the mole

fraction of Si, Al and P as tetrahedral oxides.



produce SAPGCs of CHA framework type with low acidity. In parti Cl11| ﬁ]r t hey may
be utilised in conbination with tetraethyl anmoni um hydr oxi de or Hiér il

tenpl at es W ophace of DPA, to produce SAPO of CHA framewor kctyRe @k ow
acidity and relatively low silicon content. MOLECULAR SI EVES 100401 The SAPO
nmol ecul ar sieves of the present inventiohl may be represented by the
enpirical formula, on an anhydrous basis: nR (Si,A,.Pz)O wherein R

represents [@41) east gRent efpbdiicAt A geNtaeOMBA of NG QNG00 an@DL,§ and
di net hyl am no noieties; mis the nunber of noles of R per nole of (Si,A YP

)2 and mzias geeateslthan br equad 104.07. troamBS3Bnbyskimerty gbisyinfthemaEe0d33 t o

- 0.25, and _nost prefer from0.125 to 0.1667,. x. vy, and respectively
represent CIE BRI ﬂ}a‘ng(ﬂ)f/@nab@pt i X 154p e ppnge Qgﬁf’@ﬁ%ﬁ%ﬁ?‘ﬁ? 6&9?‘5&5 1 2 DEC
2006 \ VO 0?0/3]10?%4% tﬁgénﬁgﬁﬁ%@% 10 1.0, &ROALln ik Al SRgdigBN 06N 1S
*greater than of equal 't& 0.04, and x, ¥ and z are greater than of ‘equal to

0.01. In angdérbereferabBdinnirih,thé fanks of frdnh@. I @N@e5.0f is fof hergiigadefomhan 0. 01
to about 1, x is in the ran%e of fromgreater than O to about- 0.31, y is in
the range @0} todh?.0meg nreferably, framd).91 tos0.2ny ihie thamgeesi frompfhdoto2l0t o 0. 9,

nore preferably inis in er e.of from0.1 to 0.25, x is in the range of
from 0.01 @8265@,‘[}“%@(@6’&2?8}@3??/0%om 0.01 to 0.2, y is in the range of

from 0.4 tqode, _andyeh Sind Brcdiidhafes Ore LERMA. G Befhid1ehPRAAZL, When the

nol ecul ar sieves are cal cine e organic tenplate 1s “renove t he
resul ting sembecanintiheaphisphaliesalinainephodphidtet hanenGitkA thapewakhndy@r e of
substantially high purity in terns of their framework type with little or
no i nt er gr GRERIGPE FrbstapEalls ueh pgaRUR Rephekhrademsvok trrenwdhdtlmer e

framewor k type In e es S LE i n ref : ' de to a
silicoal ym’ynogp%})e_gﬁli‘?ﬁtg fs\ﬁ%hs_t g{ri:'%rl a ﬁ@b%k&mggsrp\aﬁ%%mérk @9%@? og)_rh bé%h%

subst ant i alfratnevidrBhtypeis.i Iy the phe@EntS splciffdagb WhampvBreked ¥Panade ks aneant a
si l'i coal um nophosphate nol ecul ar sieve which conprises 60% or greater of

the CHA fr seseehimingpwsphase efbstanbhly p0bA fgrmearcek tyfe @A ubstaey@dyk type and

most pref er}%ﬁj'u %ur?tgfo/f)n%mls of their framework type it is meant a silicoaluminophosphate
molecular sieve which comprises 60% or greater of the CHA frarngwork type,
preferably 70% or greater of CHA framework type and most preferably 90% or
greater of the CHA framework type as determined by XRD. It is also within the
scope of the present invention to provide crystalline silicoaluminophosphate
molecular sieves, which are a mixture of two different frameworks. In this
embodiment, the molecular sieve may be an intergrowth material having two or
more distinct phases of crystalline frameworks within one molecular sieve
composition. In another embodiment, the molecular sieve comprises at least one
intergrown phase of AEl and CHA framework types. For example, SAPO-18,
AlIPO,-18 and RUW-18 have an AEI framework type, and SAPO-34 has a CHA
framework type. In a further embodiment the molecular sieve may comprise a
mixture of intergrown material and non-intergrown materials.
10643] As used herein, the term mixture is synonymous with combination
and is considered a composition of matter having two or more components in
varying proportions, regardless of their physical state. In particular, it

encompasses physical mixtures as well as intergrowths of at Jeast two different



greater of the CHA framework type as determned by XRD. It is also within
the scope of the present invention to provide crystalline 12 DEC 2006
silicoal %q,gg%whate mol ecul ar sieves, which are a m xture of two
different frameworks. In this enbodinment, the nol ecul ar FKEHNEHREF Be an
intergromh material having two or norg distinct phases of crystalline
framewor ks within one nol ecul ar sieve conposition. In another enbodi nent,
the nol ec lLeve ¢ ises .at. heast-one. i 0 e. of | and CHA
f ramewor k O@%@%& 'I&il%re 3@%‘%’3?%&\‘&8 %511"09'6\%9&@%3&%% fﬁ@vﬁ%ﬁ H}a\ygégn AEI

f r amewor k 98519896 AU SARGpRdativaspblichifon M6 aroemorksasgpe. I n a further

enbodi nent the nol ecul ar "sieve nmay conprise a mxture of intergrown

mat eri al MRLEGOUDAR BtEGOWHESIEt eri al s. 100431 .As used herein, the term

m xture i s, synonynous with confination and is considered.a conmposition of
mat t er hajﬁ]%\éTtV\o o6 ycon%@?f@i‘l‘%mfoﬁhosp G ng"BEIPTr t i BRES r 8far dl ess of
their physi . [.C Ul % S i.C 1 x(ures as
wel | ab ) AR AURE g BuBBRE Bhaliioy GEPIRES BoR M 5B 057 06345
PCT/ USO3/ hRdigurh2a sémeefbidsphby e {duadlyiodikeon, ahé B i@Bplatihg axaiipbe t hose
described in WO 98/15496 and U.S. Application Publication No. 20020165089.
MOL ECUL AR tShiptwiE). Shpi¢4tis] 8 ﬂ@OMAmOMdEapt@B?ntsinhfﬁm agombpiaspmdtae nol ecul ar
sieves are synthesized b)S/ t he ygésg hermal ¢ %/}stal | i zation of oBe or nore

]

of a sour CBYSF O AUTHPHING SAEDH At B OTiE O IhOT WO ERAIINELEGRS &5 con, and a

tenplatin , QL : 1.eal ' h t.haod ; 0f resent

i nventi ong)gﬁglg‘?r%f (r?gltei %%%ﬁé gﬁaé]oﬁg%gho g%(ﬂ%bﬁ?ﬁ% Ergr@og%gél?gf Egpﬁ%ﬂgphor us,

one or nomeesk@dpl addsely agridhsllyandinedoptiitinalahy, imefte glastior esuekt ahs cont ai ni ng

conpounds are placed in a sealed pressure vessel, optionally Iined with an

inert pl aghgetrafbgreethdenepornd cheantd. uyndsat 1y | @pgallizalipthcpresire uater a ’

crystallization pressure and. tenpperature. .until a crystalline material is

f or med, aﬁ%f“?fﬁgwper’ ggﬁt%F%%aﬁ?eﬁqq%a t sif:)é ) Ed’caé]rqtt*‘? rﬁaé‘%r%aﬁfa%ﬁgyag “decant i ng.

100451 I n centrifiaGieh afdRF B&shsnPf the nolecul ar sieve, the phosphorus-,

alum num, and silicon- containing conponents are m xed, preferably while
{0045] In a typical synthesis of the molecular sieve, the phosphorus-, :

aluminum-, and silicon- containing components are mixed, preferably while
stirring and/or agitation and/or seeding with a crystalline material, optionally with
an alkali metal, in a solvent such as water, and one or more templating agents, to
form a synthesis mixture that is then heated under crystallization conditions of
pressure and temperature as described in U.S. Patent No. 4,440,871.

10046] In the process of the present invention, the template is used in an
amount such that the ratio of template to alumina (Al,O;) in the reaction mixture is
within the range of from 1.0:1.0 to 3.0:1.0, preferably from 1.5:1.0 to 3.0:1.0.
[0047] The templates used in the process of the present invention contain
one or more dimethylamino moieties and preferably have the general structure
(CH;),N-R, wherein R is a substituted or un-substituted aliphatic or cycloaliphatic
group. R may be a linear or branched alkyl group, or a linear or branched alcohol
or a linear or branched amine-containing group. Preferably, R contains an alkyl
group of from 1 to 12 carbon atoms, more preferably 1 to-6 carbon atoms, and

most preferably ! to 5 carbon atoms.



stirri ng and/or agitation and/or seeding with a crystalline material.
optionally with an alkali netal, in a solvent such as water, and?drﬁ[}o}ﬂoﬁ
nor e tenpha éxgeagents, to forma synthesis mxture that pi@ﬂgg]gnz-hgat ed
-under crystallization conditions of pressure and tenperature as descri bed
in US. Patent No. 4,440,871. [00461 In Phe process of the present

i nvention, the tenpl ate is used in an anount such that the ratio of

tenpl ate t 048U na 1nAl moﬁ)pﬂefﬁﬂteﬁ@nﬂeéhmmrihfmemlﬁ‘l@iSiasselﬂdtﬁd”ﬁrwmtm range of

Iéﬁ{ﬂ ii g:slérgeta% of tﬁﬁi@@%@%gﬁ% %@V%ﬁ@%ﬁ?mi%ﬁg@tﬁﬁ\ﬁ%%ﬁga nla%‘”? orThremre
di met hyl am,ng,.mg§ Ldifign ?@goﬁn%ua%lﬁpl ¥ NN S et ﬁm%gﬁagqﬁhe SNW%H{&% 1.(CH3), N-R,

wherein R 1§ & 80 nsu’bstltute al'i ICcor |phat|c

group. R ”BUthﬁm]zﬁnilnb ﬂN&J-dQﬁet ascdiRthrainkyN, wfdaﬁ@hylefhy&nbaimﬁﬁe Q,Ner anched
al cohol or a linear or branched am ne-containing groNp Pr ef er abl y, R
cont ai ns adinadtixyipropyelengdiapping.r ohhl\i—dtmetmlb@aﬂ@mdlaanm hiaﬂlelqth)éhq:r-abl y | to

6 carbon at and era car n ato 006 WO.
Sl 106543 beeispra MRSl by Rt afmis D aER R e soiBt fo A« he
tenpl ate i ﬁj i"%ﬁlﬁ‘gr 1;; ﬁ?ng{a%mtﬁ?l ‘ﬁf‘fﬁfﬂgt he fol hayd ﬂﬂg‘ﬁ%ﬂmhget hyl am no

conpounds: |net i met hyl propa

N, N- di net hﬁlrbﬂhﬂh@i\amme orl\ldilihdihﬁhéﬂﬁylamdmpM@mbwﬁnaBly the template is
N, N- di et hyI hexanol am ne, N, N-di net hyl et hyl enedi am ne,

N, N-
di net hyl pr 6gy@e® Asd R 1S, mmwﬁﬂhﬁ%mgt NeMeHmsHyHEning, seniovedsiy| hep-

| enedi hexyl enedi g d | 2- l
- et nyt SoR RS TEROREIRG T or opy| S By RO HRRS | an no oRE"C O
di net hyl heﬁﬁhﬁﬂ}]ﬂ%p@é]eﬁéd’i@ﬁﬁw &ep-fdﬁhékﬁyl%mé\@f;ﬁoﬁah@f %ﬁ@é@';ﬂeﬁﬂ%lﬁ ggpl ate is

sel ected fromone of nore of the follow ng: N N'dinethylam no conpounds:
N, N- di net hydmlhtans)NaﬁndmethNemadolaeILWMplr dmaa’tb)rlamnme,-me’aml

di et hyl pr benedl i rret h am n anol . Most preferably

the tenpl i&i“% s | NN nﬁﬂw éPﬂ%&’ TsPIpfate &Pﬂ’é’?‘ﬁ%aﬂ’i"%(?r ?‘S‘Fopanol

[0049] I'n & upiDeE noem?eﬁze ed %{fPA B Ba A Rith U br Afte AhaifBAA

di met hyl am no nbi eties nay e use I'n conblnation wth one or nore

addi tional terhglagpk abesallyoused|ih yhe sedufaontdef shivodlaninapbogthates of CHA

si |l i coal um nophosphat es of CHA
ramework type. These additional templates include: the group of
tetraethy]ammomum compounds, such as tetracthylammonium hydroxide
{TEAOH), tetraethylammonium phosphate, tetraethflammonium fluoride,
tetracthylammonium bromide, tetraethylammonium chloride and
tetracthyvlammeonium  acetate and also include DPA, isopropylamine,
cyclohexvlamine, morpholine, methylbutylamine, diethanolamine, and
triethylamine. When these additional templates are used in combination with
templates comprising one or more dimethylamino moieties, it is possible to
produce new silicoaluminophosphates of CHA framework type, which have a low
silicon/cage ratio, which is desirable when these materials are used as catalysts in
the methanol-to-clefins process.
[0056] Tvpically, when templates comprising one or more dimethylamino

moieties are used the resulting silicoaluminophosphates have a S1 per CHA cage

ratio within the range of from 1 to 2. When tetraethylammonium hydroxide is



framewor k type. These additional tenplates include: the group of

t et raet hyl ammoni um conpounds, such as tetraethyl ammoni um hydr oxi ge 0f( TEHOH) ,
t et r aet hyt@usrmagdsm phosphat e, tetraethyl anmoni um fl uoridey TIUS03/12713

t et raet hyl ammoni um br om de, tetraethyl anmoni um chl ori de ang i

tetraet hyl ammoni um acetate and al so i nclidde DPA, isopropyl am ne,

cycl ohexyl am ne, norpholine, nethylbutylamne, diethanolam ne, and

triethyl angsaf. as\Wigh ddMESGoaldi tdrofatind SHPARESSANRr USSLA | PageORBHRAL I ON Wi th
tenpl ates conprising one or nore dimethylamno noieties, it is possible to
produce neppsikimaog torli mephosghastesined. CHA franmewor k type, which have a | ow
silicon/cage_ ratio, which is desirable when these naterials are used as
catal ysts IH%I]t he nebasdl. t 3d8Refthas tHMBIEIess COMTOSHEIE TOW c T | Jorahen

tenpl ates gonprij si.-ng one.or nore .di methyl am ng. i.eti.es used the

resul ting @?E@E@Tlﬂﬁi’ﬂ%ﬁ‘ﬁsﬁrﬁa‘fsgg RaVe Q’%m%fonpg’rnh agggé‘m%{g“ﬁ WFthin the
range of fd.aMbbdbBovke it st {oaRhIAYE RNPRICH A Ry FAws @IS the rAngEC 2006 WO
03/106343 PCT/ US03/ 12713 14 I

used as the sole organic tenplating material,
Si per CHAcclagjeandatweassonap pithxamméi ipag GHA Tage ef hexsrthél \ . dbe girefecded 100511
Typically, when the , tenplates caonprising qgne or nore dinet h){\l am no

noi eti es &OBNRAEEN; (Pl FrBPlAET Wit hcHeTadyi theosambiraionatods Nolfescri bed
above it i il e .to _achi eve Si .ratio ithin the range |
to 1.3, an‘gmgf\?%%ﬂ%a %vlsa Wt h aﬁw i pei1g ‘c%’ég’gg]fl{n?ess%f%%lq& Thg)r preferred
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to 0.33, more preferably in the range of from 0.02 to 0.20, even more preferably in

the range of from 0.05 to 0.17 and most preferably in the range of from 0.05 to

0.155.

METHOD FOR MAKING MOLECULAR SIEVE CATALYST COMPOSITIONS

[0053] The silicoaluminophosphate molecular sieves of the present
invention may be combined with one or more formulating agents, to form a
molecular sieve catalyst composition or a formulated molecular sieve catalyst
composition. The formulating agents may be one or more materials selected from
the group consisting of binding agents, matrix or filler materials, catalytically
active materials and mixtures thereof, . This formulated molecular sieve catalyst
composition is formed into useful shape and sized particles by well-known
techniques such as spray drying, pelletizing, extrusion, and the like. |

[0054] There are many different binders that are useful in forming the
molecular sieve catalyst composition. Non-limiting examples of binders that are
useful alone or in combination include various types of hydrated alumina, silicas,

and/or other inorganic oxide sol. One preferred alumina containing sol is
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Surf. Sci. 14n158ay.dh. anoib@r epagdmehl) one bﬂém(r&%ﬁﬂers dma candiinedr welrbaeli nent, one
or nore binders are conbined with one nore other non-limting exarrpl es
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di aspore, %}%qmytcﬁo%.? €, ty'-a%] na,aboléﬂ}l S ﬁi" ore, ARd Fansitional aluminas such as a-

alumina, B-alumina, y-alumina, §-alumina, e-alumina, x-alumina, and p-alumina,
aluminum trihydroxide, such as gibbsite, bayerite, nordstrandite, doyelite, and .
mixtures thereof.

[0056] In another embodiment, the binders are alumina sols,
predominantly comprising aluminum oxide, optionally including some silicon. In
vet another embodiment, the binders are peptised alumina made by treating
alumina hydrates such as pseudobohemite, with an acid, preferably an acid that
does not contain a halogen, to prepare sols or aluminum ion solutions. Non-
limiting examples of commercially available colloidal alumina sois include Nalco
8676 available from Nalco Chemical Co., Naperville, Illinois, and Nyacol
available from The PQ Corporation, Valley Forge, Pennsylvania.

[0057] The metalloaluminophosphate molecular sieve may be combined
with one or more matrix material(s). Matrix materials are typically effective in
reducing overal] catalyst cost, act as thermal sinks assisting in shielding heat from

the catalyst composition for example during regeneration, densifying the catalyst
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tcfa§§§r§é9 g]c}mposition, preferably the clay or clay-type composition having a low
iron or titania content, and most preferably the matrix matenal is kaolin. Kaolin
has been found to form a pumpable, high solid content slurry; it has a low fresh
surface area, and it packs together easily due 1o its platelet structure: A preferred
average particle size of the matrix material, most preferably kaolin, is from about
0.1 um to about 0.6 um with a D90 particle size distribution of less than about
I pm.

{0060] In one embodiment, the binder, the molecular sieve and the matrix
material are combined in the presence of a liquid to form a molecular sieve
catalyst composi.tion, where the amount of binder is from about 2 wt% to about 30
wt%, preferably from about 5 wt% to about 20 wt%, and more preferably from
about 7 wit% 1o about 15 wi%, based on the total weight of the binder,‘the
molecular sicve and matrix material, excluding the liquid (after calcination).
[0061) In another embodiment, the weight ratio of the binder to the matrix
material used in the formation of the molecular sieve catalyst composition is from

0:1 to 1:15. preferably 1:15 to 1:5, more preferably 1:10 to 1:4, and most

-+



(0059) In one preferred enbodinent, the matrix; material is a clay. or a
clay-type conposition, preferably the clay or clay-type conposition 719{/@' %ﬁa
| ow ironwoobmdeary a content, and nost preferably the mtr+¢yg§(}j}z{zgaﬂ S
kaolin. Kaolin has been found to form a punpabl e, high soll it

slurry; it has a low fresh surface area7 and it packs together easily due
toits platelet structure. A preferred average particle size of the matrix

D0 et | PRkt SUCARY 1098 elly thid A AR oic forflbrhi)BROMaed 0 1 W L1

D90 partic Sl ze stribution o ess an “abou n one

enbodi ment coridie, ibEsRE the MeletBle sSiel @taidl @ \compositibh perf@intdnse, HoRleQkd, al are
conbined in the presence of a liquid to forma nol ecul ar. si eve catalyst
conposi t i olwenbievecarent amghentmatrixyhaierel, improvesrihabiguitorrepsneaoizbout 30
wt% preferably.fromabout 5 wt%to about 20 wt% and nore preferably from
about 7 v,QQr@B’%B‘Oé‘bout 15 wt % based on the total weight of the binder, the

nmol ecul ar §j and i Al ’11133%(5 i t (R[N T :

cal cinati oﬁj)osy}elo%lggfnﬁl %ﬁg@%@r‘g' glr?bo i n%%g,ﬁgﬁe%itgﬂghggéﬁ%%mf he bi nder
to the mat optionalipinéth abindsgdn ialiduié td formed slaryoiiting, prefeeshly sipoiueve

catal yst conposition is from 0:1 to 1:15. preferably 1:15 to 1:5, nore

pr ef er abl ymixing i geefled to aradiuge g tsubstantDHE hpowgenanas OBK 1S S9Balpwe/ this03/ 12713
17 preferablley %%G.to JNS. .1t.has been fgund ﬁ]haf. a hi.g er,_sieve content,

| ower mat r {RO/ECRBHIRE: Vorthusing Spampl L tiEpcsiignds dHehifs &p° Fnfosi ti on
per f or MANCeem BRUMEHE of whideh1cShSYY SkebaL & AldehiedNGha BR dsteks. MRAL théd . | Mpr oves
the attrition resistance of the conposition. 100621 Upon conbi ning the

nol ecul ar predareedalighidl He weaadrr ix omatesnbodimentofitei duvay hiy colldif-milled doer, in a
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wat er, al coho ones, alde esS, and/or esters. The nost preferred

liquidis yeued. |n qhe mwdbadimdEete atd@ashxumbyribls afdthobptidhal biadef,or a
period of time sufficient to produce the desired slurry texture,
sub- parti ciaysbe &n thysemerorsdibiepmt tiqvid widzwayibst ¢embinpéin any order,

together, simultaneously, sequentially, or a2 combination thereof. In the preferred
embodiment, the same liquid, preferably water is used. The molecular sieve,
matrix material, and optional binder, are combined in a liquid as solids,
substantially dry or in a dried form, or as slurries, together or separately. 1f solids
are added together as dry or substantially dried solids, it is preferable to add a
limited and/or controlled amount of liquid.

[0064] In one embodiment, the shury of the molecular sieve, binder and
matrix materials is mixed or milled to achieve a sufficiently uniform slurry of sub-
particles of the molecular sieve catalyst composition that is then fed to a forming
unit that produces the molecular sieve catalyst composition. In a preferred
embodiment, the forming unit is spray dryer. Typically, the forming unit is
maintained at a temperature sufficient to remove most of the liquid from the
slurry, and from the resulting molecular sieve catalyst composition. The resulting
catalyst composition when formed in this way takes the form of microspheres.
10065] When a spray drier is used as the forming unit, typically, the slurry

of the molecular sieve and matrix material, and optionally a binder, is co-fed to the
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to the perimeter of a spinning whee] that distributes the sharry into small droplets,
the size of which is controlled by many factors including slurry viscosity, surface
tension, flow rate, pressure, and temperature of the slurry, the shape and
dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-current or counter-current flow of air passing through a spray
drier to form a substantially dried or dried molecular sieve catalyst composition,
more specifically a molecular sieve in powder form.

[0068] Generally, the size of the powder is controlled to some extent by
the solids content of the slurry. However, control of the size of the catalyst
composition and its spherical characteristics are controllable by varying the sluiry
feed properties and conditions of atomisation.

[0069] In another embodiment, the formulated molecular sieve catalyst
compeosition contains from about 1% to about 99%, more preferably froni about
5% to about 90%, and most preferably from about 10% to about 80%, by weight
of the molecular sieve based on the total weight of the molecular sieve catalyst

COmposition.

L



through a single nozzle or multiple nozzles along with an atom sation fluid
such as air, steam flue gas, or any other suitable gas. [0067] IhZ%&mZmB
anot her enbodi/neBi3, the slurry described above is directedP %o t he perineter
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air that typically includes a small anmount of water_ vapour. Typi cal
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[0672] In one embodiment, calcination of the formulated molecular sieve
catalyst composition is carried out in any number of well known devices including
rotary calciners, fluid bed calciners, batch ovens, and the like. Calcination time is
typically dependent on the degree of hardening of the molecular sieve catalyst
composition and the temperature.
[0073] In a preferred embodiment, the molecular sieve catalyst
composition is heated in nitrogen at a temperature of from about 6006°C to about
700°C. Heating is carried out for a period of time typically from 30 minutes to 15
hours, preferably from 1 hour to about 10 hours, more preferably from about 1]
hour to about 5 hours, and most preferably from about 2 hours to about 4 hours.
{0074] In addition to the metalloaluminophosphate molecular sieve, the
catalyst compositions of the present invention may comprise one or several other
catalytically active materials. In one embodiment, one or several
metalloaluminophosphate molecular sieves are combined with one more of the

following non-limiting examples of catalytically active molecular sieves described

in the following, where the numbers in parentheses are U.S. Patent Nos. unless
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Fischer-Tropsch), U.S. Patent No. 6,300,535 (MFl-bound zeolites), and meso-
porous molecular sieves (U.S. Patent Nos. 6,284,696; 5,098,684; 5,102,643 and
5.108,725). Binder may no longer be necessary in such systems.

10076] In a further embodiment, the metalloaluminophosphate molecular
sieve may be combined with a metal catalyst, for example as a Fischer-Tropsch

catalyst.

PRrOCESS FOR USING THE MOLECULAR SIEVE CATALYST COMPOSITIONS

[00773 The molecular sieve catalysts and compositions of the present
invention are useful in a variety of processes including: cracking, hydrocracking,
isomerization, polymerisation, reforming, hydrogenation, dehydrogenation,
dewaxing, hydrodewaxing, absorption, alkylation, transalkylation, dealkylation,
hydrodecylization, disproportionation, oligomerization, dehydrocyclization and
combinations thereof.

[0078] The preferred processes of the present invention include a process -

directed to the conversion of a feedstock comprising one or more oxygenates 1o



295), boron silicates (4,254,297). titanium alum nophosphates (TAPO
(4,500,651), mxtures of ZSM5 and ZSM 11 (4229, 424), ECR-18 (5, 2{78 B850
100751 | n V¥@8¥hes4enbodi nent, the metal | oal um nophosphat e pay/ubes/fond to
anot her nol ecul ar sieve, as d| scl osed for exarrpl e in the follow ng: SAPO 34
bound AIPO4-5 (U. S. Patent No. 5,972. 203)- WO 98/ 57743 (nol ecul ar sieve and
Fi scher-Tropsch), U S. Patent No. 6, 300,535 (MI-bound zeolites), and neso-
por ous nol emisl @rmeiecvlefinEUaiml aRav@mst diested 6o 2R4c0B96 100, AOBNHSAa 551d102, 643
and 5j 08,725). Binder may no | onger be necessary in such systens. 100761
In a furt hedCEhiBRRIE REKEENatER &0 ﬁllbb’]a‘#m@&’ﬁé?ﬁﬁﬂﬁﬁ%@lﬂﬂ%ﬁfé] HBOEES ar  si eve may be

" conbi ned wW net al,_cat a r.ex -Iro cat al yst.
procss FORUET G Toen PR @?’E@)@e@ﬁi\e PE Bt R e The

mol ecul ar - FiRURCE ALRMAS DnB W ARIP A bEOAS, qﬁorteh@eammnt ond RYeRbicon are

useful in a variety of processes incltdi ng’ cracking, hydrocracking,

i somer i zat icoganigpedrypamidss tconnining boteastngne dyyden genatihdhe ndshyfagehat i on,
dewaxi ng, hydrodeV\/aX| ng, absorption, alkylation, transal kyl ation,

deal kyl at i ¢ftbod w@éé\wprpz%sﬁ|0£nnthlgp,r@5@m@a@tmdhe fesdpgeknisy 915081 on,

dehydrocycl i zat | d Lons 78 referred processes
of the preddfit ah‘f'@}'gﬁ%f BFF%?IH gt]cb?l(gglé%lgs? "%heFe @‘Feag}p{-‘% e&%ﬂgg} “ion of a
feedst ock caupki (%‘ B4 M 106 Wa?b&%ﬁt@ﬁ@a?l%?erétﬁy WonP3/1436 3ftdnladmBPEC 2006
PCT/ USI 13/ 12713 " "21 one or nore olefin(s a process directed to the
conver si on ané nevshprefeabipdrono b eo drcartemetaxy. giral@holsasefuk yb fedstogdsinand i n
particul ar nmethylam nes. 100791 In a preferred enbodi ment of the process of

the inventi Bf'nprqca@ of @édgv@él@ndaﬁpé¢ Mevegndragght gpd drapeh et Abaia liPhie
speci fical laY tea%)grth Sam9 Ig@&@t&gﬁ)@und(s) containing at |east one

oxygen atom pre erre nbodi ment of the process of invention,

t he oxygenqma]n t he Iﬁ&eﬂﬁﬁ@céwaﬁ]ﬂ&%i%yom&@ iad16@h@kdshel, Bthaddr abl y
al i phatic al cohols) where the aliphatic noiety of the al cohol (s) has froml

to 20 car banmopanohsisopropfme abieyhylr eyl ether 1@1meih}blonthalt odrethyl aathernwist
preferably {7280yt dfer 1ot BLRef & MRety! Surforate, ety Fhetond ok sqa X "
and mixtures thereof.
[0081] In the most preferred embodiment, the feedstock is selected from
one or more of methanol, ethanol, dimethyl ether, diethyl ether or a combination
"+ thereof, more preferably methanol and dimethyl ether, and most preferably
methanol.
[0082] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon
atoms. Most preferably, the olefin(s), alone or combination, are converted from a
feedstock containing an oxygenate, preferably an alcohol, most preferably
methanol, to the preferred olefin(s) ethylene and/or propylene.
[0083] The most preferred process is generally referred to as gas-to-olefins
(GTO) or aliematively, methanol-to-olefins (MTO). In a MTO process, typically

an oxygenated feedstock, most preferably a methanol containing feedstock, is

converted in the presence of a molecular sieve catalyst composition into one or



t he process of the invention include | ower straight and branched chain
aliphatic alcohols and their unsaturated counterparts. [0080] Nont? Dfi Ziipo
exanpl es Vi ogxggsnat es i ncl ude net hanol, et hanol, n- propaaghised/sQps opanol ,
met hyl ethyl ether, dinethyl ether, di et,)hyl et her, di- isopropyl ether,

f or mal dehyde, di nmethyl carbonate, di rret?’ryl ket one, acetic acid, and

m xtures thereof. 100811 In the nost preferred enbodi nent, the feedstock is
sel ect ed hropmoleding).oprefisrley ofndnptelamidantles hthpshe adidfostirgpylendyerfiendi et hyl
ether or a co{gi)r naLr on B{.hereof nore preferably nethanol and di net hyl
ether, antfipBetiogs BeBYABIYE) net hanol . [00821 In the nost preferred

embodi mam[OO8t4re feedst oCKmy Bﬁﬁlfleqﬁ 3! tﬁe grg'oc(g?sefor%ron{]@rﬁl%noéfy 2902LR8

converted he presence o sieve cata conposli {(I on into

ol efin(s) phasurg a%eéd%tc@kc‘c%ﬁﬁ%ﬁg 8h& BB mop¥ 6%@cakiby the ﬁlﬁoﬂmt"cﬁ‘rdl’ﬁnm(s)at onms. Most
pr ef erany, the ol efin(s), alone or conbination, are converted froma

f eedst ock powhtal hisag oarnthexy@bm@t girlefdevcatiion }a'ndmedahcgreatmoﬂmn dOef er abl y

nmet hanol, to the preferred ol efi n}s) et hy%eg%e and/ or pr%o(gwyg [ 0083] The

most pr ef @Yo Arehrelly gEeater thamnlt wi'oy Mows ek jesaply gregier efins (GTO) or

al vernat! Yfissy oot N3t kediodk Shichs et Qoﬂxaﬁﬂg%n%rom&edﬂpx&@a' 'y an
st ee

oxygenat e ock hanol containin ‘tock, is

convertedtymcatrrgezs@d fSeH6&: rafe c@nd&@rh@ﬁ@ﬂ] af theifeastoeR] @ldygt cepErBdE hbh-ON i nto one
or 1 2 DEC 200 WO 03/ 106343 PCT/US03/12713 7' nore olefin(s), preferably

and pr edontagine lty theefehgsteste onmellesular opye eqidystofaneppsitras S¥orebimit;gas | i ght

ol efin(s). [00841 i.ment of the process for conversiaon of a
Feedst ook SXBPE &5 GiepRInfBnErboR o MM G PO EE GRFGBAT 65, t he
amount of IRl 10he) < RUAANGCHoDASRNVOLARE R oleabechitydiiuls ek ogar bon
produced is greatef than 50 W% preferabiy greater than 60 wt% nore

pr ef er abl ynghert ehatchand ptbpahéh es{s@ﬁl%]y Jdiﬁreﬁﬁerésatrmkuc compmendedoedi ment ,

cont ai ns one or m)re di l uent (s) typically used to reduce the concentrat i on
of the fedbidfBekthersaly Tarreen@%rrerfsrrré dHaﬁm REavetey énd §itiqgsns WERSYEEK or

nmol ecul ar b%rn%vp%ﬁeC% fyyﬁgfeﬁggposr tion. Non-limting

[0086) The diluent, water, is used either in a liquid or a vapour form, or a
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock is
in the range of from about 1 to about 99 mol% based on the total number of moles
of the feedstock and diluent, preferably from about 1 1o 80 mol%, more preferably
from about 5 to about 50 mol%, most preferably from about 5 to about 25 mol%.
In one embodiment, other hydrocarbons are added to a feedstock either directly or
indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for example U.S.
Patent No. 4,677,242, addition of aromatics) or mixtures thereof, preferably
propylene, butylene, pentylene, and other hydrocarbons having 4 or more carbon
atoms, or mixtures thereof.

[0087] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, is carried out in a reaction process in a reactor,

where the process 1s a fixed bed process, a fluidised bed process (includes a



ehxarrpl es of diluents include helium argon, nitrogen, carbon nonoxi de,
carbon di - oxide, water, essentially non-reactive paraffins (especi a1l i YEC 7006

al kanes sugly @%06318t hane, et hane, and propane), essentiall ?@éﬁﬁiﬁﬂ&%ﬁ%l ve
aromati ¢ conmpounds, and m xtures thereof. The nobst prefer S are

water and nitrogen, with water being papBicularly preferred. 10086] The
diluent, water, is used either in a liquid or a vapour form or a

combinat i o f1fhe¥ka pHIR:G! bHERLLL S, ShldiRiuadRtdl EAChotedOafly hREHS! 0Ck

entering into a rea rectly into a reactor, or ed with a
ol ecul ar sprekgablcat@ltitmbuchighosidcito Muidisedied pesdesdi ment, the anmount of
.diluent in the feedstock is in the range of fromabout | to about 99 nol %
based on t hH88k al nuhlereastionrgiresessasf canh take cdeaget bk Bttty dfueatalytipr ef er abl y
fromabout | to 80 nol% re preferably . from about to about 50 ol %
oSt pr ef er FBFTRIGSBU BoeBr g i drFobed it iSRRI of her
hydr ocar bon a t | FoBdih&C Lkl i y, and

i ncl ude ol e%?c?l‘%r??, q%gdrqa%d??ér’?(;se ,Q)gr"%%gst ?"@?’gﬁ 8 géetﬁe folré{leﬁglﬁp{l@giﬁ&g%d Pat ent

No. 4,677, 2&ctonddistt eeuchirs,anmivalid ¢k, Guitablxt conesntionel eadctorptypkeraad! y

propyl ene; butyl ene, pentylene, and other hydrocarbons havin or nore

4

carbon at ofiescribgd i fer gxemplehédSe drtent O 7#10 W@ﬁplb%-e%%ieﬂtdﬂocg%'éﬁﬁ ng a

f eedst ock, ciall f.eedst ock . cont aini.ng..one or. nore.oxygenates, in the
presence of &_i’%frﬂ?%cﬁg%?‘lzggzé@té""cé’?%_f’%f”g’Pgr[ﬁ}%%‘i fe:‘lo(?r IO?VQPTPéerK\gE?{FEOp, i's
carried out Kl FBAGHEOTRBEESed Tofk NRACYBA: jomher e Lhe process s a

fi xed bed proceéss, a fluidi Sed bed process (includes a 1 2 DEC 2006 WO

03/ 106343 P{NSYE03/ 12Th8 pRIerrddurchetbe tipe edripiraeasa geperelly datmriped iront i nuous
fluidi sed bed process, and nost referably_a continuous high velocity

f1ui di sed b&depReddsidoasyn adel i PeiTsH JitEuspaees ARA0 PRkEA4RR in a
vari ety of t 4 - : CWF I qg%; t dense bed
or fixed begﬁaf ?é%’t?g%négﬁegé}%ir@y g%.hl?%st ({rht?od{ se (éfe(%k’r 2%%:(%’!%}461“2@%5

coupl ed t og®hfest NoCkl168128L0 1 (fgt-fihnidisidsBell bedtory, eadt OIS, Patér eAppladbwr s, and
the like. Suitable conventional reactor types are described in for exanple
U.S. Patent Srgal Np. 09669963 filgddviap4t 2000 (neiluge piser 189c01)( dual riser), and

Fl i di zati oy jgagi neer {ngy . Do KU TerdlinRne -6V BIRNLS! bed QP&els G hign
velocity fluidised bed process includes a reactor system, a regeneration system and
a recovery system. o
[0691] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or meore riser reactor(s) and a second reaction zone
within at least one disengaging vessel, preferably comprising one or more
cyclones. In one embodiment, the one or more riser reactor(s) and disengaging
vessel 1s contained within a single reactor vessel. Fresh feedstock, preferably
containing one or more oxygenates, optionally with one or more diluent(s), is fed
1o the one or more riser reactor(s) in which a molecular sieve catalyst composition
or coked version thereof is introduced. In one embodiment, the molecular sieve
catalyst composition or coked version thereof is contacted with a liquid or gas, or
combination thereof, prior to being introduced to the riser reactor(s), preferably
the liquid is water or methanol, and the gas 1s an inert gas such as nitrogen.

[0092] In an embodiment, the amount of fresh feedstock fed separately or

jointly with a vapour feedstock, to a reactor system is in the range of from 0.1



Kri eger Publishing Conpany, New York, New York 1977. 100891 The preferred
reactor type are riser reactors generally described in Riser Reactol?2DE( 2066
Fl ui di zaWiOoi$/1aéd3 Fl ui d- Particl e Systens, pages 48 to 59, wCc¥wsidanziz and D. F.
QO hno, Rei nhol d Publishing Corporation, New York, 1960, and U S. Patent No. -
6, 166282 (fast-fluidised bed reactor), #nd U S. Patent Application Serial
No. 09/564,613 filed May 4, 2000 (rmultiple riser reactor). 100901 In the

pref err edwephedivaan®s #oh! Bidbspy hedl MREesSwWW dhiaBbut ¥ehadd, tiiofl ui di sed
bed process includes a reactor system a regeneration system and a recovery

system 1p@8tablTiem ehottar va¥stearqu 6f ewiolbased on the iitel weght efidicor system

having a _first reaction zon wthin one oy npre_riser .reactor and a
second r effEdst z‘%ﬂéémﬁn B n (lﬂen} R8N té?rg’é‘nggéﬁ ST Vaé?‘é’f erably

conpri si n%eﬁ)ﬂgckgr B ?eralglgcdaggaﬁﬁe férﬂg&ﬁ?orf%?%gla rﬁnE; i i sdpore riser

reactor(s agl n vesse al ne e reactor

vessel . Fﬂﬁ%ﬁm&@ﬁﬂﬁ?&&hfeﬁs@fcﬁr\ﬂMMes@ﬁ@baaﬁfda@n@naesﬂr nore oxygenates,
optionally with one or nore diluent(s), is fed to the one or nore riser

react or (sJ0093} whi chThe rftﬂdemkantesmgvbe wtcwrwsteubmmlsﬁetab@ncomrtc@,ked version
thereof is |§§rod%§§d Q %e enbodi nrent, the nol ecul ar sieve ﬁ};t al yst
conposi t i BHUBHY 8b VB(IRE dstTRaTRIOFONE St A 128508 SHiTYRt Ahatiegisratsr gas,

combi nat i 8&:{ S’{ngoveqs rd]&’i h@thbf'caged' Hﬂhfegﬂ ﬂev Qatd Zs‘f‘st cb&?&sxﬁ&%%‘”(s) ‘
preferably fat er. o ano an t gas s an inert gas
such as nitermeRfred kﬁ%aikném afrleE) diittentihe tlfsen@gmg‘ﬁ/es@él dré dedigiegiedst ock fed
separately or jointly with a vapour feedstock, to a reactor systemis in

t he rangetQﬁﬁPmﬁtﬁrﬂlgnlquUi&fDmeZ@%’St mnmn@s:mg‘m@wag@@gmolzmlm 324 W%
to about 85 w %

f b
pr ef er abl y*<¥¥ B%agﬁtﬁf’%ggéélént [88 gﬁ? 5%50‘&}& %‘%&%‘)gﬁmﬁ% OPE)tO Imf?’\ﬁ ght of the
feedst ockoleﬁﬁ{sy%&gn%ﬁéf ditich Rithg CORt @yREshek heE Qkdferrdd)owlettl, GrARg Vvapour

feedstocks are preferably t sanme confposition, or contain varying
pr opor t i onfewd wmheﬂeadmenglagmgvfe&sebmll falsecbpma’ke e tdatafyse campesivonsdi f f er ent

di luent. [00931 The feedstock entering.the reactaqr temis preferably
convert ed ‘i?tg?%ﬁquﬁ gf?%lcp er F‘ﬁt}?%fofrlqleg%ra‘?‘%%g’le ‘%éfﬁéo’inﬁ? B¥Sgaseous

effluent hatye réta?éfoﬁs tAfhent include the use of plates, caps, elbows, and the like.

[0094] In one embodiment of the disengaging system, the disengaging
system includes a disengaging vessel; typically a lower portion of the disengaging
vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam,. to recover adsorbed hydrocarbons from the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr! to about 20,000 hr”! based on the volume of gas to volume
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C {o about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.

[0095] The conversion temperature employed in the conversion process,

specifically within the reactor system, is in the range of from about 200°C to about



di sengagi ng vessel along with a coked nol ecul ar sieve catal yst conposition.
In the R{&f 7 ed enbodi nent, cyclone(s) within the di sengagi ng vedsklt i
desi gned "V 84¥3H ate the nol ecul ar sieve catal yst conposPETERI3/BIEK erably a
‘coked nol ecul ar sieve catalyst conpositkon, fromthe gaseous effluent
containing one or nore olefin(s) wthin the disengaging zone. Cyclones are
preferred, however gravi ty ef); ects V\%t hi%rjb gge di senfg%gm% ve%sel wll also
separat e 80 CatratireP e Bamodrri HYSC tp AN ENE " GaBeS ISP 8o aPether met hods
for separ afj kL thgo o t include
t he use 01?2t5 BftgttéegfougZ%@{dé{ebg@s{?g%%é@ﬂgmé E]ggﬂtpgo(%ﬁf%?gﬁjeeé odi nent of
the di sengagh Mgbrs eéferibly fndh5QRNBIOPDGo et 60090)chotd @sefrabllys 6889 ng
vessel: typically a lower portion of the disengaging vessel is a stripping
zone. | n taeutsiyQpo aAbowdre°€.he coked nol ecul ar sieve catal yst conposition

is cont aCtﬁ& ith a gas, preferably one or a _.conbjnati on .of steam nethane,
carbon di d . car bo¥f FERGETIAR PIRSYFOGEIPIONG Uh he SPPVYSIEn SRIORSSSs  ar gon,
pr ef er abl y,

. .ecpye 0, c ops (o] e: nol ecul ar
si eve cat aﬁp;é/éslflg@(}’rrp%g}s]?‘?i@% {eﬁgllg §isgvglt%ﬁ1é2¥é}%§rg{}ucgdwz% ?%J{%Qr %}gg}r?gr%ati on
system | naugitehfes presdesli TRNdonvERRnSiredsiRl Rbaga@hen itlfe patid weparabe vessel
fromthe disengaging vessel and the gas is passed at a gas hourly

super f i ci dhe Jesdsiork pxclpgiMevy apy dilngrhthermn. Typisaly gt c@OeB80 Hessurhased on

t he vol une_of . to vol une. .of. coked | ecul ar .sieye .catalys onposi tion,
or o er abl yeTRIOBEY g1 5 SRR idfvges BEET & PPOnTssn e BPRuE FOE0MPERy of or abl y
from about ;350614 BoBDMout 5 RPES 10 AMBuL P Kesha TR LGB reRiBULHEALBbYSL0 ,
conposi tion. 10(995] The conversion tenperature enployed in the conversion
process, Idacotb@alsDy k®es.hin the reactor system is in the range of from

about 200C t o _about WO 03/J06343_2 DEC 2006 PCT/ 1JS}Q3/ 12713 . 25 1000C,
pr ef er abl yI%P?8m about he 5wkt hawdytsraeo celasy e (WHeNGr MsrtiFufariymimiout  250C

to about 7 e .pref _f 6: t
ror o o ef sy 15 sl LRk AR Hhe ¥tk o gt BPime Bt O LT
350C t 0 abpetenobQE. a HHIEBar THeveC ONNOEISE@RpiRES Witire apkayd idhel he

conversion process, specifically within the reactor system varies over a
wi de rangeddfinef gaitlegtotal weight of the feedstock excluding any diluents to the reaction

zone per hour per weight of molecular sieve in the molecular sieve catalyst
commposition in the reaction zone. The WHSYV is maintained at a level sufficient to
- keep the catalyst composition in a fluidised state within a reactor.

[0098] Typically, the WHSV ranges from about 1 hr " to about 5000 hr ',
preferably from about 2 hr”' to about 3000 hr”', more preferably from about 5 hr
10 about 1500 hr, and most preferably from about 10 hr” to about 1000 hr'. In
one preferred embodiment, the WHSV is greater than 20 hr'; preferably the
WHSYV for conversion of a feedstock containing methanol and dimethyl ether is in
the range of from about 20 hr' to about 300 hr™".

{0099] The superficial gas velocity (SGV) of the feedstock including
diluent and reaction products within the reactor system is preferably sufficient to
fluidise the molecular sieve catalyst composition within a reaction zone i the
feactor. The SGV in the process, particularly within the reactor system, more
particularly within the riser reactor(s), is at least 0.1 meter per second (m/s),

preferably greater than 0.5 m/s, more preferably greater than 1 m/s, even more



aut ogenous pressure. The conversion pressure is based on the partzﬁk 0
pressure of the feedstock exclusive of any diluent therein. Typ} wuphe
conver si owopiassus e enployed in the process is in the rangg@gsfis-g5 about

0.1 kPaa to about 5 MPaa, preferably fromabout 5 kPaa to about 1 MPaa, and

nost preferably fromabout 20 kPaa to alfout 500 kPaa. 10097] The wei ght

hourly space velocity (W-1SV), particularly in a process for converting a
f eedst ock geRAINiNAGNRRN WD §cOXVGENBtLEckitatih & rediéredancenyd admol ecul ar

sieve catal yst conposition within a reaction zone, is defined as the total
wei ght of el irefedddpelcaex tandimb. Sesyfodiekanepled).SoPatbm AppdickiionSedalne per

hour per ig of molecular sieye in the nolecular sieve catalyst
CONpoSi ti\(l)\ﬁoi &9}/?@1{57?%13@@5‘6%’32 ﬁ%.éc 2ﬂ9§ WHSV is maintained at a |evel

fficient kee . LEd i el S ithin a
eactor . 1088} Ty KRS PPkl EORRIRER OF T st RPN 301 5000
hr — prefer abyoenkte QR SbAMG) 4siRp a sHiRoARRHopRESthaly moleciRk SidveetR4pR! y from

about 5 hr'' ~to about 1500 hi', and nost preferably fromabout 10 hr'' to
about 1000cémposition, Baepprek dsremtraedodi meNHSM é anHewsti 20 grdasmt at han 20

hi'; preferably the WHSV f i t eed i ni t hanol
andof ot nETBPRBRE |COToR e RErrpaige N PP oNP BN BEINS) T SbU 300 hr -

100991 The erfi-Cl | acl t g t Tl i ng
i Luent and s Sagtr gDy, BECONE AL R, Bee 7 BR0E ORY Pl ILTT,
suf ficient 5t932,588ui di se the nol ecul ar sieve catal yst conposition within a
reaction zone in the reactor. The SGV in the process, particularly within
the react ol0¥yEt em Awr enothear embofiimany of tthe nprosesses slor eamertng <, is at

| east 0.1 neter per econd}#gm]s%), éaref erablg reat.er thar11 0,5 ms, .nore
or of er abl y OSTEREE 4R TR0 @t R reers IRt Dk @ Bl ciass
PCT/ USO3/ 124tk s2 @onb&itieh 2ey vORSRt & flRaM &1 MrS, 1oy 8borRV 0D MRt Eaplzef er abl y

greater than ms, and nost preferably greater than 4 mis. See for exanple

U. S. Pat enterypphtucaci ﬁmns}éloha‘_b?SO"Noto DYIPZO8nd 5Bick itd é&bgﬁl@@hﬁe@ Broup000.
AT IC T T N KR
catalyst 152500, See for example EP-0 642 485 B1. |
10102] Other processes for converting an oxygenaie such as methanol to
one or more olefin(s) using a molecular sieve catalyst composition are described
in WO 01/23500 (propane reduction at an average catalyst feedstock exposure of
at least 1.0).
10103] The coked molecular sieve catalyst composition is withdrawn from
the disengaging vessel, preferably by one or more cyclones(s), and introduced. to
the regeneration system. The regeneration system comprises a regenerator where
‘the coked catalyst composition is contacted with a regeneration medium,
preferably a gas comtaining oxygen, under general regeneration conditions of
temperature, pressure and residence time.
[0104] Non-limiting examples of the regeneration medium include one or
more of oxygen, O, SO;, N,0, NO, NO,, N,0,, air, air diluted with nitrogen or
- carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. The regeneration conditions are those capable of burning coke

from the coked catalyst composition, preferably to a level less than 0.5 wt% based

F



conposition, the process is operated at a WHSV of at least 20 hr"' and a
Tenperature Corrected Normalized Methane Selectivity (TCNVS) of 11788 1b@n

0. 016, preferablsyssd ess than or equal to 0.01. See for exanptgykhsasf3at ent
No. 5.952.538. (0101] In another enbodi nent of the processes for converting
an oxygenate such as methanol to one or‘‘hore ol efin(s) using a nol ecul ar
sieve catalyst conposition, the WHSV is from0.01 hr"'" to about 100 hr'",

at a tenpet deubl okight oMhakokéd 2o0Culd sk CataBROcENpdstior éntddnglBe(Me is a
Goup IIIAor VIII element fromthe Periodic Table of Elenents) nolar ratio
of from 30GgeReadBogysieSeel feorokes anprel Ersigvegpalygsomppsitiop nophdravher
processes I}or onverti ng an oxygenate sugh @2 et hqr]ql to _one or nore

ol ef i n(s) QF’HEG LeeRBRaOn (AP s &TEeerAl O SC Ul 585 P 61 CRPPOS¥9Br i bed in WO
01/ 23500 (prgRANe T eqHetd@erdioR LriehiafeisGAUAL Kb LPall dbkuepogur e of - at

| east 1.0). 10103] The co nol e ar sieve catalyst conposition is
wi t hdrawn fa sinsut tt Beo°di, pestgaly rtepi edsel 3005Cebeababl 000§C omeroprefimalsy
cyclones(s), and introduced to the regeneration system_ The regeneration

syst em conpPimsakow 458G erabonty 7aRdr.candt mest praderablyt B stbad H38sE tton i s
cont acted wj regeneration nmedi um referably a co | p,Ng oxygen,
indergener B QRERGRAFTON BBROT Fomehefert Shperhefre TS piddeh BPE
residence td gyt 503 @dih (M‘ﬂl’aﬁ),tﬁr@fgra%?aﬂ%ﬁa%oﬂf 28 E%a { EHERPEH 6 BPoftedi Um

i nclude one or nore of oxygen, 'O 503, N, O NO ., N, 05, air, air diluted
wi th nitrogéhpsia (14 Hta), dieox prderablyyipen abodt epes (1(7CkBa) Parbontt 1N0.

6, 245, 703), carbon nopoxi de and/oy. hydrogen.  The regeneration cqonditions
are those ESHBALY Braah ARyt %ra{’lﬁ’r%?ﬂ"ﬂ%@mc%(kéﬂa &%ﬂa‘&fé‘ ephed0tion,
preferably %1% @142@3%2 | ess than 0.5 wt % based 1Z DEC 1006 WD 031106343

PCT/ US03/ 1% é n the total weight of the coked nol ecul ar sieve

catal yst cooms3i ti on Teet plefengdt hgideneganae adfl ae Syde@tar $iree cekadsinol ecul ar
sieve catal yst conposition withdrawn fromthe regenerator forns a
regener at egompPEEON &y ths ireapacrewr a3 insthe eagsadiftane aboyt 0Re BPNTREO pegatier at i on
tenperatur %O{JISS, lin%sttpr}gfm[a%ﬂge%o%{ 01;&3r r%:r{pm c? %U}OOZ-I%?n%tes, and the preferred volume
of oxvgen in the gas is in the range of from about 0.01 mol% to about 5 mol%,
based on the total volume of the gas.
{01071 In one embodiment, regeneration promoters, typically metal
containing compounds such as platinum, paliadium and the like, are added to the
regenerator directly, or indirectly, for example with the coked -catalyst
composition. Also, in another embodiment, a fresh molecular sieve catalyst
composition is added to the regenerator containing a regeneration medium of
oxygen and water as described in U.S. Patent No. 6,245,703.
[0108} In an embodiment, a portion of the coked molecular sieve catalyst
composition from the regenerator is returned directly to the one or more riser
reactor(s), or indirectly, by pre-contacting with the feedstock, or contacting with
fresh molecular. sieve catalyst composition, or contacting with a regenerated
molecular sieve catalyst composition or a cooled regenerated molecular sieve
catalyst composition described below.

[0109] The burning of coke is an exothermic reaction, and in an

embodiment, the temperature within the regeneration system is controlled by



to about 1500C, preferably from about 300C to about 1000C, nore preferably
from about 450C to about 750C, and nost preferably from about 5500 £ BEC 2WdC.
The regemdreivoR3pressure is in the range of from about 1pcpskes/ i3 kPaa)
to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to
about 250 psia (1724 kPaa), nore pref e?%bl y from about 25 psia (lI72kPaa) to
about 150 psia (1034 kPaa), and nost preferably from about 30 psia (207
kPaa) to alddifs t6chnigsssan(hidrkRad)ding Gl Theokdemroetheregidence ti me of

t he nol ecul ar. sieve catal yst conposition in the regenerator_is in the range
of from aBeiel oRevatfdngitlert § & dpthalContRifUs, ohsemi-pPIEIEORBIYOdEHENta one ni nut e

to 100 m nutes,..and th referr al une f ox n.in the gas is.in the N
range of F?IBﬁ\nﬁB%ﬂ]ebﬁfcg'lgrfﬁF%ng% . lﬂueénwg]“%%wxg%ggﬁp% etrﬁgenﬁ?tt%ﬂ vol ume of
the gas. 311D , i § he QLY Y ly netal
cont ai ni ng coﬁpﬂ%hﬁagegﬁﬁﬁpﬁhﬁﬁgﬁ%ﬁﬁg gﬁ{e%g%fu}ﬁﬁgﬁﬁ%ﬁ llj atlfg@gg]?ée added to
the regengreatateddnociilay sicoe cataliist @otnpysitiborthuexghpl eatiysheddier thaked

catal yst conposition. Also, in another enbodinment, a fresh nolecul ar sieve
cat al yst feawpospeled repencared anelecuidesipey epalyst spmpontianni iy calabsyener at i on
medi um of xygen_an ter as _descrihed in.U S Patent . No. 6, 245 703.
102081 1 n ARhBGE ARG, IS o T GFOPETRGE ISPER T Srgodl By al vt
conposi ti ekefdaPty hBSedRORNEE &t QEmi s returned directly to the one or nore
riser reactor(s), or indirectly, by pre-contacting with the feedstock, or
contacting0140fh fr ésbneehdodinam:, thé evdecateaicystd cwigpudirtsiayn caalystont act i ng
with a regenerated, nolecul ar sieve catal yst. conposition or, %éC@ol ed

1

r egener at SAMRBPHERISHFEPElE he EREANTETr MbRBRIMCHR CHeS & FBEHYHE G6 [ 0109]
The bur ni ke ] t4:0R; - iqent, the
{erper at i TR0 SERH IR TP RE ALl AP PR rp B EES 1 006 wo
03/ 106343 &Il W23k hZelBoRBulal skl © bgtalyeCiuthsisaion B rbfienadl fo thoedgedi ng f eedi ng
a cooled gas to the regenerator vessel, operated either in a batch,

cont i nuougrater vasesh in goearitinuows cahd eindgmother porsimal therraolash mekecular pref err ed

hni invol ves w I hdraw ng_.the r ner N .
tec que 51eve0regeensérale& n‘(jjolg%ﬁ]argmfteveecatg]%gt goxfaf]gc?sgtlon 1s returned to the riser

E

reactor(s), directly or indirectly, or a portion of the regenerated molecular sieve
catalyst composition or cooled regenerated molecular sieve catalyst composition is
contacted with by~products within the gaseous effluent (WO 00/49106). In another
embodiment. a regenerated molecular sieve catalyst composition contacted with
an alcohol, preferably ethanol, l-propnaol, 1-butanol or mixture thereof, is
introduced 1o the reactor system, as described in U.S. Patent No. 6,441,262,

[0111] Other methods for operating a regeneration system are in disclosed
U.S. Patent No. 6,290,916 (controlling moisture).

{03112} The regenerated molecular sieve catalyst composition withdrawn
from the regeneration system, preferably from the catalyst cooler, is combined
with a fresh molecular sieve catalyst composition and/or re-circulated molecular
sieve catalyst composition and/or feedstock and/or fresh gas or liquids, and
retumed to the niser reactor(s). In another embodiment, the regenerated molecular
sieve catalyst composition withdrawn from the regeneration system is retumed to
the riser reactor(s) directly, preferably after passing through a catalyst cooler. In

one embodiment, a carrier, such as an inert gas, feedstock vapour, steam or the



nol ecul ar sieve catal yst conposition fromthe regeneration system gnd
passing the regenerated nol ecul ar sieve catal yst conposition throﬁ&hﬂg 2008
catal yst aogbgiostdzat forns a cool ed regenerated nol ecul ar pgtpYR Bl VSt
conposition. The catalyst cooler, in an enbodinent, is a heat exchanger
that is located either internal or extePRal to the regeneration system
101101 In one enbodi nent, the cool er regenerated nol ecul ar sieve catal yst
conposi ti oniltes degfitbi@thdugivt ke EQARNBHAY,0adiMtatesC ditt IiNWGURTIGY CHE the
alternatively, (see U'S. Patent Application Serial No. 09/587, 766 filed
June 6, 2008perETast Molsaulef sickie catelysl ednposionde ietwantor sxiidmasprefesabdy cat al yst
conposition is returned to the regen- erator vessel in a continuous cycle,
and anot her‘oﬁg"r?l?edﬁ%‘?ret‘ﬁér ¥BYPES ol ecul ar  si eve regenerated mol ecul ar

Si eve _cat al gi3cOMPOShY Lokl fipk AILARGRCHR IEn bR mokaRE! Al Bhrapll T ect 1y o

indirectly, or ‘a portion o regenerate ecul ar sieve cat -
conposi ti oncaipsitiohed coerd refaefdedlobeulafkicst emalysbt@hyssitiofigmaghé i on is
contacted with by-products within the gaseous effluent (WO 00/49106). In
anot her  eniséenersion, Systamederibe geaciomeystesul e aitepemcigyell 95 colsoppdBe ti on
contacted w t an .al cohaql referably ethanol, 1-propnaol = but anol or

i xture ¢ nePBeut SO Rl Barperb P et ees e P ek JBAE i U s
Pat ent No. &aﬂﬁite@lﬁ%%ue%o%ljcogrbﬁﬁ]%”?ﬂé“%ﬁvf 8f DPRORLLRL SevLIanRH/AL ! ON
systemare in disclosed U S Patent No. 6,290,916 (controlling roisture).
101121 The ce®gpeicat &dcritddesuMachas]l &vegac dbhabyabniad Tpo'siiquconCictladegawn  from

the regeneration system preferably fromthe catalyst cooler., is conbined
with a f resﬁzﬂﬁ@F@egﬂddfGéaicév‘é"léé@ and Kpow v 645-tBIarKiandPd 33 %Dr cul at ed

ol eoul ar | HiYP, caCabysl gonposl hemandiar deedshock andkgratiesh gas of

|'i quids, ur ne e riser reactor(s). ot her *enpodi ment, the

regener at ednFRdielbar withiRveng arahy sk QBRI ippdtes tihe rravRaflaogetbe
regeneration systemis returned to the riser reactor(s) directly,
preferabl y aftglgpt qoamositigntah eyt ia teeapreress tand gigieemining its gadbor gp@gitrent , a

carrier, such a n | nert -qgas, feedstock., vapour, eamor the 1 DEC 2006
WO 03/ 106343 BERY 183618/ 55 70%e 80 ﬁﬁeké‘?"?%}?f-r}%ﬁﬁ‘f?&fi {PIgROs HHtiﬁ%SEBuy Y,
facili tat es digerhfidd RAHGhE PiheRlof!thifn 0LAGeDe lrt@tasémnpﬂ 83| Bef@hily Grarat al yst

-

conposition to the reactor system prefera
about 0.1 wt% to about 10 wt%, more preferably from about 0.2 wt% to about 5

wt%, and most preferably from about 0.3 wi% to about 2 wi% based on the total
weight of the molecular sieve and not the total weight of the rholecular sieve
catalyst composition.

[0115] In one preferred embodiment, the mixture of fresh molecular sieve
catalyst composition and regenerated molecular sieve catalyst cornposition and/or
cooled regenerated molecular sieve catalyst composition contains in the range of
from about 1 to 50 wt%, preferably from about 2 to 30 wt%, more preferably from
about 2 to about 20 wt%, and most preferably from about 2 to about 10 wt% coke
or carbonaceous deposit based on the total weight of the mixture of molecular
sieve catalyst compositions. See for example U.S. Patent No. 6,023,005.

[0116] The gaseous effluent is withdrawn from the disengaging system
and is passed through a recovery system. There are many well-known recovery
systems, techniques and sequences that are useful in separating olefin(s) and

purifying olefin(s) from the gaseous effluent. Recovery systems generally



to the one or nore riser reactor(s). 101131 By controlling the flow of the
regenerated nol ecul ar sieve catalyst conposition or cool ed regeneypte 55
nol ecul awebgweszat al yst conposition fromthe regenerati gpraxsipmnio t
reactor system the optimum |l evel of coke on the nolecular sieve catal yst
conposition entering the reactor is nai#ained. There are many techni ques
for controlling the flow of a nol ecul ar sieve catal yst conposition

descri bed chmpideC b€ lor Lab@eor EXRRiHiRIdhadf Teahibhisldesaratisn, Cltdotibhatgn Fl Ui di sed
Beds, G ace, AV| dan and Knowl ton, eds. Bl ackie, 1997 (336-337). 101141 Coke
| evel s on andier dxstlu@tumam\mrav@lmanalspbttereonmtsémﬁ,l BAC0TE SYSHEES swcddashy

t hd t h th I t al yst
composi 1 gﬁlyh}eggg“ﬁog}?%% Sirpel DS DRBEE: AWt SerBOARhiAAY PUE deFaH coont ent
Typical | eyelse0lsyg kd% @Heﬁ Es, ”P%t&‘r?e'é'%rd :élété‘rv aﬁ@‘fa@'{) U@”Pé% ttNQ” af t er

regeneratiron 1s |n e of o to about 15 vvt preferably

from abowte78 ohlywa%tcﬁh@bﬁu@cxaﬂ:@d e fipmamr for pxefsle alakivué &@rﬁﬂeamm:e@t 2 W% to
about 5 W% and nost preferably fromabout 0.3 W% to about 2 wt % based on

the total exehangrs, rofrigehatiomdystemisar chillkvanargmpsessetseknaskegut deingher of t he
nmol ecul ar 5| eve cat gﬁ%/ﬁst conposi tion. 101151 In one preferred enbodi ment.
the mi xt uP8SePUFPLER %l ar sieve catalyst conposition and regener at ed

mol ecul ar giy@e cal s tm GBS IHoBRoRAEE O ol 6204 i RO AL S upP] cul ar

si eve cat conposition contain the range of rom about to 50 wm %

pr ef er abl yafalygnc@hpeditidng o tBO pydstnt inmineop medyelieatided ﬁartbermaahfaumrezoﬁ o about 20
w % and nost preferably fromabout 2 to about 10 wt % coke aqr carbonaceous
deposit badledamiges. Hsint FTaMm O éﬁsﬁmalres ©hsuitgble pracesies it at desgrbedsineye

Gascous ot nen SPEAL: eRPAIN. T The: B Sdi8agi ng systom and 15 passed

t hrough a recovery system There are many wel | -known recovery systens,

t echni ques and sequences that are useful in separating olefin(s) and
purifying EX8MPAES fromthe gaseous effluent. Recovery systens generally 1
2 DEC 200 03/ 106343 PCT/ US03/12713 30 conprise one or nore or a

conbi nat i f a various separation, fractionation

[0118] X-ray Powder Diffractograms were recorded on Siemens D500
diffractometer with voltage of 40 kV and current of 30 mA., using a Cu target and

Ni-filter (A=0.154nm). Elemental analysis of Al, Si, and P was performed using
the Inductively Coupled Plasma (ICP) spectroscopy.

Example 1. N,N-dimethvlethanolamine (DMEA) as template
Example 1.1.

[0119] The following ingredients were mixed, in sequence, and blended

into a uniform gel using a microhomogenizer (Tissue Tearor Model 98730
available from Biospec Products, Inc, USA): 85 wt% H.,PO, (obtained from
Aldrich Chemical Company), H,0, Cabosil™ {available from Cabot Corporation,
Illinois, USA), Catapal™ A (71.5 wi% AlO,, available from CONDEA Vista
Company, Texas, USA), and then N, N-dimethylethanolamine (DMEA) {obtained
from Aldrich Chemical Company, USA). The molar ratio of the ingredients was as
follows:.

3.0 DMEA:1.0 ALO,:0.3 5i0,:1.0 P,0,:50 H,0



and/or distillation towers, colums, splitters, or trains, reaction s sterrg
such as ethyl benzene manufacture (U. S. Patent No. 5.476,978) and dtihéEC 200
derivati vewopsowesses such as al dehydes, ketones and esterpippyiaghmre (U. S
Patent No. 5,675,041), and other associated equi pment for exanple various
condensers, heat exchangers, refrigeratfbn systens or chill trains,
conpressors, knock-out druns or pots, punps, and the like. 101171 The

met al | oal urftrhosphafie galvesuhas phkiced entoat Bart dbmbawith Tadloal litst, a@nposi tions
of the present invention nmay be used in the manufacture of al kyl am nes,

usi ng anmonwa. héawaihpd d$00E uillabhes pitbces sgsatore Ehke debd rirbdutt iwas EP 0 993
867 Al, and in U S. Patent No. 6, 153, 798. . MPLES XRD 10118]. X-ray
Powder Di f fFaEeEsdamg Washed ey des orithsiaipriae PaSo andivasrBen et 8r with

| t f 40 kV and t of 30 mA,. i Cu t t j~filt
R T e T TR M
| nduct i vel d s Lo e s i
Tt v GRS LA CE) SRRCHEDEGI BBl oo, g

fol | ow ng icgtatheRirgcwry XX pewdempaeaieof ¢he prudiubl ead®ehedi kot uni f orm
gel using a m crohonmogeni zer (Tissue Tearor Mdel 98730 available from
Bi ospec Pr queducs is pnglicasbppinopssphais g pbe (dhHt Banework bipe VAt VRGeSCheni call

Co , 0, Ca [y ¢ il abl.e, f Cab .Co t] , L1 is, USA),
Cot ool Tia AegtssS Bl BialingS s S PR e D O RS 48 Ay Texas
USA), and thenaillradindibagihy skhanehast fe (PYENksyi@bianngtre. fmamAbdri ch

Chem cal Conpany, USA). The nolar ratio of the ingredients was as follows:.
3. 0 ‘DVEA: 1.alitis@3 e fro8i@s pdveGh®fdbvhog hROr Lot poEGoR0U6,SIMEP Q..3MHe 116 3 4 3

PCT/US03f1 1 31  [0120] _The gel .was then pl.ac into a_Parr bonmb with
Tefl on Iineﬁ[“}al Brrfluchpes draigtligtie of 9289 es gﬁem@eﬁgwe\mwl ABAI%YE (%N, The

solid produghp M ductively Coupled Plasma technique), which equates to a Si per CHA cage
of 1.25

10121] This example shows that relatively pure silicoaluminophosphates
of the CHA framework type may be synthesized with N,N-dimethylethanolamine
as template. Typically when TEAOH is used as the template in such a synthesis,
the Si/Al ratio of the molecular sieve is (.167. The Si/Al atomic ratio of the N,N-
dimethylethanclamine derived product at 0.209 as determined by elemental
analysis is higher than 0.167; this suggests that the N,N-dimethylethanolamine
template requires more than one charge per CHA cage.

Exampie 1.2.

[0122] The procedure is identical to Example 1.1, except that the
ingredient ratilo was the following: 3.0DMEA:1.0Al,0;:x810,:1.0P,0,:50H,0,
wherein x= 0.45 or 0.60, and the crystallization time is 5 days. The crystallization
products were pure silicoaluminophosphates of the CHA framework type as
judged by X-ray diffraction. The yields were 11.3% in both cases, based on the gel
weight. The product compositions were determined as Al zSijaePpqq0 and
Al ¢SigapsPg 7, for x = 0.45 and 0.60, respectively. This example illustrates that

the S1/Al atomic ratio may be as much as 0.308 when DMEA is used as template.



centrifuged and washed several tinmes with deionized water, and was then
dried in a 60C vacuum oven overnight to provide a silicoal um nopAdspi{aigs of
the CHA woalswerk type, conprising N, N-di nmethyl et hanol anpae/uahs/u7m its
intra- crystalline structure. X-ray povw;grh patterns of the product confirnmed .
that the product is a silicoalum nophosphate of the CHA framework type with
various degrees of crystallinity. The solid product yield is 7.70% after 10
days of ckxesipdt Fi3zat i on based on the weight of the starting synthesis

m xt ure. Ehliﬁﬁnt al ysi s. of the product s fgave the fol] owi ng nol ar
conpositio 1. 0Si 0! "o@@@'e?@@e iR, Sfeﬂﬂ%ﬂcep? Hitpendd §elSPrRaTation; o of

0. 209 as I a y Coupl ed
Pi asma tecArEL Pl -EAr At EpIPIEpPukl B flred ol o WA ShER | T €
exanpl e shewse fdemg%m@mmmg dss&ga@;onequq&phat es of the CHA

framework type may be synthesized with NN\-dinmethyl et hanol anine as tenplate.

Typi cal |y (Mhe#l TEAOHThe gekewds dent fgedt Bpldabeunsratgoom wmppratireshedore t he Si/ Al
ratio of the nolecular sieve is 0.167. The Si/Al atomc ratlo of the NN, N-
di net hyl et PP PltPhéniges ﬂ’@@obomh)aﬁ@t Teflorp lipgry and st kgatachiod 1 87 G Fanent al

| hi gh hi
NN o ot hyATRER A eh AR <ot B e BHARRESS oo enat ol iy Ber cra
Chge. Do, iP5 RL2RE RS PREURS, b QRIS Thed QuEARTR! Syl Sxcept

that the 1 ngredi ent 1 0 Was

3. ODMEA: 1. Qﬁ\ﬂcdé}S peticRa. &P, 0% SEblkts W@ﬁﬁﬂh(ﬂi Xtha0. 48 Oprdiubd, wed the
crystallization time is 5 days. The crystallization products were pure

si | i coal unitiepthospieahesphetes tOIﬁéh@FWA reaveserk wppésegshig P@dbb&f@ysokdr ay

di ff 3% b h ht .
The. pr oducPogBnb FoRs Gl i iy QeSadt s Soeane dtaife " O
Al 1. 0Si 0. 308AaR mfxire aﬁere’ 45arﬁ¥1§ld9y56& crﬁﬁﬁﬁ%ﬁ?dnv?ésﬁectmlys E?éiﬁéﬂi’éle

illustrates that the Si/A atomc ratio may be as much as 0.308 when DVEA
i s used asamzygi af ¢he jbrcﬁuE)E(ga?@@Ee fodldvOng 31d A6 34 pPaTAUSAB 243032 Exanpl e

L3 10123 The e APAR oGS, o PHSARS: Shalled g 21 38's BLRPG a1 on

crystallization, respectively. These products had Si/Al ratios of 0.279, 0.283 and
0.304, respectively.

Example 2. Mixture of N, N-dimethylethanolamine (DMEA) and tetracthyl-

ammonium hydroxide (TEAOH) as templates

{0125] The same procedure as in Example 1.2 1s used except that TEAOH
is added to the reaction mixture after all the other ingredients. The molar ratio of
the ingredients used is as follows:
1.5 DMEA:0.5TEAOH:1.0A1,0,:0.38i0,:1.0P,0,:50H,0

[0126] The mixture is homogenized, aged at room temperature for 24
hours, and then sealed in a Teflon lined Parr bomb before it is heated to 180°C for
5 days. The solid product is centrifuged and washed several times with deionized
water, and is dried in a 60°C vacuum oven. The X-ray powder diffraction pattern
indicates that after 5 days of crystallization, pure silicoaluminophosphates of the

CHA framework type is obtained. The yield of silicoaluminophosphates of the



procedure were used as in Exanple 1, except that the ingredient @@Egg@s
changed to the follow ng: 2. 0DMEA: 1. 0A1203: 0. 6Si 02: 1. OP205: 30H, O ]
The gel wa® wshess4mged for 24 hours at roomtenperature beborasoheisng pl aced
into a Parr bonb with Teflon |iner, and S heated to 180C for various
times. The solid product was centrifuged’and washed several tinmes with

dei oni zed water, and was then dried in a 60C vacuum oven overni ght. X-ray
powder pat (&thsiramewerd ppodudls ool ihased] onhihe ik wrigduel thewstrging

silicoal um nophosphat es of the CHA framework type (see Figure 1). The solid
product yi &d™WS 11.6% 12.5% and 173% (based on the wei ght of the starting
synt hesi s ng re) af S r i i @n, spectivel y.
El emrent al r[giri}gﬁlysi S (gfl&%l%lﬁalpég g%tgségg\%ée/ Qrﬁguchopﬁ%%egggﬁ%ﬁ gr dggﬁp%(sai tion:

Al 1. 0S10272Batalldation Aives Bhe foliBwhhg resultand, AF.0%0Si,3. 80450, KR4 ahidhr oduct s
obtained after 2, 4, and 5 days of crystallization, respectively. These
product s ha&arrsipoads todhi &dlopin® cQmpesigoR 89, didsel Qo: 30 the ppulaet aftdry.  Exanpl e

2. Mxture of N, N-dipethyl ngl. .am.ne and.tetr | - ni-um
hydr oxi de @%@A%%%g/‘gﬁrﬁﬂgﬁf@@ﬁ%@] mq"r‘?éteg% iervggg%%rpgrg‘g‘&ﬁa %rrpl e 1.2
i's used exqgRindpbs TEAOH is added to the reaction mxture after all the
other ingredients. The nolar ratio of the ingredients used is as follows:
1.5 DMVEA: O0.[6TEACH: | . AR Q3afipR Sh®®s that. ORIBA: bAHAME ROIRD wilhdinwwt ure i s
honogeni zed, aged at roomtenperature for 24 hours, and then sealed in a

Tef | on | i ndemplaigs fposiicudmgipaphasphatenelghe $HA regseorlvpes TEARH). Tote sol i d

product is .centrifuged .and,washed several ] L1 h dei oni . ter, and
PCarted t e Bt REARGIIRR IR BRARL O it BB HiwPe® Rk TS,

i ndi cat es tdatendfii@incaitaNawedn Glo¥s blaldedatio Bithd? UeBpiies iRl BileA@Phosphat es
of the CHA framework type is obtained. The yield of silicoal um nophosphat es

of the 1 2 DECaROSErNAGHIOHMOBIB3thPCHNSS3/ h2Tus. JEA@ Halbnatnmically t ype is
10. 6 wt % based on t i ght he start.ing i xture.. 101271
B enent o dnaTges @ 5751 HED B oaGE Ao BE At oo nsyfal fao of gresté

than 0.2.

Example 3. A mixture of N, N-dimethvlethanolamine (DMEA) and tetraethyl-

ammonium chloride (TEACI) as templates.

Example 3a
[0129] The following ingredients were mixed, in sequence, and blended
“ into a uniform greyish thin gel using a microhomogenizer: 85wt% H,PO,, H,0,
Cabosil™, Catapal™, and then N, N-dimethylethanolamine (DMEA) and
tetracthylammonium chloride (TEAC!, obtained from Aldrich Chemical
Company, USA). The molar ratios of the ingredients were as follows:
2.0DMEA:1.0TEACIL:1.0ALO,:0.3810,:1.15 P,0,:50H,0
[0130] The gel was then placed into a Parr bomb with Teflon liner, and
was heated in a tumbling oven (60 rpm) to 180°C for 3 and 5 days. The solid
product was centrifuged and washed several times with deionized water, and then
dried in a 60°C vacuum oven overnight. X-ray powder diffraction patterns of the
products confirm that the product is silicoaluminophosphates of the CHA
framework type. The solid product yield was 16.4% and 11.9% afier 3 and 5 days

of crystallization, respectively, based on the weight of the starting synthesis



crystallization gives the following results: A, 17.8% Si, 3.51% P, 16.4%
which corresponds to the follow ng conposition: A, 0Si0.189P030B? DThysist he
product a&fdes1va3s3days had an Si/A ratio of 0.189 which i pdipgahomes | ow

| evel of Si per CHA cage of |less than 125. (0128] This exanple shows that
DVEA can be mixed with known tenplates 3or silicoal um nophosphates of the
CHA franework type (TEACH), for the synthesis of silicoal um nophosphates of

the CHA frabtewer kEityBeahayiangisSi of GRAt effdubnt efveditad efdliebmee Nmbhese
obtained with either tenplates alone, given a constant starting Si content

in the symomgsisiion At u¥ie.PTEACH Al eRe, By, ferl frgducty ovikidied adier Sendd of 0. 167
wher eas alone provides a SI/A ratio of greater n 0. 2. anple 3. A |
m xture of 14\ ALy [‘Fﬁﬂoé‘t R heflﬂwta’ﬁ?fﬁogléctt? gi‘é‘% ::@(AI %?ﬁ’l%%%um :
chloride (JEAC ]Eﬁgﬂ%l | QM hngredi ents
were m xed(:{ in I}sdegzsefrigge@hgﬁsﬁten ec tﬁfﬁb?éé\g%ﬁﬁh E‘cl):?]r% é%gyﬁ%egﬁ%ﬂil%ggel using
a m crohombgenj zer: 85w % H3PO4, H20,- Cabosilt, Catapal"', and then N,

N-di net hyl et hanol am ne (DVEA) and tetraethyl ammoni um chloride (TEAC,
obt ai ned f{03A1]Al dri chhictsainpl illugsatpathat tesxhyiahmonvinahydexidssnal t he

i di foll . 2. ODNEA: | . OTEACI.: 1.0 03:0..3 § O2:
P05 501 O/ BRSPS PHUY e TR HERTR) SRBHOT AT P S9gHAnIoPh 4T | on
| i ner, ‘andpppg tcr'?l%ﬂfﬁféa‘ﬁli@oaﬁlpﬁ%}lggﬂgsﬁg&%%le%OCH%@rmkgngﬁpn{é@E,% gbognd S days.

The solid product was centri washed sever al Wt dei oni zed

wat er, andyieliemd ik expected RRGiMagurntan €09 eNCHA cag¥y.r ay powder
diffraction patterns of the products confirmthat the product is
si | i coal unExappledphat es of the CHA framework type. The solid product yield

129, 10,4 RS 9% 34 o e s BENEh 0L RN B PRSP besh
PCT/ US03/ 12162 3 inBledichisBraslsgoReW @l anal ysis of the products gives the
foll owi ng nolar conposition: Al, GSiO4,p,.,3, and Al 1l. 0Si 05151Po. 847 for
products obt ai ned afOBMBAIANTHBACI:1.0A1,0,:0.1 or 0.2810,:1.15P,05:52H,0

{0133] The gel was placed into a Parr bomb with Teflon liner, and was

heated in a tumbling oven (60 rpm) to 170°C for 3 days. The solid product was

centrifuged and washed several times with deionized water, and was then dried in

a 60°C vacuum oven overnight. X-ray powder patierns of the products indicate

that the product with 0.1 SiO, was moderately crystalline SAPO-34 with minor

crystalline impurity whereas the one with 0.2 Si0, was highly crystalline, pure

SAPO-34. The solid product yield was 10.0% and 11.4% for 0.1510, and 0.2S3i0,,

respectively, based on the weight of the starting synthesis mixture. Elemental

analysis of the product with 0.2 SiO, gives the following molar composition:

Al (814 157Po 51, Which corresponds to 0.76 Si per CHA cage (0.127/0.167).

[0134] This example illustrates that tetracthylammonium halides can be

used in combination with DMEA to make pure SAPO-34 in good yield, and the
product has a silicon level of 0.76 Si per CHA cage, a true low S1 pure SAPO-34.

Exampie 4. 3-(N,N-dimethylamino)-1-propano} as template.

10135] The mixing procedure of Example 1.1 was repeated, using 3-(N,N-

dimethylamino)-1-propanol (also known as dimethylpropanolamine, DMAP-1) as



days of crystallization, respectively. The resultant products had Si /é'mﬁ
rati os of 0.149 and 0. 151, which are both indicative of |ow Si per 1 [c@éﬁe
val ues of weessiostipan 1. [0131] This exanple illustrates th&atruseisizris

t et raet hyl anmoni um hydr oxi de may be replaced with tetraethyl ammoni um

chl ori de when used in conmbination with BNEA to provide a

silicoal um nophosphate of the CHA framework type, in _good vyield and with
unexpect ed tbmplag. | Tleomaden ratint o(fOir@r@iierperuseﬂ-lAvw@e)follﬁwanﬁl.(ﬁMbAPOBZ] The
above procedure peat e except that the nolar ratio of the

i ngr edi ents%v%a%‘\] 9351%01995 . OTEACL1: | . 0A1203: 0.1 or O

25i 02: 1. 15 +52H, O e i ith Tefl on
l i ner, andqvva%] heat ed}{r I %?%@%&Jonmﬁgk@gﬁ%dﬁ Ef%efl‘%@@%ea?% mays The
sol i d producty@ahile oMz tuibaRcht #0dpia Ihe boMBY SFerd takbiles: Md foolkal ond zed
water, and was then dried in a 60C vacuum oven over ni ght . X—ray powder
patterns ofbit hee mfeddct]s, andli20adays, ahditthe hadid pudiucts werehprocdss®l @& imas

noder atel y é{ys}%al line SAPO-34 with mnor crystalline inpurity whereas the
one with 0.2%@R®!das highly crystalline, pure SAPO 34. The solid product
yield was 10 and 14 4% , based on
t he wei ght |@1‘19’??% st a?]%ef %(glfagfntghes?sa{?%’lngpgrﬂge aé:dgﬁecong%pgﬁifh\é%x%f t he
product W t grofct SifteR2 5 glaye sf tRetafltdationivityg andlicvalenimppisisphad of ﬂé\i CHA

CSi O, 27P0. SSI, which corresponds to 0.76 Si per CHA cage (0.127/0.167).
[0134] Thi sfr@mmnkéypq ﬂ‘h%‘ﬂ? aﬂ gsftarHatdayeef %@thl}llzamﬁﬁl&hﬁﬂ@ﬁﬂ @e@m&aﬁ be used

in conbination wt and |

pr oduct hasa‘ré]@?'frlwéf P& \FéFWO]f] 5‘“5 %ﬁ-iﬂ%é@g‘gﬁfj ﬁ%topug’el Wugl pure
SAPO- 34. Eg&gp]gehép,gd&h}n'gml\brggﬁet hyl am no)-I -propanol as tenplate. [01351
The m xing procedure of Exanple 1.1 was repeated, using 3-(NN, N

di nmet hyl am no) - 1- propanol (al so known as di net hyI propanol am ne, DVAP-1) as 1
2 DEC 2006 _WO 03/.10034 tenplate. The nolar ratio of

i ngr edi ent sSEXAEBRIE wa k- (NdVy as femplaigs o 3 0. 3

SiQ:l. Opz%léﬁﬁ O The procedure of Ehample 4 was repeated with 1-{N N-

dimethylamino)-2-propanol (DMAP-2) as template. The molar ratio of the
ingredients used was as follows: 3.0(DMAP-2):1.0A1,0,:0.3510,:1.0P,0,:40H,0.
[0139]) X-ray powder diffraction pattermn of the products confirmed that the
product obtained after 7 days of crystallization was e silicoaluminophosphate of
the CHA framework type (Figure 3). The solid product yield was 7.9%, based on
the weight of the starting synthesis mixture. Elemental analysis of the products
gave the following molar composition: Al; ;S1;540P0 766

{0140] All patents, test procedures, and other documents cited herein,
including priority documents, are fully incorporated herein by reference to the
extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.



101361 Three Parr(r) bonbs contai ning the honogeni zed gel were heated to
170C whil e being tunbled at 60 rpm The bonbs were taken out and cool ed, one
by one, after 7, 13, and 20 days, and the solid products were processed as
in Exanple 1.1. 101371 The X-ray powder patterns of the product confirm
that the major product after 5 days of crystallization was

si | i coal um nophosphate of the CHA franework type (Figure 2) Af t eil 218 Coldlbs
of crystallization a substanti al ano%nt of an inpurity phase grew in, and
after 20 days of crystallization the inpurity became the predoninant
product. Exanple 5. 1-(N, N-di nethyl am no)-2-propanol as tenplate. 101381 The
procedure of Exanple 4 was repeated with |-(N, N di net hyl am no) - 2- pr opanol

( DVAP- 2) ascLaliSate. The nolar ratio of the ingredients used was as
follows: 3.0(DVAP-2):1 .QA1203:0.3Si O2: 1. 0P, C6: 40H20. 101391 X-ray powder
diffraction pattern of the products confirmed that the product obtained
after 7 days. of m@t&mlﬂoi ;&pm avesystalliae [silicashiminbpiopgaepinalkalaf the CHA
framework type (Flgur The sollgfgroduct ield was 7.9% . based on the
wei ght of the stiift PHEAFAPEREEDRR ess W8al anal ysis of the products

gave the foll ovvi(ap W%&&ﬁm&mé&dﬂﬁ@%&ﬁ& O8ukiitaAl]s Al patents,
test procedures,-and ot her docunents cited herein, including priority

documents, are fsQiFsof PhosPisHIsat Etef alirprmpd AlFwst Barcseanis eERlBteext ent such
di sclosure is n%hxéﬂ“&?dia%’séto%@tor Wobd W iNlaigheth OGR! RBicARdeikbQEd &bin

jurisdictions in which 'such incorporation s permtted. 1 2 DEC 2006 36
CLAINS 1. A prceess most ohNehdimethylehagelyming) N dmethylrepandlamiabphosphat e

mol ecul ar  si evey RiqilgEyibhRIRMIEK N}tﬂ@i;neihbﬁeﬁ%‘fﬁiﬁe CRIMAREY- - (a) fanning
a reaction mxture conprising_a source of "al unlncq&?ghlsource of phosphor us,
t Y.

a source of sil |1€6?¥°b?ﬁélﬂeatNNé’a§‘Fthﬂﬁ'éﬂé?e§J&W )it} trienedeonpri ses one

or nmore N, N-di rr%,Pyg oo g,;,g, t R Ry 1R AerR i afiBiee] .Of
NN- di et byl et bano amqﬁg &W E Siqﬁﬂ al ni ne, ©

rret h bﬁr opano
N, N—dlnethylbutah@ﬁbﬁﬂﬁ@°qTW@¥Whethél Symetnyisthyinmies, thLle@thl
dimethylpropylamine, N,N-dimethylpentylamine, N.N-

dimethylbexylamine and NN-dimethylheptylamine; and
(b) inducing crystallization of crystalline molecular sieve of CHA fame-
work type.

2. The process of claim 1, wherein the template js selected from oze or more
of NN-dimethylethanolamine, N,N-dimethylethylepediamine, N,N-
dimethylpropanolamine,  N,N-dimethylpropyelenediamine or  1-

dimethylamino-2-propanol.

3, The process of claim 2, wherein the template is NN
dimethylethanolamine.

4. The process of any of the preceding claims, wherein an organic termrplate

containing tetraethylammonium cations is used in combination wita the

organic template which comprises one or more dimethylamino moietivs.

s. The process of claim 4, wherein the organic template containing tetracthyl-
smmonjum cations is selected from the group consisting of tetracthyl-
ammonium chloride, tetraethylammopium bromide, tetraethylamme njum

fluoride and mixteres thereof,



hexanol am ne, N. N-di net hyl et hyl enedi am ne, N, N-di net hyl butyl enedi - am ne,
NN- di et hyl hept yl enedi am ne, NN-di net hyl b. exyl enedi anbie 1-

di met hyl am no- 2- propenal , N, N-di net hyl et hyl am ne, N, N di et hyl propyl am ne,
N, N- di et hyl pentyl am ne, N, N- di net hyl hexyl am ne and

N, 31-di net hyl heptyl am ne; and (b) inducing crystallization of crystalline
nol ecul ar sieve of CHA frame- work type. 2. The process of claim 14 7viEereten
the tenplate is selected fromone or nore of NN-dinethylethanol am ne,

NN-di et hyl et hyl enedi anmi ne, N, N- di ngghyl propanol am ne, -

IWN- di et hyl propyel enedi am ne or 1- dinethyl am no-2-propanol. 3. The process
of claim2, wherein the tenplate is N, N di methyl ethanolamne. 4. The
process of any of the precedi n5g | ai N5, wherein an organic t&g(fl ate

cont ai ni ng t &t r adbRYraFRBHTHM % XEFERIRT YeRETPReCONBRRS T E Nt a t he
organi ¢ tenpl at e b Qs SR &t PanBfioiBh Sniskid¥et hyl ami no noieties. 5_ The
process of claim4, erein the organic tenplate containing tetracthyl -
anmoni um cations is selected fromthe, groyp cqQnsisting. of tettacthyl -

amoni um chl &r i déﬁeﬁﬁc%ﬁﬁﬂya?ﬁ%ﬁ?ﬁﬁd@%dﬁﬂg%,w 'Q%F‘ﬂ%ﬂ AiFemtsm 1 uoride
and m xtures thengQfumida % vAdhin 4R0RngS3éf Bom 11 DMOCEES 100, préfddably>, Wherein
the organic tenplate containing tetnethyl- anmoniumcations is

t eti aet hyl ammoni vrithihiheranerof fipm I$id-03¢ 88d<s of any of the preceding clains,
wherein the ratio of tenplate to alumna is within the range of from
1,0:1.0 to 350 : TheQrocki:ef Siyalpkne protedifi Bal3 Shuitid 9emprisidg Bk tdpsofl. 0 to

3.0:1.0. 8. The process of any_of the preceding clains, further conprisi ng
the steps of redBPEREy 28t FAEHRE (P4 e FOlglps fFvRoPecdf4r sieve of

CHA  framewor k Wrdhwlfionpéle fovias kb vahvedd silkedeshspnaigerhgsaigt e of CHA

framework type, 9. A sihcoal nm nophosphate nol ecul ar sieve, substantially of
CHA framework type,
9. A silicoaluminophosphate molecular sieve, substantialy of CHA
framework type, comprising within its intra-crystalline structure at feast
one temnplate which contzins one or more N,N-dimethylamino moieties,

10.  The silicoaluminophosphate molecular sieve of claim 9, wherein the
template which comtains one or more N,N-dimethylamino moieties is
selected from one or more of N, N-dimethylethanolamine, N.N-dimuthyl-
propanolamnine, N,N-dimetbylbutanolamine, N,N-dimethylbeptanolz nine,

N, N-dimethylhexanclamine, N,N-dimethylethylenediamine, N.N-
dimethylbutylenediamine, N, N-dimethylheptylenediamine, N,N-
dimethylhexylenediamine 1-dimethylamino-2-propanol, N,N-
dimethylethylamine, N,N-dimethylpropylamme, N,N-
dimethylpentylamine, N N-dimethythexylamine and NN-
dimethylheptylamine.

"11. A silicoaluminophosphate molecular sieve, substantially of CHA
framework type, compnsing N,N-dimethylethanolamine within its intra-
crystalline structure.

12 A crysulline silicoaluminophosphate molecolar sieve havirg a

characteristic X-ray powder diffraction pattern containing at least the d-



framework type, conprising within its intra-crystalline stricture at Least
one tenplate which contains one or nore N, N-di nethyl am no noieties. 10. The
si li coal um naphosphat e nol ecul ar sieve of claim9, wherein the tenplate

whi ch contains one or nore N, N dinethylam no noieties is selected fromone
or nore of N, N-di net hyl et haaol am ne, N. N-di nuahyl - propanol am n;e(z N g

di met hyl but anol am ne, NN di net hyl hept anol a: ni ne, N, Ndi net hyl he glr%p Mbne,

N, N- di et hyl et hyl enedi am ne, N. N di et hyl but yl enedi am ne,

N, N- di net hyl heptyl enedi am ne, N, N- diget hyl hexyl enedi am ne

1- di et hyl am no- 2- propanol, N, N- di methyl ethyl am ne,

N, N- di net hyl propyl am ne, NN di et hyl pentyl am ne, NN di net hyl hexyl at ni ne and

N, N di net hyl bep am ne. ilico ophosphat e .nol e Si eve,
substantial Iy of 5’"“ f F%lrré%oré’“?‘y ?Bl?ljrf) q‘% Z Iﬁ-md'f’%yﬁgbﬁanol am ne
withinits int rOdn:ﬂ&hﬁeﬁlﬁh&lh:ﬂﬁe%tbﬂGtsdﬁ@aﬁs&ﬂﬂAsﬁﬁ@ﬁ&bal line

sil'i coal um nophosphate nol ecul ar sieve havir.g a characteristic X-ray

Cpacings as Cot B PRFRTARG, St - GBI LoPRGRPE PRI hanol ani ne

withinits intr QAifBEYSH phiterh Eontliinig bLlest thE3-spdigpsn®lsaciotthin Sidee of claim
12, having a characteristic X-ray pcwder diffraction pattern containing at

| east the d-spacinhgs as set forth in Table |b. 14. A silicoal um nophosphate
nol ecul ar sieve, substantially of CHA franework type, conprising

NN- di met hyl praopanol andoammwiobliﬁsphaitet SmbRtula- sievyStetistanddlystefucdHie. 15. A

crystalline silicoalu hate h’a sieve.havi.r.. characteristic
X-ray powder diff%l”ﬁ‘ﬁ%ﬁ”% aq%ﬂut PRPAnpletine 3 %5% Faci ngs as set
forth in Tabl e | lcistaniaestaeapd. i SI ng N, N- di net hyl propanol amne withinits
iota-crystalline structure. 16. The nol ecul ar sieve of claim 16, having a

characteri st H: X-A[ a&ygawee r silicoaluminophosphate molecular sieve havirg a

charactenistic X-ray powder diffraction pattern containing at least tie d-
spacings as set forth im Table Ila, and comprsing N,N-
dimethylpropanclamine within its intra-trystalline sbucture.

16.  The molecular sieve of claim 16, having a characteristic X-ray powder
diffraction pattern containing at least the d-spacings 2s set forth in Table
1.3

17. A silicoaluminophosphate molecular sieve, substaptially of CHA
framework type, comprising 1-dimethylamino-2-propanol within its intra-
crystalline structure.

12. A crystailine silicoaluminophosphate molecular sieve havirg a
characteristic X-ray powder diffraction paftern containing at least the d-
spacipgs as set forth in Table Ia, and comprising l-dimethylamine-2-
propanol withip its intra-crystalline structure.

19.  The molecular sieve of claim 20, baving a characteristic X-ray powder
diffraction pattern containing at least the d-spacings as set forth in Table
ITb.



diffraction pattern containing at |east the d-spacings as set forth in Table
lib. 17. A silicoal um nophosphate nol ecul ar sieve, substantially of QJIA
framework type, conprising 1-dimethylam na-2-propanol within its intra-
crystalline structure. 18. A crystalline silicoal um nophosphate nol ecul ar
sieve having a characteristic X-ray powder diffraction pattern containing
at least the d- spacings as set forth in Table lila, and conpris]d@EC 2006
1-di met byl ami no 2- propanol within its infra-crystalline structure, 19. The
mol ecul ar sieve of claim 20, baying’a characteristic X-ray powder
diffraction pattern containing at |east the dspacings as set forth in Table
Bib. 12 DEC 2006 19 20, A process for form ng a nol ecul ar sieve catal yst
conposi ti on20-t heh progese &3 foreengpy inslerdarcistd PN compdsitivnt the pweess| ecul ar  si eve
as clainmed in at . I i . (o] ting agent.
21. A formul at e&xﬁg{%nd?(cj{;%b@g? \a/tteﬁ;')zct:sgttg rélt ggk%%ln%%gﬁg%aﬁﬂgdoﬁpirlﬁqfﬁg at | ean one
si | i coal um nophcddha? & I9pwitl atlleast ape dumubtingdggatred in any of chinme 9 to 19
in adm xture with at |east one formul ati ng agent.

21. A formulated molecular sieve catalyst composition comprising at jeast ope
silicoaluminophosphate molecular sieve as claimed in any of claims 9 to
19 in admixture with at Jeast one formulating agent.





