(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

~

(19) World Intellectual Property Ny
Organization
International Bureau

4 July 2013 (04.07.20 13)

(10) International Publication Number

WO 2013/098273 Al

(51)

(2D

(22)

(29
(26)
(30)

(71)

(71)

(72)

International Patent Classification:

CO7C 1/20 (2006.01) CO7C 11/08 (2006.01)
CO7C 7/148 (2006.01) CO7C 11/10 (2006.02)
CO7C 11/04 (2006.01) CO7C 11/107 (2006.01)
CO7C 11/06 (2006.01) BO1J 19/00 (2006.01)

International Application Number:
PCT/EP2012/076849

International Filing Date:
21 December 2012 (21.12.2012)

Filing Language: English
Publication Language: English
Priority Data:

11195905.2 28 December 201 1(28.12.201 1) EP

Applicant (for all designated States except US): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPIJ
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 HR
The Hague (NL).

Applicant (for US only): SHELL OIL COMPANY
[US/IUS]; PO Box 2463, One Shell Plaza, Houston, TX
77252-2463 (US).

(74)

(81)

(84)

Agentss MATTHEZING, Robert, Maarten e a; PO
Box 384, NL-2501 CJ The Hague (NL).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, H, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Inventorss RAMESH, Rajaram; Grasweg 31, NL-1031 Declarations under Rule 4.17:

HW Amsterdam (NL). VAN WESTRENEN,
Grasweg 31, NL-103 1 HW Amsterdam (NL).

Jeroen;

as to applicant's entitlement to applyfor and be granted a
patent (Rule 4.17(H))

[Continued on next page]

w 2213/@3273 A1 |11 PF 00O 0O O

(54) Title: OXYGENATE-TO-OLEFINS PROCESS AND AN APPARATUS THEREFOR

Fig.1 r
Iq.
Y 290
O 203
220 285 55
40
-7
" 215 2150 [ "2
—_ .\
30
Sl 210 | 2180 | i
20 ,
= ED
265 265b
22

70 120
255 320 o
Ofara |2
- T
o 130
—-305 140-
-
\-235a

(57) Abstract: The present invention relates to a process for the preparation of an olefinic product, such as one or both of ethylene
and propylene, from an oxygenate feedstock, such as methanol, and an apparatus therefore, said process comprising: treating an ef -
fluent stream with a carbonyl compound absorbent stream comprising an aqueous solution of bisulphite having apH in the range of
from 4 to 8, to provide an olefinic product stream comprising olefin and a loaded carbonyl compound absorbent stream comprising
an agueous solution of at least one carbonyl adduct comprising one or both of C2+ aldehyde adduct and ketone adduct and option -
ally unreacted bisulphite, said liquid absorbent stream and loaded carbonyl compound absorbent stream in a carbonyl compound ab-
sorbent circuit separate from the effluent separation circuit.



WO 2013/098273 Al Il s 4o TR AR AN RN A

Published:
—  with international search report (Art. 21(3))



WO 2013/098273 -1 - PCT/EP2012/076849

OXYGENATE-TO-OLEFINS PROCESS AND AN APPARATUS THEREFOR

Field of the Invention

The present invention relates to a process for the
preparation of an olefinic product, such as one or both
of ethylene and propylene, from an oxygenate feedstock,
such as nethanol, and an apparatus therefor.

Background of the Invention

Conventional |y, et hyl ene and propylene are produced
via steam cracking of paraffinic feedstocks including
et hane, propane, naphtha and hydrowax. An alternative
route to ethylene and propylene is an oxygenate-to-olef in
(OTO process. Interest in OTO processes for producing
ethyl ene and propylene is growing in view of the
increasing availability of natural gas. Met hane in the
natural gas can be converted into for instance nmethanol
or di net hyl et her (DVE) , both of which are suitable
feedstocks for an OTO process.

In an OTO process, an oxygenate such as nethanol or
dimethylether is provided to a reaction zone of a reactor
conprising a suitable conversion catalyst and converted
to ethylene and propyl ene. In addition to the desired
ethyl ene and propylene, a substantial part of the
oxygenate such as nethanol is converted to higher
hydrocarbons including C4+ olefins, paraffins and
carbonaceous deposits on the catalyst. The effluent from
the reactor conprising the olefins, any unreacted
oxygenates such as nethanol and dinethylether and other
reaction products such as water may then be treated to
provi de separate conponent streans. Unreacted oxygenates

can be separated from the reaction effluent, for instance
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by contacting wth a cooled aqueous stream in a quench
towner .

In order to increase the ethylene and propylene yield
of the process, the C4+ olefins may be recycled to the
reaction zone or alternatively further cracked in a
dedi cated olefin cracking zone to produce further
et hyl ene and propyl ene.

Due to the high tenperatures in the reaction zone and
the acidity of the catalyst, a portion of the oxygenates
such as nethanol may unavoi dably deconpose thermally or
catalytically into oxides of carbon, i.e. carbon nonoxide
and carbon dioxide in the gaseous form The car bonaceous
deposits on the catalyst can be renoved by the periodic
regeneration of the catalyst by heating it with an
oxi dising gas such as oxygen, in order to burn off the
deposits .

Carbon di oxide generated during the OTO process is an
acid gas which is thus present in the effluent from the
reactor. In order to prevent contam nation of the
ol efinic product and problens associated with the
formation of solid carbon dioxide during the separation
of the olefinic product into olefinic conponent streans,
which may be carried out at cryogenic tenperatures,
carbon dioxide should be renobved from the reaction
effluent and from the gaseous effluent from the quench
tower before separation into olefinic conponent streans,
for instance by treating with a caustic solution.

Car bonyl conpounds, such as al dehydes and ket ones,
particularly fornmal dehyde and acetal dehyde, are comonly
generated by the catalyst in side reactions and are also
found in the effluent from the reactor. Car bonyl
conmpounds may build up in the caustic solution used to

renove carbon dioxide and other acid gases. The basic
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conponents of the caustic solution, such as hydroxide
ions, can catalyse the aldol condensation and subsequent
dehydration reactions of particularly acetal dehyde to
form unsaturated al dehydes such as acrolein, especially
at higher pH such as a pH of greater than 9. Unsaturated
al dehydes may polynerise when allowed to accunulate in
the caustic solution and if the aldol condensation
reaction is l|left unchecked, a viscous oily polyner can be
formed, known as ‘red oil' , which is insoluble in the
caustic solution and can deposit on equipnment internals,
causi ng fouling.

WO 2007/111744 discloses a process for oxygenate
conversion to olefins with enhanced carbonyl recovery. A
recycle or circulated water stream is treated with a
sul phite-containing material in order to form a treated
water stream with an appropriately reduced or m nimsed
carbonyl, and particularly aldehyde, content. The
sul phite-containing nmaterial is added to the oxygenate
absorber zone. The oxygenate-rich water stream contai ning
unreacted sulphite and bisul phite addition conpounds
produced in the oxygenate absorber zone is passed to an
oxygenate stripper zone to be separated into an
oxygenate-containing stream and a recycle water stream
The oxygenate-containing stream can be returned to the
oxygenate conversion reactor. The recycle water stream
can be passed to a wash water stripper to recover
oxygenates and provide a bottons water stream conprising
unreacted sulphite and bisul phite addition conpounds
whi ch can be passed to the effluent treatnment zone for
the treatment of the reactor section effluent. The
recycle water stream can also be passed to the oxygenate
absorber zone for the treatnment of the conpressed

oxygenate conversion effluent stream
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Summary of the lInvention

The present invention addresses the problem of red
oil formation in an OTO process by treating the effluent
from the reactor, after the separation of unreacted
oxygenates from the reaction stream and subsequent
conpression, wth a carbonyl conpound absorbent stream
conprising an aqueous solution of bisulphite. The
bi sul phite in the carbonyl conpound absorbent stream
forms a water soluble adduct, particularly a hydroxyal kyl
sul fonate salt, wth any carbonyl conpounds present,
particularly one or both of aldehydes and ketones,
thereby renoving them from the gaseous effluent from the
reactor into the aqueous solution and |lowering the
resulting concentration of dissolved aldehyde and ketones
in the aqueous solution. In this way, the fouling of the
caustic solution by the formation of red oil from the
reaction of carbonyl conmpounds is mtigated.

In the process of WO 2007/111744, sul phite-containing
material is added to the oxygenate absorber zone. The
integration of the water treatnent system neans that
sul phite-containing material is distributed in the water
streans provided to the effluent treatnment zone,
oxygenate absorber zone, oxygenate stripper zone and wash
wat er stripper.

Al dehydes such as fornmal dehyde, as well as ketones,
are commonly present in the oxygenate conversion reactor
effluent stream Different aldehydes and ketones form
adducts with bisulphite. The adduct formng reaction is
reversible, such that an equilibrium between the al dehyde
or ketone and bisul phite reactants and adduct product
exi sts. Each al dehyde or ketone has its own equilibrium
with bisulphite. Formaldehyde is nost favoured to form an

adduct with bisulphite, conpared to the nore sterically
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hi ndered C2+ al dehydes and ketones, such that it wll

di spl ace C2+ al dehydes and ketones from an adduct of C2+
al dehyde or ketone and bisul phite present in the aqueous
sol ution .

In the process of WO 2007/111744, formal dehyde
present in the oxygenate conversion effluent stream can
be absorbed in the effluent treatment zone. Thi s
absorption is carried out using the bottonms water stream
from the wash water stripper. This bottonms water stream
conprises unreacted sulphite and bisulphite addition
conpounds from the oxygenate absorber zone, particularly
acet al dehyde adduct, leading to the potential release of
C2+ aldehydes in the effluent treatnent zone by the
preferential formation of formaldehyde adduct,
particularly when the bisulphite concentration is simlar
to the concentration of formal dehyde. Typically, nore
f ormal dehyde than acetal dehyde may be formed as a by-
product in the OTO reaction, such that the displacenent
of acetal dehyde from its adduct by formal dehyde in the
effluent treatnent =zone is likely, particularly if the
bi sul phite concentration is too |ow

In contrast, in the present invention the water
stream from the oxygenate absorber zone (the carbonyl
conpound absorption zone in the process described herein)
is not passed to the effluent treatnent zone. | nst ead,
an aqueous liquid stream in an effluent treatnment circuit
i ndependent from the carbonyl conpound absorbent circuit
conprising bisulphate is used to treat the reaction
effluent which would be free of bisulphite and al dehyde
adduct. Consequently, there could be no release of C2+
al dehyde or ketone from their adducts upon contact of the

aqueous liquid stream with formal dehyde.
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In addition, in the process of WO 2007/111744, the
oxygenat e-contai ning overhead stream from the oxygenate
stripper zone can be recycled to the oxygenate conversion
reactor section. The oxygenat e-containing overhead
stream may be contamnated with volatile aldehydes and/or
ket ones such as fornmal dehyde and acetal dehyde as well as
oxi des of sul phur. The bisul phite addition conmpounds of
volatil e aldehydes and/or ketones are thermally labile in
aqueous solutions, such that distillation in the
oxygenate stripper zone can cause the deconposition of
the adduct into the al dehyde or ketone and bisul phite.

Vol atil e al dehydes and ketones may vaporise from the
solution, altering the equilibrium between reactant and
adduct in favour of the reactants, thereby pronoting
further deconposition of the bisulphite addition
conpounds. Vol atile aldehyde or ketone would exit the
oxygenate stripper zone in the oxygenate-containing
overhead stream and could be returned to the oxygenate
conversion reactor section.

Furthernmore, if the pH of the sulphite and bisul phite
solutions are not maintained above 4, sul phur dioxide,
SO,, may be forned. At the oxygenate stripping
temperatures, sul phur dioxide may be vaporised from the
solution and exit the stripping zone in the oxygenate-
contai ning overhead stream which can be returned to the
oxygenate conversion reactor section. Sul phur dioxide is
corrosive and may degrade the supply lines to and from
the reactor, as well as the reactor section itself. In
addition, the effluent from the reactor may be
contam nated w th sul phur compounds, which is undesirable
as this may require additional processing of the
ef fl uent. Sul phur may also be present in the

car bonaceous deposits formed on the OTO catal yst.
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The oxidative regeneration of an oxygenate conversion
catal yst having absorbed sul phur-conprising conmpounds to
remove carbonaceous deposits wll result in the oxidation
of the sul phur-conprising conmpounds, producing oxides of
sul phur, SOx, such as sul phur dioxide and sul phur
trioxide in the regeneration effluent. Oxi des of sul phur
are air borne pollutants which contam nate the
regeneration effluent stream Treatnment of the
regeneration effluent may therefore be required to renove
t hese oxides of sul phur.

In contrast, the present invention seeks to mitigate
agai nst the contam nation of the oxygenate to olefin
catalyst with contam nants such as sul phur conpounds I|ike
SO,. This is achieved by providing the carbonyl conpound
absorbent conprising bisulphite in a separate circuit to
that of the aqueous liquid absorbent wused to absorb
oxygenate from the reaction effluent. In this way,
sul phur conmpounds from the carbonyl conmpound absorbent
are prevented from being passed to the reaction zone.

The process of the invention treats a conpressed
effluent stream derived from the conversion of an
oxygenated feed stock to an olefinic product with a
carbonyl conpound absorbent stream conprising an agueous
solution of bisulphite having a pH in the range of from 4
to 8. Bisulphite in this range of pH can form a water
sol ubl e adduct with any carbonyl conpounds present,
particularly al dehydes and ketones, thereby renoving them
from the effluent stream This treatnment can reduce the
formati on of aldol condensation products of the carbonyl
conpounds, reducing the formation of red oil and the
associated fouling of equipnent internals downstream of
the treatment point. This is particularly beneficial in

preventing red oil formation in the aqueous alkaline
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solution used to remobve any acid gas from the effluent

stream downstream of the treatnment point.

In addition, the process of the present invention
prevents transfer of one or nore of the carbonyl conpound
absorbent, the |oaded carbonyl conmpound absorbent
conprising an aqueous solution of the water soluble
adduct, the deconposition products of the |oaded carbonyl
conpound absorbent and sul phur conmpounds such as sul phur
dioxide to the aqueous liquid used to treat, typically
quench, the reaction effluent stream to renpve water,
oxygenate and fornmal dehyde. This prevents contani nation
of the aqueous liquid or any recovered oxygenate wth
conponents or derivatives of the carbonyl conpound
absorbent thus avoiding the potential release of C2+
al dehyde or ketone upon contact with formal dehyde in the
reaction effluent stream and the contam nation of the
oxygenate catalyst wth sul phur-conprising conpounds.

In a first aspect, the present invention provides a
process for the preparation of olefinic product, the
process conprising at least the steps of:

- reacting an oxygenate feedstock conprising oxygenate
in an oxygenate reaction zone in the presence of a
catal yst conprising a nolecular sieve to produce a
reaction effluent stream conprising oxygenate, olefin,
wat er and carbonyl conpound conprising formal dehyde
and one or both of C2+ al dehyde and ketone

- treating the reaction effluent stream with an aqueous
liquid stream to provide a water rich stream
conprising oxygenate, formal dehyde and water and a
wat er depleted effluent stream conprising olefin and
carbonyl conpound conprising one or both of C2+

al dehyde and ketone, said aqueous liquid stream and
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said water rich stream present in an effluent
separation circuit;

- conpressing the water depleted effluent stream wth
the optional renoval of any condensed phase, to
provide a conpressed effluent stream

- treating the conpressed effluent streamwith a
car bonyl conpound absorbent stream conprising an
aqueous solution of bisulphite having a pH in the
range of from 4 to s, to provide an olefinic product
stream conprising olefin and a | oaded carbonyl
conmpound absorbent stream conprising an aqueous
solution of at |east one carbonyl conpound adduct
conprising one or both of C2+ al dehyde adduct and
ket one adduct and optionally unreacted bisulphite,
said carbonyl compound absorbent stream and | oaded
carbonyl conmpound absorbent stream in a carbonyl
conpound absorbent circuit separate from the effluent
separation circuit.

The bisulphite treatment should occur before any acid
gas absorption treatnent, such as contact with an aqueous
al kaline stream or as the first step in such an acid gas
absorption treatnent.

As used herein, the term "Cn+" represents a conpound
having n or nore carbon atons. For instance, a C2+
al dehyde represents and al dehyde having 2 or nore carbon
atoms i.e. those al dehydes excluding formaldehyde.

In the present context, the term "separate" used in
relation to the carbonyl conpound absorbent and effl uent
separation circuits, means that there is no transfer of
the carbonyl conpound absorbent and/or the | oaded
carbonyl conmpound absorbent to the effluent separation
circuit. This prevents the contam nation of the aqueous

liquid in the effluent separation circuit wth bisulphite
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and/ or carbonyl conmpound adduct . It will therefore be
apparent that the aqueous liquid stream and water rich
stream should not conprise an aqueous solution of

bi sul phite having a pH in the range of from 4 to 8 and/or
carbonyl conpound adduct conprising one or both of C2+

al dehyde adduct and ketone adduct.

Avoi ding such a contam nation of the effluent
separation circuit wll therefore prevent contam nation
of any recovered oxygenate, thereby allowing it to be
recycled and released again into the reaction quench zone
or to be recycled to the oxygenate reaction zone w thout
contam nating the catalyst wth the sul phur-conprising
conpounds of the carbonyl conpound absorbent. This can
m nimse the presence of oxides of sulphur in the
regeneration effluent stream produced by the oxidative
regeneration of the deactivated catalyst.

A pH of below 4 can cause the deconposition of the
bi sul phite solution to liberate SO,, which can cause
corrosion to occur. As pH increases above 6, conversion
of bisulphite to sulphite occurs, such that at a pH above
g8, the bisulphite has alnbst entirely been converted to
sul phi te. A preferred pH for the bisulphite solution is
in the range of from 4.5 to 7, still nore preferably in
the range of from 5 to 6.5. The cationic counter-ion to
the bisulphite anion may be one of those commonly known
in the art, such as a cation selected from the group
conprising the alkali netal ions and alkaline earth netal
ions, particularly [lithium sodium and potassium wth
the sodium cation being preferred. The bi sul phite
solution may have a concentration of bisulphite, such as
sodi um bisul phite, in the range of from 1 to 10 w.%
nore preferably 1 to 5 w.% based on the bisulphite

sol uti on .
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Preferably, the conpressed effluent stream is
treated with a carbonyl conmpound absorbent stream
conprising an aqueous solution of bisulphite having a pH
in the range of from 4 to 8 at a tenperature in the range
of from 30 to 50°C, nore preferably of from 35 to 45°C

In one enbodi nent, the process further conprises the
steps of:

- separating at least a part of the water rich stream
into an oxygenate recovered stream conprising
oxygenate and an aqueous recovered stream conprising
wat er ;

- passing the oxygenate recovered stream to the
oxygenate reaction zone.

In anot her enbodi ment, the process further conprises
the step of:

- passing at least a part of the aqueous recovered stream

to the aqueous liquid stream

In a further enbodinent, the process further
conprises the step of:

- passing at least a part of the water rich stream to
the aqueous liquid stream

In anot her enbodi ment, the process further conprises
the step of:

- passing at least a part of the |oaded carbonyl
conpound absorbent stream to the carbonyl conmpound
absorbent stream

In yet another enbodinment, the process further
conprises the steps of:

- renoving at least a portion of the |oaded carbonyl
conpound absorbent stream as a continuing | oaded
carbonyl conmpound absorbent stream and

- addi ng carbonyl compound absorbent conprising an

aqueous solution of bisulphite having a pH in the
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range of from 4 to 8 to the carbonyl conpound
absorbent stream as a carbonyl conmpound absorbent
restoration stream

In anot her enbodi ment, the C2+ al dehyde may conprise
one or both of a saturated C2+ al dehyde, such as
acet al dehyde and an unsaturated C3+ al dehyde, such as
acrolein .

In a still further enbodinent, the reaction effluent
stream water depleted stream conpressed effluent stream
and olefinic product stream each further conprise acid
gas, such as one or both of carbon dioxide and hydrogen
sul phi de .

In anot her enbodi nent of the process, the pH of the
aqueous solution of bisulphite and/ or the carbonyl
conpound absorbent stream may be independently adjusted
in the range of from5 to 8, nore preferably of from5 to
7. Mintaining the pH in these ranges allows the at
| east partial absorption of any carbon dioxide present in
the conpressed effluent stream by the carbonyl conpound
absor bent stream The acidic carbon dioxide can be
converted into bicarbonate by the carbonyl conpound
absorbent stream at higher pH acting as a buffer to
maintain the stream at a pH of at or below 9.

In a still further enbodinent, the process may
further conprise the steps of:

- treating the olefinic product stream with an acid gas
absorbent stream to provide a |oaded acid gas
absorbent stream and an acid gas depleted olefinic
product stream conprising olefin.

The treating of the olefinic product stream with an
acid gas absorbent stream may conprise treatnent with a

plurality of acid gas absorbent streans.
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In anot her enbodi ment, the step of treating the
olefinic product stream conprises:

- contacting the olefinic product stream with an acid
gas absorbent stream conprising an aqueous alkaline
solution to provide a |oaded acid gas absorbent stream
conprising a l|oaded alkaline aqueous solution and the
acid gas depleted olefinic product stream

The aqueous al kaline solution, such as aqueous sodium
hydroxi de, may have a concentration in the range of from
1 to 10 wt.% nore preferably 1 to 6 w.% based on the
aqueous al kaline solution.

In one enbodinment, the olefinic product stream can be
contacted with a plurality of acid gas absorbent streans,
each stream conprising aqueous alkaline solution at a
different concentration (in w.%. Typically, the
plurality of aqueous alkaline solutions may conprise an
i ncreasing concentration of aqueous alkali wth each
contacting .

The ability of the carbonyl conmpound absorbent stream
to absorb at least a portion of any acid gas, such as
carbon dioxide, is beneficial because it provides the
partial absorption of the acid gas prior to treatnment of
the olefinic product stream with an acid gas absorbent
stream

In a further enbodinent, treatnent of the olefinic
product stream with an acid gas absorbent stream can be
followed by treatnent, typically contacting, wth an
aqueous stream to provide the acid gas depleted olefinic
product stream The treatnment with an aqueous stream can
renove any entrained conmponents of the acid gas absorbent
stream such as the aqueous alkaline solution.

In another enbodi nent, the acid gas depleted olefinic

product stream may conprise two or nore of the group
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selected from ethyl ene, propylene, butylenes, pentylenes

and hexylenes. |In yet another enbodi nent, the process may

further conmprise the steps of:

- drying and optionally conpressing the acid gas
depleted olefinic product stream to provide a dried
acid gas depleted olefinic product streans;

- separating the dried acid gas depleted olefinic
product stream into two or nore olefinic conponent
streans, each said olefinic conponent stream
conprising at |least one of the group selected from
et hyl ene, propyl ene, butylenes, pentylenes and
hexyl enes .

In anot her enbodi ment of the process, the oxygenate
feedstock may be reacted to produce the reaction effluent
stream in the presence of an olefinic co-feed, such as an
olefinic co-feed conprising one or both of butylene and
pentyl ene .

In a still further enbodinent, the nolecular sieve
may be selected from the group conpri sing
sil i coal um nophosphate and alum nosilicate . The
nol ecul ar sieve may be preferably an alumnosilicate
having at least a 10-nenbered ring zeolite structure
Still more preferably, the alum nosilicate may conprise
one or nmore of the group conprising a TON-type
alum nosilicate, such as ZSM 22, a MIT-type
alum nosilicate, such as ZSM 23, MEL-type
alum nosilicate, such as ZSM 11 and M-I -type
alum nosilicate, such as ZSM5.

In a second aspect, the present invention provides an
apparatus for the preparation of an olefinic product,
from an oxygenate feedstock, said apparatus conprising at

| east :
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an oxygenate reaction zone conprising a catalyst
conprising nolecular sieve, said oxygenate reaction
zone having a first inlet for an oxygenate feedstock
stream conprising oxygenate and a first outlet for a
reaction effluent stream conprising oxygenate, olefin,
wat er and carbonyl conpound conprising formal dehyde
and one or both of C2+ aldehyde and ketone, said first
outlet in fluid comunication with a first inlet of an
ef fluent separation zone;

an effluent separation zone for separating the
reaction effluent stream into a water rich stream
conprising oxygenate, fornmaldehyde and water and a
wat er depleted effluent stream conprising olefin and
carbonyl conpound conprising one or both of C2+

al dehyde and ketone, said effluent separation zone
having a first inlet for the reaction effluent stream
a second inlet for an aqueous liquid stream a first
outlet for the water rich stream and a second outl et
for the water depleted effluent stream said second
outlet in fluid comunication with the inlet of an
ef fluent conpressor, wherein said aqueous liquid
stream and said water rich stream conprise an effluent
separation circuit;

an effluent conpressor having a first inlet for the
wat er depleted effluent stream and a first outlet for
a conpressed effluent stream said first outlet in
fluid comunication with the first inlet of an
carbonyl conpound absorption zone, said effluent
conpressor optionally conprising gas/liquid separation
means for the renoval of any condensed phase;

a carbonyl conpound absorption zone having a first
inlet for the conpressed effluent stream a second

inlet for a carbonyl conmpound absorbent stream
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conprising an aqueous solution of bisulphite having a
pH in the range of from 4 to 8, a first outlet for an
olefinic product stream conprising olefin and a second
outlet for a |oaded carbonyl conpound absorbent stream
conprising an aqueous solution of at |east one
carbonyl conmpound adduct conprising one or both of C2+
al dehyde adduct and ketone adduct and optionally
unreacted bisulphite, wherein said carbonyl conpound
absorbent stream and said |oaded carbonyl conpound
absorbent stream conprise a carbonyl conpound
absorbent «circuit, said carbonyl conmpound absorbent
circuit being separate from the effluent separation
circuit
In one enbodi nent of the second aspect, the apparatus
may further conprise:
- an acid gas absorption zone to separate acid gas from
the olefinic product stream to provide an acid gas
depleted olefinic product stream said acid gas
absorption zone having a first inlet for the olefinic
product stream in fluid conmunication with the first
outlet of the carbonyl conmpound absorption zone, a second
inlet for an acid gas absorbent stream for instance
conprising an aqueous alkaline solution, a first outlet
for the acid gas depleted olefinic product stream and a
second outlet for a |oaded acid gas absorbent stream for
instance conprising a |oaded alkaline aqueous solution.
In anot her enbodi ment of the second aspect, the
apparatus may further conprise:
- an olefinic product conpressor having a first inlet
for the acid gas depleted olefinic product stream in
fluid communication with the first outlet of the acid gas
absorption zone and a first outlet for a conpressed acid

gas depleted olefinic product stream in fluid
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conmuni cation with a first inlet of an olefinic

separation zone, said olefinic product conpressor

optionally conprising gas/liquid separation nmeans for the
renoval of any condensed phase;

- an olefinic separation zone to separate the

conpressed acid gas depleted olefinic product stream into

two or nore olefinic conponent streans, said olefinic
separation zone having a first inlet for the conpressed
acid gas depleted olefinic product stream a first outlet
for a first olefinic conmponent stream and a second outl et
for a second olefinic component stream

In yet another enbodiment of the second aspect, the
apparatus may further conprise:

- an oxygenate recovery zone to separate at |least a part
of the water rich stream into a oxygenate recovered
stream conprising oxygenate and an aqueous recovered
stream conprising water, said oxygenate recovery zone
having a first inlet for the water rich stream in
fluid communication with the first outlet of the
effluent separation zone, a first outlet for the
oxygenate recovered stream in fluid comunication wth
an inlet of the oxygenate reaction zone and a second
outlet for the aqueous recovered stream

In a further enbodinent of the second aspect, the
apparatus may further conprise:

- an oxygenate recovered stream heating furnace having a
first inlet for the oxygenate recovered stream in
fluid communication with the first outlet of the
oxygenate recovery zone and a first outlet for a
heat ed oxygenate recovered stream in fluid
conmuni cation with an inlet of the oxygenate reaction

zone .
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Brief description of the Draw ngs

Figure 1 is a diagrammatic schenme of a process and
apparatus for the preparation of an olefinic product
descri bed herein.

Figure 2 is a diagrammatic schene of another
enbodi nent of a process and apparatus for the preparation
of an olefinic product described herein.

Figure 3 is a diagrammatic schene of another
enbodi nent of a process and apparatus for the preparation

of an olefinic product described herein.

Detailed description of the Invention

Enbodi ments of the present invention wll now be
described by way of exanple only and with reference to
the acconpanying non-linmited drawing in which:

Figure 1 is a diagranmmatic schenme of a process and
apparatus for the preparation of an olefinic product
descri bed herein.

Figure 2 is a diagrammatic schene of another
enbodi nent of a process and apparatus for the preparation
of an olefinic product described herein.

Figure 3 is a diagrammatic schene of another
enbodi nent of a process and apparatus for the preparation
of an olefinic product described herein.

The process and apparatus described herein relates to
a process for the catalytic conversion of an oxygenate
feedstock to olefinic products in an oxygenate-to-olef in
(Oro process and the subsequent treatnent of the
reaction effluent from the reaction zone to renove
carbonyl conpound (s) conprising one or both of C2+
al dehyde and ket one.

Figure 1 shows an apparatus 1 of one enbodi ment of

the process described herein. An oxygenate feedstock
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stream 10 can be contacted in an oxygenate (or OTO
reaction =zone 210, such as an OTO reactor, with a
catal yst for oxygenate conversion under oxygenate
conversion conditions, to obtain a reaction effluent
conprising olefins, particularly |ower olefins. The
reaction effluent can be renoved from reaction zone 210
as reaction effluent stream 40. Reaction effluent stream
40 may conprise unreacted oxygenate, olefin and water.

Ref erence herein to an oxygenate feedstock is to an
oxygenat e-conprising feedstock. In the OTO reaction zone
210, at least part of the feedstock is converted into a
product containing one or nore olefins, preferably
including lower olefins, in particular ethylene and
typically propyl ene.

The oxygenate wused in the process is preferably an
oxygenate which conprises at |east one oxygen-bonded
al kyl group. The al kyl group preferably is a CL-C5 alkyl
group, nore preferably Cl1-C4 alkyl group, i.e. conprises
1tos, or 1 to 4 carbon atonms respectively; nore
preferably the alkyl group conprises 1 or 2 carbon atons
and nost preferably one carbon atom Exanpl es of

oxygenates that can be used in the oxygenate feedstock

i nclude alcohols and ethers. Exanpl es of preferred
oxygenates include alcohols, such as nethanol, ethanol,
propanol; and dial kyl ethers, such as dinmethyl ether,

diethyl ether, nethylethyl ether. Preferably, the
oxygenate is nethanol or dinmethyl ether, or a mxture
t her eof

Preferably the oxygenate feedstock conprises at |east
50 wt .% of oxygenate, in particular nethanol and/or
di met hyl ether, based on total hydrocarbons, nore

preferably at least 70 wt.%
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An oxygenate co-feed may also be supplied by
oxygenate recovered stream 225 discussed bel ow

A diluent, such as water or steam nmay also be
provided to the OTO reaction zone 210. In the enbodi ment
of Figure 1, the diluent is provided as diluent stream
30. The nolar ratio of oxygenate to diluent may be
between 10:1 and 1:10, preferably between 4:1 and 1:2, in
particul ar when the oxygenate is methanol and the diluent
is water (typically steam

Preferably, in addition to the oxygenate and dil uent,
an olefinic co-feed is provided along with and/or as part
of the oxygenate feedstock. Figure 1 shows the co-feed
being supplied to OTO reaction zone 210 as an olefinic
co-feed stream 20. Reference herein to an olefinic co-
feed is to an olefin-conprising co-feed.

The olefinic co-feed preferably conprises C4+ olefins
i.e. C4 and higher olefins, nore preferably C4 and C5
ol efi ns. Preferably, the olefinic co-feed conprises at
least 25 wt.% nore preferably at least 50 w.% of C4
olefins, and at least a total of 70 wt.% of C4
hydrocarbon speci es.

In order to maximze production of ethylene and
propylene, it is desirable to maximze the recycle of C4
olefins in the effluent of the OTO process. This can be
done by recycling at least part of the C4+ hydrocarbon
fraction, preferably C4-C5 hydrocarbon fraction, nore
preferably C4 hydrocarbon fraction, in the OTO effluent.

However, a certain part thereof, such as between 1 and 5

Ww.% can be withdrawn as purge, since otherw se

saturated hydrocarbons, in particular C4s (normal and iso
butane) may build up in the process, which are
substantially not converted under the OIO reaction

condi tions. Preferably, at least 70 wt.% of the olefinic
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co-feed, during normal operation, is formed by a recycle
stream of a C4+ hydrocarbon fraction from the OTO
reaction effluent. Preferably at |least 90 wt.% of
olefinic co-feed, based on the whole olefinic co-feed, is
formed by such recycle stream

The preferred nolar ratio of oxygenate in the
oxygenate feedstock to olefin in the olefinic co-feed
provided to the OIO conversion zone 210 depends on the
speci fic oxygenate used and the nunber of reactive
oxygen-bonded al kyl groups therein. Preferably the nolar
ratio of oxygenate to olefin in the total feed lies in
the range of 20:1 to 1:10, nore preferably in the range
of 18:1 to 1:5, still nore preferably in the range of
15:1 to 1:3, even still nore preferably in the range of
12:1 to 1:3.

A variety of OTIO processes are known for converting
oxygenates, such as for instance nethanol or dinethyl
ether to an olef in-containing product, as already
referred to above. One such process is described in WO A
2006/ 020083. Processes integrating the production of
oxygenates from synthesis gas and their conversion to
light olefins are described in US20070203380A1 and
US20070155999A1

Catal ysts suitable for converting the oxygenate
f eedstock conprise nolecular sieve. Such nol ecul ar
sieve-conprising catalysts typically also include binder
materials, matrix material and optionally fillers.
Suitable nmatrix materials include clays, such as kaolin.
Suitable binder materials include silica, alum na,
silica-alumna, titania and zirconia, wherein silica is
preferred due to its low acidity.

Mol ecul ar sieves preferably have a nol ecul ar

framework of one, preferably two or nore corner-sharing
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tetrahedral units, nore preferably, two or nore [Si04],
[ AL04] and/or [P04] tetrahedral units. These silicon,
al um nium and/or phosphorus based nolecular sieves and

nmetal containing silicon, aluminium and/or phosphorus

based nol ecular sieves have been described in detail in
nunmerous publications including for exanple, US. Pat.

No. 4,567, 029. In a preferred enbodi nent, t he nol ecul ar
sieves have 8-, 10- or 12-ring structures and an average

pore size in the range of from about 3 A to 15 A.
Suitable nolecular sieves are silicoal uni nophosphates
(SAPO, such as SAPO- 17, -18, 34, -35, -44, but also
SAPO-5, -8, -11, -20, -31, -36, 37, -40, -41, -42, -47
and -56; al um nophosphates (A1IPO and netal substituted
(silico) al um nophosphat es (MeAI PO , wherein the Me in
MeAl PO refers to a substituted netal atom including
netal selected from one of Goup 1A IIA 1B [|IIB, [1VB,
VB, VIB, VIIB, WVIIB and Lanthanides of the Periodic
Tabl e of Elenments. Preferably Me is selected from one of
the group consisting of Co, C, Cu, Fe, G, GCe, M, M,
Ni, Sn, Ti, Zn and Zr.

Al ternatively, the conversion of the oxygenate

feedstock may be acconplished by the use of an

al umi nosi |l i cat e-conpri si ng catalyst, in particular a
zeol ite-conpri sing catal yst. Suitable catalysts include
those containing a zeolite of the ZSM group, in

particular of the MFl type, such as ZSM5, the MT type,
such as ZSM 23, the TON type, such as ZSM 22, the MEL
type, such as ZSM 11, and the FER type. O her suitable
zeolites are for exanple zeolites of the STF-type, such
as SSzZ-35, the SFF type, such as SSZ-44 and the EU 2
type, such as ZSM 48.

Al umi nosi |l i cate-conpri si ng catalyst, and in

particular zeolite-conprising catalyst are preferred when



WO 2013/098273 - 23 - PCT/EP2012/076849

an olefinic co-feed is fed to the oxygenate conversion
zone together wth oxygenate, for increased production of
et hyl ene and propyl ene.

Preferred catalysts conprise a nore-dinmensional
zeolite, in particular of the MFl type, nore in

particular ZSM5, or of the MEL type, such as zeolite

ZSM 11. Such zeolites are particularly suitable for
converting olefins, including iso-olefins, to ethylene
and/ or propyl ene. The zeolite having nore-dimensional

channels has intersecting channels in at |east two

di recti ons. So, for exanple, the channel structure is
formed of substantially parallel channels in a first
direction, and substantially parallel channels in a
second direction, wherein channels in the first and
second directions intersect. Intersections with a
further channel type are also possible. Preferably, the
channels in at least one of the directions are 10-
menbered ring channels. A preferred MIl-type zeolite has
a silica-to-alumna ratio, SAR of at |east 60,

preferably at |east 80. Mre preferred MI-type zeolites
have a silica-to-alumna ratio in the range of from 60 to
150, nore preferably of from 80 to 100,

Particular catalysts include catalysts conprising one
or nore zeolites having one-dinensional 10-menbered ring
channels, i.e. one-di nensional 10-menbered ring channels,
which are not intersected by other channels. Preferred
exanples are zeolites of the MIT and/or TON type.
Preferably, the catalyst conprises at |least 40 wm.%
preferably at |east 50% wt. of such zeolites based on
total zeolites in the catalyst. In one enbodinment, the
catal yst conprises in addition to one or nore one-

di mensional zeolites having 10-nenbered ring channels,

such as of the MIT and/or TON type, a nore-dinmensional
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zeolite, in particular of the MFl type, nore in
particular ZSM5, or of the MEL type, such as zeolite
ZSM 11 .

The catalyst may further conprise phosphorus as such
or in a conmpound, i.e. phosphorus other than any
phosphorus included in the framework of the nolecul ar
si eve. It is preferred that a MEL or MIl-type zeolite
conprising catalyst additionally conprises phosphorus.
The phosphorus may be introduced by pre-treating the MEL
or MFI-type zeolites prior to forrmulating the catalyst
and/or by post-treating the formulated catalyst
conprising the MEL or M-l -type zeolites. Preferably, the
catal yst conprising MEL or MI-type zeolites conprises
phosphorus as such or in a conmpound in an elenental
amount of from 0.05 to 10 wt .% based on the weight of the
formul ated catal yst. A particularly preferred catalyst
conpri ses phosphorus and MEL or M-l -type zeolite having
SAR of in the range of from 60 to 150, nore preferably of
from 80 to 100. An even nore particularly preferred
catal yst conprises phosphorus and ZSM5 having SAR of in
the range of from 60 to 150, nore preferably of from 80
to 100.

It is preferred that nolecular sieves in the hydrogen
form are used in the oxygenate conversion catalyst, e.g.,
HZSM 22, HzZSM 23, and HZSM 48, HZSM 5. Preferably at
| east 50% ww, nore preferably at least 90% ww, still
nore preferably at least 95% w w and nost preferably 100%
of the total anount of nolecular sieve used is in the
hydrogen form It is well known in the art how to
produce such nolecular sieves in the hydrogen form
The reaction conditions of the oxygenate conversion,
include a reaction tenperature of 350 to 1000 °C

preferably from 350 to 750 °C, nore preferably 450 to
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700°C, even nore preferably 500 to 650°C, and a pressure
from 0.1 kPa (1 nbar) to 5 MPa (50 bar), preferably from
100 kPa (1 bar) to 1.5 MPa (15 bar).

Preferably, the oxygenate feedstock is preheated to a
temperature in the range of from 200 to 550°C, nore
preferably 250 to 500°C prior to contacting with the
nmol ecul ar sieve-conprising catalyst.

The catalyst particles used in the process can have
any shape known to the skilled person to be suitable for
this purpose, and can be present in the form of spray
dried catalyst particles, spheres, tablets, rings,
extrudates, etc.. Extruded catalysts can be applied in
various shapes, such as, cylinders and trilobes. Spr ay-
dried particles allowing use in a fluidized bed or riser
reactor system are preferred. Spherical particles are
normal Iy obtained by spray drying. Preferably the
average particle size is in the range of 1 - 200 um,
preferably 50 - 100 pm.

Al t hough the C4+ hydrocarbon fraction in the reaction
effluent may be recycled as an olefinic co-feed as
di scussed above, in an alternative enbodimnent not shown
in Figure 1, at least part of the olefins in the C4+
hydrocarbon fraction are converted to ethylene and/or
propyl ene by contacting the C4+ hydrocarbon fraction in a
separate unit with a nolecular sieve-conprising catalyst,
particularly a zeolite-conprising catalyst. This is
particularly preferred where nolecular sieve-conprising
catalyst in the OTO process conprises a |east one SAPQ
AlPO, or MeAI PO type nol ecul ar sieve, preferably SAPO 34.
These catalysts are less suitable for converting olefins.
Preferably, the C4+ hydrocarbon fraction, such as the
third olefinic conponent stream 140 described below, is

contacted with the zeolite-conprising catalyst at a
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reaction tenperature of 350 to 1000 °c, preferably from
375 to 750 °Cc, nore preferably 450 to 700°C, even nore

preferably 500 to 650°C, and a pressure from 0.1 kPa (1
nbar) to 5 MPa (50 bar), preferably from 100 kPa (1 bar)
to 1.5 MPa (15 bar)

Optionally, the stream conprising C4+ olefins also

contains a diluent. Exanpl es of suitable diluents
include, but are not limted to, liquid water or steam
nitrogen, argon, paraffins and nethane. Under these

condi ti ons, at least part of the olefins in the 4+
hydrocarbon fraction are converted to further ethylene
and/ or propyl ene. The further ethylene and/or propylene
may be conbined with the further ethylene and/or
propyl ene obtained directly from the OIO reaction zone
210. Such a separate process step directed at converting
C4+ olefins to ethylene and propylene is also referred to
as an olefin cracking process (OCP)

Catalysts conprising nolecular sieve, particularly
al uni nosi |l i cate-conprising catal ysts, and nore
particularly zeolite-conprising catal ysts, have the
further advantage that in addition to the conversion of
nmet hanol or ethanol, these catalysts also induce the
conversion of olefins to ethylene and/or propylene.
Therefore, alumnosilicate-conprising catalysts, and in
particular zeolite-conprising catalysts, are particularly
suitable for use as the catalyst in an OCP. Particul ar
preferred catalysts for the OCP reaction, i.e. converting
part of the olefinic product, and preferably part of the
C4+ hydrocarbon fraction of the olefinic product
including C4+ olefins, are catalysts conprising at |east
one zeolite selected from MFlI, MEL, TON and MIT type
zeolites, nore preferably at |east one of ZSM5, ZSM 11,
ZSM 22 and ZSM 23 zeolites.
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Both the OTO process and the OCP may be operated in a
fluidized bed, e.g. a fast fluidized bed or a riser
reactor system and also in a fixed bed reactor, noving
bed or a tubular reactor. A fluidized bed, e.g. a fast
fluidized bed or a riser reactor system are preferred.

The catalyst can deactivate in the course of the OCP
and OTO process. The deactivation occurs primrily due
to deposition of carbonaceous deposits, such as coke, on
the catalyst by side reactions. The deactivated catalyst
can be regenerated to renove a portion of the
car bonaceous deposit by nmethods known in the art. It is
not necessary, and indeed may be undesirable, to renove
all the carbonaceous deposit from the catalyst as it is
believed that a small anount of residual carbonaceous
deposit such as coke may enhance the catalyst
per f or mance. Additionally, it is believed that conplete
renmoval of the carbonaceous deposit may also lead to
degradati on of the nol ecul ar sieve.

The sanme catalyst may be used for both the OIO
process and OCP. In such a situation, the catalyst
conprising nolecular sieve, particularly conprising
alum nosilicate nolecular sieve and nore particularly
conprising zeolite, may be first used in the OCPreaction
zone for the conversion of the C4+ olefins of the C4+
hydr ocarbon fraction. The catalyst from the OCP may then
be used, typically wthout regeneration, in the OTO
process for conversion of the oxygenate feedstock stream
10 and olefinic co-feed stream 20. The deacti vated
catalyst from the OIO process mmy then be regenerated as
described herein, and the regenerated catalyst then used
again in the OCP.

This line-up may be beneficial because it provides

good heat integration between the OCP, OIO and
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regeneration processes. The OCP is endothermc and at

| east a portion of the heat of reaction can be provided
by passing catalyst from the regeneration zone to the OCP
reaction zone, because the regeneration reaction which
oxi di zes the carbonaceous deposits from the | oaded

catal yst is exothermc.

Returning to Figure 1, reaction effluent stream 40
from the reaction zone 210 conprises oxygenate, olefin,
wat er and carbonyl conpound conprising formaldehyde and
one or both of C2+ aldehyde and ket one. The reaction
effluent stream 40 can be passed to an effl uent
separation zone 220, such as a gas/liquid contactor,
particularly a colum conprising packing and/or trays,
where it is treated with an aqueous liquid stream 285 to
provide a water rich stream 215 conprising oxygenate,
formal dehyde and water and a water depleted effluent
stream 50 conprising olefin and carbonyl conmpound
conprising one or both of C2+ aldehyde and ketone.
Typically, the reaction effluent stream 40 is contacted
with the aqueous liquid stream 285 such as a water
stream nore particularly a cooled aqueous liquid stream
such as a cooled water stream for instance in a quench
col um. The aqueous liquid stream 285 can condense water
from the reaction effluent stream 40 and absorb oxygenate
and formal dehyde to provide the water rich stream 215.

The aqueous liquid stream 285 and water rich stream
215 may be part of an effluent separation circuit 275.
At least a portion of the water rich stream 215 may be
returned to the effluent separation zone 220 to renove
oxygenate, formal dehyde and water from the reaction
effluent stream 40, for instance as the aqueous liquid
stream 285. In such an enbodi nent, the aqueous liquid

stream 285 would further conprise oxygenate and
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f or mal dehyde. The enbodi nent of Figure 1 shows water
rich stream 215 being split into return water rich stream
215a to be passed back to the effluent separation zone
and continuing water rich stream 215b.

The water rich stream 215, or continuing water rich
stream 215b may then be passed to an oxygenate recovery
zone 260, such as an oxygenate stripper. The oxygenate
recovery zone 260 may be a columm conprising one or both
of trays and packing in which the water rich stream 215
is contacted with a stripping gas, for instance a heated
aqueous stream such as a steam stream (not shown) to
vapori se the oxygenate and formal dehyde. The oxygenate
recovery zone can separate oxygenate from the water in
the water rich stream to provide a recovered oxygenate
stream 225 conprising oxygenate and fornal dehyde and an
agueous recovered stream 265 conprising water. The
recovered oxygenate stream 225 can be passed to the OTO
reaction zone 210 as an oxygenate co-feed stream

In an enbodi mrent not shown in Figure 1, the recovered
oxygenate stream 225 can be passed to an oxygenate
recovered stream heating furnace prior to entering the
OrO reaction zone 210 in order to pre-heat the stream to
a tenmperature suitable for use as an oxygenate co-feed.

At least a portion of the aqueous recovered stream
265, such as return aqueous recovered stream 265a, can be
passed back to the effluent separation zone 220.

In the enbodinent of Figure 1, the effluent
separation circuit conprises at |east aqueous liquid
stream 285 and water rich stream 215. When a continuous
circuit is provided, the effluent separation circuit may
further conprise one or nore of return water rich stream
215a, continuing water rich stream 215b, aqueous

recovered stream 265 and return aqueous recovered stream
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265a. Stream 265b may be purged from the process. There
should be no transfer of absorbent between the effl uent
separation circuit and the carbonyl conmpound absorbent
circuit 305 discussed below. This prevents the
contam nation of the aqueous liquid in the effluent
separation circuit 275 with bisulphite and/or carbonyl
conpound adduct . It will therefore be apparent that the
aqueous liquid stream 285 and water rich stream 215, and
the streans derived therefrom should not conprise an
aqueous solution of bisulphite having a pH in the range
of from 4 to 8 and/or carbonyl conmpound adduct conprising
one or both of C2+ aldehyde adduct and ketone adduct

The water depleted effluent stream 50 conprising
olefin and carbonyl conpound conprising one or both of
C2+ al dehyde and ketone can be passed to an effluent
conpressor 280, in which the pressure of the stream is
increased to provide a conpressed effluent stream 55
conprising olefin and carbonyl conmpound conprising one or
both of C2+ al dehyde and ketone. The effluent conpressor
280 may be a single stage or a nulti-stage conpressor.
The effluent conpressor 280 may be driven by an effluent
conpressor driver 290, such as an electric notor or a
turbine, particularly a steam turbine. The compressed
effluent stream 55 may be provided at a pressure above
2.5 bara, typically above 5 bara, nore typically above 10
bara, . Gas-liquid separators (not shown) , such as a
knock-out drunms, for the renoval of any condensed phase
such as water and C5+ hydrocarbons may be present after
conpression, or after each stage of conpression if a
mul ti-stage conpression system is used.

Subsequently, the conpressed effluent stream 55
conprising olefin and carbonyl conmpound conprising one or

both of C2+ aldehyde and ketone can then be passed to a
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carbonyl conmpound absorption zone 230. The conpressed
effluent stream 55 is treated, typically contacted, wth
a carbonyl conmpound absorbent stream 255 conprising an
aqueous solution of bisulphite having a pH in the range
of from 4 to 8. The bisulphite may be present in the
aqueous solution as a dissolved salt, such as the salt of
an alkali or alkaline earth nmetal, particularly [lithium
sodi um and potassium The bisulphite solution may have a
concentration in the range of from 1 to 10 wt.%, more
typically 1 to 5 wt.%

Preferably, the conpressed effluent stream 55 is
treated with a carbonyl conmpound absorbent stream 255 at
a tenperature in the range of from 30 to 50°C, nore
preferably of from 35 to 45°C.

Bi sul phite can react with al dehyde and ketone in the
conpressed effluent stream 55 to provide an aqueous
sol ubl e bisul phite adduct thereby providing an olefinic
product stream 70 conprising olefin and a |oaded carbonyl
conpound absorbent stream 235 conprising one or both of
C2+ al dehyde adduct and ketone adduct and optionally
unreacted bisul phite.

The carbonyl conpound absorbent stream 255 and | oaded
carbonyl conpound absorbent stream 235 may be part of an
carbonyl conpound absorbent circuit 305.

| f | oaded carbonyl conpound absorbent stream 235
conprises unreacted bisulphite, at least a portion of the
| oaded carbonyl conmpound absorbent stream 235 may be
returned to the carbonyl conmpound absorption zone 230 to
renove carbonyl conpound conprising one or both of C2+
al dehyde and ketone from the conpressed effluent stream
55, for instance as the carbonyl conpound absorbent
stream 255. In such an enbodi ment, the carbonyl conpound

absorbent stream 255 would further conprise one or both
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of C2+ al dehyde adduct and ketone adduct . The enbodi nment
of Figure 1 shows |oaded carbonyl conpound absorbent
stream 235 being split into return |oaded carbonyl
conpound absorbent stream 235a to be passed back to the
carbonyl conpound absorption zone 230 and continuing

| oaded carbonyl conpound absorbent stream 235b.

In order to replenish the bisulphite in the carbonyl
conpound absorbent stream 255, a carbonyl conmpound
absorbent restoration stream 205 conprising an aqueous
solution of bisulphite can be added to the return | oaded
carbonyl conpound absorbent stream 235a. The
concentration of bisulphite in the carbonyl conpound
absorbent restoration stream 205 may be selected in order
provide a desired concentration of absorbent in the
carbonyl conpound absorbent stream 255. Typically, the
carbonyl conpound absorbent restoration stream 205
conprises an aqueous solution of bisulphite having a pH
in the range of from 4 to 8.

Stream 235b may be purged from the process.

In the enbodinent of Figure 1, the carbonyl conpound
absorbent «circuit 305 conprises at |east carbonyl
conpound absorbent stream 255 and | oaded carbonyl
conpound absorbent stream 235. The carbonyl conmpound
absorbent circuit 305 should be separated from the
effluent separation circuit 275 as already discussed.

The olefinic product stream 70 conprising olefin my
then be further treated. If the reaction effluent stream
40 further conprises an acid gas which has not already
been renoved, the olefinic product stream 70 may be
treated to renove any acid gas such as hydrogen sul phide
or carbon dioxide present. For instance, the olefinic
product stream 70 may be contacted with an acid gas

absorbent stream such as an aqueous alkaline stream
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typically a stream conprising an alkali nmetal hydroxide,
to absorb the acid-formng gas. This enbodi nent is not
shown in Figure 1 but is discussed in relation to the
enbodi nents of Figures 2 and 3.

The olefinic product stream 70, which has optionally
been treated to renmpbve acid gas, may then be optionally
conpressed in an olefinic product conpressor 310 to
provide a conpressed olefinic product stream 75
conprising olefin. The olefinic product conpressor 310
may be a single or nulti-stage conpressor, driven by an
ol efinic product compressor driver 320, such as an
electric notor or turbine, particularly a steam turbine.
O efinic product conpressor 310 and effluent conpressor
280 may share a common driver. Typically, any
conpression would provide the conpressed olefinic product
stream 75 at a pressure of above 25 bara, nore typically
in the range of from 30 to 40 bara. The ol efinic product
conpressor 310 may optionally further conprise gas/liquid
separators, such as knock-out drums, to renobve any
condensed phase produced.

The optionally conpressed olefinic product streams 75
may be passed to an olefinic separation zone 250, such as
a distillation zone, preferably a cryogenic distillation
zone, to provide two or nore olefinic conmponent streans
120, 130, 140.

The olefinic product preferably conprises two or nore
of the group selected from ethylene, propylene,
butyl ene(s) and pentylene (s). Consequently, each of the
two or nmore olefinic conmponent streams may conprise at
| east one of the group selected from ethylene, propylene,
butyl ene(s) and pentylene (s) . In the enbodi nent of
Figure 1, olefinic separation =zone 250 nmay conprise a

deet hani ser providing a first olefinic conponent stream



WO 2013/098273 - 34 - PCT/EP2012/076849

120 conprising ethylene, a depropaniser providing a
second olefinic conmponent stream 130 conprising propylene
and a third olefinic conmponent stream 140 conprising C4+
hydrocarbons including C4+ olefins such as one or nore of
butyl ene(s) and pentylene (s).

In an enbodi nent not shown in Figure 1, at least a
portion of the third olefinic conponent stream 140 can be
passed to the OTO reaction zone 210 as olefinic co-feed
stream 20.

Figures 2 and 3 disclose further aspects of the
process and apparatus disclosed herein, in which the
conpressed effluent stream 55 is also treated to renove
acid gas .

The apparatus of the enmbodinent of Figure 2 can be
used in the process and apparatus of the enbodi ment of
Figure 1. Apparatus and stream lines of the same
reference nunmerals to that of Figure 1 correspond to
i dentical equipnent.

Reaction effluent stream 40, and therefore conpressed
effluent stream 55, may both further conprise acid gas
such as carbon dioxide, which can be produced in the OTrO
reaction zone (Figure 1, 210) by side reactions of the
OTO process. O her acid gases, such as hydrogen sul phide
are not commonly produced by an OTO process, but may be
present in the conpressed effluent stream 55, for
instance if this is supplenented with effluent from
anot her source, such as a naphtha cracker.

Figure 2 discloses an enbodinent in which a
conpressed effluent stream 55 further conprising acid gas
such as carbon dioxide is passed to a carbonyl conpound
absorption zone 230 to provide an olefinic product stream
70 conprising olefin and acid gas. The carbonyl conpound

absorbent circuit 305 operates in a simlar manner to the
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enbodi ment of Figure 1, with a portion of the | oaded
carbonyl conpound absorbent stream 235 being returned to
t he carbonyl conmpound absorption zone 230 via return

| oaded carbonyl conpound absorbent stream 235a with the
remai ning portion drawn off as continuing |oaded carbonyl
conpound absorbent stream 235b. Addi ti onal aqueous

bi sul phite solution is added to the return | oaded
carbonyl conpound absorbent stream 235a as carbonyl
conpound restoration stream 205 to provide a carbonyl
conpound absorbent stream 255. The ol efinic product
stream 70 conprising olefin and acid gas can then be
passed to an acid gas absorption zone 420, in which it i
treated with an acid gas absorbent stream 415 conprising
acid gas absorbent, said stream in liquid form to
provide an acid gas depleted olefinic product stream 70a
conprising olefin. The acid gas absorption zone 420 may
be a columm optionally conprising one or both of packing
and trays. The acid gas absorbent stream 415 may be an
aqueous al kaline stream such as an aqueous sodium
hydroxi de stream particularly conprising 2 to 10wm.%
sodi um hydroxide. Alternatively, there are two separate
sodi um hydroxide circuits, e.g. one having a
concentration of 2 to 5% and the one before the water
wash of 5 to 10%

Absorption of acid gas by the acid gas absorbent
stream 415 provides a |oaded acid gas absorbent stream
425 conprising acid gas absorbent and acid gas, said
stream in liquid form A portion of the |oaded acid gas
absorbent stream 425 can be returned to the acid gas
absorption zone 420 via return |oaded acid gas stream
425a, with the remainder formng continuing |oaded acid
gas absorbent stream 425b. Addi tional acid gas absorbent

can be added to the return |oaded acid gas absorbent
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stream 425a as acid gas restoration stream 435 to provide
a acid gas absorbent stream 415.

Acid gas depleted olefinic product stream 70a nmay
further conmprise conmponents from one or both of the
absorbent streans such as acid gas absorbent and | oaded
acid gas absorbent. Absorbent entrained in the acid gas
depleted olefinic product stream 70a nmay be renoved by
treatment with an aqueous wash stream 455, such as a
water stream in a wash zone 440. Wash zone 440 may be a
wash columm, which may conprise one or both of trays and
packi ng. Wash zone 440 provides a spent aqueous wash
stream 465 and a washed acid gas depleted olefinic
product stream 70b. The spent aqueous wash stream 465 may
conprise water acid gas absorbent and |oaded acid gas
absor bent . The washed acid gas depleted olefinic product
stream 70b, which conprises olefin, my be depleted,
conpared to the acid gas depleted olefinic product stream
70a, in one or nmore of the group conprising acid gas
absorbent and |oaded acid gas absorbent.

The washed acid gas depleted olefinic product stream
70b may be optionally dried, before optional conpression
in the olefinic product conpressor 310 and further
treatnment as discussed in the enbodi nent of Figure 1.

Figure 3 shows an enbodinment in which the carbonyl
conpound absorption zone and acid gas absorption zone are
provided in the same shell. Apparatus and stream |ines
having the sane reference nunerals to those of Figures 1
and 2 represent identical equipnent. The enbodi ment of
Figure 3 can be used in conjunction with the process and
apparatus of Figure 1.

Conpressed effluent stream 55 further conprising acid
gas such as carbon dioxide or hydrogen sulphide can be

passed to a conbined carbonyl conpound and acid gas
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absorption colum 500. The gravitationally |owest zone
is the carbonyl compound rempoval zone in which the
conpressed effluent stream is treated with a carbonyl
conpound absorption stream 255 to provide an olefinic
product stream and a |oaded carbonyl conpound absorbent
stream 235.

The olefinic product stream conprising olefin and
acid gas may then be treated in a plurality of acid gas
absorption zones, which can be located gravitationally
hi gher than the carbonyl conpound renoval zone. The acid
gas absorption zones can treat the olefinic product
stream with a plurality of acid gas absorbent streans
415a, 415b, each of increasing concentration of acid gas
absor bent . The gravitationally higher the acid gas
absorption zone, the higher the concentration of the acid
gas absorbent in the acid gas absorption stream 415a,
415b.

For instance, the olefinic product stream may be
treated with a first acid gas absorbent stream 415a, such
as an aqueous sodium hydroxi de stream having a
concentration of approximately 2 wt.% sodi um hydroxi de,
and subsequently treated wth a second acid gas absorbent
stream 415b, such as an aqueous sodium hydroxide stream
having a concentration of approximately 6 wt.% sodium
hydr oxi de. The plurality of acid gas absorption zones
can be in fluid comunication such that a single |oaded
acid gas absorption stream 425 exits colum 500. The
acid gas renoval zones can provide an acid gas depleted
olefinic product stream which can then be passed to a
wash zone, gravitationally higher than the acid gas
renoval zones, in which it is treated with an aqueous
wash stream 455 to provide washed acid gas depleted

olefinic product stream 70a and spent wash stream 465.
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The person skilled in the art will understand that
the present invention can be carried out in many various
ways W thout departing from the scope of the appended

clains.
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CLAI MS

1. A process for the preparation of olefinic product,
the process conprising at least the steps of:

- reacting an oxygenate feedstock conprising oxygenate
in an oxygenate reaction zone (210) in the presence of a
catal yst conprising a nolecular sieve to produce a
reaction effluent stream (40) conprising oxygenate,
olefin, water and carbonyl conpound conprising

formal dehyde and one or both of C2+ al dehyde and ketone;
- treating the reaction effluent stream (40) wth an
aqueous ligquid stream (285 to provide a water rich
stream (215) conprising oxygenate, fornaldehyde and water
and a water depleted effluent stream (50) conprising
olefin and carbonyl conmpound conprising one or both of
C2+ al dehyde and ketone, said aqueous liquid stream and
said water rich stream present in an effluent separation
circuit (275 ;

- conmpressing the water depleted effluent stream (50),
with the optional renopval of any condensed phase, to
provide a conpressed effluent stream (55) ;

- treating the conpressed effluent stream (55 wth a
carbonyl conmpound absorbent stream (255) conprising an
aqueous solution of bisulphite having a pH in the range
of from 4 to 8, to provide an olefinic product stream
(70) conprising olefin and a |oaded carbonyl conpound
absorbent stream (235) conprising an aqueous solution of
at | east one carbonyl adduct conprising one or both of
C2+ al dehyde adduct and ketone adduct and optionally
unreacted bisul phite, said carbonyl conpound absorbent
stream (255) and said |oaded carbonyl conpound absorbent

stream (235) in a carbonyl conpound absorbent <circuit
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(305) separate from the effluent separation circuit

(275)

2. The process of claim 1, further conprising the steps
of :

- separating at least a part (215b) of the water rich
stream (215) into an oxygenate recovered stream (225)
conprising oxygenate and an aqueous recovered stream (265)
conprising water;

- passing the oxygenate recovered stream (225) to the
oxygenate reaction zone (210)

3. The process of claim 1 or claim 2 further conprising
the step of:

- passing at least a part (215a) of the water rich
stream (215) to the aqueous |liquid stream (285)

4. The process of any of the preceding clains further
conprising the step of:

- passing at least a part (235a) of the |oaded carbonyl
conmpound absorbent stream (235) to the carbonyl conpound
absorbent stream (255)

5. The process of any of the preceding clains further
conprising the steps of:

- renoving at least a portion (235b) of the | oaded
carbonyl conpound absorbent stream (235) as a continuing
| oaded carbonyl conpound absorbent stream (235b) ;

- addi ng carbonyl conpound absorbent conprising an
aqueous solution of bisulphite having a pH in the range
of from 4 to 8 to the carbonyl conpound absorbent stream
(255) as a carbonyl conpound absorbent restoration stream
(205)

6. The process of any of the preceding clains in which
the pH of the aqueous solution of bisulphite is in the

range of from 5 to 7.
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7. The process of any of the preceding clains wherein
the C2+ al dehyde conprises one or both of a C2+ saturated
al dehyde, such as acetal dehyde

8. The process of any of the preceding clains, wherein
the reaction effluent stream (40), water depleted stream
(50), conpressed effluent stream (55 and olefinic

product stream (70) each further conprise an acid gas,
such as one or both of carbon dioxide and hydrogen

sul phide, and said process further conprises the step of:
- treating the olefinic product stream (700 with an acid
gas absorbent stream (415) to provide a |oaded acid gas
absorbent stream (425) and an acid gas depleted olefinic
product stream conprising olefin (70a)

9. The process of claim 8 wherein the acid gas depleted
olefinic product stream (70a) conprises two or nore of
the group selected from ethylene, propylene, butylenes,
pentyl enes and hexylenes, said process further conprising
the steps of:

- drying and optionally conpressing the acid gas
depleted olefinic product stream (70a) to provide a dried
acid gas depleted olefinic product stream (70b) ;

- separating the dried acid gas depleted olefinic
product stream (70b) into two or nore olefinic conponent
streans, each said olefinic conponent stream conprising
at least one of the group selected from ethyl ene,

propyl ene, butylenes, pentylenes and hexyl enes.

10. The process of any of the preceding clains, wherein
the oxygenic feedstock is reacted to produce the reaction
effluent stream (40) in the presence of an olefinic co-
feed, such as an olefinic co-feed conprising one or both

of butylene and pentyl ene.
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11. The process of any of the preceding clains wherein
the nolecular sieve is selected from the group conprising
si li coal um nophosphat e and alunminosilicate

12. The process of claim 11 wherein the nolecular sieve
is an alumnosilicate having a 10-nenbered ring zeolite
structure

13. The process of claim 11 or claim 12 wherein the
alunminosilicate conprises one or nore of the group
comprising a TON-type aluminosilicate , such as ZSM 22, a
MIT-type alum nosilicate, such as ZSM 23, MEL-type

al unmi nosilicate, such as ZSM 11 and Ml -type

alum nosilicate, such as ZSM 5.

14. An apparatus for the preparation of an olefinic
product, from an oxygenate feedstock, said apparatus
conmprising at |east:

- an oxygenate reaction zone conprising a catalyst
comprising nolecular sieve, said oxygenate reaction zone
having a first inlet for an oxygenate feedstock stream
(10) conprising oxygenate and a first outlet for a
reaction effluent stream (40) conprising oxygenate,
olefin, water and carbonyl conpound conprising

formal dehyde and one or both of C2+ al dehyde and ketone,
said first outlet in fluid comunication wth a first
inlet of an effluent separation zone (220);

- an effluent separation zone (220) for separating the
reaction effluent stream (40) into a water rich stream
(215) conprising oxygenate, fornmaldehyde and water and a
wat er depleted effluent stream (50) conprising olefin and
carbonyl compound conprising C2+ aldehyde and ketone,
said effluent separation zone (220) having a first inlet
for the reaction effluent stream (40), a second inlet for
an aqueous liquid stream (285 , a first outlet for the

water rich stream (2150 and a second outlet for the water
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depleted effluent stream (50), said second outlet in
fluid comunication wth the inlet of an effluent

conpr essor (280), wherein said aqueous liquid stream
(285) and said water rich stream (215) conprise an
effluent separation circuit (275) ;

- an effluent conpressor (280) having a first inlet for
the water depleted effluent stream (50) and a first
outlet for a conpressed effluent stream (55) , said first
outlet in fluid conmunication wth the first inlet of an
carbonyl compound absorption zone (230), said effluent
conpressor  (280) optionally conprising gas/liquid
separation nmeans for the renmpval of any condensed phase;
- a carbonyl conpound absorption zone (230) having a
first inlet for the conpressed effluent stream (55 , a
second inlet for a carbonyl conpound absorbent stream
(255) conprising an aqueous solution of bisulphite having
a pH in the range of from 4 to 8, a first outlet for an
olefinic product stream (70) conprising olefin and a
second outlet for a |oaded carbonyl conmpound absorbent
stream (235) conprising an aqueous solution of at |east
one carbonyl conpound adduct conprising one or both of
C2+ al dehyde adduct and ketone adduct and optionally
unreacted bisulphite, wherein said carbonyl conmpound
absorbent stream (255) and said |oaded carbonyl conpound
absorbent stream (235 form a carbonyl conmpound absorbent
circuit (305 , said carbonyl conmpound absorbent circuit
(305) being separate from the effluent separation circuit

(275)
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