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DESCRIPTION

Technical field

[0001] The present invention relates to a method for preparing a light olefin using an oxygen-
containing compound.

Background

[0002] Light olefins, i.e. ethylene and propylene, are two important kinds of basic chemical
raw materials, and the demand thereof is increasing. Generally, ethylene and propylene are
produced via a petroleum scheme. However, the costs for producing ethylene and propylene
from petroleum resources are increasing due to limited supply and relatively high price of
petroleum resources. In recent years, techniques for preparing ethylene and propylene by
converting substituent raw materials have been greatly developed. More and more attentions
have been paid to the process of methanol-to-olefins (MTO), and the production scale of
megatonnage has been achieved. As the world economy develops, the demand for light
olefins, particularly propylene, is increasing day by day. It is reported as the analysis of CMAI
Corporation that the demand for ethylene will increase at an average rate of 4.3% per year and
the demand for propylene will increase at an average rate of 4.4% per year until 2016. Due to
high-speed increase of the economy in China, all of the annual increase rates of the demand
for ethylene and propylene in China exceed the average level of the world.

[0003] In early 1980s, UCC Corporation successfully developed SAPO series molecular
sieves. Among others, SAPO-34 molecular sieve catalyst exhibits excellent catalytic
performance when it is used in MTO reaction, and has very high selectivity for light olefins and
very high activity. However, after the catalyst has been used for a period of time, the activity is
lost due to carbon deposition. A remarkable induction period is present in the use of the SAPO-
34 molecular sieve catalyst. In the induction period, the selectivity for olefins is relatively low
and the selectivity for alkanes is relatively high. As the reaction time increases, the selectivity
for light olefins gradually increases. After the induction period, the catalyst maintains high
selectivity and high activity in a certain period of time. With further prolong of the time,
however, the activity of the catalyst rapidly decreases.

[0004] US6166282 discloses a technique and a reactor for converting methanol to light
olefins, which use a fast fluidized bed reactor, wherein after the completion of a reaction in a
dense phase reaction zone having a relatively low gas speed, the gas phase rises to a fast
separation zone having an inner diameter which rapidly becomes smaller, and most of the
entrained catalyst is preliminarily separated using a special gas-solid separation apparatus.
Since the product gas and the catalyst are rapidly separated after reaction, a secondary
reaction is effectively prevented. Upon analog computation, the inner diameter of the fast



DK/EP 3078652 T3

fluidized bed reactor and the catalyst inventory required are both greatly reduced, compared to
the conventional bubbling fluidized bed reactors. However, the carbon based vyields of light
olefins in this method are all typically about 77%, and there are problems concerning relatively
low yields of light olefins.

[0005] CN101402538B discloses a method for increasing the yield of light olefins. This
method provides a second reaction zone on the upper part of a first reaction zone for
converting methanol to light olefins, and the diameter of the second reaction zone is greater
than that of the first reaction zone to increase the residence time of the product gas from the
outlet of the first reaction zone in the second reaction zone, such that the unreacted methanol,
the generated dimethyl ether, and hydrocarbons having 4 or more carbons continue to react
so as to achieve the object of increasing the yield of light olefins. This method may increase
the yield of light olefins to some extent. However, since the catalyst come out from the first
reaction zone has already carried a relatively great amount of deposited carbon and relatively
high catalyst activity is required to crack hydrocarbons having 4 or more carbons, the
conversion efficiencies of hydrocarbons having 4 or more carbons in the second reaction zone
in this method are still relatively low, leading to a lower yield of light olefins.

[0006] CN102276406A discloses a method for increasing the production of propylene. This
technique provides three reaction zones, wherein a first fast bed reaction zone is used for
converting methanol to olefins, and a lift pipe reaction zone and a second fast bed reaction
zone are connected in series to convert ethylene, hydrocarbons having 4 or more carbons,
and unreacted methanol or dimethyl ether. In this patent application, the residence times of
substances, such as hydrocarbons having 4 or more carbons, etc., in the lift pipe reaction zone
and in the second fast bed reaction zone are relatively short and the conversion efficiencies
are relatively low, such that the yield of propylene is relatively low.

[0007] CN102875289A discloses a fluidized bed reaction device with a lift pipe reactor
arranged therein, which is used for increasing the yield of light olefins. A first raw material is
passed into a fluidized bed reaction zone and is brought into contact with a catalyst to generate
a product comprising light olefins, and at the meanwhile a spent catalyst is formed; a part of
the spent catalyst is passed into a regenerator for regeneration to form a regenerated catalyst,
and the other part of the spent catalyst is passed into a lift pipe with an outlet end located
inside the reaction zone and is brought into contact with a second raw material so as to lift the
spent catalyst into the reaction zone; and the regenerated catalyst is returned to the reaction
zone of the fluidized bed reactor. Since the reaction device disclosed in this patent application
does not comprise a stripping portion, the spent catalyst will be passed into the regenerator
with carrying a part of the product gas, which is combusted with oxygen to reduce the yield of
light olefins.

[0008] The technique for preparing olefins from methanol disclosed in CN102875296A
provides three reaction zones, which are a fast bed, a downer, and a lift pipe. Since the
catalyst is circulated among the regenerator, the fast bed, the lift pipe, and the downer, the flow
direction is extremely complicated, the distribution and the control of the flow rate are
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extremely difficult, and the activity of catalyst greatly varies.

[0009] As well known in the art, the selectivity for light olefins is closely associated with the
amount of carbon deposition on the catalyst. A certain amount of carbon deposition on SAPO-
34 catalyst is needed to ensure a high selectivity for light olefins. Main reactors used in current
MTO process are fluidized beds. The fluidized bed is close to a perfect mixing flow reactor,
which has a wide distribution of carbon deposition on catalyst and is not advantageous for
increasing the selectivity for light olefins. Since the catalyst-to-alcohol ratio is very small and
the coke yield is relatively low in the MTO process, in order to achieve a lager and controllable
catalyst circulation volume, it is required to control the amount of carbon deposition and the
uniformity of carbon content on the catalyst to a certain level in the regeneration zone, thereby
achieving the object of controlling the amount of carbon deposition and the uniformity of
carbon content on the catalyst in the reaction zone. Therefore, it is a key technique in the MTO
process to control the amount of carbon deposition and the uniformity of carbon content of the
catalyst in the reaction zone to a certain level.

In order to solve the problems described above, some researchers propose the techniques,
such as providing an upper and a lower reaction zones in a fluidized bed, two fluidized beds
connected in series, and a fluidized bed, a lift pipe, and a downer connected in series, etc.
These preliminarily disclose methods for controlling the amount of carbon deposition and the
uniformity of carbon content of the catalyst, and certain advantageous effects have been
obtained. However, the complexity and the difficulty for controlling the MTO process are
increased at the meanwhile. The present invention proposes a solution in which a plurality of
secondary reaction zones (regeneration zones) are formed by providing inner members in a
dense phase fluidized bed, to solve the problem of controlling the amount of carbon deposition
and the uniformity of carbon content of the catalyst so as to increase the selectivity for light
olefins. US 2 919 241 A and FR 2 417 336 A1 describe partially compartmented dense phase
fluidized bed reactors, but however fail to provide a method for converting oxygenates to light
olefins. WO 99/01219 A1 discloses a method for preparing a light olefin using an oxygen-
containing compound, but however does not envisage both the reactor and the regenerator to
be divided by a material flow controller into secondary zones. The method of WO 99/01219 A1
therefore does not allow the catalyst to be sequentially passed through several reaction and
regeneration zones, or to introduce the regeneration medium in parallel from the feeding
branch lines of the regeneration zone into the regeneration zones.

Summary of the invention

[0010] The technical problem to be solved by the present invention is the problem that the
selectivity for light olefins is not high in the prior art, and the object is to provide a new method
for increasing the selectivity for light olefins. This method is used in the production of light
olefins, and has the advantages of good uniformity of carbon deposition on catalyst, relatively
high yield of light olefins, and good economical efficiency of the production process of light
olefins.
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[0011] In order to achieve the above object, in one aspect, the present invention provides a
method for preparing a light olefin using an oxygen-containing compound, comprising the
following steps:

step a) in which a raw material comprising the oxygen-containing compound is introduced in

parallel from n feeding branch lines into 15t to nth secondary reaction zones in a dense phase
fluidized bed reactor, and is brought into contact with a catalyst to generate a light olefin
product-containing stream and a spent catalyst, wherein said catalyst is sequentially passed

through 18t to nth secondary reaction zones, with the carbon content thereof increasing
gradually, and wherein said dense phase fluidized bed reactor is divided by a material flow
controller into n secondary reaction zones;

step b) in which the light olefin product-containing stream flowed out from the 15t to nth
secondary reaction zones is separated from the spent catalyst that it carries; said light olefin
product-containing stream is passed into a product separation section, and after separation
and purification, a light olefin product is obtained; the isolated spent catalyst is passed into the

nh secondary reaction zone; and

step ¢) in which the spent catalyst flowed out from the nh secondary reaction zone, after being
stripped and lifted, is passed into a dense phase fluidized bed regenerator for regeneration;

said spent catalyst is sequentially passed through 15t to mt" secondary regeneration zones; a
regeneration medium is introduced in parallel from m feeding branch lines of regeneration

zone into the 15t to mth secondary regeneration zones; the spent catalyst is brought into

contact with the regeneration medium, with the carbon content thereof decreasing gradually;

after the completion of the regeneration, the catalyst is returned back to the 15! secondary
reaction zone via stripping and lifting; wherein the dense phase fluidized bed regenerator is
divided by a material flow controller into m secondary regeneration zones; wherein n=22 and
m=2, more preferably 82n=3 and 82m=3.

[0012] In a preferred embodiment, in the dense phase fluidized bed reactor, the apparent
linear velocity of gas in the material flow controller is less than or equals to the minimum
fluidizing velocity of the catalyst.

[0013] In a preferred embodiment, in the dense phase fluidized bed regenerator, the apparent
linear velocity of gas in the material flow controller is less than or equals to the minimum
fluidizing velocity of the catalyst.

[0014] In a preferred embodiment, the catalyst comprises SAPO-34 molecular sieve.

[0015] In a preferred embodiment, the reaction conditions of the reaction zone in the dense
phase fluidized bed are as follows: the apparent linear velocity of gas is 0.1-1.5 m/s, reaction
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temperature is 400-550 °C, the bed density is 200-1200 kg/m?.

[0016] In a preferred embodiment, the average carbon deposition amount of the catalyst is
increased sequentially in the 15t to n'" secondary reaction zones of the dense phase fluidized
bed, wherein the average carbon deposition amount of the catalyst in the 15! secondary

reaction zone is 0.5-3 wt%, the average carbon deposition amount of the catalyst in the nt"
secondary reaction zone is 7-10 wt%.

[0017] In a preferred embodiment, the reaction conditions in the dense phase fluidized bed
regeneration zone are as follows: the apparent linear velocity of gas is 0.1-1.5 m/s, the

regeneration temperature is 500-700 °C, and the bed density is 200-1200 kg/m?.

[0018] In a preferred embodiment, the average carbon deposition amount of the catalyst is

decreased sequentially from the 15t to mth secondary regeneration zones of the dense phase
fluidized bed regeneration zone, wherein the average carbon deposition amount of the catalyst

in the 15! secondary regeneration zone is 3-10 wt%, and the average carbon deposition

amount of the catalyst in the mth secondary regeneration zone is 0-3 wt%.

[0019] In a preferred embodiment, the oxygen-containing compound is methanol and/or
dimethyl ether; the light olefin is any one of ethylene, propylene or butylenes, or a mixture
thereof; and the regeneration medium is any one of air, oxygen-deficient air or water vapor, or
a mixture thereof.

[0020] The inventive method may be carried out by using a dense phase fluidized bed reactor
, said dense phase fluidized bed reactor comprising a reaction zone, a gas-solid separation
zone, and a stripping zone, characterized in that said reaction zone is divided by a material
flow controller into n secondary reaction zones, wherein n22.

[0021] In another aspect, the dense phase fluidized bed regenerator for carrying out the
above method may comprise a regeneration zone, a gas-solid separation zone, and a stripping
zone, characterized in that said regeneration zone is divided by a material flow controller into
m secondary regeneration zones, wherein m22.

[0022] The advantageous effects of the present invention include, but are not limited to, the
following aspects: (1) the dense phase fluidized bed has a relatively high bed density, a
relatively low catalyst velocity, and a low abrasion; (2) the gas velocity in the material
downward flow pipe of the material flow controller is less than or equals to the minimal
fluidization velocity of the catalyst and the catalyst is in a dense phase packing state, such that
a unidirectional dense phase conveying stream of the catalyst is formed, the backmixing of
catalyst between adjacent secondary reaction zones (or adjacent secondary regeneration
zones) is prevented, and the distribution of residence time is narrow; (3) the heat extraction
member in the material flow controller has an effect of controlling the temperature of the
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reaction zone; (4) the reaction zone is divided into n secondary reaction zones by the material
flow controller and the catalyst sequentially passes through the 15! secondary reaction zone to

the nth secondary reaction zone, such that the distribution of residence time is narrow and the
uniformity of carbon content of the spent catalyst is greatly increased; (5) the regeneration
zone is divided into m secondary regeneration zones by the material flow controller and the

catalyst sequentially passes through the 15t secondary regeneration zone to the mth secondary
regeneration zone, such that the distribution of residence time is narrow and the uniformity of
carbon content of the regenerated catalyst is greatly increased; (6) relatively precise control of
carbon content of the regenerated catalyst and the spent catalyst is achieved, the distribution
of carbon content is relatively uniform, the selectivity for light olefins is increased, and the
carbon content may be regulated as needed to optimize the ratio of propylene/ethylene; (7)
since the distribution of carbon content of the catalyst is relatively uniform, the catalyst
inventory required in the reaction zone decreases; (8) the configuration of a plurality of
secondary reaction zones facilitates the achievement of large-scale reactors.

Description of figures

[0023]
Figure 1 is a schematic flow chart of the method in the present invention;

Figure 2 is a structural schematic diagram of the dense phase fluidized bed comprising 4
secondary reaction zones in the present invention, wherein the arrows in the A-A sectional
view show the flow direction of the catalyst between the secondary reaction zones;

Figure 3 is a structural schematic diagram of the dense phase fluidized bed comprising 4
secondary regeneration zones in the present invention, wherein the arrows in B-B sectional
view show the flow direction of the catalyst between the secondary regeneration zones;

Figure 4 is a structural schematic diagram of the stripper in the present invention;

Figure 5 is a structural schematic diagram of the material flow controller in the present
invention.

[0024] The reference signs of the figures are illustrated as follows:

1. 1: reactor feed line; 1-1: feeding branch line of 15! secondary reaction zone; 1-2: feeding
branch line of 2™ secondary reaction zone; 1-3: feeding branch line of 3™ secondary
reaction zone; 1-4: feeding branch line of 4! secondary reaction zone; 2: dense phase
fluidized bed reactor; 2-1: 15! secondary reaction zone; 2-2: 2nd secondary reaction

zone; 2-3: 3™ secondary reaction zone; 2-4: 41" secondary reaction zone; 3: cyclone
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separator; 4: product material line; 5: stripper; 6: water vapor line; 7: lift pipe ; 8: lifting
gas line; 9: regenerator feed line; 9-1: feeding branch line of 18t secondary regeneration
zone; 9-2: feeding branch line of 2nd secondary regeneration zone; 9-3: feeding branch
line of 3™ secondary regeneration zone; 9-4: feeding branch line of 4 secondary
regeneration zone; 10: dense phase fluidized bed regenerator; 10-1: 1St secondary
regeneration zone; 10-2: 2nd secondary regeneration zone; 10-3: 3rd secondary

regeneration zone; 10-4: 4th secondary regeneration zone; 11: cyclone separator; 12:
exhaust gas line; 13: stripper; 14: water vapor line; 15: lift pipe; 16: lifting gas line; 17:
material flow controller ; 18: material overflow port; 19: partition plate; 20: orifice; 21:
material downward flow pipe; 22: bottom baffle ; 23: heat extraction member.

Description of the preferred embodiments

[0025] In order to increase the selectivity for light olefins in the process of preparation of a
light olefin using an oxygen-containing compound, the present invention provides a method for
preparing a light olefin using an oxygen-containing compound, comprising the following steps:

1.a) a step in which a raw material comprising the oxygen-containing compound is

introduced in parallel from n feeding branch lines into 15t to n" secondary reaction zones
in a dense phase fluidized bed reactor, and is brought into contact with a catalyst to
generate a light olefin product-containing stream and a spent catalyst, wherein said

catalyst is sequentially passed through 15t to n!" secondary reaction zones, with the
carbon content thereof increasing gradually, and wherein said dense phase fluidized bed
reactor is divided by a material flow controller into n secondary reaction zones;

2. b) a step in which the light olefin product-containing stream flowed out from the 15t to nth
secondary reaction zones is separated from the spent catalyst that it carries; said light
olefin product-containing stream is passed into a product separation section, and after
separation and purification, a light olefin product is obtained; the isolated spent catalyst

is passed into the nt" secondary reaction zone; and

3. ¢) a step in which the spent catalyst flowed out from the nih secondary reaction zone,
after being stripped and lifted, is passed into a dense phase fluidized bed regenerator

for regeneration; said spent catalyst is sequentially passed through 15t to mt" secondary
regeneration zones; a regeneration medium is introduced in parallel from m feeding

branch lines of regeneration zone into the 15t to mth secondary regeneration zones; the
spent catalyst is brought into contact with the regeneration medium, with the carbon
content thereof decreasing gradually; after the completion of the regeneration, the

catalyst is returned back to the 15t secondary reaction zone via stripping and lifting;
wherein the dense phase fluidized bed regenerator is divided by a material flow
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controller into m secondary regeneration zones.

[0026] Wherein n22, preferably 82n=3; m22, preferably 82mz3.

[0027] Preferably, in the dense phase fluidized bed reactor, the apparent linear velocity of gas
in the material flow controller is less than or equals to the minimum fluidizing velocity of the
catalyst.

[0028] Preferably, in the dense phase fluidized bed regenerator, the apparent linear velocity of
gas in the material flow controller is less than or equals to the minimum fluidizing velocity of the
catalyst.

[0029] Preferably, the catalyst comprises SAPO-34 molecular sieve.

[0030] Preferably, the reaction conditions of the reaction zone in the dense phase fluidized
bed are as follows: the apparent linear velocity of gas is 0.1-1.5 m/s, reaction temperature is

400-550 °C, the bed density is 200-1200 kg/m3; the average carbon deposition amount of the
catalyst in the 15! secondary reaction zone is 0.5-3 wt%, and the average carbon deposition

amount of the catalyst in the nth secondary reaction zone is 7-10 wt%.

[0031] Preferably, the reaction conditions in the dense phase fluidized bed regeneration zone
are as follows: the apparent linear velocity of gas is 0.1-1.5 m/s, the regeneration temperature

is 500-700 °C, and the bed density is 200-1200 kg/m?; the average carbon deposition amount
of the catalyst is decreased sequentially from the 15t to m!" secondary regeneration zones, the
average carbon deposition amount of the catalyst in the 15t secondary regeneration zone is 3-

10 wt%, and the average carbon deposition amount of the catalyst in the mth

regeneration zone is 0-3 wt%.

secondary

[0032] Preferably, the oxygen-containing compound is methanol and/or dimethyl ether; the
light olefin is any one of ethylene, propylene or butylene, or a mixture thereof; the regeneration
medium is any one of air, oxygen-deficient air or water vapor, or a mixture thereof.

[0033] The technical solution provided in the present invention may further comprises:

1. (1) providing a dense phase fluidized bed reactor, comprising a reaction zone, a gas-
solid separation zone, and a stripping zone, the reaction zone being divided by a
material flow controller into n secondary reaction zones, wherein n22;

2. (2) providing a dense phase fluidized bed regenerator, comprising a regeneration zone,
a gas-solid separation zone, and a stripping zone, the regeneration zone being divided
by a material flow controller into m secondary regeneration zones, wherein m=2.
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[0034] Preferably, the raw material comprising an oxygen-containing compound is introduced
into the dense phase fluidized bed reactor and is brought into contact with regenerated
catalyst, resulting in a light olefin-containing product and a carbon-containing spent catalyst,

meanwhile, the regenerated catalyst is sequentially passed through 15t to n'h secondary
reaction zones, with the carbon content thereof increasing gradually.

[0035] Preferably, via stripping and liting, the spent catalyst flowing out from the nt

secondary reaction zone is passed into the dense phase fluidized bed regenerator for

regeneration, the spent catalyst is sequentially passed through 15t to mth secondary

regeneration zone, and is brought into contact with the regeneration medium, with the carbon

content thereof gradually decreasing, and then the catalyst is returned back to 15! secondary
reaction zone via stripping and lifting.

[0036] Preferably, the stream of the light olefin product is passed into separation section after

separation with spent catalyst, and the isolated spent catalyst is passed into nth secondary
reaction zone.

[0037] In a specific embodiment, the schematic flow chart for preparing a light olefin using a
oxygen-containing compound in the present invention is as shown in Fig. 1. The raw material
comprising the oxygen-containing compound is introduced from reactor feed line (1) and
breach lines (1-1, ...... , 1-n) thereof in parallel into secondary reaction zones (2-1, ...... , 2-n) in
the dense phase fluidized bed reactor (2), and is brought into contact with a catalyst
comprising SAPO-34 molecular sieve, to generate a gas phase product stream and a spent
catalyst. The gas phase product stream and the entrained spent catalyst are passed into a
cyclone separator (3), wherein the gas phase product stream flows through the outlet of the
cyclone separator and the product material line (4) and enters into the subsequent separation

section, the entrained spent catalyst is passed into n'" secondary reaction zone (2-n) via the
dipleg of the cyclone separator; the regenerated catalyst from the dense phase fluidized bed
regenerator (10) is passed into the dense phase fluidized bed reactor (2) via a stripper (13)
and a lift pipe (15), wherein the bottom of the stripper (13) is connected to a water vapor line
(14), and the bottom of the lift pipe (15) is connected to a lifting gas line (16); the regenerated

catalyst is sequentially passed through 15t to nt" secondary reaction zones (2-1, ...... , 2-n) in
the dense phase fluidized bed reactor (2), and forms spent catalyst after carbon deposition;
the regeneration medium is introduced from regenerator feed line (9) and branch lines (9-1,
...... , 9-m) thereof into secondary regeneration zones (10-1, ......, 10-m) in the dense phase
fluidized bed regenerator (10), and is brought into contact with the spent catalyst, to generate
exhaust gas and regenerated catalyst after charking, and then the exhaust gas and the
entrained regenerated catalyst are passed into a cyclone separator (11), from which, the
exhaust gas is passed into a tail gas processing section through the outlet of the cyclone
separator and exhaust gas line (12), and is emitted after processing, and the entrained

regenerated catalyst is passed into mth secondary regeneration zone (10-m) via the dipleg of
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the cyclone separator. The spent catalyst from the dense phase fluidized bed reactor (2) is
passed into the dense phase fluidized bed regenerator (10) via a stripper (5) and a lift pipe (7),
wherein the bottom of the stripper (5) is connected to a water vapor line (6), and the bottom of
the lift pipe (7) is connected to a lifting gas line (8). In the dense phase fluidized bed

regenerator (10), the spent catalyst is sequentially passed through 1St to m'" secondary
regeneration zones (10-1, ...... , 10-m), and forms a regenerated catalyst after charking .

[0038] In a more specific embodiment, the structural schematic diagram of the dense phase
fluidized bed reactor comprising 4 secondary reaction zones in the present invention is as
shown in Fig. 2. Three material flow controllers (17) and one baffle are vertically provided to
separate the dense phase fluidized bed reaction zone into 4 secondary reaction zones. The

catalyst is sequentially passed through the 15t to the 4" secondary reaction zones and is then
passed into the stripper.

[0039] In a more specific embodiment, the structural schematic diagram of the dense phase
fluidized bed regenerator comprising 4 secondary regeneration zones in the present invention
is as shown in Fig. 3. Three material flow controllers (17) and one baffle are vertically provided
to separate the regeneration zone into 4 secondary regeneration zones. The catalyst is

sequentially passed through the 15t to the 4! secondary regeneration zones and is then
passed into the stripper.

[0040] In a more specific embodiment, the structural schematic diagram of the stripper in the
present invention is as shown in Fig. 4. The opening on the tube wall on the upper part of the

stripper is a material overflow port (18) between nt" secondary reaction zone (or mt" secondary
regeneration zone) and the stripper.

[0041] In a more specific embodiment, the structural schematic diagram of the material flow
controller in the present invention is as shown in Fig. 5. The material flow controller (17) is
composed of a partition plate (19), an orifice (20), a material downward flow pipe (21), a
bottom baffle (22) and a heat extraction member (23). The catalyst is passed into the material
downward flow pipe from the top of the downward flow pipe, wherein the apparent linear
velocity of gas is less than or equals to the minimal fluidizing velocity, the catalyst in the
material downward flow pipe is in a dense phase packing state, and a material flow driving
force is formed to drive the catalyst to flow into a next secondary reaction zone (or
regeneration zone) via the orifice. A coil structure may be used as the heat extraction member,
which is fixed onto the partition plate.

[0042] Preferably, in the above technical solutions, the apparent linear velocity of gas in the
dense phase fluidized bed reaction zone is 0.1-1.5 m/s; the apparent linear velocity of gas in
the dense phase fluidized bed regeneration zone is 0.1-1.5 m/s; the apparent linear velocity of
gas in the material flow controller is less than or equals to the minimum fluidizing velocity of the
catalyst; the catalyst includes SAPO-34 molecular sieve; a feed inlet is provided at the bottom
of the reaction zone, and the feed includes methanol, dimethyl ether etc.; the stripping medium



DK/EP 3078652 T3

in the stripper includes water vapor; an inlet for regeneration medium is provided at the bottom
of the regeneration zone, and the regeneration medium includes air, oxygen-deficient air,
water vapor etc.; the reaction temperature in the reaction zone is 400-550 °C, the bed density

is 200-1200 kg/m3, the average amount of carbon deposition on the catalyst increases

th

sequentially from 15! to n!" secondary reaction zones, the average amount of carbon

deposition in the 15t secondary reaction zone is 0.5-3 wt%, the average amount of carbon
deposition in the nth secondary reaction zone is 7-10 wt%; the reaction temperature in the

regeneration zone is 500-700 °C, the bed density is 200-1200 kg/m?, the average amount of

th

carbon deposition on the catalyst decreases sequentially from 15t to mt" secondary

regeneration zones, the average amount of carbon deposition in the 15t secondary

regeneration zone is 3-10 wt%, and the average amount of carbon deposition in the mth

secondary regeneration zone is 0-3 wt%. Using the method of the present invention, the object
of controlling the amount of carbon deposition on catalyst, improving the uniformity of the
carbon content and increasing the selectivity for light olefins can be achieved. Therefore, it has
significant technical advantages, and is useful in the industrial production of light olefins.

[0043] For better illustrating the present invention, and facilitating the understanding of the
technical solution of the present invention, the exemplary but non-limiting examples of the
present invention are provided as follows.

Example 1

[0044] 4 secondary reaction zones were provided in the dense phase fluidized bed reactor,
and 4 secondary regeneration zones were provided in the dense phase fluidized bed
regenerator. The raw material comprising an oxygen-containing compound was passed into
the dense phase fluidized bed reactor and was brought into contact with a catalyst comprising
SAPO-34 molecular sieve, to generate a gas phase product stream and a spent catalyst. The
gas phase material and the entrained spent catalyst were passed into a cyclone separator.
The gas phase product stream was passed into a subsequent separation section via an outlet

of the cyclone separator, and the entrained spent catalyst was passed into 4th secondary
reaction zone via the dipleg of the cyclone separator. The regenerated catalyst was passed
into the dense phase fluidized bed reactor through a stripper and a lift pipe, and sequentially

passed through 15t to 4" secondary reaction zones, forming a spent catalyst after carbon
deposition. The spent catalyst was further passed into the dense phase fluidized bed

regenerator through a stripper and lift pipe, and sequentially passed through 18t to 4th
secondary regeneration zones, forming a regenerated catalyst after charking. The reaction
conditions in the dense phase fluidized bed reactor were as follows: the reaction temperature

was 400 °C, the linear velocity of gas was 0.3 m/s, the bed density was 1000 kg/m3, the

average amount of carbon deposition in the 15! secondary reaction zone was 2 wt%, the
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average amount of carbon deposition in 2nd secondary reaction zone was 6 wt%, the average
amount of carbon deposition in 3 secondary reaction zone was 8 wt%, and the average

amount of carbon deposition in 4" secondary reaction zone was 10 wt%:; the reaction
conditions in the dense phase fluidized bed regenerator were as follows: the reaction
temperature was 500 °C, the linear velocity of gas was 0.3 m/s, the bed density was 1000

kg/m3, the average amount of carbon deposition in 15t secondary regeneration zone was 7
wt%, the average amount of carbon deposition in 2nd secondary regeneration zone was 4 wt%,
the average amount of carbon deposition in 3™ secondary regeneration zone was 2 wt%, and

the average amount of carbon deposition in 4" secondary regeneration zone was 1 wt%. The
reaction product was analyzed by on-line gas phase chromatography, and the carbon based
yield of light olefins was 91.1 wt%.

Example 2

[0045] 3 secondary reaction zones were provided in the dense phase fluidized bed reactor,
and 2 secondary regeneration zones were provided in the dense phase fluidized bed
regenerator. The raw material comprising an oxygen-containing compound was passed into
the dense phase fluidized bed reactor and was brought into contact with a catalyst comprising
SAPO-34 molecular sieve, to generate a gas phase product stream and a spent catalyst. The
gas phase material and the entrained spent catalyst were passed into a cyclone separator, the
gas phase product stream was passed into a subsequent separation section via an outlet of

the cyclone separator, and the entrained spent catalyst was passed into 3 secondary reaction
zone through the dipleg of the cyclone separator. The regenerated catalyst was passed into
the dense phase fluidized bed reactor through a stripper and a lift pipe, and sequentially

passed through 15t to 3™ secondary reaction zones, forming a spent catalyst after carbon
deposition. The spent catalyst was passed into the dense phase fluidized bed regenerator

through a stripper and lift pipe, and sequentially passed through 1St to 2™ secondary
regeneration zone, forming a regenerated catalyst after charking. The reaction conditions in
the dense phase fluidized bed reactor were as follows: the reaction temperature was 450 °C,

the linear velocity of gas was 0.5 m/s, the bed density was 900 kg/m?, the average amount of
carbon deposition in 15t secondary reaction zone was 3 wt%, the average amount of carbon
deposition in 2nd secondary reaction zone was 7 wt%, and the average amount of carbon

deposition in 3™ secondary reaction zone was 9 wt%; the reaction conditions in the dense
phase fluidized bed regenerator were as follows: the reaction temperature was 600 °C, the

linear velocity of gas was 0.7 m/s, the bed density was 700 kg/m3, the average amount of
carbon deposition in 15t secondary regeneration zone was 4 wt%, and the average amount of

carbon deposition in 2nd secondary regeneration zone was 2 wt%. The reaction product was
analyzed by on-line gas phase chromatography, and the carbon based yield of light olefins was
90.5wt%.
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Example 3

[0046] 6 secondary reaction zones were provided in the dense phase fluidized bed reactor,
and 5 secondary regeneration zones were provided in the dense phase fluidized bed
regenerator. The raw material comprising an oxygen-containing compound was passed into
the dense phase fluidized bed reactor, and was brought into contact with a catalyst comprising
SAPO-34 molecular sieve, to generate a gas phase product stream and a spent catalyst. The
gas phase material and the entrained spent catalyst were passed into a cyclone separator, the
gas phase product stream was passed into a subsequent separation section via an outlet of

the cyclone separator, and the entrained spent catalyst was passed into 6th secondary reaction
zone via the dipleg of the cyclone separator. The regenerated catalyst was passed into the
dense phase fluidized bed reactor through a stripper and a lift pipe, and sequentially passed

through 18t to 6" secondary reaction zones, forming a spent catalyst after carbon deposition.
The spent catalyst was further passed into the dense phase fluidized bed regenerator through

a stripper and a lift pipe, and sequentially passed through 15t to 51 secondary regeneration
zones, forming a regenerated catalyst after charking. The reaction conditions in the dense
phase fluidized bed reactor were as follows: the reaction temperature was 480 °C, the linear

velocity of gas was 0.7 m/s, the bed density was 700 kg/m3, the average amount of carbon
deposition in 15t secondary reaction zone was 1 wt%, the average amount of carbon deposition
in 2nd secondary reaction zone was 3 wt%, the average amount of carbon deposition in 3
secondary reaction zone was 4 wt%, the average amount of carbon deposition in 4t
secondary reaction zone was 5 wt%, the average amount of carbon deposition in 5th

secondary reaction zone was 6 wt%, and the average amount of carbon deposition in 6th
secondary reaction zone was 7 wt%,; the reaction conditions in the dense phase fluidized bed
regenerator were as follows: the reaction temperature was 650°C, the linear velocity of gas

was 1.0 m/s, the bed density was 500 kg/m3, the average amount of carbon deposition in 15t
secondary regeneration zone was 5 wt%, the average amount of carbon deposition in 2™
secondary regeneration zone was 3 wt%, the average amount of carbon deposition in 3™
secondary regeneration zone was 2 wt%, the average amount of carbon deposition in 4th

secondary regeneration zone was 1 wt%, and the average amount of carbon deposition in 5t
secondary regeneration zone was 0.01 wt%. The reaction product was analyzed by on-line gas
phase chromatography, and the carbon based yield of light olefins was 91.4wt%.

[0047] The present invention has been described in detail above, but the invention is not
limited to the specific embodiments described herein. It will be appreciated by those skilled in
the art that other modifications and variations can be made without departing from the scope of
the invention. The scope of the invention is defined by the appended claims.
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PATENTIKRAYV

1. Fremgangsmade til fremstilling af en let olefin under anvendelse af en oxygenhol-
dig forbindelse, hvilken fremgangsmade omfatter fglgende trin:

trin a), hvor et ramateriale omfattende den oxygenholdige forbindelse indbringes pa-
rallelt fra n tilfgrselsgrenlinjer i 1. til n'te sekundaere reaktionszoner i en reaktor med taet-
fasefluidiseret leje (2) og bringes i kontakt med en katalysator til dannelse af en letolefin-
produktholdig strem og en brugt katalysator, hvor katalysatoren passeres sekventielt gen-
nem 1. til nte sekundeaere reaktionszoner, idet kulstofindholdet deraf stiger gradvist, og
hvor reaktoren med teetfasefluidiseret leje (2) er opdelt af en materialestrgmsfordeler (17)
i n sekundeere reaktionszoner;

trin b), hvor den letolefinproduktholdige strgm, der strgmmer ud fra den 1. til n'te
sekundeere reaktionszone separeres fra den brugte katalysator, som den bearer; den leto-
lefinproduktholdige strgm ledes ind i et produktseparationsafsnit, og efter separation og
oprensning opnas et letolefinprodukt; den isolerede brugte katalysator ledes ind i den n'te
sekundeere reaktionszone; og

trin ¢), hvor den brugte katalysator, der strammer ud fra den n'te sekundeere reakti-
onszone, efter at veere blevet strippet og Igftet ledes ind i en regenerator (10) til et teetfa-
sefluidiseret leje med henblik p& regenerering; den brugte katalysator passeres sekventielt
gennem 1. til m'te sekundeere reaktionszoner; et regenerationsmedium indbringes parallelt
fra m regenerationszonetilfgrselsgrenlinjer til den 1. til m’te sekundeaere regenerationszone;
den brugte katalysator bringes i kontakt med regenerationsmediet, idet kulstofindholdet
deraf aftager gradvist; efter fuldendelse af regenerationen, tilbagefgres katalysatoren til
den 1. sekundeere reaktionszone via stripning og lgftning; hvor regeneratoren (10) til tast-
fasefluidiseret leje er opdelt af en materialestrgmsfordeler (17) i m sekundaere regenera-
tionszoner;

hvor n=2 og m=2.

2. Fremgangsmade ifglge krav 1, kendetegnet ved, at 82n=3 og 82m=3.

3. Fremgangsmade ifglge krav 1, kendetegnet ved, at den tilsyneladende li-
nezere gashastighed i materialestrgomsfordeleren (17) i reaktoren (2) med teaetfasefluidise-
ret leje er mindre end eller svarer til katalysatorens minimale fluidiseringshastighed.

4. Fremgangsmade ifglge krav 1, kendetegnet ved, at den tilsyneladende li-
nezere gashastighed i materialestrgmsfordeleren (17) i generatoren (10) til teetfasefluidise-
ret leje er mindre end eller svarer til katalysatorens minimale fluidiseringshastighed.

5. Fremgangsmade ifglge krav 1, kendete gnet ved, at katalysatoren omfatter
SAPO-34-molekyleerfilter.

6. Fremgangsmade ifglge krav 1, kendete gnet ved, at reaktionsbetingelserne
i det teetfasefluidiserede lejes reaktionszone er som fglger: den tilsyneladende linezere
gashastighed er 0,1-1,5 m/s, reaktionstemperaturen er 400-550 °C, og lejedensiteten er
200-1200 kg/m?.

7. Fremgangsmade ifglge krav 1, kendetegnet ved, at katalysatorens gen-
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nemsnitlige kulstofafsaetningsmeaengde gges sekventielt i den 1. til n'te sekundeaere reakti-
onszone i det teetfasefluidiserede leje, hvor katalysatorens gennemsnitlige kulstofafsaet-
ningsmangde i den 1. sekundeere reaktionszone er 0,5-3 % efter veegt, og katalysatorens
gennemsnitlige kulstofafseetningsmasngde i den n'te sekundaere reaktionszone er 7-10 %
efter vaagt.

8. Fremgangsmade ifglge krav 1, kendete gnet ved, at reaktionsbetingelserne
i det teetfasefluidiserede lejes regenerationszone er som fglger: den tilsyneladende linezere
gashastighed er 0,1-1,5 m/s, regenerationstemperaturen er 500-700 °C, og lejedensiteten
er 200-1200 kg/m?.

9. Fremgangsmade ifglge krav 1, kendetegnet ved, at katalysatorens gen-
nemsnitlige kulstofafseetningsmasngde aftager sekventielt fra den 1. til m'te sekundeere
regenerationszone i det teetfasefluidiserede lejes regenerationszone, hvor katalysatorens
gennemsnitlige kulstofafseetningsmasngde i den 1. sekundaere regenerationszone er 3-10
% efter veegt, og katalysatorens gennemsnitlige kulstofafsaetningsmeaengde i den m'te se-
kundeere regenerationszone er 0-3 % efter veegt.

10. Fremgangsmade ifglge krav 1, kendetegnet ved, at den oxygenholdige
forbindelse er methanol og/eller dimethylether; den lette olefin er en hvilken som helst
blandt ethylen, propylen eller butylen, eller en blanding deraf; og regenerationsmediet er

et hvilket som helst blandt luft, oxygenfattig luft eller vanddamp, eller en blanding deraf.
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