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PROCESS FOR THE CONVERSION OF ALCOHOLS AND
OXYGENATES INTO HYDROCARBONS

This invention relates to the production of light olefins,
hydrocarbons boiling in the gasoline and distillate boiling ranges
and mixtures thereof -from lower aliphatic alcchols, related and
other oxygenates, and mixtures thereof by catalytic conversion in a
horizontally baffled fluld bed of ZSM-5 type zeclite catalyst.

The growing demand for fuels and light petroleum products,
including iight olefin gases, and the growing shortage of crude oil
supplies, have resulted in a continuing strong interest in tapping
alternative raw material sources from which to obtain the desired
light hydrocarbon products. '

1In recent years, it has been discovered that alcohols and
related oxygenates, which may be obtained from coal, natural gas or
biomass, can be converted into more complex hydrocarbons, including
gasoline boiling range hydrocarbons, by utilizing as catalysts a
group of zeolites exemplified by ZSM-5 zeolite. In one commercial
aspect, such a process is employed as part of the conversion of
natural gas inta gasocline. Natural gas is steam reformed to
synthesis gas which in turn is converted into methanol. The
methanol is then converted into gasoline employing Mobil 0il
Corporation's MTG (methanol-to-gasollne) process. The MTG process
is described 1n, for example, U.S. Patents 3,894,103; 3,894,104'
3,894,107; 4, 035 430 and 4,058,576. U.S. Patent 3,894,102 describes
the conversion of synthesis gas into gasoline.

The conversion of lower monohydric alcohols into gasoline
by .the catalytic action of ZSM-5 type zeolites is highly
exothermic. To control this exothermic heat, there have been
employed fluidized catalyst techniques which were developed

“previously, principally in the petroleum industzry. Flgidization

methods have been usefully employed in the cracking of gas oils
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where a powdered catalyst was used to transfer heat, developed
during the regeneration of the catalyst in a fluidized bed, to
another fluidized bed of catalyst to effect the endothermic cracking
of the gas oil.

The use of fluidized bed techniques not only to control the
heat released in the conversion of alcohols into'gasoline but also,
because of the intimate contact between reactants and catalyst
provided by the fluidized catalyst, to improve product selectivity
and catalyst life, has also been described. However, the very
nature of the fluidized catalyst bed promotes the growth of bubbles
of reactant gases and the backmixing of gasiform materials, both of
which are undesirable. A number of prior patents on this subject
have addressed these problems in a variety of ways. Thus U.S.
Patent 4,071,573 discloses the use of horizontally disposed grid
means, such as wire mesh screens or heat exchanger means, in a
dilute phase catalyst riser reactor to disperse reactant or product
gas bubbles as the catalyst-reactant suspension passes upwardly
through the riser. A plurality of vertical baffles is provided in
the dense phase fluid catalyst bed described in O.S. Patent
4,197,418 andegs said to restrict upflowing reactant bubble growth
so as not to exceed about 150 mm and to provide substantial plug
flow conditions._ U.S. Patents 4,238,631 and 4,251,484 descg%be a
dense fluidized bed reactor for methanol conversion provided with a
plurality of vertical heat exchanger tubes and vertical open-ended
baffle tubes which are spaced to provide a flow path having a
hydraulic diameter of 100 to 200 mm when the reactants are in
contact with the fluid mass of catalyst particles.

In accordance with the invention, it has been found that
significant improvements can be made in the process of converting'a
C;-C5 aliphatic alcohol, particularly methanol, related
oxygenates and/or oxygenates from Fischer-Tropsch synthesis into
light olefins, gasoline boiling range hydrocarbons and/or distillate
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boiling range hydrocarbons with a ZSM-5 type catalyst in a dense
fluidized bed reactor, when the reactor is provided with a plurality
of horizontally disposed baffles. The baffles are tubular in form
and may serve as indirect heat exchanger means to remove the
exothermic heat generated in the conversion. B8y being located
horizontally within the reactor, the baffles increase the conversion
efficiency over that obtained in an unbaffled or vertically baffled
dense fluidized bed of a comparable ZSM-5 type catalyst converting a
- comparable feed under comparable conversion conditions.

Although the use of horizontal baffles in fluidized bed
reactors has previously been advocated, such baffles have always
been used in conjunction with other associated equipment, for
example feed distribution manifolds, vertical baffles and vertical -
catalyst downcomers, for providing particular baffling effects. The
horizontally disposed, tubular baffles used in accordance with the
present invention achieve the desired increase in conversion
efficiency totally incependently, thereby precluding the need to use
any supplementary means to achieve an additional baffling effect. -

According to the present invention, thé€re is provided a -
- process for converting a reactant comprising a Cl-C3 monchydric
alcohol, a related oxygenate, a Fischer-Tropsch oxygenate or a
mixture of any two or more thereof, into a hydrocarbon product of
higher boiling point which comprises passing a feed comprising the
reactant alone or together with water upwardly ithrough a dense
fluidized bed of particles of a catalyst comprising a ZSM-5 type
crystalline zeolite under exothemmic conditions to convert at least
70% of the reactant into the hydrocarbon product, characterized in
that the dense fluidized bed of catalyst particles contains a
plurality of spaced, horizontally-disposed, tubular baffles in a
plurality of spaced rows, the rows and baffles in the rows being so
arranged as to improve the efficiency of the conversion of the
reactant into the hydrocarbon product compared to conversion of an
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identical feed carried out in a dense fluidized bed containing no
baffles or containing vertical baffles but under otherwise identical
conditions. |

Preferably, the horizontal tubular baffles are arranged as
a series of bundles of baffles with each bundle being spaced from an
adjacent bundle by from 0.75 to 3 m.

The feed to the process of the invention may include a
Cl-c3 monohydric alcohol alone or a mixture of such alcohols.

The feed may alsoc include mixtures of such an alcohol or alcohols,
related oxygenates and/or oxygenates produced by Fischer-Tropsch
synthesis alone, as mixtures thereof or as mixtures with water.
Examples of related oxygenates are the ethers of the useful
alcohols, i.e., dimethyl ether (a related oxygenate of methanol).
Water may comprise up to 20 weight percent of the feed to this
process where conversions of at least 95% are desired. Where
partial conversion of at least 40%, preferably at least 70%, is
desired water may comprise up to 60% weight percent of the feed.

The Cl-C3 monohydric alcohols that may'be_charged to
the process include methanol, ethanol, propanol, and isopropoanol.
The feed may consist of a relatively pure single alcohol, or a
mixture of such alcoholé. In general, any mixture comprising
methanol, ethanol, propanol, isopropancl or mixtures thereof and
which is convertible with high exothermicity, is a suitable feed for
the process. Conversions which produce more than 230 kJ/kg of total
hydrocarbon product, and preferably more than 450 kd/kg of
hydrocarbon product, at conversion temperature, are considered
highly exothermic for the purpose of the present invention.

The preferred charge of the present invention and the one
utilized in the detailed description that follows is methanol
together with up to 20 weight percent of water. Mixtures of
methanol and dimethyl ether are also preferred. .
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In the following description, the process is described with
methanol serving as the feedstream. This is done for convenience
and for illustrative purposes only since it will be appreciated that
the feed can comprise any of the other alcohols or oxygenates
described herein either alone or as mixtures with water.

The conversion effected in the process is achieved in the
presence of a catalyst comprising a crystalline zeolite that is a
member of a class of zeolites known as ZSM-5 type zeolites. The
ZSM=5 type zeolites used in accordance with the invention are
crystalline zeolites having a silica/alumina ratic greater than 12
‘and a Constraint Index (C.I.) from 1 to 12. These zeolites and
their use as conversion catalysts for lower aliphatic alcohols are
described in U.S. Patents 3,894,106, 4,025,571, 4,058,576 and
4,148,835,

The ZSM-5 type zeolites are exemplified by ZSM-5, ZSM-11,
ISM-12, ZSM-23, ZSM-35 and ZSM-38, with ZSM-5 being particularly
preferred. ZSM-5 is described in U.S. Patent 3,702,886; ZSM-11 is
described in U.S. Patent 3,709,979; ZSM-12 is described in U.S.
Patent 3,832,449; ZSM-23 is described in U.S. Patent 4,076,842;
ISM-35 is described in U.S. Patent 4,016,245; and ZSM-38 described
in U.S. Patent 4,046,859. . |

Particularly preferred catalysts are those comprising ZSM-5
type zeolite of large crystal.size, i.e. a crystal size of at least
1 micron, as described in U.S. Patents 4,025,571 and 4,148,835,

 The process of the invention is concerned with improving
the conversion in a dense fluidized bed reactor when catalytically
converting alcohols into higher boiling hydrocarbons, particularly
methanol into gasoline boiling range hydrocarbons. A measure of
this improved conversion may be made by comparing the conversion
with that 'obtained in a comparable unbaffled fluidized bed reactor
operating at complete plug flow of the reactant mixture, i.e., no
backmixing. Dividing the conversion obtained in the reactor under
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study by that calculated if the same reactor had been operated under
ideal plug flow conditions provides a percentage approach to the
optimum which is designated conversion efficiency.

In the process of the invention carried out in a
horizontally baffled reactor, the exothermic heat of reaction
obtained when converting a methanol charge is absorbed by the
catalyst and in substantial measure by the horizontal tupular
baffles utilized as heat exchanger tubes for the generatién of high
pressure steam. Where the horizontal baffles serving as heat '
exchangers do not remove sufficient heat from the reactor,
additional heat transfer can be obtained, for example by providing
vertically disposed heat exchanger tubes between the horizontal =
baffle sections. L ,

The temperature in the fluid catalyst bed is substantially
uniform. Fluid bed temperatures may range from 300 to 430°C.
Usually bed temperatures of 340 to 430°C are employed for producing
gasoline while bed temperatures of 300 to 370°C are used when a )
highly olefinic product is desired. According to one aspect of the
invention, the feed is brought into the bottom of the reactor riser
at about 175°C where it is immediately heated to about 300°C when it
contacts the hot zeolite catalysf. The feed temperature rises as it
passes'up the riser, exiting at about 315°C into fhe.dense bed of
catalyst which is operating at 400 to 410°C.

" When methanol is used as the feed, it is preferred to
achieve a methanol conversion of greater than 95% and ﬁreferably
99.5% to minimize the loss of difficultly recoverable methanol in
_ the water formed in the process. At the operating conditions
defined, including a pressure restriction of about 310 kPa at the
bottom of the fluid mass of catalyst and about 270 kPa in the
reactor dispersed catalyst phase and relying upon a nominal gas
velocity of about 0.6 m/sec., the density of the fluid mass of
catalyst in the lower portion of the reactor is about 320 to 480
kg/m3. Reactor bed density depends on a number of variables
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including catalyst type, particle size distribution and gas
velocity. When it is desired to change product selectivity to one
of high olefin content as opposed to high aromatics' yield, the
reaction time as a function of space velocity may be reduced by
increasing the space velocity. On the other hand, aromatic
formation is enhanced by a reduction in reactant space velocity to
increase time of contact between methanol reactant product and
catalyst. A good balance in product selectivity between olefins,
aromatics and paraffins may be had by a proper selection of reaction
conditions. ‘

The baffles employed according to the invention are
disposed horizontally to obtain the beneficial results described
herein. Whereas vertical baffles are said to restrict the size of
gaseous bubbles and to define a flow path having a hydraulic
diameter within a desired range, horizontal baffles do not serve
these functions. It is postulated that the effectiveness of the
horizontal baffles is based on the staging effect they provide in
that the spacing configurations provide what essentially appears to
be a multiplicity of small reaction zones within the dense fluidized
catalyst bed. ,

Horizontal baffles in.any of a variety of forms may be
employed. Thus the baffles may be solid bars, hollow tubes or pipes
such as heat exchanger tubes. The baffles are disposed
horizontally, suitably in a series of rows with the baffles in each
row having a particular spaced relationship and adjacent rows also
having a particular spaced relationship.

A plurality of horizontally disposed tubular baffles may,
therefore, fulfill several funmctions. Some of them may serve as
part of an indirect heat exchanger while all of them provide'a
baffling function. Heat exchanger tubes having an external diameter
from 25 to 75 mm are most conveniently employed as the'tubular
baffles. The several rows of baffles may be arranged in a staggered
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pattern to provide a spacing configuration between adjacent tubes in
a triangular or a square pattern, either of which should have a
pitch from 50 to 200 mm. The spacing of the tubular baffles is
dependent on the intended gas velocity in the fluidized bed as well
as the properties of the catalyst. In general, the higher the gas
velocity and the lower the catalyst density, the more open should be
the tubular baffle spacing or pitch. For example, for a superficial
gas velocity of 0.4 to 0.9 m/sec. and a catalyst solid density
(weight/total volume) of 0.7-1.2 g/cc, the baffle tubes should be at
least 75 mm apart (wall-to-wall) to obtain a conversion efficiency
of &5 to 85%.

It has been found that the tubular baffles can usefully be
arranged as bundles of tubes with each bundle disposed horizontally
across the *fluidized bed reactor and comprising a number of vertical
rows of tubes. Where the baffles are being utilized as a heat
transfer means, one QT more bundles of tubular baffles may serve as
heat exchangers. An effective number of these bundles may be '
provided to remove the exothermic heat of reaction released within
the fluidized bed reactor, thereby serving as a significant and
convenient source of process steam for this unit and other
processing units in the vicinity. The tubes are conveniently
arranged in bundles with each bundle having a vertical height from
0.3 to 1.4 m and with each bundle separated from an adjacent bundle -
by a vertical distance from 0.75 to 3m, preferably from 0.9 to
1.8 m. This vertical spacing appears to improve the conversion
efficiency by providing a number of small individual reaction zones
rather than a single large reaction zone. It is postulated that- the.
improvements are obtained principally because the tubular baffle
configuration significantly reduces the backmixing of the reactants
and product thereby limiting undesirable side reactions or prolonged
exposure to thermal cracking temperatures. :
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The effectiveness of a particular configuration of baffles
may be evaluated by comparing the conversion obtained to the
conversion calculated in an ideal unbaffled fluidized bed reactor
operating at essentially plug flow, i.e., with no backmixing.

The process of the invention will now be described in
greater detail by way of example only with reference to the
accompanying drawing, which illustrates schematically the dense
fluid bed reactor and ancillary equipment for carrying out the
process. A methanol feed is used in this description, by way of
example; any of the other feedstocks disclosed above containing, for
example, oxygenated derivatives, for example, dimethyl ether, or
oxygenates produced by Fischer-Tropsch synthesis, may be used to
obtain advantageous results similar to those obtained when using
methanol.

Referring to the drawing, a methanol feed containing up to
20 weight percent water is introduced preferably in a vaporous
state, through line 2 into a bottom extended portion of reactor 4
‘where it is combined with freshly regenerated catalyst from line 6. .
The mixture of methanol feed and catalyst forms a suspension at a
temperature from 200 to 425°C. The temperature may be regulated by
employing a cooler 8 to adjust the temperature of the regenerated
catalyst. The suspension of methanol reactant and zeolite catalyst
then passes into the lower portion of reactor 4 through a
distributor grid 10; positioned across the lower portion of the
reactor 4 and enters the bottom of the dense fluid bed 12 of ZSM-5
catalyst. The catalyst density in the bed is from 32 to 640
Kg/m3. Positioned in the catalyst bed are rows of horizontal
tubular baffles arranged in a series of bundles, illustrated as l4a,
l4b and l4c. The individual tubular baffles have an external
diameter from 25 to 75 mm. The rows within each bundle are
staggered to provide a triangular or square pitch from 50 to 200 mm.
The vertical distance between adjacent bundles, for example, between
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bundle l4a and bundle 14b is from 0.75 to 3 m, preferably from 0.9
to 1.8 m. Sufficient bundles of tubular baffles having the above
configuration and spacing are located within the dense fluidized bed
to provide a conversion efficiency from 65 to 83%. Since the
horizontal bundles of tubular baffles are conveniently formed from
heat exchanger tubes, a number of bundles are adapted for indirect
heat exchange service to remove the exotnermic heat of reaction that
is released during the alcohol conversion. In some cases not all
the bundles of tubular paffles will pe required for heat exchanger
service. Thus, bundle 140 is not serving as a heat exchanger while
bundles l4a and lac have been adapted to this service. water is
provided to tnese pundles tnrough lines 1léa and léc so as to
generate steam which passes from the bundles through lines 18 and

- 18c, respectively, for use as process steam. ' '

. The vaporous feed passes up through the dense fluidized bed
12 of ZSM-5 type zeolite catalyst under conversion conditions
effective to provide a conversion of at least 95%. Conversions of
99.5% and above can be achieved. Useful conversion conditions
include a WHSV from 0.5 to 20, a bed residence time from 3 to 30
seconds and a bed temperature from 340 to 430°C.

' During the conversion, coke is formed on the catalyst. To
maintain the activity of the catalyst, a portion of the catalyst is
removed from reactor 4 through a line 20 for .regeneration. The
catalyst initially passes through a stripping vessel 22, provided
with downwardly sloping paffles 24. Steam entering the bottom of
the stripping vessel 22 through line 26, contacts the catalyst
cascading down through the vessel 22 thereby stripping occluded
hydrocarbons from the catalyst. Tne stripping steam and the
stripped products pass from stripping vessel 22 through a line 28
and are discharged into the vapor space of reactor 4. The stripped
catalyst flows from stripping vessel 22 through a line 30 and then
it is passed, together with a molecular oxygen-containing gas
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supplied through a line 32, through a line 34 into a regenerator
vessel 36 where a portion of the coke is oxidatively removed to
provide a catalyst having the requisite activity. The resultant
flue gas is removed from the regenerator through a line 38 and
partially regenerated catalyst passes through a line 40 from where
it is recycled through cooler 8 and line 2 to the lower section of
reactor 4 for admixture with the fresh feed.

The reaction mixture passing up through the dense fluidized
bed is converted to the desired degree as it passes through the
horizontal rows of tubular baffles which are arranged in a staggered
pattern to provide what amounts to a series of reaction zones. -As
the conversion proceeds the heat generated is removed by the
generation of steam in heat exchanger bundles l4a and l4c. The
reaction mixture passes from the upper leQel of the fluidized bed 12
into a vapor space in the upper end of reactor 4. Here the vaporous
mixture passes through a cyclone separator 42 which removes
entrained catalyst from the vapors and conducts it through dipleg 44
to catalyst bed 12. The vapors pass from the cyclone separator
through a line 46 and into a plenum chamber 48. The vapor phase -
passing through the plenum chamber contains the hydrocarbon reaétipn
products, water and traces of unreacted methanocl. This vapor
mixture passes'from plenum- chamber 48 through a line 50 to a cooler
52 where the water vapors and the normally liquid hydrocarbons are
condensed. All of the reaction products then pass through a line 54
to a separator vessel 56 where the products are separated into three
phases, an aqueous phase which is drawn off through line 58, a C
hydrocarbon phase, i.e., the desired gaéoline boiling range
hydrocarbons, which is removed through line 60 and a C,- light
hydrocarbon gas stream which is removed through line 62. The C.+

5
stream is conventionally transferred to gasoline blending facilities

5+
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where it is processed as required. The Ca— stream may also be
subject to further processing, i.e., alkylation to provide further

components for gasoline blending.
The following example illustrates the invention.

EXAMPLE

Methanol is passed to a dense fluidized bed reactor for
converting methanol into gasoline boiling range hydrocarbdns. The
reactor contains a ZSM-5 zeolite catalyst in the form of a fine
powder (0-150u) having a density of 0.5-1.5 g/cc. The operating
temperature is 400-426°C, the reactor pressure is 70-345 kPa and the
fluidized bed height is 4.5-10.5 m. The WHSV is 1-2 and the
superficial gas velocity in the rea&to; is 0.45-0.75 m/sec. The
fluidized bed reactor is operated (a) with vertical.baffles in
accordance with U.S. Patents 4,197,418 and 4,251,484 (b) without
baffles and (c) with horizontal tubular baffles in accordance with
the invention wherein the tubular baffles have a 50 mm 0.D. on a
125 mm triangular pitch in bundles 1.2 m long and 1.2 m apart. The
conversion efficiency, which is defined as the percentage of the
conversion obtained in a given fluid bed reactor compared to the
conversion obtained in a reactor operating at complete plug flow of
the gas under comparable conditions, for each is as follows:

Vertically baffled bed 55-60%
Unbaffled bed 55-60%
Horizontally baffled bed 65-70%.
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CLAIMS:

1. A process-for converting a reactant comprising a
Cl-C3 monohydric alcohol, a related oxygénate, a Fischer-Tropsch
oxygenate or a mixture of any two or more thereof, into a
hydrocarbon product of higher boiling point which comprises passing
a feed comprising the reactant alone or together with water upwardly
through a dense fluidized bed of particles of a catalyst comprising
a ZSM-5 type crystalline zeolite under exothermic conditions to
convert at least 70% of the reactant into the hydrocarbon product,
characterized in that the dense fluidized bed of catalyst particles
contains a plurality of spaced, horizontally-disposed, tubular
baffles in a plurality of spaced rows, the rows and baffles in the -
rows being so arranged as to improve the efficiency of the
conversion of the‘reactant.into the hydrocarbon product compared to
conversion of an identical feed carried out in a dense fluidized bed
containing no baffles or containing vertical baffles but under
otherwise identical conditions.

2. A process according to Claim 1, wherein the alcohol is
methanol. '

3. A process according to Claim 1 wherein the related
oxygenate is dimethyl ether.

4. A process according to any one of Claims 1 to 3,
wherein the rows of tubular baffles are staggered and the spacing
configuration is a triangular pattern having a pitch from 50 to
200 mm.

5. A process according to any one of Claims 1 to 3,
wherein the rows of tubular baffles are staggered and the spacing
configuration is a square pattern having a pitch from 50 to 200 mm.
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6. A process according to any one of Claims 1 to 5,
wherein the tubular baffles have an external diameter from 25 to
75 mm.

7. A process according to any one of Claims 1 to 6,
wherein at least some of the baffles comprises heat exchanger tubes.

8. A process according to any one of Claims 1 td 7,
wherein the baffles are arranged-in two or more bundles with each

bundle being vertically separated from each adjacent bundle by a
distance of from 0.75 to 3 m.

9. A process according.to Claim 8, wherein the distance is

2432n/0034H
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