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reaction systens, in which a central standpi'pe entry

zlahlélphléte@a el axderdn maintainicontrpl euer tlw"samotldﬂanaeipﬂn. the to
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a roughly equal amount of regenerated and non-regenerated catalyst should be
introduced into each of the multiple risers. |
[0005] | U.S. Patent 4,364,905 describes a single riser FCC reaction system for
improving the separation of entrained product vapors from spent catalyst. A
stripping gas is conducted through the spent catalyst as it passes through a baffled
region. All of the catalyst is then sent to a regenerator. In addition, International
Publication No. WO-A-2005/061418 generally describes various processes for
fluidizing molecular sieve catalyst compositions in a fluidized bed reaction
system. In particular this PCT publication discloses reaction systems, in which a
central standpipe entry zone precedes a central standpipe, which then splits to feed
dual riser reactors (Fig. 2), and in which a central siandpipc entry zone precedes
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SUBSTI TUTE SHEET AMENDED SHEET PCT/ US.2QQ7/.0 - |
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feed _t hej separate riser reactor (Fig. 3).
F&W@Wdﬁfﬁ(ﬂpatenp No. 5,531,884 and U.S. Patent
Application Publication No. 2004/0101449 Al both
generally relate to stripper-tits for FCC catal yst.

[ 0006] What is needed is a system and nethod for
i mproving the separation. of gas phase conversion

r A [ : -
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MuUSS. Phient N6£5,531,384amd/ I S: PatentiApplidation Pabli¢ation Na
al | ow for rougglo even distribution of regenerated and

YoM obiugeneially relate tostrapper waits for EGG gatalyste
o’ i%ﬁf)g] %‘ﬁgl;& fettfed %@;tm&ﬁﬁ%ﬁmpmving the separation of

gas phase conversion product from catalyst solids. The system and method should

be compatible with reaction systems having multiple risers. Thq system and
" method should also allow for roughly even distribution of regenerated and non-

regenerated catalyst particles into the multiple risers.
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- 2 - SUWARY OF THE | NVENTI ON f0007] 1 n an enbodi nent,
the invention relates to a nethod for separating
wblmwimgssol i ds conpri si ng: separating pCems2007/007736
gas-solids flow a higher density flow conprising a
majority of the solids contained in the gas-solids
flow, conducting the solids fromthe higher density
flow through a transition zone at a transition zone
solids flux of at |east 100 Kgin the presence of a nR
sec displacing gas flowi ng cdunter-currently with
respect to average solids flow, and then
conductl ng the displaced solids away fromthe
t PR R rel ated enbodi nent, the
rticles containing nDIecuIar
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RLEGHS #hnsi hgn zone solids flux of at least 100 M:g in the presence of a
sec

displacing gas flowing counter-currently with respect to average solids flow; and
then

conducting the displaced solids away from the transition zone.
[0008] In a related embodiment, the solids comprise catalyst particles
containing molecular sieve with hydrocarbon and/or oxygenated hydrocarbon
thereon or therein. Optionally, the hydrocarbon and/or oxygenated hydrocarbon
are displaced from the catalyst particies in the transition zone at a displacing
efficiency of at least 50%. Optionally, the catalyst particles contain molecular
sieve, preferably SAPO molecular sieve, more preferably SAPO 18 and SAPO 34
molecular sieve, and still more preferably SAPO 34 molecular sieve.
[0009] In an embodiment, the transition zone comprises
(a) a solids inlet,
(b) a solids outlet having an area A, and
(c) a displacing gas inlet, located a vertical distance D from the solids
outlet wherein D and A are related by the function D=KA"* with K
ranging from 0.3 to 1.5, preferably from 0.8 to 1.1. In a related
embodiment, the transition zone comprises at least one baffle layer, and
wherein the displacing gas inlets are either (i) proximate to the baffle layer
closest to the solids outlet or (ii) between the solids outlet and the baffle
layer closest to the solids outlet.
[0010] In a preferred embodiment,
(i) the catalyst particles have an average flux through the transition zone

ranging from 125-—53-— to 488 Kg
ging Msec M?sec



[0009] I n an enbodi nent, the transition zone conprises
(a) a solids inlet, (b) a solids outlet having an area
wa@\200ana3s{ c) a displacing gas inlet, |ocated aCERU$20€=007736

distance D fromthe solids outlet wherein D and A are
related by the functionE=KA" with Kranging from0.3 to
1.5, preferably from0.8 to 1.1. In a related

enbodi ment, the transition zone conprises at |east one
baffl e | ayer, and wherein the displacing gas inlets are
either (i) proximate to the-Battle |ayer closest to the
solids outlet or (ii) between the solids outlet and the
baffl e | ayer closest to the solids outlet. [0010]In a

pref ergs j ' sty V,
D TS g PRl By GR oA By LR e timd i i
f r om Xessitiongenesagnging foors HBeermds to 18 minutes.iandt he

catal yst particles have an average catal yst residence
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10 mn _
density gradient of 525 kg/m’-m or less,
(iv) at least 95 wt. % of the catalyst particles in the transition zone have an
average particles size of 125 micrometers or less based on the total weight
of catalyst particles in the transition zone; and

(iv) D is at least 250 mm and A is at least 2.7x10* square millimeters.

[0011]  In an embodiment, the catalyst is conducted away from the transition
zone through the solids outlet and into a standpipe having a standpipe cross-
sectional area no greater than A. While not required, the transition zone can
comprise a plurality of solids outlets with each having a cross sectional area equal
to A. The catalyst is conducted away from the transition zone through the
plurality solids outlets into a plurality of standpipes. Each of the standpipes has
an upstream end directly connected to one of the transition zone's solids outlets.
Optionally, each standpipe is of even cross sectional area with the transition zone
outlet to which the standpipe is connected, i.e., both the transition zone solids
outlet and the standpipe to which it connects have cross sectional areas equal to A.
Preferably, the standpipes and the transition zone outlets have a circular cross
section.
[0012]  In yet another embodiment, the invention relates to a method for
separating flowing catalyst particles comprising:

separating from a gas-catalyst flow a higher density flow comprising a
majority of the catalyst particles contained in the gas-catalyst flow;
conducting the catalyst particles from {he higher density flow through a transition

zone at a transition zone catalyst flux ranging from 125 Ifg to 488 Ifg
M sec M* sec

in the presence of steam, with the steam flowing counter-currently with respect to
average catalyst particle flow at a gas superficial velocity of at least 0.09 meters
per second, with the catalyst particles in the transition zone have an average



(iii) the catalyst particles in the transition zone

have an average catal yst density gradi ent of 525
wkgwoBi1msor less, (iv) at least 95 w. % of t¥FEr/US2007/007736

catal yst particles in the transition zone have an

average particles size of 125 mcroneters or |ess based

on the total weight of catalyst particles in the

transition zone; and (iv) Dis at least 250 mm

and Ais at least 2.7x104 square mllimeters. [0011]1In

an enbodi nent, the catal yst 44%-conducted away fromthe

transition zone through the solids outlet and into a

st andpi pe havi ng a standpi pe cross- sectional area no
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wherein K ranges from0.3 to 1.5 (preferably 0.8 to 1.1); D is at least 250

mm; and A is at Jeast 2.7x10* square millimeters.

[0013] In still another embodiment, the invention relates to a method for
separating solids from a gas-solids flow comprising:

producing a gas-solids flow by performing an oxygenate to olefin
conversion reaction in a riser reactor;

separating from the gas-solids flow a higher density flow comprising a
majority of the solids contained in the gas-solids flow;

conducting the solids from each higher density flow to a transition zone;

conducting the solids from the higher density flow through a transition

zone at a transition zone solids flux of at Jeast 100 Mfg in the presence of a
sec

displacing gas flowing counter-currently with respect to average solids flow; and
then

conducting the solids away from the transition zone to the olefin
conversion reactor; the transition zone comprising

(a) a solids inlet,



in the presence of steam wth the steamfl ow ng
counter-currently with respect to average catal yst
wpa0b7/ahssaf | ow at a gas superficial velocity ofpcatusha@asnnizze
0.09 nmeters per second, wth the catalyst particles in
the transition zone have an average - 4 - catalyst
density gradient of 525 kg/nmB-mor less; with the
catal yst particles having an average catal yst residence
lime in the transition zones ranging from5 seconds to
10 minutes, with at |east 95-W- % of the catal yst
particles in the transition zone having an average
particles size of 125 microneters or | ess based on the

t ot al \@)’gkﬁﬁdgfouqatmvyﬁgmpgeaw,l es in the transition
zone; and then conducting the displaced catal yst
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[0015] In a related embodiment, (i) the solids comprise catalyst particles
containing molecular sieve with hydrocarbon and/or oxygenated hydrocarbon
thereon or therein, and (ii) the hydrocarbon and/or oxygenated hydrocarbon is
¢ stripped from the catalyst particles in the transition zone at a stripping efficiency
s of at least 50%. Optionally, the displacing gas is steam, and the steam has a gas
superficial velocity in the transition zone of at least 0,09 meters per second.
[0016] Within the t.ransition zone

(i) the average catalyst flux optionally ranges from 125 ]fg to 488
Kg

sec
M?sec’

(ii) the average catalyst residence time optionally ranges from 5 seconds to
10 minutes, and

(iii) the average catalyst density gradient is optionally 525 kg/m*-m or
less, and



separating fromthe gas-solids flow a higher density
flow conprising a majority of the solids contained in
wbheo@assssol i ds flow, conducting the solids frparassin7/007736

hi gher density flow to a transition zone; conducting
the solids fromthe higher density flow through a
transition zone at a transition zone solids flux of at
| east 100 Kg in the presence of a /le sec displacing
gas flow ng counter-currently with respect to average
solids flow, and then c®nducting the solids away
fromthe transition zone to the olefin conversion
reactor; the transition zone corrprisi ng (a) a solids

(0) "o’ GrPnopidrif BER) B ol A TR Bl DBl

trhﬂhmetdrsis outlet, (d) a displacing gas inlet, |ocated
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related by_the nction D=ICA*3 with ranglngfromo
thavinga standplpe cross-sectional area no greater than A, and then from the

downstream end of the standpipe to the olefin conversion reactor, i.e., the riser
reactor. Optionally, the transition zone comprises a plurality of solids outlets with
each having a cross sectional area A. The catalyst is conducted away from the
transition zone through the plurality solids outlets into a plurality of standpipes to
the olefin conversion reactor, the standpipes each having (i) an upstream end
directly connected to one of the transition zone's solids outlets with the standpipe
being of even cross-sectional area with the connected transition zone outlet (i.e.,
both equal to A) and (ii) 2 downstream end. In a related embodiment, the olefin
conversion reactor comprises a plurality of riser reactors, where the catalyst is
conducted from the downstream end of each standpipe into at least one riser of the
riser reactor.
[0018] Optionally, at least a portion of the catalyst in the transition zone is in a
fluidized bed, the fluidized bed having a density gradient of 53 kg/m®m or less,
and wherein there is a volume fraction of bubbles at the catalyst outlet of at least
0.00005.
[6019] In another embodiment, the invention relates to a method for making
olefins, comprising

contacting a feed containing at least one oxygenate with a SAPQO-
containing catalyst in a riser reactor,

separating the catalyst particles from the olefins and conducting at least a
portion of the catalyst to a transition zone having a catalyst flux of at least 100

Kg
? sec

in the presence of a displacing gas flowing counter-currently with respect

to average catalyst flow;

displacing at least some of the oxygenate and/or olefin from the catalyst in
the transition zone, and then

conducting at least a portion of the displaced catalyst to the riser reactor.



[0014) Optionally, the transition zone conprises a
plurality of baffle |ayers, wherein the displacing gas
wooelyg7mae either (i) proximate to the baffl ePCEYSR007/007736
closest to the solids outlet or (ii) between the solids
outl et and the baffle |ayer closest to the solids
outlet. Optionally, the transition zone conprises at
| east one pair of baffle layers, wherein an orientation
of one layer of the pair of baffle layers is rotated by
90 degrees relative to the sdcond | ayer of the pair of
baffle |l ayers. Optionally, a superficial velocity of
the displacing gas within the transition zone is 0.03
18205C. © fthe ARk Zord cbiptised enmbodi ment, (i)
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M?sec M?sec
(ii) the catalyst particles have an average catalyst residence time in the
transition zones ranging from 5 seconds to 10 minutes, and
tiii) the catalyst particles in the transition zone have an average catalyst
density gradient of 525 kg/m>-m or less,
(iv) at least 95 wt. % of the catalyst particles in the transition zone have an
average particles size of 125 micrometers or less based on the total weight
of catalyst particles in the transition zone;
(v) D is at least 250 mm and A is at least 2.7x10* square millimeters,
(vi) K ranges from 0.8 to 1.1; and
(vii) the displacing gas is steam.
[0022] Ina related embodiment, the transition zone comprises a plurality of
catalyst outlets, each of the catalyst outlets having a cross sectional area equal to
A, and wherein at least a portion of the catalyst is conducted away from the
transition zone through each of the plurality catalyst outlets into a plurality of
standpipes and then to the riser reactor, each of the standpipes having the same
cross sectional area as the catalyst outlet to which it connects, and wherein the
catalyst flux inthe standpipes ranges from 488 Kg/m? sec to 1700 Kg/m?® sec.
BRIEF DES ON OF THE DRAWINGS
[0023] FIG. 1 schematically shows a reaction system according to an

embodiment of the invention.



(iv) Dis optionally at least 250 mmand A is at | east

2.7x104 square mllineters. [0017]In a rel ated
wonbedhiimsgt , the catal yst is conducted away fr egriuseo07/007736

transition zone through the solids outlet and into the

upstream end of a standpi pe having a standpi pe

cross-sectional area no greater than A and then from

t he downstream end of the standpipe to the olefin

conversion reactor, i.e., the riser reactor.

Optionally, the transition zohe conprises a plurality

of solids outlets with each having a cross secti onal

area A. The catalyst is conducted away fromthe
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into a plurality_of standpipes to the olefin conversion
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catalyst Inthe transition zone is in a fluidized bed,
t [928] ui dFiGe& shows mespits 9f aperation efanapparating aesprdjgg to an

kag/ | wherein there is a volune fraction
o?mgg%%g‘eg’gogﬁ'%tﬁﬂ‘é&g%{lal yst outlet of at |east 0.00005.

[ (BR9] | N EXG THvhows résuits ok operatitreof sy apparains acdosdieg te an a
met hod, f or ki,ng o) efins, conprising contacting
a@ggg&%f’gaﬁilﬂ“ "% east one oxygenate with a
S{Ht3ppNt aFIk Bhhows d0%E of Bpératios 6f ad Aspakatls according to an

separating the catalyst particles fromthe ol efins and
cmgemwgoﬁﬂwuewnoa- portion of the catalyst to a
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t grablei flicOfor 26lids ingyag-sblidnflow in one or more standpipes connected to the
downstream end of the displacement zone. For a stable solids flux in the range of
100 Ib/f@*sec (488 kg/m>*sec) to 350 Ib/f?*sec (1710 kg/m**sec), preferably 200
Ib/f**sec to 300 Ib/f**sec (976 kg/m®*sec to 1460 kg/m**sec ), in one or more
standpipes of cross sectional area A, the displacing gas inlet into the transition

zone should be located a distance D above the connection between the
downstream end of the transition zone and the upstream end of the standpipe. The
value for D can be determined from the relationship D=K*A"* where K ranges
from 0.3 to 1.5, preferably from 0.8 to 1.1.

[0032] The invention also relates in part to the discovery that in an oxygenate-
to-olefin reaction system, a superficial velocity of the displacing gas in the
transition zone of 0.3 fi/sec (0.09 m/sec) and above results in improved
displacement (e.g., stripping) efficiency, improved prime olefin selectivity, and
diminished coke selectivity. It has also been discovered that in an oxygenate-to-

olefin reaction system, transition zone displacement efficiency can be maintained



conducting at |east a portion of the displaced catalyst

to the riser reactor. - 7 - [0020] Optionally, the
woOneoTaintagen zone conprises (a) a catal yst i nl ePCT(US200a/007736

catal yst outlet having an area A, and (c) a displacing

gas inlet, located a vertical distance D fromthe

catal yst outlet wherein D and A are related by the

function D=KA3 with Kranging from0.3 to 1.5.

[0021] Optional Iy, the catalyst is in the form of

catal yst particles containi ng?SAPO nol ecul ar si eve, and

(i) the catalyst particles have an average fl ux through

the transition zone KgKg ranging from 125to 488

even at relatively high catalyst flux (in the transition zone) of 100 Kg/ m? sec and
higher, or 125 Kg/ m® sec and higher, or 150 Kg/ m? sec and higher. In other
words, the transition zone of an oxygenate-to-olefin reaction system can
efficiently operate at a significantly higher transition zone flux than other
fluidized-catalyst reaction systems (e.g., the fluidized catalytic eracking of a gas
oil), which would exhibit a significant decrease in stripping efficiency at a flux of
95 Kg/ m? sec and above.

{0033] While it should be understood that it is not limited thereto, a fluidized-
catalyst reaction system is a convenient context for describing embodiments of the
invention. Accordingly, aspects of invention will be first described in
embodiments that relate to fluidized-solids reactions, and in particular to
fluidized-solids reaction systems using oxygenate feeds to produce olefins.

Flow of Solid Catalyst in a Fluidized-Catalyst Reaction System

[0034] In a fluidized-catalyst reaction system, solid particles having activity
for catalyzing the desired reaction are introduced one or more risers. The desired
feedstock is conducted into the riser at a point downstream of the catalyst inlet.
The feedstock reacts with the catalyst to make the desired product, and catalyst,
unreacted feedstock, desired product, and any byproducts formed flow up the riser
(i.e., in the downstream direction) to the downstream end of the riser. In an
embodiment, the riser can have a diameter of at least 1 meter, or at least 1.5
meters, or at least 2 meters, or at least 3 meters, or at least 4 meters, or at least 5
meters, or at least 6 meters. In another embodiment, the riser can have a diameter
of 9 meters or less. The diameter of the riser can vary over the length of the riser.
For the purposes of this invention, the diameter of the riser refers to the diameter
of the riser at the location where the riser is joined to the termination device.
[0035]) The downstream end of the riser is connected to a separation zone
comprising a termination device and one or more gas-solids separators (e.g.,
cycione separators) for separating solid particles such as catalyst and catalyst fines
from the gas-solids flow exiting the riser. The riser and termination device can be
coupled in any convenient manner.

[0036] As the gas-solids flow passes through the separation devices, the flow
is separated into a higher density (primarily solids) flow and lower density _
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M2 secM2 sec (ii) the catalyst particles have an
average catalyst residence tinme in the transition zones
woaegimmpsérom 5 seconds to 10 minutes, and (i PECY/USI087/007736

catal yst particles in the transition zone have an
average catal yst density gradi ent of 525 kg/ nB8-m or
less, (iv) at least 95 wt. % of the catalyst particles
in the transition zone have an average particles size
of 125 mi croneters or |ess based on the total weight of
catal yst particles in the trdfsition zone; (v) Dis at
| east 250 mmand A is at |east 2.7x104 square
millimeters, (vi) Kranges from0.8 to 1.1; and (vii)
AR £ RS 8y BR8adhSdeViea FRor kRARBI! th #h éribstifent where the
enbodi ment, the transition zone conprises a plurality
dEpgtion gevicen are eyelone senqraier stpgesceach siage pwfucea 8 higher
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outlet to which it connects, and, wherein the catal yst

rendpained withthehighnsidsasity Bowy as irexinthronsikherdiples.
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t(and amy enxtrained product vapor) is received into a transition zone in the
separation vessel. In an embodiment, the transition zone contains a fluidized bed
of the catalyst solids. Catalyst is conducted from the fluidized catalyst bed in the
transition zone downward toward the downstream end of the transition zone

where the transition zone terminates in one of more standpipes. As is the case
with the transition zone, the catalyst in the standpipe is preferably in the form of
fluidized solids. The downstream opening of the transition zone is connected to
the upstream opening of one or more standpipes. Consequently, catalyst flows
- from the transition zone downstream into the upstream opening of the
standpipe(s), and then flows downward in the standpipe to the downstream
opening of the standpipe which is connected to the upstream opening of the riser
(i.e., the riser's catalyst inlet). Once the catalyst has been returned to the riser, it
becomes available to continue the gas-solids reaction with the feedstock. Ina
preferred embodiment, the process is operated continuously.
[0038] Preferably, a portion of the solid catalyst from the catalyst bed and/or
the higher density flows exiting the cyclone separator stages can be diverted into a
regenerator. The location in the transition zone for withdrawing catalyst for
diversion to the regenerator can be at any convenient height of the catalyst bed
subsisting in the transition zone. When catalyst is returned from the regenerator,
the regenerated catalyst can be distributed e.g., at the top of the catalyst bed. The
distribution method for returning the catalyst to the top of the catalyst bed can be
any convenient catalyst distribution method, including conventional methods.
[0039}  Like the riser, the standpipe is preferably but not necessarily in the

shape of a hollow cylinder, i.e., a tube having a circular cross-sectional area, but



- 8 - [0024] FIGS. 2A and 2B schematically show a
portion of a reaction system according to an enbodi nent
wof200hha738avent i on. [ 0025] FI G 3 shows expect ed PCT/US2007/007736
performance characteristics for an apparatus according
to an embodi ment of the invention. [0026]FIG 4
schematical |y shows an apparatus according to an
enbodi ment of the invention. [0027] FIG 5 schematically
shows an apparatus according_to an enbodi nent of the
invention. [0028] FIG 6 shows Hesults of operation of an
appar atus according to an enbodi nent of the invention.
this is not required. As in the case of the riser, tubing of any convenient cross-
sectional geometry can be used. The standpipe can have a constant cross-
sectional area over its length, or the diameter can vary é,long the standpipe. In an
embodiment, the standpipe entry (i.e., the upstream and/or downstream opening of
the standpipe) has a circular cross sectional area with a diameter of at least 0.5
meters, or at least 0.75 meters, or at least 1 meter. In another embodiment, the
standpipe entry can have a diameter of 2 meters or less. When the standpipe has a
non-constant cross sectional area, the cross sectional area is determined at the
location where the solid catalyst enters the standpipe from a downstream opening
of the transition zone. While there is generally a one to one correspondence
between the number of standpipes and the number of risers, this is not required.
In an embodiment, a single standpipe can provide catalyst to a plurality of risers.
In another embodiment, a single riser can receive catalyst from a plurality of
standpipes. In yet another embodiment, the system comprises at least one
standpipe providing catalyst to a plurality of risers and at Jeast one riser receiving
. catalyst from a plurality of standpipes.
[0040} FIG. 1 schematically shows an embodiment of a reaction system
suitable for use in the invention. A plurality of riser reactors 105 are provided for
performing a gas-solids reaction. The tops of risers 105 (and the riser termination
devices) are not shown as they are contained within separation vessel 100. The
downstream riser opening (located near the top of each riser) are coupled with
cyclone separator stages 115, During operation, solids separated by the cyclone
separator stages 115 pass out of the diplegs 116 toward transition zone 110 of
separation vessel 100. As shown, the upstream opening of the transition zone is
connected to the downstream portion of the separation vessel by a conical section.
Preferably, a catalyst bed will be formed by the catalyst in the bottom region of
the transition zone. Catalyst from this catalyst bed feeds catalyst to downstream
openings of the transition zone and into the upstream openings 126 of the
standpipes125. A portion of the catalyst in the catalyst bed can be diverted to
regenerator 150 via the conduit containing catalyst stripper 140. Regenerator 150
is optionally provided with a catalyst cooler 160. Regenerated catalyst can be
returned via conduit 165. In the embodiment shown in FIG 1, regenerated



[0029]FIG 7 shows results of operation of an apparatus

according to an enbodi nent of the invention. [0030]FI G

wB 2mémms3saesul t s of operation of an apparat us aCT@ISANNQ07736

to an enbodi nent of the invention. DETAI LED DESCRI PTI ON

OF THE | NVENTI ON [0031] The invention relates in part to

the discovery of a relationship between the | ocation of

the displacing gas inlet in a transition zone and the

maxi mum stable flux for solids in gas-solids flowin

one or nore standpi pes conneck%ed to the downstream end

of the displacenent zone. For a stable solids flux in

the range of 100 | b/ R2*sec (488 kg/ nk4 sec) to 350
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system, but will also reduce the amount of undesired products that could lead to
degradation of the system performance.

[0042) The transition zone is configured to remove adhered product from the
catalyst in order to ameliorate the aforementioned difficulties. When a plurality of
standpipes is used, the system provides for approximately equivalent distribution
of catalyst among the standpipes so that an approximately equal amount of
catalyst can be conducted into each riser, particularly at high transition zone
catalyst fluxes of 100 Kg/m?sec and above, or 125 Kg/m?sec and above, or 150
Kg/m’sec and above; and high standpipe catalyst fhixes of 976 Kg/m’sec to 1460
Kg/m®sec. In an embodiment, improved separation of product gases from solid
catalyst can be achieved by passing the catalyst through a transition zone
containing a series of baffle structures and one or more gas delivery inlets, such as

one or more gas spargers. The sparger or spargers are configured to introduce a



catal yst reaction systemis a conveni ent context for
descri bi ng enbodi nents of the invention. Accordingly,
woesi153af invention will be first described ipgT1s2007/007736
enbodi nents that relate to fluidized-solids reactions,
and in particular to fluidized-solids reaction systens
usi ng oxygenate feeds to produce olefins. Flow of Solid
Catalyst in a Fluidized-Catal yst Reaction System
[0034)In a fluidized-catal yst reaction system solid
particles having activity fol3eatalyzing the desired
reaction are introduced one or nore risers. The desired
feedstock is conducted into the riser at a point
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[ 00381Preferably, a portion of the solid catalyst from

the catal yst bed and/or the higher density flows
WQ 0711384 he cycl one separator stages can be dfGKPIY7/007736
into a regenerator. The location in the transition zone

for withdraw ng catal yst for diversion to the
regenerator can be at any conveni ent height of the
catal yst bed subsisting in the transition zone. Wen
catalyst is returned fromthg regenerator, the
regenerated catal yst can be distributed e.g., at the
top of the catal yst bed. The distribution nethod for

returning the catalyst to the top of the catal yst bed
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In the enbodi mrent shown in FIG 1, regenerated - 12 -
catalyst is returned to the top of the transition zone



[00411In fluidized-catal yst reaction systens using

nol ecul ar sieve catalyst, a significant portion of the
woeedrad3sdeact i on product nmade in the riser caRCRAIBR02/007736

to the catal yst. For some nol ecul ar sieve catal ysts

such as those contai ning SAPO nol ecul ar sieve e.g.,

SAPO 34,2 wt. %to 5 wt. %or nore of the desired

product can be adhered to the catalyst. As the catal yst

conti nuously traverses the reggti on system the portion

of the desired product adheredfo the catal yst can

continue to react. This extended exposure of gas phase

product to the solid catalyst can result in additional
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I mproved separation of product gases fromthe solid
catalyst. As the solid catalyst travels down through
wo behefed es, the solid catalyst is contacted mat/bszdmeo7736
di spl acing gas. In an enbodi ment, these inlets can be
positioned just below the [ast (nost downstreamw th
respect to catalyst flow) tier of baffles. The gas
i ntroduced by the gas inlets can be steam nitrogen, or
anot her gas that will not reﬁ\gt significantly with the
solid catalyst or the produc [ 0045] When used, the
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fl ow of catalyst through the transition zone. For
ePhdd ol @, givditsebaiatibe distamte b ¥heseseffectss ilhfstrhted Sn FIG.A, nasult

B e AT B Eh i b R i i ner
P%ﬁoh m&ﬁ&g&m&g@m Aeleratibh@ndaiiblhe Efgﬂelbﬂux

tial soli ey can have solid regions
vﬂlewevqrotooan@nlyh-aq;atwrp sueh arviowd escureyith feo lapgarofa

Cs%%:?x{aé§£ ggs%gér ':gad% plxae %ﬁﬁfdlﬁ%ﬂ%‘fmﬁal §t

gra I ngs, cking, or any ot
ssndtieh loas sbtatalyst flanet Gonsequentlja ammginghsnnu&t be mmésenqoMth the

SR s gt AT PR A e T afpe poras. s

bs’ﬂl’ﬂl cafalyt BowsbrlEe the gas iflérlstclods 4 gﬁ spargeh)a ﬂse)iom amount of
structure portions_of the batfles I each | can be

aw@}ﬂ@antaemthémsﬁlma@mwwe Iy seduces) Hethe awangity of
3 58 meﬁfa%nu pyspc&ns ws%slneqir allaffitsShuidizhtich Wi t h

e SO dtructure portions of the subsequent | evel .
Cpﬂopcrtns,rrangmm moorélmhbd@vmr ifemitha gatahyst fpthieded below the gas

SHAA SR, BB Y BoE A0 M iy Maions

ctorthe kandfipesstoald wclotmemgh sb dlait tengolidatatdlpstsetaids a desired

ol o uigizRtion. dagyraes o fpects e beb S fipiafzandh o § Sghisgt bea,

afhe taefluidivagen B the cﬂ@]y@f cdrEPéxprevéed ﬁs ﬂfe voRirhé Sraction of pas

structures can be used. In still anot gg’omql nment

bhitblessin thecatalysh relstiye &0 the tpial yaluge 9 dhep ysimixipre. In

PRl émBbd: BdiRdhi, 'tge h&nﬁhaﬁ il 'SF B¥ %éthEatQ@H dtSfe ewmaﬁ&yﬂr the
e axes of

can |gne the baffles 1 n the

smmlmpe;sem lbe OFQA0080m mra on0:e0Q)orfmers, pn0-GAG2 prmere. can

at 1 ol R o ol R pip e e oo of o

t Mmcgmmetmganngmmmngle staindpipe lor éma phlrphﬁytqf staadpipes.

t l, I nb t

Mg Bensiateons intarmtin EReL i B X6 Bhliflon zone

gﬁﬁﬁﬁi in Ia53|S EAraxﬂmemlxl cﬁ‘dath bﬁo\m h} FIG Brm;ueupmisaaa niExvAum
rect ar rotll e ul_ar r | an

ottARE Efelidsdn the gas sa 3!1 H il of st A

t b v F165 3 088 niﬁmhﬁmt disbié ﬂummfreasah gsithe’ d:&&e;eqhagm)

can have a "v-shaped" profile that is inverted so { hat
tmre@aw schefyeenthe gas sxels (Taeecroiand thy stappipg entgy locpfions. The

éagax DRVRS SHoWale hob Nat¥sap ms léﬁ?mz*)&%? vittiel S4rddib¥nds
t e she

can also include a small vertical surface at

t toee Bypicabminigyus degiredcatalyst auxe)athxn Shroyiendpips. Astastyplcal

o R aERR RO GPAC RS (117 a8 pardlcn o

cimhéw(zs rdnﬁr'mﬁnldzbh requmﬁft&abcerﬂhe botiemaof3he gﬂypa@ers and the

of f set. mla the osj ti,qni ng the s

B PRl Ayt he e %&ggzw e B;ame?er:
eﬁhﬁﬁhﬁﬁi%ta de%lrﬁﬂmhﬁixé}b al vauabl 250 B/ADkE (IQ21%ghh *atc)
such as Koch ditsch FCCf s¥r| pper gwg n cehr_; be used
aFeaHiTpR A FeRarationaistance qifnchas (A2 Y"?Féﬁt he ggs gpgrgers and
a portion of the baffles in at |east one tier are
perforated or otherw se have openings to allow gas to

pass through the baffle structure. For exanple, the
baffl es can have a series of 1 cmto 3 cm di aneter

-1




- 15 - [00491FI GS. 2A and 28 schematic
exanple of a transition zone 210 in a$¢3§£289?}007 736 - 27-02-20C

Ve@ﬁoe}ﬁﬁ@‘féo ' g to an enbodi ment of the invention.

side view of the transition zone 210.
I n the enbodi rrent shown in FIG.2A, 5 levels of baffles
220 are used. Each level of bdfffles is oriented
per pendi cul ar to the plane of the drawing. The baffle
structures in successive |levels are offset from one

&%Q%dg@@s t Sftlce B2 1pi%ﬁ?xa061a ABEclr@)8Y crbss-sectional area,

posi tion above a baff structure in the next |evel.
| nFigh3 camblsd beexpressedi vmfeuxe standpipafcfdse-seationat areaon thesX axis,

Pr ef I
Sy R R b Bl
V- RB tegﬂ% ifonsi SEFigey c@ﬁbgé)?préﬁéﬂﬁ@m@wwlfcreK

al so h the | owest 1evel of baffl e
strangeajren 022 1.5; Brieatloast 256 awh; uid A iseat beast 2.8x10* square

¢ iR s v ANE D de&%%hi‘:ahﬁaﬁé FEihs sfhnlp e ranging
S eRamMAL0Bdb /P egBcith 350 TH/A* sk Ggmzéeertotmeo Kiganthetyoes

205 by a di stance 231. 1005 28 depicts a top-down
cr B8 Ispeﬂmimnomgmmﬂybmmqsawsuatmablq atrratalyss fiyxeswpf 1710

G 2B ted to th
sejé‘g)rnéts% é@gg&dniiﬁ%tg?‘ﬁ%%dgég f?gﬂglct |eon gone6210
al 9f pahtuitar@nbRdinérts Ohe dicfanertetwedrttie d ssﬁra%ﬁx -gas
fromt e center of the transition zone 210 to_t

c esnagera; for other displasingass inlsts) apdh thereniry Jocatigns fogithestandpipes

218 bl RIS 0, S Bl 0 L5 181 o A6 o

dl aﬁemebthef embedmtmtis thel dntamr’:mtweenﬁhe 2as spargetsh@r other gas
di_nment thll%cratloc or at .

SR GRg4he et ocnanstonns stapdbiDes B A0B ot o5 |
|g@§§h{‘§05 el AR e iﬂrthéfb?ﬁrof%rﬂlﬁdr?zédﬁéd In

. itate the flow of solid catalyst
t ha prefirradrembadtiment, thesabsolate cataiyst densityrwitli thef trigmitidnezone

—and/ or fhe d iv r inlets are se d fromthe

! Gafts e AT Bl RS o o AR on depahe AR an
ThémB&diatedt, m-.ruéiisﬁ ap ﬂﬁxdhz%d%@ﬂiﬂ%ﬂfhn@ﬂmettl‘&sﬁlbﬁ%ne can be at
sectional area of the stand ipes at the entry | ocation

( i least 400gime, orras least480Kginen dn enothererahadiiaphtpthe density of the

e el o S P R 258 P b TR BT gt S b’ or

st RE¢I Ot Retselienéd thaes ba@wswﬁﬁmu&hggreaﬁr tHaaSabAT *ft (266
n the riser st ang(ﬁype entry and the gas delivery

i nf:&ﬁé*m wilb resyBrin seducedvalpe farthe maxipym catalystflwpthat can flow
h
r Ieg%@ n sys'%/(ﬁ.lt s’{svf\#( I @mﬁgﬁﬁ‘ﬁgﬁﬁ ﬁ%ﬁ@ﬂﬂﬁkﬁﬁpe ?e@gtlon system can

- f | be operated anhave 4 density gradixnpof 10 mm’aftgsmhg/afannm lpss, ors

@:?i’réﬁiéd GHIET B s, IS T2 | WA Gl & 3 1621

‘Tﬁ% Ekyr? --i‘n)je)(i3 léssfcﬁrulxlbfff?’r- %ngk%ﬁiq-rgﬁtﬁq{a@ i on di stance.

ecfs, Illustrate esult fromthe
anﬂlﬂﬁﬁ] of 'H@lemtlfbm within the tpﬂmnmnlmnehmalsmhscharmtenzed. |

t h I t di
sy bosiRanls U Tl o i et ApRieip zent renero GOR (27
SR 8dcc 96 488 & ’a§ed’\KIH|aﬁot?16§&hbdaxﬁkmt g dafil e ik idat least
separ at| n di st can lead to conpl et e

del(IQIkgI e o abfeastHQSd@(mf"&ssa,oaadleastdaaételmﬁ*m of

orldSEr. Thop SRR aaRiP il A2yl e ASARR one

f wnOBeZ@n maﬁtesrbrtleﬁ &t ﬁmﬂhmss or'lé’ss?&th?ﬁuﬁiﬁé ESlesR SInSRotiér
catal yst flows below the gas inlet (such as a gas

sparger), the t ot al armunt of gas in contact with the
solid catal yst wll gradual I& reduced. If the
quantity of gas is too catal yst coul d

lose some or all of ItAMEND(EDz&HEEE properties,




PCT/ US 2007/ 007 7_36 - 2 7-02- 200_ 2007E|\ﬁ?‘§(}2’§200ﬂ/7007 736 - 27-02-20C

t he standpi pes. Since the standpi pe can

noaogmﬂgb oss-sectional area, Fig. 3 can al so be
expresse t he standpi pe cross-sectional area on
the X axis, |nst ead of standpi di aneter whi ch assunes

a circular cross section. Accordingly, the relationship

of Fig. 3 can be expressed as D=KA3 where K ranges from
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can be 60 mnutes or less, or 10 mnutes or less, or 1
m nute or less. I n another SUBSTI TUTE SHEET AMENDED
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odi ment, the residence tine can be at | east
seconds, or at | east 10 seconds, or at |east 30
seconds. In a preferred enbodi nent where the transition
zone is part of an oxygenate-to-olefin riser-reactor
system the residence tine is 15 seconds. [0057] The
flow rate of steam nitrogen;18r other displacing gas
out of the gas spargers can be characterized in terns
of a superficial velocity. The superficial velocity of
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greater. In ano enbodi ment
zcﬂﬁ’éql@eﬁ%{ ether, angh mosy preferably metidnedi n ri ser - r eact or
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‘%/qunate to-ol efin processeS are carri
o Sesentially nongxeactive pataffiag (mmaldnr alkmsunhasmmane
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i s passed t ht ougﬁersa &W;%:ﬂ ,éﬂ%ﬁg‘), ng%s'i nH%ﬂ"P ©(28¢ mixtures
thereof. The most preferred diluents are water and nitrogen, with water being
particularly preferred.

[0061]  Inan oxygenate to olefin reaction, a feed containing an oxygenate is
contacted in a reaction zone of a reactor apparatus with a catalytically effective
amount of a molecular sieve catalyst at process conditions effective to produce
light olefins, i.e., an effective temperature, pressure, WHSV (weight hour space
velocity) and, optionally, an effective amount of diluent, correlated to produce
light olefins. Usually, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. Alternatively, the process may be carried out in a
liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of
feed-to-product may result depending upon the catalyst and reaction conditions.
As used herein, the term reactor includes not only commercial scale reactors but
also pilot sized reactor units and lab bench scale reactor units.

[0062] The conversion of oxygenates to produce light olefins may be carried
out in a variety of large scale catalytic reactors, e.g., fluid bed reactors and
concurrent riser reactors as described in Fluidization Engineering, D. Kunii and O.
Levenspiel, Robert E. Krieger Publishing Co. NY, 1977. Additionally,

countercurrent free fall reactors may be used in the conversion process, See, for
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[ 0059] As used herein, the term "oxygenate" means one or
nore organi ¢ conpound(s) containing at | east one oxygen

wol2oevi1Fs exanpl e, the oxygenate in the feedspotiustonras7e
oxygenate-to-ol efin process can be one or nore
al cohol (s), preferably aliphatic al cohol (s) where the
al i phatic noiety of the al cohol(s) has fromlto 20
carbon atons, preferably from1 to 10 carbon atons, and
nost preferably fromlto 4 carbon atons. The alcohols
i nclude | ower straight and -2UBSTI TUTE SHEET AMENDED
SHEET- - 19 - branched chain aliphatic al cohols and
their unsaturated counterparts, e.g., methano
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bﬁeosq parth aGelatdd anwd%eﬁtr Bftloded e hded iR RoRPNERAR IVith aYiser
efin reaction, a feed containi ng an oxygenate |s

reactor, and the gas and solid particles are conducted through the gas-solids riser
reactor at a gas superficial velocity (GSV) at least 1 meter per second (m/sec),
preferably preater than 2 m/sec, more preferably greater than 3 m/sec, and most
preferably greater than 4 m/sec. The GSV should be sufficient to maintain the
solids (i.e., catalyst) in a fluidized state in the riser, particularly in a fast fluidized
state. In another related embodiment, the solids particles and gas are conducted
through the riser reactor at a solids loading of at least 0.1 Ib/f® (1.6 kg/m®), or at
least 0.5 Ib/f (8 kg/m®), or at least 1.0 Ib/ft* (16 kg/m?), or at least 2.0 1b/ft% (32
kg/m®), or at least 4.0 [b/ft’ (64 kg/m®). Alternatively, the solids loading can be 5
Ib/ft’ (80 kg/m®) or less, or 4.0 Ib/ft’ (64 kg/m®) or less, or 2.0 Ib/R® (32 kg/m®) or
less.

[0065] In one practical embodiment, the process is conducted as a fluidized

bed process or high velocity fluidized bed process utilizing a riser reactor system,

a regeneration system and a recovery system. In such a process the reactor system
conveniently includes a fluid bed reactor system having a first reaction region
comprising (preferably consisting of) a plurality of fast fluid or dense fluid beds in
series or parallel and a second reaction region within at least one disengaging
vessel, comprising two or more cyclones. In one embodiment, the fast fluid or

dense fluid beds and disengaging vessel are contained within a single reactor



contacted in a reaction zone of a reactor apparatus
wth a catalytically effective anobunt of a nol ecul ar

wor@ewal1pad al yst at process conditions effecti vRCTAIS2007/007736

produce light olefins, i.e., an effective tenperature,
pressure, VWHSV (wei ght hour space vel ocity) and,
optionally, an effective anount of diluent, correl ated
to produce light olefins. Usually, the oxygenate feed
is contacted with the cat al ysi when the oxygenate is in
a vapor phase. Alternatively, ke process may be
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0.1 kPa to 5 MPa, such as from 5 kPa to 1 MPa, and conveniently from 20 kPa to
500 kPa,

[0069) In embodiments involving a riser reactor, the solids particles and gas

are conducted through the gas-solids reactor at a solids to gas mass ratio of 0.5:1
to 75:1. Preferably, the solids particles and gas are conducted through the gas-
solids reactor at a solids to gas mass ratio of 8:1 to 50:1, more preferably from
10:1 to 40:1.

[00670]  During the conversion of a hydrocarbon feedstock, preferably a
feedstock containing one or more oxygenates, the amount of olefin(s) produced
based on the total weight of hydrocarbon produced is greater than S0 weight
percent, typically greater than 60 weight percent, such as greater than 70 weight



reactor, and the gas and solid particles are conducted
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500 kPa. 10069]In enbodi nents involving a riser
reactor, the solids particles and gas are conducted
t hrough the gas-solids reactor at a solids to gas nass
WOA7g1BP40.5: 1 to 75:1. Preferably, the sol i dBCT/US2007/007736
particles and gas are conducted through the gas-solids
reactor at a solids to gas nmass ratio of 8:1 to 50: 1,
nore preferably from10:1 to 40:1. 100701During the
conversion of a hydrocarbon feedstock, preferably a
feedstock containing one or _ggre oxygenates, the anount
of olefin(s) produced based on the total weight of
hydrocarbon produced is greater than 50 melght per cent,
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-23 - tenperature, pressure and residence tine. In an
enbodi nent, a gas-solids flow exiting a regenerator nay
W2084LY8%4 t hr ough cycl ones confi gured accor di RETUH2007807736
invention. Alternatively, at |least a portion of the

catal yst can be conducted to bypass the regeneration
system The catal yst bypassing the regenerator can be
conducted to anot her desired portion of the reaction
system such as flow ng the Cﬁ%al yst directly into a

catal yst cooler or allowing thé catalyst to rejoin a
fluidized bed in the reactor. Preferably, the catalyst
bypassi ng_the regenerator is approximtely evenly
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system preferably fromthe catalyst cooler, is
combined with a fresh nol ecul ar sieve catal yst

w@%ﬁ/@ﬁ3§4 on and/or re-circul ated nol ecul ar sig¥BUS2007/007736
catal yst conposition and/or feedstock and/or fresh gas

or liquids, and returned to the reactor(s). In a
preferred errbodi ment, the regenerated catalyst is
returned to the transition zone in the separation
vessel. This allows the regenerated catal yst to be
conbined with the non-regener28ed catal yst for even

di stribution between each of the nultiple standpipe
entry locations. In another enbodinent, the regener at ed
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Therefore, in the most preferred embodiment of the recovery system, the recovery
system also includes a purification system. For example, the light olefin(s)
produced particularly in a methanol to olefin ("MTO") process are passed through

a purification system that removes low levels of by-products or contaminants. In
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used al one or in conbination include one or nore of a
demet hani zer, preferably a high tenperature
wHebPinaszer, a deethani zer, a depropani zer, i}cmgbo-,mm—m
tower often referred to as a caustic wash tower and/ or
quench tower, absorbers, adsorbers, nenbranes, ethylene
(C2) splitter, propylene (C3) splitter and butene (4)
splitter. [0081] Generally acconpanyi ng nost recovery
systens is the production, generation or accunul ation
of additional products, by- pﬁ%ﬁucts and/ or contam nants
along with the preferred prine products. The preferred
prine products, the light olefins, such as ethylene and
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fluidizable catalyst particles, now oxygenate-exposed, are carried into termination



[0085] Remaining with FIG 4, an oxygenate conversion
reaction takes place in and products including prine

wobbigsare formed in reaction zone 309, and gdwus2007/007736
fluidizable catal yst particles, now oxygenat e- exposed,

are carried into termnation - 27 - vessel 312 through
reaction zone outlet 348 (elenment 348 is also the
circulation zone inlet). Term nation vessel 312
conprises a termnation vessel volume 315, which is one
el ement of the circulation z8#e, and is the first

el emrent of a disengaging zone that eventually leads to
products | eaving the reactor apparatus altogether
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el ements 348 (as both the circulation zone inlet and

reaction zone outlet), 315, 318, 351, 333, 336, 330,
wBe2407/13284 and 304 (as both the circul ati on zoRETAEL02007736

and reaction zone inlet). A determ nation of the

residence tinme of catalyst within transition zone

el ement 333 woul d be nmade, in order to devel op the

appropriate ratio including the residence tinme of

catalyst in the reaction zone,309, which includes inlet

zone 304. In general, the vol @ of the transition zone

is that region in which the displacing gas superficial
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(ermiration ¥é&el volane15heould Gaitk Bt defeaSo BR: difhiEing ohe
gquéﬁggi% e.reaction zone outlet is determned %g t he
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IQ¥¥'elenent that works to separate catalyst
f [0088] r ean arihde@{BédimentiHoivi Fi?.' $ tR& AR rEadtSr zone is
reaction zone outlet 548 as the entrance to prinmary

cSRuCERtEC Yy theseparation anchmansitis ganes.n JumingitorhGfigyre,
- Si ; Lo leudi ol ef Las,

e AP RS lachiRE I Sl R, 00
t thaqughepzples H02 endiinto amserrenttnovesselfilrlt THe readtos Visbel has a

b Les f J mary, cvcl one separatat 515 jnto |
(iSpdticnlfont 310 LoudBlis R o E EF B ot omical
vmlsﬁah aﬁg?lﬁgﬁhe?malmbrdimﬂ_& Tz,lﬂinﬂlf:r_tma&iaatzb@@ 5VES&fh ,-n?
vel.ume S sSubst any,i arger cross sectiona
SRR ol BE SRV o AbeHECeH KEGLGT B 1o Bryigedsiromilayer
the GSV in that term nation volune and allow ng a | arge
portion of any catalyst that nay emanate fromthe top

of primary cyclone 515 to settle downward with gravity
and becone | argely separated fromthe oxygenate




- 30 - top outlet of primary cyclone 515 may be cl ose
coupled to the inlet of secondary cycl one 524 so that
woeoydirssal e reacti on product and ot her attendaat/us2007/007736
materials flow through term nation vessel volune 521.
[0091] Still with FIG5, catalyst falls into the | ower
di pl egs of primary cycl one separator 515 and secondary
cycl one separator 524 into term nation vessel volune
521, and along with any cat al éSt settling from
el sewhere in termnation vesse? “vol une 521 flows
downward through transition zone inlet 526, marked by a
solid line at the demarcation of the cylindrical and

coirculatios eand Sitthedugheinculntioh @Bny 653509 (8lemient $09 also serves
an | ar tran3|t|$gz%r;e 527, fhe annulus formed by th
Y
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[0092] A _shown. | G Hﬁma%gzsmr: 2‘?:"?"‘%3“83’2‘°.f§4%’r°6‘v2° 312 by

t f dpetionso érﬂpiéﬁaﬂ'gemdm sugh as $teamm] thoougheline 542 In this

b t t he di
gaxbiiflelberE QiR b i AR aptelninEA AT bEhe oiEs st Brche Wikee
c Kygsnate &sdstockf ialinteodnbed ag hhatﬁaﬂmlﬁrsmamahé R%pazﬁﬁwmere

° BRhAEAd BorlEh b s fertie 1500k S50 e el isplaced Griabyishern

b;akbi]ﬂ:acélspl aci ng gas, are not shovvn A large portion
L‘f@? I aced catalyst fromtransition zone 527
7 10088, -7 Gontumling w R oS SRS comversing reastion takes place

i and omﬁg% Sy e @THEE
gl rcul%??gﬂs%ne gﬁﬁre}%l?ts way bac \i{?%%cﬁgh%}eégé 2 andthe
zgﬁlechzae!q& pPatisles.ynoveorygenate cxposed, S8@amrind intw dem:ampled,

ar at € ‘g%eds(f? ?rltgf]gtr)siig t@r?%g# r%t&hﬁ[) Sﬁﬁeanc{?% §3§ (cle Bent $48%s

ago mescprcal%lmmnczt&ma inleth). In gmetﬂam%itr&éonggal@ﬁe oﬁt}?&l?t i9 H?termmed
e o rom r ar at us owto a
ré%@\ﬁgr I *°§Hc? "d@ﬁa’ a%eamﬁ caf3ly+h frem reaction product,

r ehivheinahisexampleie rdact in
rea tor s :fempgoo [O%%gt]ﬁ%n&?lﬁg%ﬁgéogﬁ%%gﬁﬁfo%ﬁﬁy

Xs'ene sep@raqridal ati on zone conprises el enents 548 (as

t [090] I CUREhiAMARREFICR! ggg%g e
I;m L7 Reagufiber B3 =k {;%%&5%{5 8“‘%%3"’3%3 light
5 ﬁ{wﬂ:ané @y, ungenverted oxygenete &@d&ﬂouktmdehlmndthamay bepresent,
he residence tine
c at a yst WI N nggéna §§trt§€§ mgxé’ygﬁé‘ﬁém“@%g {5 into
vietrhikation vessel valume |5lla lfommmmahbﬂ vagel S18.1 Theéupper
r.eS|denet| t st ntranS|t|on
RO BF cnaR SR o o oo BPsibstaipliy 1o crmeseaionat
zayesetiah 2he teacij@meong] thul Bignyfidauily sRfwihf thel GSVShtthzﬁ@erﬁﬂﬂﬁwn
is.that in. which thep%as suPerfl cial velocity of the
d‘f°§'b'P5 ﬂg.ll Wing a large portion of any catalyst that may emanate from the top
of primary cyclone 515 to settle downward with gravity and become largely
separated from the oxygenate conversion products, and any diluent or unconverted
oxygenate conversion feedstock that may be present. Reaction products, and any

unconverted oxygenate feedstock and diluent that may be present in termination

volume 521, and an even smaller amount of entrained catalyst enter secondary
cyclone separator 524. Reaction products, and any unconverted oxygenate
feedstock an diluent that may be present, and a very small amount of residual
catalyst exit the top of secondary cyclone separator through plenum 539 and exit
the reactor apparatus through line 545 for further processing. Alternatively, the



- 31 - at least 0.03 ms. Wth reference to the
enbodi nent of Fig. 5, it is assuned that the gas

wéh’@%ﬁsg al velocity of the displacing gas frw,b*ii%mo”x
an

Sparger 530 is 0.03 m's in the annular transition
zone 527 directly above, and thus the vol une of
transition zone 527 is the volunme enconpassed in the
annul ar space between the |ines and spargers 530 and
the transition zone inlet 526 (nuch above transition
zone inlet 526, the increased0area for flow would
gui ckly decrease the gas superficial velocity). Process
conditions in the riser reactor, transition zone,

j : r roduc
OB S R prinhf SREloRL 315 ni A 5k GEMBle 10 SR BT B spcqpery
tmmgetsae so dbat vasy ﬁttﬁs-eacdbaq:r?dn;d andoftiee aﬂérﬂl&hﬂﬂhﬁtcﬁals flow
odi nent.s...100941T aszsol i ds separation.techni ques
%&@ﬁmﬁh%vﬁ Y g‘ﬂﬂ? S%ft i ng embodi nents above are
eovijcul StllywRHFIGS, katalyat Bls i THE W disiedd 6t 5 i on
systens. For exanple, the separation techniques o hi s
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catal yst, based on tota unt“of cat ocate
ttermaingtienuvesselevaleme 52 b dlosssslowmward thyangh trahsition £d1e inlet 526,
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rticularl cat al yst | oad] of ,at .l east 100,000 kg
P lexvetPtion & 6nfeton yeSrliAkand he higbes paien dsasartey
Qortidn bEraétoRPeksMOf 1kg of catal yst, based on total
35§§nt of catal yst | ocated throughout the reaction

Am  ésshoyaiin HG,S,adisplacing gavisprevided thwowgh nesand
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regenerated catal yst provided to or otherw se
ahmoyehto lowen sisenlation zonsy S06rpn itovwhy backi torthe peaction zoden
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. n r . coO rse a
Blemsl ik as fiircofton 2ope Feaqtion zone QElENS1S, 521,
S04, 5071530, 3B2] §31)3B6, $051822 add8od CRYoth Rl é&%i’a"ﬁ%%; zone outlet

units. The way Si' is incorporated’into the struc

aathregetionzanerplety Hydetesminatiog okl resislends timk wé catalystiwithin

or 5 ~y.Ihe .desired

i trardsicR e ol 02 fropt b mpdS Hbideh IS sEVIbETE |
amonz%'fe ratisoiNik Zesiddnct timag&fmt izsh":tr%ﬁtic{ng Zond 5k27I’totdiE§3
range of -88 to,-96 and w conbi n ak area
feRlefe i 38 cacdiveL o BRI Mowmerag. T Boneatia e isns pEheor
erhasitherodcneis that in GhRN thé bashipbfididl Vel dcity bfithe dispReiRe Ohs is
- 88 ppmto -115 ppm where the [(Si)] chem cal ShIFtS
refer to external tetramethylsilane (TMS).

[ 0097] Si l'i coal um nophosphat e nol ecul ar sieves are
generally classified as




bei ng m croporous materials having 8, 10, or 12
menbered ring structures. These ring structures can
have an average pore size ranging from 3.5-15
wengstnmss. Preferred are the small pore SAPO pot/es200a007736
si eves having an average pore size ranging from3.5 to
5 angstrons, nore preferably from4.0 to 5.0 angstrons.
These pore sizes are typical of nolecul ar sieves having
8 menbered rings. [0098]1n general,
si | i coal um nophosphat e nol ecltél ar sieves conprise a
mol ecul ar framework of cornéPlshari ng [Si02], (A102],
and [P02] tetrahedral units. This type of framework is
effective in converting various oxygenates into olefin
[t dehis€0.93 ni/B. Ovaithfeﬁerbﬁ&&b thetmbbdittteat of Figt §, WA dssmmedithat

f r amewor tructure nmol ecul.ar eve, of thi
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yield of byproducts. Further, in general, for a SAPQ,

|l ower Si/Al 2 ratios provide certain good attri butes,

such as | ow coke yield, but also can provide under
certain conditions a lower ratio of ethylene to
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[00104] The catal yst may further contain, in certain
proportions, binders, fillers, or other material to

w@rzwl,hqlgspet ter catalytic perfor mance, attriti@erus2007/007736
resi stance, regenerability, and other desired
properties. The nol ecul ar sieves are - 34 - nmade or
formul ated into catal ysts by conbining the synthesized
nol ecul ar sieves with a binder and/or a matrix materi al
to forma nol ecul ar sieve catal yst conposition or a
fornul ated nol ecul ar sieve €3%al yst conposition. This
formul ated nol ecul ar sieve catal yst conposition is
formed into useful shape and sized particles by

AR SN iGis a0k BT Tp BOpR Vs M Bltes hvpe g,

flidoheter ofdessrthan §.0cAwgsiromsr {Medivm pate)tmalatulyr sigesstare defined

i ncl yd t got Limted i i h
Bl oy B HomA TR s SRR HRen 510 P2l Baeffoms
[S09H)S, SAPDs déiﬂpdﬁ&,a thieB QYimBRsionA MitioRofdils Hrystdl framework
corrponent al or al um na sol titani a, zi r coni a,

FEFrEEs of [Si@udy Wozbemylﬁ%l tetrahigeinal units, | Theaway Skisjipeosperated
3 ith g&ggﬁ 206 b gkl fivd HYPRPMASNNIR! 'sed BLARM ws

1 he catal yst aré fornulations contalnin
Pation, J3Bhysa Chemadlds |3965(1 988)sTheldesited SAFQ mqlewlmle\m will

BRASHLPE S Bork PN 0 NBSTOAL Wil 3 B g s i

teer sian geibB+B8to a8y ppinarlovith p bmpbniedqnask afea BABGt range o€ at least
| yst are r mul ns, con { .
3P Entthe it e R Y et Pl A st SRLICED) iyt range o -
8Btp?ﬁmt-elsf mﬁthé(@(m)]d:hahﬁdal sldfte refeinfo dx@@nhl 65
A)qﬁé' (ﬁlﬁ@g In other enbodi nents, the catal yst
dition to a SAPO and/or bi nders and
(009787 S. SERBaIRMi ISP sﬂﬁztt@fnd;&eiaylsﬁa@wgeﬁam&%whﬁed as

Si eves (genera l'y termed al um nosilicates, which

bylpgmcrqpoml ru@tenglsmams 8 A8, or \Zmembersdiringstctures. These

B PR ARl D17 gl fort RETINAMD B 47 Dby,

Efdﬂaﬂdd aré$hé s‘rﬁaﬂ pdeAPOrmslettnar siefes hivkingcasavetagegloragjze
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DThese re BizeO e |t sichlcofdleculhbdievis velgt 8 mbmberdsiidsabl e
for use in this 1npvention jnclude AElI, AFT, APC, ATN,

8] AT\in gepppal.ikicoaduminophpsphaigmelapilangigyescomprisgp
Mlﬁm&e@&k\&‘coﬁmm [fs%g [Ald,, SREPp

and substituted forns thereo ructural types of

Haids- uﬁvam of framenserk is efectiviedn serNerting yaniaus eygenajgsdnto

5%\%‘ Sudt®r use in this invention include MB!, NEL,
EUO M T, HEU, PER AFO, AEL, TON, and substltut ed

{0098} t hEheERO;] tetmhedeminiits withinthe :ﬁtamepmrb stracthietafdher e

BRIIRSILA R U RGBT LB b bARvIALR i d B oF hbdcfions

Buam;atemftﬂesblphwmhams—c’hnthmdg mﬂ:@@ﬁmnhnzcﬁan:ﬂoephonc acid,

descrl B [ ﬁn of | Crt‘ne\‘ﬁ Hg@lﬁ@g;t?t,#gﬁpcarg&rl ﬁ?tehejl'qgl n

aﬁiue-cbﬁtaﬁhﬁg wmgas;ﬂbﬁssare Raiged Withfreddtivsisniton and
preferred size distribution; (i) 95 w. % of the

alaminymtcoptaining cemprsitiensundsy theapprepriate congditionsda forns the

ﬁ]o‘fécﬁl@tsfe"vé (ii) 90 wt. %of the catalyst particles
ave an average size |ess thanll0 mcroneters, (iii)

E0100] Tl (Alk] tebtahedrat uptsrwitluih dke fremewark ammhageas bze

%,es S'ded %/na \?a(i‘lertr)]r &f gtgr:eﬁ})osﬁéns Examples of these alummum-conta:mng

compositions include aluminum alkoxides such as aluminum isopropoxide,



(iv) 70 wt. % of the catal yst particles have an average
size less than 88 mcroneters, (v) 60 wt. %of the

w6 a3l yBks particl es have an average size | ess pdpDsRG7/007736
mcroneters, (vi) 50 wt. % of the catalyst particles
have an average size |less than 78 mcroneters, (vii)
40 wt. % of the catal yst particles have an average size
| ess than 74 mcroneters, (viii) 30 wt. % of the

catal yst particles have an average size |l ess than 69
mcrometers, (ix) 20 wt. %o¥the catal yst particles
have an average size less than 65 mcroneters, (x) 10
wt. % of the catalyst particles have an average size

| ftathifiia phbshphties, AGRAMILE hydiokide, Sodtbm%UhthirdaRe ah@t al yst
particles have an average size [ess than 54

nPseRgeRastrtte. Thejalyminugl-confaiging eesnpasitiong are wixed witk seactive
(S Gorp BRIty cBitalog oot oL WHE B omuA omditions
hiavferrathemeleaylar sieye | ess than 44 nicroneters; the
g@?g@;f ’%Ze'r[g&gﬁ 3%?3138931 tupaﬁs &r%@rl ﬂu\é%‘a%gwo%{c s&‘ﬂgture can be
provided by a variety of compositions. Examples of these silicon-containing
compositions include silica sols and silicium alkoxides such as tetra ethyl
orthosilicate. The silicon-containing compositions are mixed with reactive
aluminum and phosphorus-containing compositio;ls under the appropriate
conditions to form the molecular sieve.
[00102] Suitable silicoaluminophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-
34, SAPQ-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO—42; SAPO-44,
SAPQO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.
Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof. 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.
[00103] In various embodiments, the SAPO molecular sieve may include a
Si/Al ratio of at least 0.10 and no greater than 0.32, or at least 0.12 and no greater
than 0.30, or at least 0.14 and no greater than 0.28, or at least 0.15 and no greater
than 0.26. In general, for a SAPO, higher Si/Al, ratios provide inherently higher
activity to convert methanol. However, as the invention is directed to providing
and maintaining high catalyst activity, a SI/Al, ratio of over 0.32 is likely to
produce an excessive apparent catalyst activity that will have a disadvantageous
yield of byproduets. Further, in general, for a SAPO, lower Si/Al; ratios provide
certain good attributes, such as low coke yield, but also can provide under certain
conditions a lower ratio of ethylene to propylene.
[00104]  The catalyst may finther contain, in certain proportions, binders,
fillers, or other material to provide better catalytic performance, attrition
resistance, regenerability, and other desired properties. The molecular sieves are



- 36 - [00107] Aspects of the invention were
i npl emented and tested in a cold flow test apparatus at
woesriatsspspheri c pressure and anbi ent tenper apCT/@S2097/00]736
an oxygenate-to-ol efin conversion catalyst in fluidized
form In the test apparatus, five 20 cmrisers were
joined together in a system having a single separation
vessel with a roughly 1 neter dianeter. Air was used as
the sparging and transport gﬁ§ Fl ows exiting the
risers entered the separati ot 4essel via a cycl one
separator. The higher density flows exiting diplegs of
a cycl one separator passed down into a transition zone
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transition zone catalyst fluxes of 100 kg/ nR*sec or
nore, but this is not generally possible wthout
incurring a significant loss in stripping efficiency.
Wiile not wishing to be bound by any theory or nodel,
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2007EMD95- PCT - 38 - [00112] In various enbodi nents,
the stripping or displacing efficiency of the stripping
wdan7sPhgPe at least 50% or at least 70% or wiThQaFH007736
90% Alternatively, the stripping efficiency can be
99.9% or less, or 95%or less. [00113] FIG 8 shows the
ef fect of incorporating an enbodi nent of the invention
into a pilot plant for perfonning a nethanol-to-olefin
conversion reaction. In FIG 8, gas spargers were
incorporated into the separa3yen vessel for the pilot
pl ant, but no additional baffles were used. FIG 8 _
shows the inpact on prine olefin selectivity (POS) and
ol g _ : . . '
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prefemest sizodistibationdi vi ded by the wei ght of the total
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gesronmsers,onduct ed t hrough the gas inlets to prevent

J..0oagi ng,of .the gas inlets by catal yst, particles.
fiStEwt v §f %%%x%mﬁ%ﬁ hayg ap avexpes size fess $pnldPng gas
iflcOmet&s, 0.3 ft/sec (0.06 or 0.09 nfsec) provided a
noti ceabl e increase in the POS while also suppressing
€ 80 3¢t %cafi the cotalystipasticles have ancavecags; size lgsothan 963
?&iér% drd. 09 nisec), however, did not appear to provide
urther i'nprovenent in the POS and did not further
€ivp B0 wa sYeafithe eaghlyst partitlys hin@Canladierdge sizerlissthan 83
?&]‘Er%gje?grpts, flowng a stripping gas through the
ransitidn zone can produce an increase in POS of at
(9w % 8f thercarilyst particld3Iikve @i addragesiaé leks i 83
Al.ternatively, flowng a stripping gas through the
MPINSS™n zone can produce an increase in POS of 5% or
(P50 Wer % HXes cdealS St patticled Hisve M HVeligERYedess'thaywgg a
stripping gas through the transition zone can produce a
HREPBIEYES:i n coke selectivity of at least 0.1% or at
. 0, is i ng a
(D05, 200L o cRlaunt Baticks Bt & bREHAH Sffleks wan Pl (0"
oaeromgtass,i n coke selectivity of 5% or less, or 2% or

hfi‘ﬁ)%o w9 of Ma@&ﬂ%@%%&%@%%%@%& size 1ok than 69

micrometers,

(ix) 20 wt. % of the catalyst particles have an average size less than 65
micrometers,

(x) 10 wt. % of the catalyst particles have an average size less than 59
micrometers,

(xi) 5 wt. % of the catalyst particles have an average size less than 54
micrometers,

(xii) 1 wt. % of the catalyst particles have an average size less than 46
micrometers, and

(xiil) no more than 0.5 wt. % of the catalyst particles have an average size less
than 44 micrometers;

the percents being based on the total weight of the catalyst particles.

Exemplary Embodiments



1. A nethod for separating flow ng solids conprising:
separati ng froma gas-solids flow a higher density flow

g a mpjority of the solids containedp 71007736
gas élé gs flow conducting all of the stflmgﬂﬁ

fron1the hi gher density flow through a transition zone
at a transition zone solids flux of at |east about 100
kg/ n2-sec in the presence of a displacing gas flow ng
counter-currently with respect to average solids flow
and then conducti ng t he3t spl aced sol i ds away
fromthe transition zone through the solids outlet and
into one or nore standpipes coupled to solids outlets
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adhered to (or entrained in) the catalyst, helium was injected into the gas-solids
flow as the flow exited the diplegs of the cyclone separators. The removal
efficiency was determined by measuring the amount of helium remaining in the
solids flow as the solids flow entered the standpipe entry location, as compared to
the amount of helium in the solids flow at the top of the bed. FIG. 6 shows the
impact of various types of baffles or sheds on the removal efficiency of the helium
from the gas-solids flow. The types of baffles used are noted in the figure. The
grating baffles are similar to a subway grating consisting of multiple narrow metal
slats or strips placed perpendicular to the flow and spaced every inch with one
inch openings between each strip. The I1 sheds represent inverted v-shaped
structures. The I3 sheds are similar to the I1 sheds, but additionally have a
vertical surface at each of the lower edges of the v-shaped structure and are
perforated with holes to allow gas to pass through the shed. Multiple rows of
baffles were used in all of the cases shown in FIG. 6. The superficial velocity of
air injected by the gas spargers in all cases shown is 0.5 ft/sec (0.15 m/sec).
[00109) In FIG. 6, the stripping efficiency of the combination of baffles and
stripping gas from the gas spargers is shown relative to the flux of catalyst passing
through the transition zone. Stripping efficiency is defined as the percentage of
the vapor component entering the top of the transition zone that is displaced and



- 40 - 5.The nethod of claim1, wherein the displacing
gas within the transition zone has a gas superficial

woSd@G11:4s Of at | east about 0.03 nsec. 6.The nﬁéﬂggmﬁmmmﬁ
claim1, wherein (i) the solids conprise catalyst

particles containing nol ecul ar sieve wi th hydrocarbon
and/ or oxygenated hydrocarbon thereon or therein, (ii)
wherei n the hydrocarbon and/ or oxygenated hydrocarbon
is displaced fromthe catalyst particles in the
transition zone at a displacdhg efficiency of at |east
about 50% 7.The nethod of claim®6, wherein the
di splacing gas is steam and the steam has a gas

aa&eﬁ&leﬁteekhev ‘iso atithe w&o o ﬁaxﬁfheﬁmgﬁo fw@ﬁ Al?gf{he
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A8 Bioh cRHRORGE K REFCT 1 PO 1B A pRdpip 45 R Ds Hawever,
thSreiloRBRd it Rilcy 856 m\a%cmsh B\BE éa%nmaﬁlva&m BeeApdda if
%C%dxln%{]etcul(a)ai 51%33 gztitalsyzsts(e gg US\-’)rr'lvgrre usgg SIn other words, it would be
desirable to operate FCC transition zones (typically the stripper zone) at transition
zone catalyst fluxes of 100 kg/m**sec or more, but this is not generally possible
without incwring a significant loss in stripping efficiency. While not wishing to
be bound by any theory or model, it is believed that such high transition zone
fluxes (above 100 kg/m**sec, or above 125 kg/m>*sec, or even above 150
kg/m**sec) are possible in an oxygenate-to-olefin ("OTO") reaction system by
virtue of that process's catalyst, feed, and product characteristics. Particularly
when the preferred catalyst size distribution is used, 1t is believed that the size of
the gas bubbles formed in the OTO transition zone are significantly larger than the
average .'gas bubble size that forms in FCC strippers. This effect resultsina
significant increase in the amount of displacing gas moving upward
(coﬁntercurrent to catalyst flow) in the transition zone at a given catalyst flux,
which in turn leads to increased catalyst stripping efficiency.
[00110] It is also believed that it is intrinsically easier to strip an OTO
molecular sieve catalyst nsed in and OTO reaction system compared to an FCC
catalyst used in gas oil or heavy oil cracking because the OTO feed and reaction
product molecules are lighter and easier to displace from the OTO catalyst than
FCC feed and reaction products from an FCC catalyst.
[00111}] FIG. 7 shows the effect of varying the superficial velocity of the
sparging gas on the removal efficiency of the helium from the solids flow. The
superficial velocity of the sparging gas corresponds to the total flow rate of the gas
divided by the cross sectional area of the separation vessel. In these
measwrements, the I3 style sheds were used. As shown in FIG. 7, the removal
efficiency approaches 90% for all transition zone solid flux values when the
sparging gas superficial velocity is 0.5 fi/sec (0.15 m/sec) or larger.



(iv) at least about 95 wt. %of the cabgiyﬁ#ﬁg}légéz%% - 27-02-200

in the tranS|t| on zone have an aver age

ofacabeNio ficroneters or |ess based on the total
wel ght o catal yst particles in the transition zone,
(v) Dis at |east about 250 and A is at |east about
2.7x104 square millineters, aht (vi) K ranges from

‘about 0.8 to about 1.1. 9.The nmethod of claim7 where
the transition zone conprises a plurality of solids
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akfa?c%ldecp a r%t‘fée%gﬁ ifi¢réase in the POS while also suppressing coke selectivity, -

Superficial velocities above 0.3 ft/sec (0.09 m/sec), however, did not appear to
provide further improvement in the POS and did not further suppress coke
selectivity. | _ .

[00114] In various embodiments, ﬂowing a stripping gas through the trapsition
zoné can produce an increase in POS of at leas_t 0.1%, or at least 0.5%, or at least
1.0%. Altematively, flowing a stripping gas thrdugh the transition zone can
produce an increase in POS of 5% or less, or 2% or less. In other embodiments,
flowing a stripping gas through the transition zone can produce a decrease in coke
selectivity of at least 0.1%, or at least 0.5%, or at least 1.0%. Alternatively,
flowing a stripping gas through the transition zone can produce a decrease in coke

selectivity of 5% or less, or 2% or less.

SUBSTITUTE SHEET
AMENDED SHEET
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(iv) about 70 wt. % of the catal yst particles have an
average size |less than about 88 mcroneters, (v) about
60 wt. % of the catalyst particles have an average size
| ess than about 83 mcroneters, (vi) about 50 wt. % of
the catalyst particles have an average size |ess than
about 78 mcroneters, (vii),about 40 wt. % of the
catal yst particles have an average size | ess than about
74 mcronmeters, (viii) about 30 wt. % of the catalyst
cPafMsc! es have an average size |ess than about 69
—mcroneters, (ix) about 20 wt. % of the catal yst
particles have an average size | ess than about 65

m cr pnet.er.s x) ..abqut . 10 . % of.the catal yst
Loar 1 BTy b ihefe B ik Seldscomiinghan about 59
mc r&ﬁﬁﬁﬁ’ﬁ%ﬁmrn(a@a%-s&hﬁlﬂo@a Wiigherdedityt fitav Eath@lisnsd a majority of the

particl es have an average size |less than about 54
sokide eenitined ig the gagrsolidaflowit 1 wt. % of the catal yst

par téo%h?&ingacﬂ/l%f gﬂ: 5%1’1§§ 19k gﬁ’é Highdr Q8sidy TR, h a4fnsition zone at

m croneters, an - 42 - (X1 no re than about 0.5
a thnsitdnodont bedids dlua lof st legst pbidut | @G kdio-secin the/presepee sf #displacing

| ess .t han about 44 m croms%ers; .
gas flowing counter-currently with respect to average solids flow; and then

conducting the displaced solids away from the transition zone through the solids

outlet and into one or more standpipes coupled to solids outlets and separated from at least
one displacing gas inlet by a distance dependent on the cross sectional area of the
standpipes at the entry location and the desired solid catalyst flux through the standpipes

and reaction system.

2. The method of claim 1, wherein the transition zone comprises

(a) a solids inlet,

(b) a solids outlet having an area A, and

(c) a displacing gas inlet, located a vertical distance D from the solids outlet
wherein D and A are related by the function D=KA®® with K ranging from about 0.3 to
about 1.5.

3. The method of claim 2, wherein the transition zone comprises at least one baffle
layer, and wherein the displacing gas inlets are either (i) proximate to the baffle layer
closest to the solids outlet or (ii) between the solids outlet and the baffle layer closest to the

solids outlet.

4, The method of claim 2, wherein the transition zone comprises at least one pair of
baffle layers, and wherein an orientation of one layer of the pair of baffle layers is rotated

by about 90 degrees relative to the second layer of the pair of baffle layers.
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the wt, percents being based on the total weight of the
catal yst particles. 12. The nethod of claim1l wherein
the transition zone conprises a plurality of solids
outl ets, each solids outlet having a cross sectiona
area A, with each of the solids outlets being connected
to one of a plurality of stapdpi pes, wth each
st andpi pe having a cross sectional area equal to about
A.  13. A nethod for making ol efins, conprising

5.CONtHRE trg&g of &Sith £ %?élﬂh@%@iacin%%ﬁg withfn RE USRS one has a
with a cont al di ng cat al a riser reactor,

gasapperitilngldcity otfaitladtsyaltoupal(}Blmﬂegs fromthe olefins and
conducting at |east a portion of the catalyst to a
transition zone having a catalyst flux of at |east
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g at least a

ransition zone uct

particles mnhotfrartshmndiosphtactshlaiigaffisitndylnfatighstabew | 508s
outl et and into one or nore standpi pes coupled to
solids outlets and separated from at | east one

741 SPTRGHEHP8EcIhiM @twlﬁ)‘elﬁ‘tﬂ@dﬁp%ﬁl% 226 REa!) an@thelsf@m has a gas
cross sectional area of the standpipes at t he entry

supedirial yelogifiintthetransitionggne of 4t deagiabapy/&99 meters ek seseah
t he standpi pes and reaction systemto the riser
reactor; wherein the transition zone conprises (a) a
gcat allystethod of ¢laipb), wheeeisol i ds outl et having an area A,

d the d I let, | d I
S b o A e £t SR P e
rel aﬁ&g gé{ ut12§ ky&m&bwaﬁm@w Bed< ranging from

abo to about
(ii) the catalyst partlcles have an average catalyst residence time in the transition

zones ranging from about 5 seconds to about 10 minutes, and

(iii) the catalyst particles in the transition zone have an average catalyst density

gradient of about 525 kg/m’-m or less,

(iv) at least about 95 wt. % of the catalyst particles in the transition zone have an

average particles size of about 125 micrometers or less based on the total weight of

catalyst particles in the transition zone,

(v) D is at least about 250 mm and A is at least about 2.7x 10* square millimeters,
and

(vi) K ranges from about 0.8 to about 1.1.

9. The method of claim 7 where the transition zone comprises a plurality of solids
outlets, each of the solids outlets having a cross sectional area A, and wherein a portion of
the catalyst is conducted away from the transition zone through each of the plurality solids
outlets into a plurality of standpipes, each of the standpipes being of even cross sectional

area with the solids outlets and being directly connected to one of the solids outlets.



- 43 - 14.The nethod of claim 13 wherein the catal yst
is in the formof catalyst particles containing SAPO
nol ecul ar sieve, the catal yst particles being
characterized by a size distribution of (i) about 95
w. %of the catalyst particles have an average size

| ess than about 125 mcroneters, (ii) about 90 wt. %
of the catalyst particles hayg an average size |ess
than about 110 microneters, (iii) about 80 wt. % of
the catalyst particles have an average size |ess than

1R bOUTheSfRetibE HIEIEY, Svhereih ¥)leRDOPbrtiéh ofhe ciaBkt ke transition
catal yst particles have an average size | ess than about

z@g ininerfbidized ked, theinidizg hed baving a dopsity gradient af ghoys 33 kg/m’-m
ticl ' t
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atpat 0.00005s have an average size | ess than about 78

m croneters, (vii) about 40 wt. % of the catal yst

particles have an average size |l ess than about 74

1M CrpiEhehsd of di¥id 7 whaleRthe Sfalyét patthcls cbﬁl@in@ﬁ&%g“ﬁ tnolecular

particles have an average size |ess than about
sipves thereatalystpartiglpsdyeingeharactegized by asied distibuten of yst

part4.cl %gti, é;f‘\\\/rﬁ o2 0r Y %5@19& p‘f’ii'tﬁ?eslh?lg'esarl m&g@lg&gtlesg than about 125

m cr t
micrometers,

(ii) about 90 wt. % of the catalyst particles have an average size less than about 110
micrometers,

(iii) about 80 wt. % of the catalyst particles have an average size less than about 96
micrometers,

(iv) about 70 wt. % of the catalyst particles have an average size less than about 88
micrometers,

(v) about 60 wt. % of the catalyst particles have an average size less than about 83
micrometers,

(vi) about 50 wt. % of the catalyst particles have an average size less than about 78
micrometers,

(vii) about 40 wt. % of the catalyst particles have an average size less than about 74
micrometers,

(viii) about 30 wt. % of the catalyst particles have an average size less than about 69
micrometers,

(ix) about 20 wt. % of the catalyst particles have an average size less than about 65
micrometers,

(x) about 10 wt. % of the catalyst particles have an average size less than about 59
micrometers,

(xi) about 5 wt. % of the catalyst particles have an average size less than about 54
micrometers,

(xii) about 1 wt. % of the catalyst particles have an average size less than about 46

micrometers, and
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(x) about 10 wt. % of the catalyst particles have an
average size |less than about 59 mcroneters, (xi)
about 5 wt. % of the catalyst particles have an average
size |l ess than about 54 mcroneters, (xii) about 1 wt.
% of the catal yst particles have an average size |ess

t han about 46 mcroneters, a (xiii) no nore than
about 0.5 wt. % of the catalyst particles have an
average size | ess than about 44 mcroneters; the w,

per glﬁﬁi) SoRdrBthaR 2866 0051w¥ g ot @b aﬁtaWQ'ﬁﬁIcl&fhatr@ﬁl aver: ige size

catal yst particles. - - 15. The nethod of claim
wherlessithan f)botlh‘é‘iwta‘rli}tglts, particles have an average fl ux
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particles have an average catal yst residence tine in

the transitiop zones ranging from about 5 seconds. t .
1?abouTheer°th?419:‘{1‘é%lm hyhere %? %m%srf@n&afl%wwmﬁawﬂeﬁﬁg% of yolids

oltldfs, EdcR13Sli (? s et M&s@@ctﬁ)\ﬁ@lraﬁ‘&eA Cdtiabachlor dRNSliliYoutlets

gradient o about 5 kg/ n3-m or | ess,
being connected to one of a plurality of standpipes, with each standpipe having a cross

sectional area equal to about A.

13. A method for making olefins, comprising

contacting a feed containing at least one oxygenate with a SAPO-containing
catalyst in a riser reactor,

separating the catalyst particles from the olefins and conducting at least a portion of
the catalyst to a transition zone having a catalyst flux of at least about 100 kg/m’-sec in the
presence of a displacing gas flowing counter-currently with respect to average catalyst
flow;

displacing at least some of the oxygenate and/or olefin from the catalyst in the
transition zone, and then

conducting at least a portion of the displaced catalyst through a solids outlet and
into one or more standpipes coupled to solids outlets and separated from at least one
displacing gas inlet by a distance dependent on the cross sectional area of the standpipes at
the entry location and the desired solid catalyst flux through the standpipes and reaction
system to the riser reactor;

wherein the transition zone comprises

{a) a catalyst inlet,

(b) the solids outlet having an area A, and

(c) the displacing gas inlet, located a vertical distance D from the catalyst outlet

wherein D and A are related by the function D=KA"’ with X ranging from about

0.3 to about 1.5.
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(iv) at least about 95 wt. % of the catalyst particles

in the transition zone have an average particles size

of about 125 mcroneters or |ess based on the total

wei ght of catalyst particles in the transition zone;

(v) Dis at least about 250 nmand A is at |east about

2. 7x104 square nillineters,_§%j) K ranges from about

0.8 to about 1.1; and (vii) e displacing gas is

steam 16. The nmethod of claim 15 wherein the transition
14 0D erHRe 6@§lscléim°i mﬁéram@éataq?s& & ik e foHh LELAalyRFRRICRE
the catalyst outlets having a cross sectional afea
cetpinaihg SAPQ, malachilaviségve) the aatplystipagiclestbeingsheractatizedibyiassize
4SS ductqg away fromthe transition zone through each of
BHEUMMal ity catal yst outlets into a plurality of

st anghaibBesy kel %4 BEle tRalyiigafticks hateariverage €i2e lesothah About 125
st andpi pes being of even cross sectional area with the
catdﬂV@ﬁn%9§4ets and wherein the catalyst flux in the
sta

710 aREE 00 A AR e AN Tl vl 4233 Rin about 110
catahpﬂnmpaslicles conpr|S|ng separatlng froma

o) oo o e aftar ST el bl araTRE G ot haf abour 9

gas-gmtahatedk, f 1 ow, conducting all of the catalyst
particles from the higher density flow through a

t r anéy)tabewt ote Yeef the ?4‘%1?:1%? ipgftisies %@Y?eaws@gy gige Jgsg;than about 88
ran about 125 kg/ nR-sec to about 488 kg/ nR-sec

' %hggﬁﬁégg%ce of steam wth the steamfl ow ng

c o ungv abotiti 50 @t %o\of tiet datal yss partitled lavave negyegecsatedkssshan about 83
particle flow at a gas superficial velocity of at |east
aboufIPBYtet ers per second, with the catal yst

part 1\&)' foud 90 W, bf RO Sithik @ parRNS hBAY S ARraa¥ 8178 08s than about 78
catal yst density gradient of about 525 kg/n8-mor |ess;

mnthanQndaﬁalyst partlcles having an average catal yst

oS (A0Sl bl B o B chiaPAPbAiclds KRBER ol B B8k bWl about 74

abou seco - mnu
| easicad@etersO5 W . @6of the catalyst particles in the

o S o B BASrRIS 1B ke S okt o
of cgﬁ&%&a&mpartlcles in the transition zone; and then
(ix) about 20 wt. % of the catalyst particles have an average size less than about 65
micrometers,
(x) about 10 wt. % of the catalyst particles have an average size less than about 59
micrometers,
(xi) about 5 wt. % of the catalyst particles have an average size less than about 54
micrometers,
(xii) about 1 wt. % of the catalyst particles have an average size less than about 46
micrometers, and
(xiii} no more than about 0.5 wt. % of the catalyst particles have an average size
less than about 44 micrometers;

the wt, percents being based on the total weight of the catalyst particles.
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conducting the displaced catalyst particles away from
the transition zone through a solids outlet and into
one or nore standpipes coupled to solids outlets and
separated from at | east one displacing gas inlet by a
di stance dependent on the cross sectional area of the
st andpi pes at the entry quthpn and the desired solid
catal yst flux through the standpi pes and reaction
system wherein the transition zone conprises (a) a

1550l i182 mdthgRiiof cldih 14h@h&eini ds outl et having an area A,
(c) a baffle |ayer [ ocated between the sol i ds inlet and

t he (Bdhd eatalynyppuicles have)antayerage Spr heouel thpsansijoatzone ranging
| ocat ed ,a di e r t b outl et and either
(i )q%’r‘%?(‘f"r‘%g@ et {S’a”?ﬁteﬁ?é‘g@ 6 (ii) between the
sol i(iipthe ghthBbt panicléstavbat iveeageaymlyst rabidereientinid ikt tFanaition
rel ated by the funct iin D:qlCA" vvhg@ei.n K rapges from
abo(FPNeP TA0SIRE from. abppt Jsegen Sé%%'i‘o_“é _ H’t‘““ﬁ%sﬁ)a‘i'f% and Ais
at l(ﬁgstﬁe QB prtidied Bfthe GEAifor Boht hiR! Al Seragd calBridendity
S ow

for parating solids froma gas-solids fl
comeradiémgf about 525 kg/mtue prlgssa gas- sol i ds fl ow by

; ) ¢ e Con .
o (R Ao BT AR pEREhE LRI GEAE Bl an

a higbrpe patislet ¥izé bfuboGOIMIIThidiong:tas OBllesy bassd @f the Ietal weight of
solids contained in the gas-solids flow conducting all
of tgstalysbpartieles inghe WansHigRiZ9RA®r density flow to a

tr ar’@i DiiOR 1ZRF %out 250 mEPIHAUL s 0 Seabtt® o). T>619* Equ@rd thilBmeters,
hi ghe d [ ow t

ensity hrough a transition zone at a
t r an(si)tK mngesohinem sbout @SB tblaboutdfl;and | east about 100
kg/ n2:sec .in the presence of a displacing gas flow ng
cou:ﬁ‘z’a}ﬁsl&‘w@ﬁ% awstsﬁeaP‘espect to average solids flow
and t hen conducting the solids away fromthe
transition zone through a plurality of soljds outlets

164 t hThecmethadof daimoly Whareigdhe {gAnsiRn SeRePmRsisgt 2 PUIY ofifatalyst
o@%&?eﬁh W el d %}ﬂt oxﬁte?sr}%g ang%scr&s@ Wi RfaltaPeauhids A0Whd Ghérein a

i
Separate rom a east one displacing gas inlet by
patich of the catalgstie oatelntted awah fromrthxs sarssionizonathreugb gadf ofithe

plﬁﬁaﬂ?ydgtﬁj?s% o&t eté 1};'1?0 g Blturahl%(/: gft slta%lapl%gg a&ﬂﬁendt%sther xelger reactor, each of
the standpipes being of even cross sectional area with the catalyst outlets, and wherein the

catalyst flux in the standpipes ranges from about 488 kg/m’ sec to about 1710 kg/m’ sec.

17. A method for separating flowing catalyst particles comprising:

separating from a gas-catalyst flow a higher density flow comprising a majority of
the catalyst particles contained in the gas-catalyst flow;

conducting all of the catalyst particles from the higher density flow through a
transition zone at a transition zone catalyst flux ranging from about 125 kg/m*-sec to about
488 kg/m’-sec in the presence of steam, with the steam flowing counter-currently with
respect to average catalyst particle flow at a gas superficial velocity of at least about 0.09
meters per second, with the catalyst particles in the transition zone have an average catalyst
density gradient of about 525 kg/m’-m or less; with the catalyst particles having an average

catalyst residence time in the transition zones ranging from about 5 seconds to about 10
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- 46 - solid catalyst flux through the standpi pes and
reaction systemto the olefin conversion reactor; the
transition zone conprising (a) a solids inlet, (b) the
solids outlet having an area A, (c) a baffle |ayer

| ocat ed between the solids inlet and the solids outlet,
(d) the displacing gas inIe§45Iocated a distance D from
the solids outlet and either (i) proximate to the

baffl e |l ayer or (ii) between the solids outlet and the
Pﬂfe@ | @it ﬁylgz[st al%ﬁl?@? Wil oofiie c@ta?%tepaﬁ‘@él@stlﬁ Ghe¥arki¥@n zone having

unction th K ranging fromabout 0.3 to about
anlavérage m@ncrﬂn szcref zﬁx@dt s micmnmtqrs or lgkscragechon the total weight of

S rises Iurallty of baffle |ayers,
cag% Rﬂi‘?lg @ﬁga‘a‘-“@%m& ’naél %‘ inlets are either (i)
PeendudBiEtht Gls heed a4l phlﬁ)ﬂ%ﬁ awhpfemithd @arshidnohe thsough a

outlet or (ii) between the solids ogtlet and the paffle
| s9héds cutlejad tintp one AMets FAIdPIBEY Joupled togplidyqutlstag gpggpied

C LRt 3Emt mq{lﬁil% Wfs ?l{lé\rb? 2 diQ5h % ARSI tBESro& sectional area

| east one pair ers, and wherein an

oof E}mtsmhdpjpem thfrmltﬂydgcatlomﬁnd the dpmed sotid ¢asdlyst dluk syrengh the
i s, rot.ated é’ lgnlbou q}e s rel. alive to tggessecond

| aipadPigts d &% T AR y@pgtion 20pe ComRNSt hod of
cl ai @) 4 Slidém@eei n a superfici aI velocity of the

di splacing gas within the transition zone is about 0.03
nsec(bbthegpb‘gﬁféﬁlethaz’zlg apfgeadt hod of clai m 18, wherein

(1) P oRRE 15 ROURS baGcERt R MR dAdthe HIRTBLALI N0

rocar bon and/or oxygenat ed _
hy dr @} thelelispldciver gas inlety lot:tted eiistan¢d D)fromhthesphdstdutlet and either (1)

17 orionamislo s et G T ab betnes e Sl St Gt Vi R iCHayer,

stri PRiBiE IPhid Alafdielatdd bythe FiRdBén BQHLAP * wB8eindB rangBefrom about
nmet hod of claim 22, wherein the_ displacing gas I S

st ea®p tahd; Dh%atdpf@aahqﬂa%S(bmgwasn%ép%?tflwt Q?Ou %|761:(? {Sguars

the ﬁllf‘&ﬁe on zone of at |east 0.09 neters per second.
he h0d of claim 23, wherein within the

tran3| tion zone

18. A method for separating solids from a gas-solids flow comprising:

producing a gas-solids flow by performing an oxygenate to olefin conversion
reaction in a reactor;

separating from the gas-solids flow a higher density flow comprising a majority of
the solids contained in the gas-solids flow;

conducting all of the solids from each higher density flow to a transition zone;

conducting the solids from the higher density flow through a transition zone at a
transition zone solids flux of at least about 100 kg/m*-sec in the presence of a displacing
gas flowing counter-currently with respect to average solids flow; and then

conducting the solids away from the transition zone through a plurality of solids
outlets, with each solids outlet being connected to at least one of a plurality of standpipes
coupled to solids outlets and separated from at least one displacing gas inlet by a distance

dependent on the cross sectional area of the standpipes at the ent location and the desired
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- 47 - (i) the average catal yst flux ranges from about
125 kg/ n2-sec to about 488 kg/nR- sec, (ii) the
aver age catal yst residence tine ranges from about 5
seconds to about 10 m nutes, and (iii) the average
catal yst density gradient is about 525 kg/ nB-m or |ess,
and (iv) Dis at |east abouyf 250 nmand A is at | east
about 2.7x104 square mllimeters. 25. The nethod of
claim 24 wherein the catalyst is conducted away from
solifl Bathly@ Thix thidQ gk HRQtahipifesOMd réetiowbystitn wLth¢ elefifBonvertian
a standpi pe having a standpi pe cross-sectional area no
reggtasathe trapfiien ZONCLAMPHHBE from t he standpipe to the
ol ef,] ion reactor. 26. The nmethod of claim 25
mhe#gﬂﬁﬁﬁﬁiﬁﬁéhnsition zone conprises a plurality of
sol i(blsthewélidstontletdmeing ah atdael,sol i ds outl ets having a

cross. secliponal, area equal_ to A .and erei.n a rtion

ot T e e optSEhitrarac ol ol A s nBEL | o
20oNng4¥ {RE Qi4pIACAR Ghs Riett1bSatdd ddidthhde)D SOt tHE sélidk logtlé ahd kither (i)
a plurality of "standpi pes to the ol efin conversion

r eagrovimaisde thedfafflclayeston fidddrepresnises seljdpputlsy apd the halfle layer;

S eCt\{r}%n&rll Dae{n%a}%j\ﬂ' .trQIaIeH% Y AflSHQUbLIEA®s @WK@%‘(giﬁ@fr&b)about

an upsfrean1en §|rectlg connected to one of the solids
out I(e3 ® #dodt [.bi ) a downstream end. 27. The nethod of
claim 26 wherein the olefin conversion reactor
conprises a plurality of riser reactors, where the

1 at 3neshethsd SIAMIHCLEE dhbrefitht BensitnDhe eapeRe a plurslag bf baffle

standpipe into at |least one riser of the riser reactor.
laggs, afith vhersithibe displagingigas ndets avp eitlesr §1) aroximats to the pattle;lpyer

of the cat.al i N, i £ .S i
Bl T R BT A e el oo
solidaghtkmt of about 53 kg/ nB-m or |ess, and wherein there

is a volune fraction of bubbles at the catal yst outl et

of at |east about 0.00005. 29. The nethod of claim22
2 erﬂﬁ%ﬂ&tﬁ@d S84 a0 B, wHerSH the Gansi¥ione c&ﬂgﬂeg at [oAPOid pair of

APO- 16, SAPO- 17, SAPO-18, SAPO- 20, SAPO 31, SAPO 34,

bEAPYaS, andAFErd6 an SARMEIN of SaPbYyaof tsyydy ofbaffisipysra s rotated

b]fs é@%é&?egiéfg(r}?ﬁi?%ts Fé%eﬁgl}deltg?e? o?ﬁlte%lair%? Bh e @Aﬁgs forms

21.  The method of claim 18, wherein a superficial velocity of the displacing gas within

the transition zone is about 0.03 msec or greater.

22, The method of claim 18, wherein (i) the solids comprise catalyst particles
containing molecular sieve with hydrocarbon and/or oxygenated hydrocarbon thereon or
therein, (i) wherein the hydrocarbon and/or oxygenated hydrocarbon is stripped from the

catalyst particles in the transition zone at a stripping efficiency of at least about 50%.

23, The method of claim 22, wherein the displacing gas is steam, and the steam has a

gas superficial velocity in the transition zone of at least 0.09 meters per second.

24, The method of claim 23, wherein within the transition zone
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-48- 30. The nethod of claim 18, further conprising
separating fromthe gas-solids flow a product
conprising olefin and then polynerizing at |east a
portion of the olefin to make at | east one pol yol efin.

-47-

(i) the average catalyst flux ranges from about 125 kg/m*-sec to about 488 kg/m’-
sec,

(i1) the average catalyst residence time ranges from about 5 seconds to about 10
minutes, and

(iii) the average catalyst density gradient is about 525 kg/m’-m or less, and

(iv) D is at least about 250 mm and A is at least about 2,7x 10* square millimeters.

25.  The method of claim 24 wherein the catalyst is conducted away from the transition
zone through the solids outlet and into a standpipe having a standpipe cross-sectional area

no greater than A, and then from the standpipe to the olefin conversion reactor.

26.  The method of claim 25 wherein the transition zone comprises a plurality of solids
outlets, each of the solids outlets having a cross sectional area equal to A, and wherein a
portion of the catalyst is conducted away from the transition zone through each of the
plurality solids outlets into a plurality of standpipes to the olefin conversion reactor, each of
the standpipes being of even cross sectional area with the solids outlets and having (1) an

upstream end directly connected to one of the solids outlets and (ii) a downstream end.

27.  The method of claim 26 wherein the olefin conversion reactor comprises a plurality
of riser reactors, where the catalyst is conducted from the downstream end of each

standpipe into at least one riser of the riser reactor.

28.  The method of claim 25, wherein at least a portion of the catalyst in the transition
zone is in a fluidized bed, the fluidized bed having a density gradient of about 53 kg/m’-m
or less, and wherein there is 2 volume fraction of bubbles at the catalyst outlet of at least
about 0.00005.

29.  The method of claim 22 wherein the catalyst comprises SAPO-5, SAPO-8, SAPO-
11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, the metal

containing forms thereof, and mixtures thereof.
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30.  The method of claim 18, further comprising separating from the gas-solids flow a
product comprising olefin and then polymerizing at least a portion of the olefin to make at

least one polyolefin.



