wo 2014/102292 A1 |[IN I NPFV OO R 0 0

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/102292 A1l

3 July 2014 (03.07.2014) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C07C 1/20 (2006.01) C07C 11/06 (2006.01) kind of national protection available): AE, AG, AL, AM,
C07C 11/04 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) International Aoolication Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/EP2013/078006 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
24 December 2013 (24.12.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(26) Publication Language: English ?’V’ IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: . L
12199587.2 28 December 2012 (28.12.2012) EP (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): SHELL GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
INTERNATIONALE RESEARCH MAATSCHAPPLJ UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 HR TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
The Hague (NL). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant (for US only): SHELL OIL COMPANY MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
. TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
[US/US]; PO Box 2463, One Shell Plaza, Houston, Texas KM, ML, MR, NE, SN, TD, TG)
77252-2463 (US). » Vi MR, INE, S, 2L 20).
(72) Tnventors: CHEWTER, Leslie Andrew; Grasweg 31, Declarations under Rule 4.17:
NL-1031 HW Amsterdam (NL). VAN WESTRENEN, — as fo applicant’s entitlement to apply for and be granted a
Jeroen; Grasweg 31, NL-1031 HW Amsterdam (NL). patent (Rule 4.17(ii))
(74) Agent: MATTHEZING, Robert Maarten; PO Box 384, Published:

NL-2501 CJ The Hague (NL).

with international search report (Art. 21(3))

(54) Title: PROCESS FOR PREPARING ETHYLENE AND PROPYLENE FROM AN OXYGENATE

Fig.1

13

|31

17
WA
B

20

19

(57) Abstract: The invention relates to a process for preparing lower olefins from an oxygenate, the process comprising: a) contact-
ing the oxygenate with a molecular sieve- comprising catalyst, at a temperature in the range of from 350 to 1000 °C to obtain an ol -
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tial dehydrogenation by contacting the fraction with a dehydrogenation catalyst under partial dehydrogenation conditions to obtain a
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PROCESS FOR PREPARING ETHYLENE AND PROPYLENE FROM AN

OXYGENATE

Field of the invention

The invention relates to a process for preparing ethylene
and propylene from an oxygenate.

Background to the invention

Conventionally, lower olefins such as ethylene and
propylene are produced via steam cracking of paraffinic
hydrocarbon feedstocks including ethane, propane, naphtha,
gasoil and hydrowax. An alternative route to lower olefins
is the so-called oxygenate-to-olefin process. In such
oxygenate-to-olefin process, an oxygenate such as methanol
or dimethylether (DME) is provided to a reaction zone
containing a suitable oxygenate conversion catalyst,
typically a molecular sieve-comprising catalyst, and
converted into ethylene and propylene. In addition to the
desired lower olefins, a substantial part of the oxygenate
is converted into C4" olefins and paraffins.

In WO2009/065848 an oxygenate-to-olefin process is
disclosed wherein the yield of lower olefins is increased
by recycling a fraction comprising C4" olefins to the
reaction zone. At least part of the C4" olefins in the
recycle are converted into the desired lower olefins. A
disadvantage of the process of W02009/065848 is, however,
that at least part of the recycle stream needs to be purged
in order to avoid undesired accumulation of paraffins in
the recycle stream. With the purge, also valuable C4"

olefins will be removed from the process without being
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converted into lower olefins. The purged part of the
recycle comprising C4" olefins can be reduced to achieve a
higher yield of lower olefins, but then an increasing
volume of recycle is needed, which is undesirable from an
economic point of view.

In US 7,923,591 a process is disclosed for
manufacturing lower olefins from an oxygenate-containing
reaction mixture, wherein a product stream comprising C4
and C5 hydrocarbons from the oxygenate conversion step is
subjected to extractive distillation to separate saturated
butanes from it. The remaining butenes and C5 hydrocarbons
are, after solvent stripping, recycled to the oxygenate
conversion step to yield lower olefins.

Summary of the invention

It has now been found that by recycling to the
oxygenate-to-olefins step a C4 hydrocarbon fraction from
the oxygenate-to-olefin effluent after such fraction has
been partially dehydrogenated, a comparable or even higher
yield of lower olefins can be obtained at an equal volume
of the recycle stream, compared to the situation wherein
part of the recycle stream is purged.

Accordingly, the invention relates to a process for
preparing ethylene and propylene from an oxygenate, the
process comprising the following steps:

a) contacting the oxygenate with a molecular sieve-
comprising catalyst, at a temperature in the range of
from 350 to 1000 °C to obtain an olefinic product
stream comprising ethylene, propylene and C4
hydrocarbons;

b) subjecting the olefinic product stream to one or more
separation steps such that at least ethylene and/or

propylene and a fraction comprising C4 hydrocarbons

2-



WO 2014/102292 PCT/EP2013/078006

including saturated and mono-unsaturated C4

hydrocarbons, are obtained;

c) subjecting the fraction comprising C4 hydrocarbons
obtained in step b) to partial dehydrogenation by
contacting the fraction with a dehydrogenation
catalyst under partial dehydrogenation conditions to
obtain a partially dehydrogenated C4 hydrocarbon
stream; and

d) recycling the partially dehydrogenated C4 hydrocarbon
stream to step a).

In the process according to the invention, the
recycled C4 hydrocarbon fraction is partially
dehydrogenated to avoid further build-up of saturated
hydrocarbons in the recycle stream. Thus, there might be no
need to purge part of the recycle stream and the loss of
valuable mono-unsaturated C4 hydrocarbons with such purge
can be avoided.

In order to favour the desired dehydrogenation of
saturated hydrocarbons into mono-unsaturated C4
hydrocarbons over the undesired formation of di-olefins, it
is preferred that the ratio of saturated C4 hydrocarbons to
mono-unsaturated hydrocarbons in the recycled C4
hydrocarbon fraction has at least a certain value before it
is subjected to partial dehydrogenation. This may for
example be achieved by recycling the C4 hydrocarbon
fraction in the start-up phase of the process directly to
oxygenate conversion step a), i.e. without subjecting the
fraction to partial dehydrogenation, until a certain wvalue
of the ratio of saturated C4 hydrocarbons to mono-
unsaturated hydrocarbons in the recycled C4 hydrocarbon
fraction is obtained. Once such ratio is obtained, the

recycled fraction is subjected to partial dehydrogenation
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step ¢). Alternatively, the C4 hydrocarbon fraction may be
recycled after subjection to partial dehydrogenation
already in the start-up phase, but under application of
much milder dehydrogenation conditions. Alternatively or
additionally, a high ratio of saturated to mono-unsaturated
C4 hydrocarbons may be achieved in a start-up phase by
combining an external stream comprising saturated and mono-
unsaturated C4 hydrocarbons with a relatively high ratio of
saturated to mono-unsaturated C4 hydrocarbons with the C4
hydrocarbon fraction to form a combined C4 hydrocarbon
stream that is subjected to partial dehydrogenation.

A further advantage of the process according to the
invention is that no dedicated separation step for
separating by-products formed in the dehydrogenation step
is needed. The partially dehydrogenated stream may be
directly recycled to the oxygenate-to-olefin step. The most
important by-product, hydrogen, may be separated from the
olefin products in a separation section that is used for
separating the desired olefin products from the effluent
obtained in the oxygenate-to-olefin step. Other byproducts,
such as for example butadiene, will be partly converted in
the oxygenate-to-olefin step into conversion products such
as cyclic and aromatic components that can be separated
from the desired product in the separation section.

The process according to the invention may be
advantageously combined with a process for steam cracking a
paraffinic feedstock, such as for example naphtha. In steam
cracking of such paraffinic feedstock, a product stream
comprising ethylene, propylene and C4 hydrocarbons
including saturated and unsaturated C4 hydrocarbons is
obtained. By adding a fraction comprising C4 hydrocarbons

that is separated from such steam cracker product stream to
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the fraction comprising C4 hydrocarbons that is recycled to
the oxygenate conversion step, the selectivity of the
dehydrogenation step towards mono-olefins and the olefins
yield of the process is advantageously increased. A further
advantage of adding a C4 fraction of a steam cracker is
that more hydrogen is produced in the partial
dehydrogenation step. Such hydrogen may advantageously be
used for hydrogenation of a stream obtained in the combined
oxygenate conversion and steam cracking process according
to the invention, for example for hydrotreatment of
pyvrolysis gas, hydrogenation of acetylene to ethylene, or
hydrogenation of butadiene. Alternatively, the steam
cracker step may be further integrated in the process
according to the invention by using a combined separation
section for the effluents of oxygenate-to-olefin step a)
and the steam cracker step. Thus, a fraction comprising C4
hydrocarbons is obtained that comprises C4 hydrocarbons
both from oxygenate conversion and from steam cracking of
paraffins. This C4 hydrocarbon fraction is then partially
dehydrogenated, preferably after removal of butadiene by
means of partial hydrogenation, and recycled to oxygenate-
to-olefin step a).

Brief description of the drawings

In Figure 1 is schematically shown a process according
to the invention comprising an oxygenate conversion step.

In Figure 2 is schematically shown an embodiment of
the invention wherein a steam cracking step is integrated
in the process according to the invention.

Detailed description of the invention

In the process according to the invention, an
oxygenate is first converted into lower olefins by

contacting the oxygenate with a molecular sieve-comprising
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catalyst at a temperature in the range of from 350 to

1000 °C (oxygenate conversion step a)). Besides lower
olefins, i.e. ethylene and propylene, C4 olefinic and
paraffinic hydrocarbons and, in a lesser amount C5° olefinic
and paraffinic hydrocarbons are formed as by-product. Thus,
an olefinic product stream comprising ethylene, propylene,
C4 hydrocarbons and higher hydrocarbons is obtained in step
a). Typically, C4" paraffins such as isobutane, n-butane, n-
pentane, iso-pentane, and C4+ olefins such as isobutene, n-
butenes, n-pentenes, iso-pentenes and C5+ naphtenes such as
cyclopentane and cyclopentene will be present in the
olefinic product stream. Small amounts of dienes like
butadienes may be present in the olefinic product stream.

Reference herein to an oxygenate is to a compound
comprising at least one alkyl group that is covalently
linked to an oxygen atom. Preferably, at least one alkyl
group has up to five carbon atoms, more preferably up to
four, even more preferably one or two carbon atoms, most
preferably at least one alkyl group is methyl. Mono-
alcohols and dialkylethers are particularly suitable
oxygenates. Methanol and dimethylether or mixtures thereof
are examples of particularly preferred oxygenates.

The oxygenate conversion in step a) is carried out by
contacting the oxygenate with a molecular sieve-comprising
catalyst at a temperature in the range of from 350 to
1000 °C, preferably of from 350 to 750 °C, more preferably
of from 450 to 700 °C, even more preferably of from 500 to
650 °C. The conversion may be carried out at any suitable
pressure, preferably at a pressure in the range of from 1
bar to 50 bar (absolute), more preferably of from 1 bar to
15 bar (absolute). A pressure in the range of from 1.5 to

4.0 bar (absolute) is particularly preferred.
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Any molecular sieve comprising catalyst known to be
suitable for the conversion of oxygenates, in particular
alkanols and dialkylethers, into lower olefins may be used.
Preferably the catalyst comprises a molecular sieve having a
8-, 10- or 12-ring structure and an average pore size in the
range of from 3 A to 15 A. Examples of suitable molecular
sieves are silicoaluminophosphates (SAPOs),
aluminophosphates (Al1PO), metal-substituted
aluminophosphates or metal-substituted
silicoaluminophosphates. Preferred SAPOs include SAPO-5, -8,
-11, -17, -18, -20, -31, -34, -35, -36, -37, -40, -41, -42,
-44, -47 and -56. SAPO-17, -18, -34, -35, and -44 are
particularly preferred.

A particular suitable class of molecular sieves are
zeolites. In particular in case not only oxygenates but also
C4+ olefins or compounds that form C4+ olefins under the
reaction conditions prevailing in oxygenate conversion step
a) are supplied to step a), e.g. a tertiary alcohol such as
tertiary butanol or a tertiary alkylether such as methyl
tertiary butylether, a zeolite-comprising catalyst is
preferred as molecular-sieve comprising catalyst, more
preferably a catalyst comprising a zeolite with a 10-
membered ring structure. Zeolite-comprising catalysts are
known for their ability to convert higher olefins to lower
olefins, in particular C4+ olefins to ethylene and/or
propylene. Suitable zeolite-comprising catalysts include
those containing a zeolite of the ZSM group, in particular
of the MFI type, such as ZSM-5, the MTT type, such as ZSM-
23, the TON type, such as 7ZS5M-22, the MEL type, such as ZSM-
11, the FER type. Other suitable zeolites are for example
zeolites of the STF-type, such as SSZ-35, the SFF type, such
as $5S72-44 and the EU-2 type, such as ZSM-48. Preferably, the

-7-



10

15

20

25

30

WO 2014/102292 PCT/EP2013/078006

catalyst comprises at least one zeolite selected from MFI,
MEL, TON and MTT type zeolites, more preferably at least one
of zZ38M-5, ZSM-11, ZSM-22 and ZSM-23 zeolites.

The zeolite in the oxygenate conversion catalyst is
preferably predominantly in the hydrogen form. Preferably at
least 50 wt%, more preferably at least 90 wt%, even more
preferably at least 95 wt%, still more preferably at least
100 wt®% of the zeolite is in the hydrogen form.

The molecular sieve-comprising catalyst may further
comprise a binder material such as for example silica,
alumina, silica-alumina, titania, or zirconia, a matrix
material such as for example a clay, and/or a filler.

In step a), not only lower olefins and C4'
hydrocarbons, but also water is formed. Water is typically
separated from the olefinic product stream by means known in
the art, for example by cooling the effluent of step a) in a
quench water tower.

In step b) of the process according to the invention,
the olefinic product stream is subjected to one or more
separation steps such that at least ethylene and/or
propylene and a fraction comprising C4 hydrocarbons
including saturated and unsaturated C4 hydrocarbons, are
obtained. Such separation in different fractions is done by
means known in the art. Typically, the stream is
fractionated in at least a fraction mainly comprising
propylene and a fraction comprising C4 hydrocarbons.
Usually, a fraction comprising mainly ethylene is first
separated from the olefinic product stream in a de-
ethaniser and a fraction mainly comprising propylene is
then separated from the bottoms of the de-ethaniser in a
de-propaniser. Instead of fractionating the olefinic

product stream into separate ethylene and propylene
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fractions, a fraction comprising both ethylene and
propylene may be obtained by directly supplying the
olefinic product stream to a de-propaniser. The bottoms of
the de-propaniser contain C4" hydrocarbons. Preferably, the
bottoms of the de-propaniser is further separated into a
fraction mainly comprising C4 hydrocarbons and a fraction
comprising C5" hydrocarbons. The fraction comprising C4
hydrocarbons comprises saturated and unsaturated C4
hydrocarbons.

The fraction comprising C4 hydrocarbons, preferably
the entire fraction comprising C4 hydrocarbons, is in step
c) subjected to partial dehydrogenation by contacting the
fraction with a dehydrogenation catalyst under partial
dehydrogenation conditions to obtain a partially
dehydrogenated C4 hydrocarbon stream. The partially
dehydrogenated C4 hydrocarbon stream is, in step d),
recycled to oxygenate conversion step a). The partially
dehydrogenated C4 hydrocarbon stream is preferably heated
prior to being recycled in order to bring it to the
temperature at which oxygenate conversion in step a) is
carried out.

It is an advantage of the process according to the
invention that the partially dehydrogenated C4 hydrocarbon
stream may be directly recycled to step a), i.e. without
any further separation or conversion steps, since the most
important byproduct formed in the dehydrogenation step,
i.e. hydrogen, will act as an inert in oxygenate conversion
step a). Hydrogen may be separated from the olefinic
product stream obtained in the one or more separation steps
of step b). Alternatively, a light fraction obtained in one
of the separation steps of step b), e.g. a fraction

comprising C2° hydrocarbons and hydrogen, may be used to
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hydrogenate, in a so-called front-end hydrogenation unit,
unsaturated compounds, such as acetylene, methylacetylene,
or propadiene, produced in the process. Preferably, the
entire partially dehydrogenated C4 hydrocarbon stream is
recycled to step a), i.e. without separating a purge stream
from the partially dehydrogenated C4 hydrocarbon stream.

In dehydrogenation step c), not only saturated C4
hydrocarbons will be dehydrogenated to C4 mono-olefins,
i.e. butenes, but also C4 mono-olefins will be
dehydrogenated to C4 di-olefins, i.e. butadiene. The
presence of butadiene in oxygenate conversion step a) will,
however, result in coke formation and is thus not desired.
Since alkane dehydrogenation is favoured at a lower olefin
partial pressure, the weight ratio of saturated to mono-
unsaturated C4 hydrocarbons in the stream that is contacted
with the dehydrogenation catalyst, is preferably at least
0.1, more preferably at least 0.25, in order to increase
the selectivity of dehydrogenation of alkanes compared to
the selectivity of dehydrogenation of mono-olefins into di-
olefins. A very high concentration of saturated C4
hydrocarbons in the stream contacted with the
dehydrogenation catalyst will, however, also result in a
relatively high concentration of saturated C4 hydrocarbons
in the partially dehydrogenated C4 hydrocarbon stream that
is recycled to step a). In step a) such butanes act as
inerts and therefore decrease the costs efficiency of this
step. Therefore, the weight ratio of saturated to mono-
unsaturated C4 hydrocarbons in the stream that is contacted
with the dehydrogenation catalyst is preferably at most 4,
more preferably at most 3. A weight ratio of saturated to

mono-unsaturated C4 hydrocarbons in the stream that is
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contacted with the dehydrogenation catalyst in the range of
from 0.4 to 2.5 is particularly preferred.

In order to achieve that the weight ratio of saturated
to mono-unsaturated C4 hydrocarbons in the stream that is
subjected to partial dehydrogenation catalyst in step c) is
at least 0.1 or even higher, it is preferred that during
start-up of the process of the invention, the C4
hydrocarbon fraction obtained in step b) is directly
recycled to oxygenate conversion step a), i.e. without
subjecting the fraction to partial dehydrogenation, until
sufficient saturated C4 hydrocarbons have built-up in the
C4 hydrocarbon fraction. Once the desired ratio of
saturated to mono-unsaturated C4 hydrocarbons in the
fraction comprising C4 hydrocarbons is achieved, the
fraction is subjected to partial dehydrogenation step c).
Alternatively or additionally, an external stream
comprising saturated and mono-unsaturated C4 hydrocarbons,
preferably in a weight ratio of at least 0.1, more
preferably at least 0.25, may be combined during the start-
up of the process with the C4 hydrocarbon fraction to form
a combined C4 hydrocarbon stream that is subjected to
partial dehydrogenation.

The dehydrogenation catalyst may be any suitable
dehydrogenation catalyst known in the art. Such catalysts
are for example known from C.H. Bartholomew and R.J.
Farrauto, Fundamentals of Industrial Catalytic Processes,
2% ed., John Wiley & Sons, Inc., 2006, p. 533-542.
Dehydrogenation catalysts are known to be able both to
dehydrogenate alkanes into olefins and to convert saturated
hydrocarbons into aromatic compounds, also referred to as
catalytic reforming. In the process according to the

invention, catalytic reforming in step c¢) is undesired.
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Therefore, the dehydrogenation catalyst preferably has a
relatively low reforming activity.

The dehydrogenation catalyst preferably comprises a
Group VIII metal, more preferably Pt, Pd, Ni or Cu or is a
chromia-based catalyst.

The partial dehydrogenation conditions may be any
suitable partial dehydrogenation conditions known in the
art. Suitable dehydrogenation conditions are for example
disclosed in C.H. Bartholomew and R.J. Farrauto,
Fundamentals of Industrial Catalytic Processes, 2°¢ ed.,
John Wiley & Sons, Inc., 2006, p. 533-542. Preferably, the
dehydrogenation conditions comprise a temperature in the
range of from 350 to 750 °C, more preferably in the range
of from 450 to 700 °C, even more preferably in the range of
from 500 to 650 °C. The partial dehydrogenation is
preferably conducted at low pressures, more preferably at a
total reaction pressure in the range of from 0.01 to 10 bar
(absolute), more preferably of from 0.1 to 5 bar
(absolute) . Steam or other inert diluent gases such as
nitrogen, helium, carbon dioxide, or argon may be used to
reduce the partial pressure of the hydrocarbons present and
of the hydrogen formed during partial dehydrogenation.

Preferably, the stream subjected to partial
dehydrogenation in step c¢) comprises less than 5 wt$
hydrocarbons with more than 4 carbon atoms, more preferably
less than 1 wt%. C5" hydrocarbons typically comprise cyclic
hydrocarbons that easily dehydrogenate to form for example
cyclopentadiene, a compound that will contribute to
undesired coke formation in oxygenate conversion step a).

Preferably, the hydrogenation conditions are such that
in the range of from 1 to 20 wt% of the saturated

hydrocarbons in the stream subjected to partial
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dehydrogenation in step c¢) is dehydrogenated into mono-
unsaturated C4 hydrocarbons.

The dehydrogenation conditions may comprises any
suitable weight hourly space velocity (WHSV), preferably a
WHSV in the range of from 0.01 to 20 h™', more preferably of
from 0.1 to 15 h™', even more preferably of from 0.2 to 10
h™'.

The partial dehydrogenation step may be carried out in
any suitable reactor configuration known in the art, for
example an adiabatic fixed bed, an isothermal fixed bed, a
moving bed or a fluidised bed configuration, preferably an
adiabatic or isothermal fixed bed configuration.

In the process according to the invention, an external
stream comprising saturated and unsaturated C4 hydrocarbons
may be added to the hydrocarbons that are recycled to step
a). Such external stream may be added prior to or after
such recycled hydrocarbons are subjected to partial
dehydrogenation, i.e. to the fraction comprising C4
hydrocarbons obtained in step b) or to the partially
dehydrogenated C4 hydrocarbon stream that is recycled to
step a). In case the external stream is combined with the
fraction comprising C4 hydrocarbons to form a combined C4
hydrocarbon stream and the combined C4 hydrocarbon stream
is subjected to partial dehydrogenation in step c¢), such
combined stream preferably has a weight ratio of saturated
to mono-unsaturated C4 hydrocarbons of at least 0.1, more
preferably at least 0.1, even more preferably in the range
of from 0.4 to 2.5.

Preferably, the external stream is a C4 hydrocarbon
fraction obtained from a process for cracking a paraffinic
feedstock such as for example butane, naphtha or gasoil

into ethylene and propylene or a C4 hydrocarbon fraction
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from an effluent of a fluid catalytic cracking unit.
Optionally, the external stream is subjected to partial
hydrogenation or other butadiene removal step in order to
remove at least part of any butadiene or other di-olefins
present before being combined with the fraction comprising
C4 hydrocarbons or with the partially dehydrogenated C4
hydrocarbon stream.

An advantage of adding such external stream to the
recycle is that additional olefins may be produced from the
C4 hydrocarbons present in the external stream. Moreover,
additional hydrogen is produced in the partial
dehydrogenation step from the saturated C4 hydrocarbons
present in the external stream.

In case the external stream comprises a weight ratio
of saturated to mono-unsaturated C4 hydrocarbons that is
higher than such ratio in the fraction comprising C4
hydrocarbons, the external stream is preferably added to
the fraction comprising C4 hydrocarbons obtained in step b)
to form a combined stream C4 hydrocarbon stream that is
subjected to partial dehydrogenation in step c¢). Such
combined stream then has a relatively high butane
concentration, which advantageously improves the
selectivity of the dehydrogenation reaction towards mono-
olefins.

In case the external stream has a ratio of saturated
to mono-unsaturated C4 hydrocarbons that is lower than such
ratio in the fraction comprising C4 hydrocarbons that is
subjected to partial dehydrogenation in step c¢), it is
preferred to add such external stream to the partially
dehydrogenated stream that is recycled to step a) or to
supply such external stream directly to oxygenate

conversion step a).
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In order to avoid undesired build-up of saturated C4
hydrocarbons in the recycle, it is preferred that the
amount of saturated C4 hydrocarbons in the external stream
does not exceed the amount of C4 saturated hydrocarbons
that is dehydrogenated in step c¢). Therefore, the weight
ratio of saturated to mono-unsaturated C4 hydrocarbons in
the external stream is preferably at most 0.4, more
preferably at most 0.25.

In case the external stream has an amount of saturated
C4 hydrocarbons that exceeds the amount of C4 saturated
hydrocarbons that is dehydrogenated in step c¢), it is
preferred to purge part of the recycle stream, preferably
to purge part of the recycle stream before such stream is
subjected to partial dehydrogenation in step c).

In another embodiment of the process according to the
invention, steam cracking of a paraffinic feedstock to
produce ethylene and propylene is integrated in the
process. The process then comprises an oxygenate conversion
step (step a)) to produce ethylene and propylene from an
oxygenate and a steam cracking step (step e)) to produce
ethylene and propylene from a paraffinic feedstock. In a
combined separation section comprising one or more combined
separation steps, combined effluent from oxygenate
conversion step a) and from steam cracking step e) is
separated into ethylene and/or propylene and a fraction
comprising C4 hydrocarbons including saturated and
unsaturated C4 hydrocarbons as described hereinabove for
step b). In steps c¢) and d) of the process according to the
invention, the C4 fraction thus obtained is partially
dehydrogenated and recycled to oxygenate conversion step a)
as described hereinabove. Preferably, the C4 fraction thus

obtained 1is, prior to partial dehydrogenation in step c),
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subjected to partial hydrogenation or extractive
distillation in order to remove at least part of any
butadiene present. Butadiene is typically formed in steam
cracking step e) and, to a lesser extent, in oxygenate
conversion step a).

Conditions in partial dehydrogenation step c) are
preferably chosen such that the amount of saturated C4
hydrocarbons formed in oxygenate conversion step a) and, if
applicable, formed in steam cracking step e) and/or added
with the external stream, is balanced by the partial
dehydrogenation of saturated C4 hydrocarbons in
dehydrogenation step c¢). Thus, there is no further build-up
of saturated C4 hydrocarbons in the recycle stream, even
not in the preferred situation that no purge of recycled
hydrocarbons is applied. In case the amount of saturated C4
hydrocarbons formed in oxygenate conversion step a) and, if
applicable, formed in steam cracking step e) and/or added
with the external stream, exceeds the amount of C4
saturated hydrocarbons that is dehydrogenated in step c),
it is preferred to purge part of the recycle stream,
preferably to purge part of the recycle stream before such
stream is subjected to partial dehydrogenation in step c¢).

Detailed description of the drawings

In Figure 1 is shown an embodiment of the invention
wherein the C4 hydrocarbon fraction of an oxygenate
conversion process 1is partially dehydrogenated and then
recycled to the oxygenate conversion process.

In the process as shown in Figure 1, methanol is fed
via line 1 to oxygenate conversion reaction zone 10
comprising an oxygenate conversion catalyst. In reaction
zone 10, methanol is converted into olefins and water.

Effluent from reaction zone 10 is supplied via line 11 to
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water quench tower 12 to be separated into water and an
olefinic product stream. Water is withdrawn from tower 12
via line 13 and the olefinic product stream is supplied via
line 14 to a compression section (not shown), a caustic
treatment (not shown) and then to fractionation section 15.
Fractionation section 15 comprises a de-ethaniser, a de-
propaniser and a de-butaniser (not shown). The olefinic
product stream is first fractionated by means of the de-
ethaniser and de-propaniser into an ethylene-rich stream, a
propylene-rich stream, a C4  hydrocarbon fraction and a
lighter stream comprising light by-products such as methane
and carbon oxides. The C4" hydrocarbon fraction is further
fractionated in the de-butaniser into a C4 hydrocarbon
fraction comprising isobutene and a fraction rich in C5°
hydrocarbons. The lighter stream, the ethylene-rich stream,
the propylene-rich stream and the fraction rich in C5'
hydrocarbons are withdrawn from fractionation section 15
via lines 16, 17, 18 and 19, respectively. The fraction
comprising C4 hydrocarbons is fed via line 20 to partial
dehydrogenation unit 30 comprising a dehydrogenation
catalyst. A partially dehydrogenated C4 hydrocarbon stream
is obtained in unit 30 and recycled via line 31 to
oxygenate conversion reaction zone 10.

In Figure 2 is shown an embodiment of the invention
wherein the effluents of a steam cracking process and of an
oxygenate conversion process are combined to be separated
in a combined separation section and wherein the C4
hydrocarbon fraction obtained in the combined separation
section is partially dehydrogenated and then recycled to
the oxygenate conversion process. Corresponding reference

numbers have the same meaning as in Figure 1.
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In the process as shown in Figure 2, naphtha and steam
are fed via lines 41 and 42, respectively, to steam
cracking zone 40. Cracker effluent is withdrawn from
cracking zone 40 and supplied via line 43 to gquench tower
12 wherein both the combined effluents from zones 40 and 10
are quenched to separate water from an olefinic product
stream. The combined olefinic product stream is supplied
via line 14 and wvia a compression section and a caustic
treatment (both not shown) to fractionation section 15. The
fraction comprising C4 hydrocarbons thus obtained is first
hydrotreated to remove butadiene (not shown) and then fed
via line 20 to partial dehydrogenation unit 30 comprising a
dehydrogenation catalyst. A partially dehydrogenated C4
hydrocarbon stream is obtained in unit 30 and recycled via
line 31 to oxygenate conversion reaction zone 10.

In case the amount of saturated C4 hydrocarbons formed
in oxygenate conversion zone 10 and cracking zone 40
exceeds the amount of saturated C4 hydrocarbons that is
dehydrogenated in zone 30 at a dehydrogenation percentage
of at most 20%, part of the fraction comprising C4
hydrocarbons in line 20 is preferably purged (purge not

shown) .
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CLAIMS

1. A process for preparing ethylene and propylene from an

oxygenate, the process comprising the following steps:

a)

contacting the oxygenate with a molecular sieve-
comprising catalyst, at a temperature in the range of
from 350 to 1000 °C to obtain an olefinic product
stream comprising ethylene, propylene and C4
hydrocarbons;

subjecting the olefinic product stream to one or more
separation steps such that at least ethylene and/or
propylene and a fraction comprising C4 hydrocarbons
including saturated and mono-unsaturated C4
hydrocarbons, are obtained;

subjecting the fraction comprising C4 hydrocarbons
obtained in step b) to partial dehydrogenation by
contacting the fraction with a dehydrogenation
catalyst under partial dehydrogenation conditions to
obtain a partially dehydrogenated C4 hydrocarbon
stream; and

recycling the partially dehydrogenated C4 hydrocarbon

stream to step a).

2. A process according to claim 1, the process further

comprising:

e)

steam cracking a paraffinic feedstock under cracking
conditions in a cracking zone to obtain a cracker
effluent comprising ethylene, propylene and C4
hydrocarbons including saturated and unsaturated C4

hydrocarbons,
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wherein step b) comprises subjecting the cracker effluent
and the olefinic product stream obtained in step a) to one
or more combined separation steps to obtain at least
ethylene and/or propylene and the fraction comprising C4
hydrocarbons including saturated and unsaturated C4

hydrocarbons.

. A process according to claim 1 or 2, wherein an external

stream comprising saturated and unsaturated C4 hydrocarbons
is combined with the fraction comprising C4 hydrocarbons to
form a combined C4 hydrocarbon stream that is subjected to

partial dehydrogenation in step c).

. A process according to claim 1 or 2, wherein an external

stream comprising saturated and unsaturated C4 hydrocarbons
is combined with the partially dehydrogenated C4

hydrocarbon stream that is recycled to step a).

. A process according to claim 3 or 4, wherein the external

stream is a fraction comprising C4 hydrocarbons including
saturated and unsaturated C4 hydrocarbons obtained from an

effluent of a steam cracker unit.

. A process according to any one of the preceding claims,

wherein the fraction comprising C4 hydrocarbons or the
combined C4 hydrocarbon stream that is subjected to partial
dehydrogenation has a weight ratio of saturated C4
hydrocarbons to mono-unsaturated C4 hydrocarbons in the

range of from 0.4 to 2.5.

. A process according to any one of the preceding claims,

wherein in step c¢) in the range of from 1 to 20 wt% of the
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10.

11.

12.

13.

saturated C4 hydrocarbons in the fraction comprising C4
hydrocarbons or in the combined C4 hydrocarbon stream is

dehydrogenated into mono-unsaturated C4 hydrocarbons.

. A process according to any one of the preceding claims,

wherein the partially dehydrogenated C4 hydrocarbon stream
is directly recycled to step a).

. A process according to any one of the preceding claims,

wherein in step d) the entire partially dehydrogenated C4

hydrocarbon stream is recycled to step a).

A process according to any one of the preceding
claims, wherein the fraction comprising C4 hydrocarbons
and/or the combined C4 hydrocarbon stream comprises less

than 5 wt% hydrocarbons with more than 4 carbon atoms.

A process according to any one of the preceding
claims, wherein the dehydrogenation catalyst comprises a
Group VIII metal, preferably Pt, Pd, Ni or Cu or is a

chromia-based catalyst.

A process according to any one of the preceding
claims, wherein the dehydrogenating conditions comprise a

temperature in the range of from 350 to 750 °C.
A process according to any one of the preceding

claims, wherein the molecular sieve-containing catalyst is

a zeolite-comprising catalyst.
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14. A process according to claim 13, wherein the zeolite-
comprising catalyst comprises at least one of ZSM-5, ZSM-

11, 7ZS8SM-22 and ZSM-23 zeolites.
15. A process according to any one of the preceding

claims, where the oxygenate is methanol, dimethylether, or

a mixture thereof.
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