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PROCESS FOR THE PRODUCTI ON OF ALCOHOLS

Field of the invention

This invention relates to a process for the
production of al cohols.

Background of the invention

Various processes for producing aldehyde and/or
al cohol conpounds by the reaction of an olefin wth
carbon nonoxide and hydrogen in the presence of a
catal yst are known. Typically, these reactions are
performed at elevated tenperatures and pressures. The
al dehyde and al cohol conmpounds that are produced
generally correspond to conpounds obtained by the
addition of a carbonyl or carbinol group, respectively,
to an unsaturated carbon atom in the starting material
with sinultaneous saturation of the unsaturated carbon-
carbon bond. |Isonerization of the olefin bond may take
place to varying degrees under certain conditions; thus,
as a consequence of this isomerization, a variety of
products may be obtained. These processes are typically
known as hydrof ornylation reactions.

The catalyst enployed in a hydrof ornylation reaction
typically conprises a transition netal, such as cobalt,
plati num rhodium or ruthenium in conplex comnbination
with carbon nonoxide and ligand(s) such as an
or ganophosphi ne

The follow ng docunents are representative of the
earlier hydrof ornylation nethods which use transition
netal catalysts: US. Pat. No. 3,420,898, U S. Pat. No.
3,501,515, U S Pat. No. 3,448,157, U S. Pat. No.
3,440,291, U.S. Pat. No. 3,369,050 and U 'S Pat. No.
3,448, 158 .

As nentioned above, several products may be

obtained. |In case of for instance the hydrof ornylation of
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propyl ene, a mxture of normal butyral dehyde and iso-
but yral dehyde nay be formed, which through a subsequent
hydr ogenation nay be converted to a mxture of nornal
butyl -al cohol and isobutyl-alcohol . In attenpts to

i mprove the selectively of the hydrof ornylation reaction
toward either normal butyral dehyde and iso-butyral dehyde,
attention has typically focussed on devel opi ng novel
catal ysts and novel processes for recovering and re-using
the catalyst. 1In particular, novel catalysts have been
devel oped which may exhibit inproved selectively toward
normal butyral dehyde and optionally normal butyl-al cohol.
In WO 2011/087690 Al a hydrof ormylation process is
described using a rhodium based catalyst conprising at

| east two different ligand nolecules. According to WO
2011/087690 Al the use of the tw different |igand

nol ecul es may provide a higher normal butyral dehyde over
i so-butyral dehyde ratio.

A di sadvantage of the process of WO 2011/087690 Al
is that it requires tw different |igand nol ecul es, which
makes the catal yst system and acconpanyi ng process
conpl ex and expensi ve.

There is a need for a process to produce al dehydes
and/ or alcohols at a high normal over iso-aldehydes or
al cohol ratio or a high iso over normal al dehydes or
al cohol ratio, wthout the need to use conplex
hydr of ornmyl ati on catal yst (s).

Summary of the invention

According to the present invention there is provided
a process for the production of aldehydes and/or
al cohol s, which process conprises the steps of:
(a) reacting an oxygenate and/or olefinic feed in a

reactor in the presence of a nolecular sieve catalyst to
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forman effluent conprising olefins, conprising
propyl ene ;

(b) separating the effluent conprising olefins as
obtained in step (a) into at least a first olefinic
product fraction conprising propylene and a second

ol efinic product fraction ;

(c) subjecting at least part of the first olefinic

product fraction as obtained in step (b to a

hydr of ormyl ati on process to form al dehydes;

(d separating at |east part of the al dehydes as obtained
in step (¢) into at least a first product fraction of

al dehydes and a second product fraction of aldehydes; and
(e) hydrogenating at |east part of the aldehydes in the
first and/or second product fraction of aldehydes as
obtained in step (d to forma first product fraction of
al cohols and/or a second product fraction of alcohols;

(f) recycling at least part of the first and/or second
product fraction of alcohols obtained in step (e) to step
(a) .

In accordance with the present invention a highly
effective and efficient integrated process is provided
for the production of aldehydes and/or alcohols.

Preferably, the first product fraction of aldehydes
as obtained in step (d) conprises isobutyl- aldehydes and
the second product fraction of aldehydes as obtained in
step (d) conprises normal butyl- aldehydes, while first
product fraction of alcohols as obtained in step (e
conprises isobutyl- alcohol and the second product
fraction of alcohols as obtained in step (e) conprises
nor mal butyl -al cohol .

A maj or advantage of the present process is that a
hi gh selectivity towards normal butyral dehydes and nor nal

butyl -al cohol s can be established w thout requiring an
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expensive catalyst system and that the iso-butyral dehyde
to normal butyral dehyde ratio, respectively the isobutyl-
al cohol to normal butyl-alcohol ratio can be adjusted to
meet market denmands .

If desired, it is possible to recycle normal butyl-
al cohol, obtained by the hydrogenation of normal butyl
al dehyde, to step (a) rather than the isobutyl-al cohol ,
obtained by the hydrogenation of isobutyl aldehyde. In
that case, isobutyl aldehyde, respectively isobutyl-
al cohol may be retrieved as a product.

A further advantage of the process according to the
invention is that the butanol, normal butyl-alcohol or
i sobutyl -al cohol, recycled to step (a is at least in
part converted back to propylene, which can be provided
as part of the first olefinic fraction to prepare further
al cohol s .

Suitably, at least part of the first product fraction
of alcohols, preferably conprising isobutyl-alcohol, is
recycled to step (a) . Preferably, the entire first
product fraction of alcohols is recycled to step (a .

Suitably, at least part of the second olefinic
product fraction which may conprise normal butyl-al cohol
as obtained in step (e) is recycled to step (a .

Preferably, the second olefinic product fraction as
obtained in step (b) is an olefinic product fraction
conprising olefins have 4 or nore carbon atons.
Preferably, at least part of the second olefinic product
fraction as obtained in step (pb) is subjected to an
separate olefin cracking process to convert at |east part
of the olefins conprising 4 or nore carbon atons to
olefins having a | ower carbon nunber, i.e. an olefin
having n carbon atonms is cracked to at |east one olefin

have m carbon atoms, wherein n and m are integers and m
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is smaller than n. Preferably, the olefins conprising 4
or nore carbon atons are cracked to at |east ethylene and
propyl ene. At least part of the olefins thus forned is
recycled to step (b)

Preferably, at least part of the second olefinic
product fraction conprising olefins having 4 or nore
carbon atons as obtained in step (b) is first
fractionated to obtain at least a third olefinic product
fraction conprising C4 olefins and a fourth olefinic
product fraction conprising olefins having 5 or nore
carbon atons, wherein at least part of the fourth
fraction is provided to the separate olefin cracking
process, while at least part of the third olefinic
product fraction is recycled as recycle stream to
step (a)

The effluent conprising olefins as obtained in step
(a) may also conprise ethylene in addition to propylene.
Ethylene is a valuable chemical feedstock. It is an
advantage of the present invention that the alcohol
preferably butanol, which is recycled back to step (a)
may at least in part be converted to further ethylene. As
such part of the obtained effluent in step (a is
converted to ethyl ene.

Preferably, the first olefinic product fraction as
obtained in step (b) mainly contains propylene.

Detailed description of the invention

In the present invention, an oxygenate feed is
converted in an oxygenate-to-olef ins (OTO process and/or
an olefinic feed is converted in an olefin cracking
process (QOCP)

The present invention in particularly relates to a

process for the conversion of oxygenates into olefins.
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In step (a), an oxygenate feed and/or olefinic feed
is reacted in a reactor in the presence of a nolecular
sieve catalyst to form a effluent which conprises olefins
and at least partially coked catalyst. The reactor in
step (a) can be an OTO reaction zone wherein at |east the
oxygenate feed is contacted with an oxygenate conversion
catal yst under oxygenate conversion conditions, to obtain
a conversion effluent conprising lower olefins. Reference
herein to an oxygenate feed is to an oxygenate-conprising
feed. In the OIO reaction zone, at l|east part of the feed
is converted into a product containing one or nore
olefins, preferably including lower olefins, in
particular ethylene and propylene.

The oxygenate wused in the process according to the
invention is preferably an oxygenate which conprises at
| east one oxygen-bonded al kyl group. The al kyl group
preferably is a Cl1-C5 alkyl group, nore preferably Cl-C4
al kyl group, i.e. conprises 1 to 5, respectively, 4
carbon atons; 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
feed include alcohols and ethers. Exanples of preferred
oxygenates include alcohols, such as nethanol, ethanol,
propanol ; and dial kyl ethers, such as dinethylether ,
diethylether , nethylethylether . Preferably, the oxygenate
is methanol or dinmethylether, or a mxture thereof. Mre
preferably, the oxygenate feed conprises nethanol or
di net hyl et her

Preferably the oxygenate feed 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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The oxygenate feed can conprise an anmount of diluent,
such as nitrogen and water, preferably in the form of
steam In one enbodinent, the nolar ratio of oxygenate to
diluent is between 10:1 and 1:10, preferably between 4:1
and 1:2, in particular when the oxygenate is nethanol and
the diluent is water (steamn

A variety of OTIO processes is known for converting
oxygenates such as for instance nethanol or dinethylether
to an olefin-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 feed
in accordance with the present invention include
nol ecul ar si eve-catal ysts. The nol ecul ar sieve catalyst
suitably conprises one or nore zeolite catalysts and/or
one or nore SAPO catalysts. Mlecular sieve catalysts
typically also include binder materials, matrix material
and optionally fillers. Suitable matrix materials include
clays, such as kaolin. Suitable binder nmaterials include
silica, alumna, silica-alumna, titania and zirconia,
wherein silica is preferred due to its low acidity.

Mol ecul ar sieve catalysts preferably have a nol ecul ar
framework of one, preferably two or nore corner-sharing
[TO,] tetrahedral wunits, nore preferably, two or nore
[Si0,1, [AIO,] and/or [P0,] tetrahedral units. These
silicon, alum num and/or phosphorous based nolecul ar
sieves and netal containing silicon, alum num and/or
phosphorous based nol ecul ar sieves have been described in
detail in nunerous publications including for exanple,
US Pat. No. 4,567,029. 1In a preferred enbodinent, the

nol ecul ar sieve catalysts have 8-, 10- or 12-ring
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structures and an average pore size in the range of from
about 3 A to 15 A.

Suitabl e nolecular sieve catalysts are
si li coal um nophosphat es (SAPO) , such as SAPO 17, -18,

-34, -35, -44, but also SAPO5, -8, -11, -20, -31, -36,
-37, -40, -41, -42, -47 and -56; al um nophosphates (A1PO
and netal substituted (silico) alumi nophosphates (MeAl PO ,
wherein the Me in MeAIPO refers to a substituted netal
atom including netal selected from one of Goup 1A |IIA
IB, I11B, 1VvB, VB, VIB, VIIB, VIIIB and Lanthanide 's of
the Periodic Table of Elenents, preferably Me is selected
from one of the group consisting of Co, G, Cu,Fe, G,
G, Mg, M, N, Sn, Ti, Zn and Zr.

Preferably, the conversion of the oxygenate feed nmay
be acconplished by the use of an aluninosilicate-
comprising catalyst, in particular a zeolite-conprising
catalyst. In a zeolite-conprising catalyst the amunt of
zeolite is suitably from 20 to 50 wt% preferably from 35
to 45 W% based on total catalyst conposition.

Suitable catalysts include those containing a zeolite
of the ZSM group, in particular of the MFl type, such as
ZSM5, the MIT type, such as ZSM 23, the TON type, such
as ZSM 22, the MEL type, such as ZSM11l, the FER type.

O her suitable zeolites are for exanple zeolites of the
STF-type, such as SSzZ-35, the SFF type, such as SSzZ-44
and the EU-2 type, such as ZSM 48.

Al um nosi | i cat es-conpri si ng catalyst, and in
particular zeolite-conprising catalyst are preferred when
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-dinensional

zeolite, in particular of the MFl type, nore in
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particular ZSM5, or of the MEL type, such as zeolite
ZSM11. Such zeolites are particularly suitable for
converting olefins, including iso-olefins, to ethylene
and/ or propylene. The zeolite having nore-dinmensional
channels has intersecting channels in at |east two

di rections. So, for example, 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 wth a further
channel type are also possible. Preferably, the channels
in at least one of the directions are 10-nenbered ring
channels. A preferred MIl-type zeolite has a Silica-to-

Alumina ratio (SAR) of at least 60, preferably at |east

80.

Particular catalysts mmy include catalysts conprising
one or nore zeolite having one-dinensional 10- nenber ed
ring channels, i.e. one-dinmensional 10- nenbered ring

channels, which are not intersected by other channels.
Preferred exanples are zeolites of the MIT and/or TON
type .

In a preferred enbodinment the catalyst conprises in
addition to one or nore one-dinmensional zeolites having
10-nenbered ring channels, such as of the MIT and/or TON
type, a nore-dinensional zeolite, in particular of the
MFI type, nore in particular ZSM5, or of the MEL type,
such as zeolite ZSM11.

The catalyst may conprise phosphorus as such or in a
compound, i.e. phosphorus other than any phosphorus
included in the framework of the nolecular sieve. It is
preferred that an MEL or M-l-type zeolites conprising
catalyst additionally conprises phosphorus. The

phosphorus may be introduced by pre-treating the MEL or
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MFl -type zeolites prior to fornulating the catalyst
and/or by post-treating the formulated catalyst
conprising the MEL or MFl-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 - 10 wt% based on the weight of the
formulated catalyst. A particularly preferred catalyst
conpri ses phosphorus and MEL or M-l -type zeolites 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 the nolecular sieves in the
hydrogen form are used in the oxygenate conversion
catal yst, e.g., HZSM 22, HzZSM 23, and HZSM 48, HZSM 5.
Preferably at least 50% ww, nore preferably at |east 90%
ww, still nore preferably at least 95% w w and nost
preferably 100% of the total anobunt 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 catalyst particles used in the process of the
present invention can have any shape known to the skilled
person to be suitable for this purpose, for it 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. Spherical particles are normally
obtained by spray drying. Preferably the average particle
size is in the range of 1-500 um, preferably 50-100 pm.

The reaction conditions of the oxygenate

conversion in step (a include a reaction tenperature
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from 350 to 750 °c, preferably from 450 to 750 °C, nore
preferably from 450 to 700°C, even nore preferably 500 to
650°C, and a pressure of from 1-15 bara, preferably from
1-4 bara, nore preferably from 1.1-3 bara, and even nore
preferably from 1.3-2 bara.

Suitably, the oxygenate-conprising feed is preheated
to a tenperature in the range of from 120 to 550°C,
preferably 250 to 500°C prior to contacting wth the
nol ecul ar sieve catalyst in step (a .

Preferably, in addition to the oxygenate, an olefinic
co-feed is provided along with and/or as part of the
oxygenate feed. Reference herein to an olefinic co-feed
is to an olefin-conmprising co-feed. The olefinic co-feed
preferably conmprises C4 and higher olefins, nore
preferably C4 and C5 olefins. Preferably, the olefinic
co-feed conprises at least 25 w% nore preferably at
| east 50 wt% of C4 olefins, and at least a total of
70 wt % of C4 hydrocarbon species. The olefinic co-feed
can al so conprise propylene.

The reaction in step (ay may suitably be operated in
a fluidized bed, e.g. a dense, turbulent or fast
fluidized bed or a riser reactor or a downward reactor
system and also in a fixed bed reactor, noving bed or a
tubular reactor. A fluidized bed, e.g. a turbulent
fluidized bed, fast fluidized bed or a riser reactor
system are preferred. These could be arranged as a single
or nultiple reactors in parallel or in series.

The superficial velocity of the gas conponents in a
dense fluidized bed will generally be fromO to 1 nis;
the superficial velocity of the gas conponents in a
turbulent fluidized bed will generally be from 1l to 3
ms; the superficial velocity of the gas conponents in a

fast fluidized bed will generally be from 3 to 5 nmls; and
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the superficial velocity of the gas conponents in a riser

reactor will generally be from 5 to about 25 ms.
It will be understood that dense, turbulent and fast
fluidized beds will include a dense |ower reaction zone

with densities generally above 300 kg/m3. Moreover, when
working with a fluidized bed several possible
configurations can be used: (a) co-current flow nmeaning
that the gas (going upward) and the catalyst travels
through the bed in the sane direction, and (b)
countercurrent , meaning that the catalyst is fed at the
top of the bed and travels through the bed in opposite
direction with respect to the gas, whereby the catalyst
| eaves the vessel at the bottom |In a conventional riser
reactor system the catalyst and the vapors wll travel
co-currently

More preferably, a fluidized bed, in particular a
turbulent fluidized bed system is used. Suitably, in such
a noving bed reactor the oxygenate feed is contacted wth
the nolecular sieve catalyst at a weight hourly space
velocity of at least 1 hr-1, suitably from 1 to 1000 hr-1,
preferably from 1 to 500 hr-1, nore preferably 1 to 250
hr-1, even nore preferably from 1 to 100 hr-1, and nost
preferably from 1 to 50 hr-*.

The reactor in step (a) can also be an OCP reaction
zone wherein the olefinic feed is contacted with an
zeolite-conprising catalyst under olefin conversion
conditions .

Suitably, the olefinic feed conprises C4+ olefins
that are converted by contacting such a feed with a
zeolite-conprising catalyst, thereby converting at |east
part of the olefins conmprising 4 or nore carbon atons to
olefins having a |ower carbon nunber, i.e. a olefin

having n carbon atoms is cracked to at l|least one olefin
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have m carbon atoms, wherein n and m are integers and m
is smaller than n. Preferably, the olefins conprising 4
or nore carbon atons are cracked to at |east ethylene and
propyl ene .

Preferably, the olefinic feed is contacted with the
zeolite-conprising catalyst in step (ay at a reaction
tenperature of 350 to 1000 °c, preferably from 375 to
750 °c, nore preferably 450 to 700°C, even nore
preferably 500 to 650°C, and a pressure from 1 bara to 50
bara, preferably from 1-15 bara. Optionally, such
olefinic feed also contains a diluent. Exanples of
suitable diluents include, but are not limted to, such
as water or steam nitrogen, paraffins and nmethane. Under
these conditions, at least part of the olefins in the
olefinic feed are converted to further ethylene and/or
propyl ene .

In an OCP suitably alumnosilicate catalysts are
used. Alum nosilicate catalysts, and in particular
zeolite catalysts, have the additional advantage that in
addition to the conversion of methanol or ethanol, these
catal ysts also induce the conversion of olefins to
et hyl ene and/or propylene. Therefore, alumnosilicate
catalysts, and in particular zeolite catalysts, are
particularly suitable for use as the catalyst in an OCP
unit.

The preferences provided herein above for the
oxygenate to olefins catalyst apply nutatis nutandis for
the OCP catalyst wth the primary exception that the OCP
catal yst always conprises at |east one zeolite.

Particular 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 olefins, are catalysts
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conprising at least one zeolite selected from M, MEL,
TON and MIT type zeolites, nore preferably at |east one
of ZSM5, ZSM 11, ZSM 22 and ZSM 23 zeolites.

The catalyst may further conprise phosphorus as such
or in a conpound, i.e. phosphorus other than any
phosphorus included in the framework of the nolecul ar
si eve. It is preferred that a MEL or M-Il-type zeolite
conprising catalyst additionally conprises phosphorus.

The phosphorus may be introduced by pre-treating the MEL
or MFl-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.

Preferably, the oxygenate to olefins catalyst and
the olefin cracking catalyst are the sane zeolite-
conpri sing catalyst.

Also an OCP process may suitably be operated in a
fluidized bed, e.g. a fast fluidized bed or a riser
reactor or a downward reactor system and also in a fixed
bed reactor, nobving bed reactor or a tubular reactor. A
fluidized bed, e.g. a fast fluidized bed or a riser
reactor system are preferred.

The olefins and at least partially coked catalyst as

obtained in step (ay will be separated. The separation
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can be carried out by one or nobre cyclone separators.
Such one or nore cyclone separators may be |ocated
inside, partly inside and partly outside, or outside the
reactor used in step (a) . Such cyclone separators are
well known in the art. Cyclone separators are preferred,
but also nethods for separating the catalyst from the
olefins can be used that apply plates, caps, elbows, and
the 1ike.

In step (b)), the effluent conprising olefins as
obtained in step (a) are separated into at least a first
olefinic product fraction conprising propylene, and a
second olefinic product fraction, preferably conprising
olefins having 4 or nore carbon atons. Preferably, the
first olefinic fraction conprises in the range of from 50
to 100w % nore preferably of from 80 to |OOM %, even
nore preferably 95 to 100wt % of propyl ene, based on the
hydrocarbons in the first olefinic product fraction.
Suitably, at least part of the second olefinic product
fraction is recycled to step (a for use as an olefinic
co-feed.

Preferably, at least 70 w% of the olefinic co-feed,
during normal operation, is fornmed by the recycle stream
of the second olefinic product fraction containing
olefins having 4 or nore carbon atons, preferably at
| east 90 w% of olefinic co-feed, based on the whole
olefinic co-feed, is formed by such a recycle stream

In order to maximze production of ethylene and
propylene, it is desirable to optimze the recycle of
olefins having nore than 4 carbon atoms in the effluent
to the OTO or olefin cracking process. This can be done
by recycling at least part of the second olefinic
fraction containing olefins having 4 or nore carbon

atoms, preferably the C4-C5 hydrocarbon fraction, nore



WO 2013/098272 PCT/EP2012/076848
- 16 -

preferably the C4 hydrocarbon fraction, to the OTO or OCP
reaction zone in step (a) . Suitably, however, a certain
part thereof, such as between 1 and 5 w% is w thdrawn
as purge, since otherwi se saturated hydrocarbons, in
particular C4's (butane) would build up in the process,
whi ch are substantially not converted under the OTO or
OCP reaction conditions.

The preferred nolar ratio of oxygenate in the
oxygenate feed to olefin in the olefinic co-feed provided
to the OTO reaction zone in step (a) depends on the
specific 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.

Al t hough the second olefinic fraction containing
olefins having 4 or nore carbon atons as separated from
the effluent conprising olefins as recovered in step (b)
may be recycled as an olefinic co-feed to the OTO
reaction zone in step (a), alternatively at |east part of
the olefins in the second olefinic fraction may be
converted to ethylene and/or propylene by contacting such
C4+ hydrocarbon fraction in a separate olefin cracking
unit with a zeolite-conprising catalyst. This is
particularly preferred when the nol ecul ar sieve catalyst
in step (a) conprises a |least one SAPO AlPO or MeAl PO
type nol ecular sieve, preferably SAPO 34. These catalysts
are less suitable for converting olefins. Preferably, the
C4+ hydrocarbon fraction is contacted with the zeolite-
conprising catalyst at a reaction tenperature of 350 to

1000 °c, preferably from 375 to 750 °Cc, nore preferably
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450 to 700°C, even nore preferably 500 to 650°C, and a
pressure from 1 bara to 50 bara, preferably from 1-15
bara. Optionally, such a stream conprising C4+ olefins
also contains a diluent. Exanples of suitable diluents
include, but are not limted to, such as water or steam
nitrogen, and nethane. Under these conditions, at | east
part of the olefins in the C4+ hydrocarbon fraction are
converted to further ethylene and/or propylene. The
further ethylene and/or propylene may be conmbined with
the ethylene and/or propylene as obtained in step (b)
Such a separate process step directed at converting C4+
olefins to ethylene and propylene is, as will be clear
from the foregoing, also referred to as an olefin
cracking process (OCP)

In such a subsequent separate OCP suitably zeolite-
conpri sing catalysts are used. Catalyst suitable for an
ol efin cracking process have been described herein above
and may be used for the additional separate OCP process
step .

Preferably, the catalyst used in step (a) and the
separate OCP unit are the same zeolite-conprising
cat al yst

Preferably, at least part of the second olefinic
product fraction conprising olefins having 4 or nore
carbon atons as obtained in step (b) is first
fractionated to obtain at least a third olefinic product
fraction conprising C4 olefins and a fourth olefinic
product fraction conprising olefins having 5 or nore
carbon atons, wherein at least part of the fourth
fraction is provided to the separate olefin cracking
unit, while at least part of the third olefinic product
fraction is recycled as recycle stream to step (a) . By

converting the olefins having 5 or nore carbon atons
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separately in the separate OCP unit, the condition in the
separate OCP unit can be selected to obtain an optinal
converse of olefins having nore than 5 carbon atons.

At least partially coked catalyst as obtained in
step (a) can be passed to a regenerator. Suitably, the at
| east partially coked catalyst as obtained in step (a is
passed in its entirety or a portion of it to the
regenerator. The nolecular sieve catalyst to be used in
accordance with the present invention deactivates in the
course of the process with time, due to issues around
coke deposition and hydrothermal stability. Hence, the
nol ecul ar sieve catalyst needs to be regenerated in order
to at least partly renmove coke from the coked catalyst as
obtained in step (a) . Conventional catalyst regeneration
techni ques can be enployed to renove the coke. It is not
necessary to renove all the coke from the catalyst as it
is believed that a preset anount of residual coke may
enhance the catalyst performance and additionally, it is
bel i eved that conplete renoval of the coke may also |ead
to degradation of the nolecular sieve.

In order to regenerate at |east part of the at
| east partially coked catalyst an oxygen-containing gas
will be introduced in the regenerator, thereby producing
a gaseous mxture and at |east partially regenerated
catal yst. The oxygen-containing gas may be chosen from
oxygen and air. Also mxtures can suitably be used of
t hese oxygen-containing gases. Preferably, the oxygen-
containing gas conprises oxygen, nore preferably air is
used as the oxygen-containing gas.

The regeneration wll be carried out under
conditions of tenperature, pressure and residence tine
that is usually applied in regeneration processes to burn

coke from catal ysts. Suitably, between 0.01-5 wt% of the
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coke present on the at least partially coked catalyst is
renoved from the catalyst during regeneration.

Suitably, the regeneration is carried out at a
temperature in the range of from 580-800 °c, preferably
in the range of from 600-750 °C, nore preferably in the
range of from 620-680 °C, and a pressure in the range of
from 1-5 bara, preferably in the range of from 1-3 bara,
nore preferably in the range of from 1.3-2 bara. The
regeneration can suitably be carried out in a fixed bed,
a fluidized bed such as a dense, turbulent or fast
fluidized bed or in a riser or downward regenerator.
Preferably, the regeneration is carried out in a
turbulent fluidized bed.

Suitably, the regeneration can be carried out in a
peri odi cal manner or continuous manner. Preferably, the
regeneration is carried out in a continuous manner.

The hydrof ornmylation process to be used in step (o)
can be any known hydrof ormylation process. In a
hydr of ornyl ation process, an olefin is converted in the
presence of a catalyst wth carbon nonoxide and hydrogen
to an al dehyde having at |east one carbon atom nore than
the olefin. For instance, propylene may be converted to
butyral dehyde in a hydrof ornmylati on process.

In the hydrof ornylation process preferably use is
made of catalyst which conprises a transition netal in
conpl ex conbination Iligand(s), such as an organophosphi ne
and/ or organophosphate, and optionally carbon nonoxide.
Suitable transition netals that can be used in step (¢
i nclude rhodium <cobalt, iridium ruthenium iron,
ni ckel, palladium platinum osmum and any m xture
thereof. Preferred transition netals are rhodium cobalt,
iridium and ruthenium nore preferably rhodium cobalt

and ruthenium and nost preferably rhodium
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Suitably, a hydrogen to carbon nonoxide nolar ratio
is used in range of from 1:10 to 100:1, preferably in the
range of from 1:10 to 10:1.

In accordance with the present invention the
nolar ratio of hydrogen to carbon nonoxide in the
hydrof ornylation process, wherein the intended product is
an alcohol, is preferably in the range of from 2.5:1 to
1:2.5, nore preferably in the range of from 2.2:1 to
1:2.2

Suitably, water is added into the reactor system to
be used in the hydrof ornylation process.

The hydrof ornylation process of the present invention
may be carried out as a batch process or as a continuous
process .

The hydrof ornylation process in step (c) can suitably
be carried out in one or two or nore reaction zones. The
term "reaction zone", as used herein, refers to a
controlled environnent which contains the reaction
m xture, wherein the hydrof ornylation process of the
present invention may occur. A reaction zone can be, for
exanple, a reactor or a section of a reactor in which the
reaction conditions, including tenperature, pressure and,
optionally, concentration of reagents, may be controlled
i ndependently from the rest of the reactor. Typically,
the reaction zones are reactors.

The nunber of reaction zones used in order to carry
out the process of the present invention is not critical.
When the reaction zones of the process of the present
invention are reactors, the reactors may be isolated
reactors or a series of reactors which are I|inked
together. Preferably the process of the present invention
is carried out in at least two reactors linked in series

By the term "linked in series" as used herein, it is
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meant a series of separate reaction zones which are
linked together so as to form a continuous reaction chain
where the reaction mxture passes continuously from one
reaction zone to the next under controlled tenperature
and pressure conditions, wherein the tenperature and
pressure of the individual reaction zones may be set

i ndependently .

The hydrogen and carbon nonoxide may be introduced
into the process of the present invention as two distinct
streans, i.e. a hydrogen gas feed stream and a carbon
nmonoxi de gas feed stream or as a conbined feed stream
e.g. a syngas feed stream 'Syngas' as used herein refers
to a mxture of carbon nonoxide and hydrogen generated,
for exanple, by the gasification of a carbon-containing
fuel .

Commercially or industrially available conbined
hydrogen and carbon nonoxide streans (e.g. syngas) can be
used in the hydrof ornylation process in step (¢ .
Generally such gas streans contain a ratio of hydrogen to
carbon nonoxide of greater than 1.65:1. Optionally, water
is added to perform a Ni catalyzed water gas shift
reaction to adjust the nolar ratio of hydrogen to carbon
nonoxi de. Optionally, CO, can be renoved from the syngas
before use in step (¢) . A suitable conbined
hydr ogen/ carbon nonoxi de feed stream nay be provided by a
met hod that reduces the level of hydrogen in the stream
relative to the level of carbon nonoxide in such a
stream This may involve adding carbon nonoxide or
renovi ng hydrogen from the conbined hydrogen and carbon
nonoxi de stream Hydrogen can be renoved from a conbi ned
hydrogen and carbon nonoxi de stream by any suitable

met hod, such as absorption or reaction.
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In one enbodi nent of the present invention, a
conmbi ned hydrogen/ carbon nonoxide feed stream is provided
for the hydrof ornylation process by using a conbined
hydr ogen/ carbon nonoxi de feed stream which conprises a
conmbi ned hydrogen/ carbon nonoxide feed stream which has
al ready been used in a reaction that reduces the ratio of
hydrogen to carbon nonoxide in said conbined gas feed
stream Preferably, the conbined hydrogen/carbon nonoxide
stream has already been subjected to a hydrof ornylation
reaction. More preferably, the conbined hydrogen/carbon
nonoxi de stream is a recycled stream from the
hydr of ornyl ati on process as carried out in step (c) .

It will be understood by the skilled person that, as
the reaction proceeds, the molar ratio of hydrogen to
carbon nonoxide wll vary throughout the reaction
environment. The ratio of hydrogen to carbon nonoxide in
the reaction environment may also vary if a further
hydrogen gas feed stream and/or a conbined
hydr ogen/ carbon nonoxide feed stream is introduced into a
second and/or a later reaction zone(s)

The hydrof ornmylation process in step (¢) may be
carried out over a wide range of tenperatures. Suitable
tenperatures for the reaction environnent are in the
range of from 50 to 220 °c, preferably in the range of
from 80 to 180 °C, nore preferably in the range of from
90 to 140 °C

The hydrof ornmylation process in step (¢) may be
carried out at various pressures. Consequently,
hydrof ornylation in accordance with the process of the
present invention may typically be carried out at
pressures in the range of from 0.1-200 bar, preferably in
the range of from 10-100 bar.

The product stream as obtained in step (¢) wll
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conpri se al dehyde, catalyst, by-products and any
unconsuned reactants. The product stream as obtained in
step (¢) may be subjected to suitable catalyst and
product separating neans conprising one or nore steps,
for exanmple, stratification, solvent extraction,
distillation, fractionation, adsorption, filtration, etc.
The specific nmethod of product and catal yst separation
enployed will be governed to some extent by the specific
metal ion in conplex conbination wth carbon nonoxide and
ligand(s) and reactants charged. Catalyst or conponents
thereof, as well as unconsumed reactants, by-products,
al dehyde products, and solvent, when enployed, may be
recycled in part or in their entirety to the
hydr of ornyl ati on process. For exanple, a part of an
al dehyde reaction product may, if desired, be recycled to
t he hydrof ornylation process in step (¢) to function as
solvent and/or diluent and/or suspending nedium for the
catal yst and the catal yst conponents. Part of the heavy
ends by-product as obtained in the hydrof ornylation
process in step (c) may also be recycled to the reaction
environment in order to aid solution and/or suspension of
the catalyst. Further, part or all of any aldehyde
produced, may optionally be recycled to the
hydr of ornyl ati on process, but preferably is subjected to
hydrogenation conditions in a separate reaction
environment in the presence of a netal-based
hydrogenation catalyst In a preferred enbodinent of the
present invention, the used catalyst in the
hydr of ornyl ation process is recycled to the reaction
environment as a feed stream for re-use.

In a preferred enbodi ment of the present invention,
before any addition of water, the stream to be recycled

conprises at nost 300 ppmw, nore preferably at nobst 100
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ppmv, even nore preferably at nost 50 ppnmw, nost
preferably at nbst 20 ppmw of water.

Additional prefornmed catalyst, or separate conponents
of the catalyst capable of producing the active conplex
in situ, may be added to the separated material which is
being recycled to the reaction environnent or
alternatively to the product stream exiting the reaction
environnent before said product stream is subjected to
separating means. Further, such preformed catalyst, or
separate conponents of the catalyst capable of producing
the active conplex in situ, may be added directly to the
reactor or into the olefinic feed stream to step (¢

The water is preferably added into the reaction
system in an anount of at least 0.05 wt %, more
preferably at least 0.075 wt %, nost preferably at |east
0.1 wt %, based on the total weight of the reaction
m xture. The water is preferably added into the reaction
system in an anobunt of at nbst 10 wt %, nore preferably
at nost 5 wt %, nost preferably at nbst 2 wt %, based on
the total weight of the reaction m xture.

In a preferred enbodiment, the hydrof ornylation
process in step (c¢) is carried out as a continuous
process and water is continually added into the reactor
system in order to maintain the anount of water at the
desired level. The water to be added into the reactor
system may also be added to the reactor system as an
aqueous solution of one or nore salts. Suitable salts
include, but are not limted to KOH NaOH NaSH and Na2S.
The water may be added at any point in the reactor
system In one enbodi ment of the present invention, the
water is added at the beginning of the reactor system In
order to achieve this, the water may be added into the

reaction environment as a separate feed stream or it may
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be added to one of the feed streans containing one or
nore of the other reactants. For exanple, the water nay
be added to the recycled catalyst feed stream
Alternatively, it may be preferable to add the water to a
feed stream conprising olefinic feedstock or into a feed
stream conprising hydrogen and/or carbon nonoxi de.

In anot her enbodi nent of the present invention, the
water is added to the reactor system at a point where at
| east part of the olefinic feedstock has undergone
conversion to form aldehydes. This involves addition of
the water at a point part of the way along the reaction
environment. The water nmay be added at the start of or
part of the way along any of the reaction zones. In the
case where the reaction environment conprises one or nore
reactors, this may be achieved by addition of the water
at a point part of the way along an individual reactor,
or, where there is nore than one reactor, at a point
between two reactors. Due to the increased solubility of
water in the aldehyde products in conparison to the
ol efinic feedstock, this enbodinent has the advantage
that nore water may be added at this stage w thout
risking flooding the reactor and quenching the reaction.

In a further enbodinent, the water nay be added to
the output stream of the reactor system Suitably, the
water is added to the reactor system while the
hydrof ornylation reaction is proceeding.

The feed stream for the hydrof ornylation process in
step (c) conprises hydrogen, carbon nonoxide, the first
olefinic product fraction, catalyst, or catalyst
conponents, optionally one or nore recycle streans, also
optionally one or nore dopants and, optionally, water.

Sui tabl e dopants include, but are not limted to,

NaSH, Na,S and organic sulfur-containing additives
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including thiols, disulfides, thioethers and thiophenes.

The feed stream for the hydrof ornylation process may
be introduced into the reaction environment as discreet
feed streanms or may be m xed together in any conbination
before entering the reaction environnent.

Adm xtures of pronoters and/or stabilizers my also
be included in the hydrof ornmylation process in step (c)
Thus, mnor anmounts of phenolic stabilizers such as
hydroqui none and/or al kaline agents such as hydroxides of
alkali netals, for exanple NaCH and KOH, nay be added to
the reaction environnent.

The ratio of catalyst to the first olefinic product
fraction to be hydrof ornylated is generally not critical
and may vary widely. It may be varied to achieve a
substantially honpgeneous reaction mxture. Solvents are
therefore not required. However, the use of solvents
which are inert, or which do not interfere to any
substantial degree with the desired hydrof ornyl ation
reaction under the conditions enployed, may be used.
Saturated |iquid hydrocarbons, for exanple, may be used
as solvent in the process, as well as alcohols, ethers,
acetonitrile, sulfolane, and the like. The nolar ratio of
catalyst to the first olefinic product fraction in the
reaction zone of the hydrof ornylation process at any
given instant is typically at |east about 1:1000000,
preferably at |east about 1:10000, and nore preferably at
| east about 1:1000, and preferably at nbst about 10:1. A
hi gher or lower ratio of catalyst to the first olefinic
product fraction may, however, be used, but in general it
will be less than 1:1.

The organophosphine and/or organophosphite nodified
transition metal hydrof ornylation catalyst for use in

step (c¢) may conprise a transition netal in conplex
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conbination wth carbon nonoxide and an organophosphine

Il igand and/or organophosphate ligand. By the term

"conpl ex conbi nation" as used herein, is nmeant a

coordi nation conmpound formed by the union of one or nore
carbon nonoxi de and organophosphine and/or

or ganophosphite nolecules with one or nore transition
nmetal atoms. In its active form the suitable

or ganophosphi ne and/or organophosphite nodified
transition netal hydrof ornylation catalyst contains one
or nore netal conponents in a reduced valence state.

Sui t abl e organophosphi ne or organophosphite [|igands
include those having a trivalent phosphorus atom having
one available or unshared pair of electrons. Any
essentially organic derivative of trivalent phosphorus
with the foregoing electronic configuration is a suitable
ligand for the cobalt catalyst.

Organic radicals of any size and conposition may be
bonded to the phosphorus atom For exanple the
or ganophosphi ne or organophosphite Iigand may conprise a
trival ent phosphorus having aliphatic and/or
cycl oal i phatic and/or heterocyclic and/or aromatic
radicals satisfying its three valencies. These radicals

may contain a functional group such as carbonyl,

carboxyl, nitro, amno, hydroxy, saturated and/or
unsaturated carbon-to-carbon |inkages, and saturated
and/ or unsaturated non-carbon-to-carbon |[|inkages.

It is also suitable for an organic radical to satisfy
nore than one of the valencies of the phosphorus atom
thereby formng a heterocyclic conpound with a trival ent
phosphorus atom For exanple, an alkylene radical my
satisfy two phosphorus valencies with its two open
val encies and thereby form a cyclic conpound. Another

exanple would be an al kylene dioxy radical that forns a
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cyclic conmpound where the two oxygen atons |ink an

al kyl ene radical to the phosphorus atom In these two
exanples, the third phosphorus valency may be satisfied
by any other organic radical.

Anot her type of structure involving trivalent
phosphorus having an available pair of electrons is one
containing a plurality of such phosphorus atons |inked by
organic radicals. This type of a compound is typically
called a bidentate I|igand when two such phosphorus atons
are present, a tridentate I|igand when three such
phosphorus atons are present.

The organophosphine and/or organophosphite nodified
transition nmetal hydrof ornylation catalyst to be used in
step (c¢) can be prepared by a diversity of methods well
known to those skilled in the art. A convenient nethod is
to conbine a transition netal salt, organic or inorganic,
with the desired phosphine ligand, for exanple, in liquid
phase followed by reduction and carbonylation . Suitable
transition netal salts conprise, for exanple, transition
metal carboxylates such as acetates, octanoates, etc. as
well as transition netal salts of mneral acids such as
chlorides, fluoride, sulfates, sulfonates, etc. as well
as mxtures of one or nore of these transition salts. The
val ence state of the transition netal may be reduced and
the transition netal-containing conplex formed by heating
the solution in an atnosphere of hydrogen and carbon
nonoxi de. The reduction may be perforned prior to the use
of the organophosphine nodified transition netal
hydrof ornyl ation catalysts or it may be acconplished in-
situ with the hydrof ornylation process in the
hydrof ornylation environment. Alternatively, the

or ganophosphine nodified transition netal
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hydrof ornyl ati on catalysts can be prepared from a carbon
nonoxi de conplex of a transition netal.

Preferably, the first olefinic product conprises
propyl ene and the al dehydes produced are at |east nornmal
but yral dehyde and i so-butyral dehyde .

In step (d) of the process at |least part of the
al dehydes as obtained in step (¢) are separated into at
| east a first product fraction of aldehydes and a second
product fraction of aldehydes. In step (d , the al dehydes
as obtained in step (c¢) are separated into normal
al dehydes and iso-al dehydes . This may be done using
conventional distillation separation processes. Such
processes are well known in the art and do not need
further explanation. Preferably, the first product
fraction of al dehydes as obtained in step (d) conprises
i so-butyral dehyde and the second product fraction of
al dehydes as obtained in step (d) conprises normnal
butyral dehyde. Preferably, the aldehydes are separated in
a fraction enriched in normal aldehydes and depleted in
i so-al dehydes and a fraction enriched in iso-aldehydes
and depleted in normal al dehydes.

Preferably, first product fraction of al dehydes as
obtained in step (d) conprises iso-butyral dehyde. Mre
preferably the first product fraction of aldehydes
conprises in the range of from 80 to 100wt % of i so-
butyral dehyde based on the aldehydes in the first product
fraction of al dehydes.

Preferably, second product fraction of aldehydes as
obtained in step (d) conprises normal butyral dehyde. Mre
preferably the second product fraction of aldehydes
conprises in the range of from 90 to |1OOM %, more

preferably of from 99 to 100wt % even nore preferably
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99.9 to 100w % of normal butyral dehyde based on the
al dehydes in the second product fraction of aldehydes.

In step (e) , at least part of the aldehydes in the
first and/or second product fraction of aldehydes as
obtained in step (d) are hydrogenated to form a first
product fraction of alcohols and/or a second product
fraction of alcohols. Preferably, at |east part of the
first product fraction of aldehydes is hydrogenated and
the first product fraction of alcohols as obtained in
step (e) conprises an iso-alcohol, preferably iso-butyl
al cohol

In step (e) aldehydes as obtained in step (c¢) are
hydrogenated with hydrogen to form al cohols. Depending on
the al dehyde that is hydrogenated the alcohols fornmed are
i so-al cohol and normal al cohol, preferably isobutyl-
al cohol and normal butyl-al cohol.

The catalyst to be used in step (e) is netal-based
catalyst. Suitable netals to be used include platinum
pal | adi um rut henium copper, chrom um and nickel.
Preferably, use is made in step (e) of a nickel-based
catalyst. Preferably, step (e) is carried at a
tenperature in the range of from 100-150 °C and a
pressure in the range of from 2-5 bar. Hydrogenation
process are well known in the art and do not need further
expl anati on.

Preferably, at |east part of the second product
fraction conprising aldehydes is wthdrawmm from the
process as an al dehyde product, preferably conprising
nor mal butyral dehyde.

Equally preferably, the aldehydes in the second
product fraction conprising aldehydes are hydrogenated
and at |east part of the second product fraction

conprising alcohols is withdrawn from the process as an
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al cohol product, preferably conprising normal butyl-
al cohol
In step (f) at least part of the first or second
product fraction of alcohols are recycled to step (a) .
Dependi ng on the desired aldehyde and/or alcohol product
either the iso alcohols or the normal alcohols are
recycled. Any alcohols recycled to step (a are
subsequently converted at least in part back to
propyl ene. This propylene may be used as part of the
first olefinic product to produced further aldehydes and
optionally alcohols. Preferably, at least part of the
first product fraction of alcohols, which conprises
i sobutyl -al cohol is recycled to step (a . Mre
preferably, the entire first product fraction of alcohols
whi ch conprises isobutyl-alcohol is recycled to step (a .
The process according to the present invention
integrates an OTO process for the production of olefins,
in particular propylene, and a subsequent
hydr of ornyl ati on respectively hydrof ornylation/
hydrogenati on process for converting the propylene to
butyral dehyde and butanol. Typically, the
hydr of ornyl ati on respectively
hydr of ormyl ati on/ hydrogenati on process produces a mxture
of al dehydes or alcohols conprising nore than one isoners
of the al dehydes or alcohol such as in case of
but yral dehyde, normal butyral dehyde and iso-butyral dehyde
and in the case of butanol, normal butyl-al cohol and
i sobutyl -al cohol. A particular advantage of this
integration is that the undesired isomer (s)y of the
al dehyde or al cohol may be recycled back, i.e. in the
case of the aldehyde after hydrogenation to the
corresponding alcohol, to the OTO process to be converted

at least in part back to propylene. As such it is
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or alcohol isonmer. Due to the recycle of the undesired
isomer it is not necessary that the hydrof ornylation
respectively hydrof ornyl ati on/ hydrogenati on process
produces an al dehyde or alcohol mxture that is enriched
in the desired aldehyde or alcohol, allowing a nuch
broader and economic choice in possible hydrof ornylation
respectively hydrof ornyl ati on/ hydrogenati on processes and
cat al yst
A further advantage of the integrated process
according the invention is that part of the alcohol, in
particular butanol, recycled back to step (a is
converted into ethylene. As the butanol was produced, via
but yral dehyde from propylene, part of the propylene is
converted to further ethylene, which is a valuable
chem cal feedstock.
The invention wll be further described by way of the
following non-linmting exanple.
Exanpl e
Two catalysts, conprising 40 w% zeolite, 36 w%

kaolin and 24 wt% silica were tested to show their
ability to convert an isobutyl-al cohol-containing
feedstock to an olefinic product. To test the catal yst
fornmulations for catalytic perfornmance, the catal ysts
were pressed into tablets and the tablets were broken
into pieces and sieved. In the preparation of the first
catalyst sanple ZSM 23 zeolite powder with a silica to
alumna nmolar ratio (SAR) 46, and ZSM5 zeolite powder
with a SAR of 80 were used in the ammnium form in the
weight ratio 50:50. Prior to mixing the powders, the ZSM
5 zeolite powder was treated w th phosphorus, resulting
in a catalyst that has only one zeolite pre-treated wth

phosphorus. Phosphorus was deposited on a ZSM5 zeolite
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powder with a silica-to-alumna ratio of 80 by neans of
i npregnation wth an acidic solution containing
phosphoric acid to obtain a ZSM5 treated zeolite powder
containing 2.0 w% P. The ZSM5 powder was calcined at
550 °c. Then, the powder mix was added to an aqueous
solution and subsequently the slurry was mlled. Next,
kaolin clay and a silica sol were added and the resulting
m xture was spray dried wherein the weight-based average
particle size was between 70-90 wn. The spray dried
catalysts were exposed to ion-exchange using an anmoni um
nitrate solution. Then, phosphorus was deposited on the
catalyst by means of inpregnation wusing acidic solutions
contai ning phosphoric acid (H3PO,). The concentration of
the solution was adjusted such to inpregnate 1.0 wt % of
phosphorus on the catalyst. After inpregnation the
catalysts were dried at 140 °C and were calcined at

550 °C for 2 hours. The final forrmulated catalyst thus
obtained is further referred to as catalyst 1.

Anot her fornmulated catalyst was prepared as
described herein above for catalyst 1, with the
exceptions that only ZSM5 with a SAR of 80 was used and
which was not treated w th phosphorus prior to
spraydrying. The concentration of the phosphorus
i npregnation solution was adjusted such to inpregnate 1.5
wt % of phosphorus on the catalyst fornulation. The final
fornmul ated catalyst thus obtained is further referred to
as catalyst 2.

The phosphorus |loading on the final catalysts is
given in Table 1 as w% of elenmental phosphorus in any
phosphor species, based on the total fornulated catalyst,
and was deternmined by elenental analysis. The anmunt of
phosphorus is based on the elenental weight of phosphorus

(which does not need to be in elenmental form though) and
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not on the total weight of phosphorus species present.
This may be determned by elenmental analysis and is also
referred to as elenental phosphorus | oading.
A stream of isobutyl-alcohol , conparable to an
i sobutyl -al cohol stream obtainable from a
hydr of ornyl ation process, was provided. The isobutyl-
al cohol in the presence and absence of nethanol or
nmet hanol and butene-1 was reacted over the catalysts

which were tested to determine their selectivity towards

olefins, mainly ethylene and propylene. For the catalytic

testing, a sieve fraction of 60-80 mesh was used. Prior
to reaction, the nolecular sieves were treated ex-situ i
air at 550°C for 2 hours.

The reaction was perforned using a quartz reactor
tube of 1.8 mm internal dianeter. The nolecular sieve
sanples were heated in nitrogen to the reaction
tenperature and a mixture consisting of 3 vol% butene-1,
6% vol % net hanol balanced in N, was passed over the
catal yst at atnospheric pressure (1 bar) . In another
experinment 3 vol % of isobutyl-al cohol, 6% vol % met hanol
bal anced in N, was passed over the catalyst at
at nospheric pressure (1 bar) . In yet another experinent
vol % isobutyl -al cohol balanced in N, was passed over the

catal yst at atnospheric pressure (1 bar).

n

3

The Gas Hourly Space Velocity (GHSV) is determ ned by

the total gas flow over the zeolite weight per unit time
(rl .gzeolite-*.h"1). The gas hourly space velocity used i
the experinents was 19000 (m .gzeolite *.h™"). The
effluent from the reactor was analyzed by gas

chromat ography (&) to determ ne the product conposition.
The conposition has been calculated on a weight basis of
all hydrocarbons analyzed. The conposition has been

defined by the division of the mass of specific product

n
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by the sum of the masses of all products. The effluent
fromthe reactor obtained at several reactor tenperatures
was anal yzed. The results are shown in Table 1. The

et hyl ene and propyl ene obtained are then subjected to the
hydr of ormmyl ati on process. |so-butyral dehydes obtai ned
hydr of ormmyl ati on process are hydrogenated to isobutanol
This obtainable isobutanol is conparable to the

i sobut anol provided in this exanple.

It will be clear fromthe table 1 that the i sobutanol
is conveniently recycled to an OTO process to be
converted to propylene, which may subsequently be used as
a feed to a hydrof ornylation process. In addition,
ethylene nmay fornmed by the conversion of isobutanol in an

OTO process.
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CLAI MS

1. Process for the production of aldehydes and/or

al cohol s, which process conprises the steps of:

(a) reacting an oxygenate and/or olefinic feed in a
reactor in the presence of a nolecular sieve catalyst to
form an effluent conprising olefins, conprising
propyl ene ;

(b) separating the effluent conprising olefins as
obtained in step (a) into at least a first olefinic
product fraction conprising propylene and a second

ol efinic product fraction ;

(c) subjecting at least part of the first olefinic
product fraction as obtained in step (b to a

hydr of ornmyl ati on process to form al dehydes;

(d) separating at |least part of the al dehydes as obtained
in step (¢) into at least a first product fraction of

al dehydes and a second product fraction of aldehydes; and
(e) hydrogenating at l|least part of the al dehydes in the
first and/or second product fraction of aldehydes as
obtained in step (d) to forma first product fraction of
al cohols and/or a second product fraction of alcohols;

(f) recycling at least part of the first and/or second
product fraction of alcohols obtained in step (e) to step
(a) .

2. Process according to claim 1, wherein the first
product fraction of aldehydes as obtained in step (d
conprises iso-butyral dehyde and the second product
fraction of aldehydes as obtained in step (d) conprises
normal butyral dehyde .

3. Process according to claim 1 or 2, wherein at |east
part of the first product fraction of aldehydes is

hydrogenated and the first product fraction of alcohols
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as obtained in step (e) conprises an iso-alcohol,
preferably iso-butyl alcohol.
4. Process according to claim 1-3, wherein at |east part

of the first product fraction of alcohols, preferably

conprising isobutyl-alcohol is recycled in step (f) to
step (a) .
5. Process according to claim 4, wherein the entire

first product fraction of alcohols is recycled to step
(a) .

6. Process according to any one of clains 1-5, wherein
at least part of the second product fraction conprising
al dehydes is withdrawmm from the process as an al dehyde
product, preferably conprising normal butyral dehyde

7. Process according to any one of clains 1-6, wherein
at least part of the second product fraction conprising
al cohols is withdrawmn from the process as an al cohol
product, preferably conmprising normal butyl-alcohol.

8. Process according to any one of clains 1-7, wherein
the nol ecular sieve catalyst conprises a zeolite having
at least 10-nenbered ring channels.

9. Process according to claim g8, wherein the zeolite is
a zeolite of the MFl-type, the MEL-type, the MIT-type,
the TON-type or any mxture thereof.

10. A process according to any one of clainms 1-9, wherein
in step (¢) the first olefinic fraction is contacted wth
carbon nonoxi de and hydrogen in the presence of a

hydr of ornyl ati on catal yst.

11. Process according to claim 10, wherein the

hydrof ornylation catalyst conprises rhodium

12. Process according to any one of clains 1-11, wherein
t he oxygenate feed conprises nethanol or dinethylether
13. Process according to any one of clains 1-12, wherein

the reaction in step (a) is conducted at a tenperature
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from 350 to 750 °C, preferably from 450 to 750 °C, nore
preferably from 450 to 700°C, even nore preferably 500 to
650°C, and a pressure of from 1-15 bara, preferably from
1-4 bara, nore preferably from 1.1-3 bara, and even nore
preferably from 1.3-2 bara.
14. Process according to any one of clains 1-13, wherein
the effluent conprising olefins as obtained in step (a)
conprises ethylene and propyl ene.
15. Process according to any one of clains 1-14, wherein
the first olefinic product fraction as obtained in step
(by conprises in the range of from 50 to 100 wt % of
propyl ene, based on the hydrocarbons in the first

ol efinic product fraction.
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