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GASREPLACEMENT PROCESS, GASREPLACEMENT APPARATUS, AND NITRO
COMPOUND HYDROGENATION REACTION PROCESS

Technical Field

The present invention relates to a gas replaceprectss, in particular to a degassing process. The
present invention also relates to a gas replaceapdratus and use of the gas replacement process
or apparatus in the nitro compound hydrogenatiantien process.

Background Technology

Aniline is an important basic organic chemical naaterial and a fine chemical intermediate, can be
used in producing more than 300 downstream prodantsis widely used in the industries of dyes,
medicines, pesticides, explosives, spices, rublsgrghetic materials and the like. In recent years,
with the rapid rise of polyurethane industry in @hiand worldwide, aniline, which is one of the
nonreplaceable basic raw material for its main maaterial MDI (4,4-diphenylmethane diisocyanate),
has been developed remarkably and rapidly.

There are three commercial processes for produamiline: nitrobenzene catalytic hydrogenation
process, phenol ammoniation process and iron powetkrction process. Among others, the iron
powder reduction process is gradually eliminated tiu poor quality of the formed aniline. The
phenol ammoniation process is strongly dependentthen source of the phenol. The current
nitrobenzene catalytic hydrogenation process iptabby most of manufacturers. The nitrobenzene
catalytic hydrogenation process is also divided agas phase catalytic hydrogenation process and a
liquid phase catalytic hydrogenation process. Titrelvenzene liquid phase catalytic hydrogenation
process is mainly performed by adopting a nobleahdtalyst under an anhydrous condition, and
has the advantages of low reaction temperaturé, ¢agalyst load, long service life and large plant
production capacity, and has the disadvantagesgbf frequired pressure, necessary separation of
reactants from the catalyst and the solvent, hifgimtpoperation cost, high catalyst price, and
relatively many byproducts caused by too high gatactivity. The fluidized bed gas phase catalytic
hydrogenation process is characterized by thatnihbebenzene as raw material is heated and
vaporized, and mixed with hydrogen gas, then fedd the fluidized bed reactor in which the
copper-silica gel catalyst is contained to perfdima hydrogenation and reduction reaction. This
process has the advantages of better improvindné¢he transfer condition, controlling the reaction
temperature, avoiding the local overheating, reuyicihe formation of the side reaction, and
prolonging the service life of the catalyst, and tiae disadvantages of the relatively complicated
operation, the heavily worn-out catalyst, and datively high operation and maintenance costs.
The gas phase hydrogenation process to prepaiaeafitm nitrobenzene has been used in China
for decades, and the fluidized bed gas phase tiatdlydrogenation process is adopted by many
aniline manufacturers in China.

Chinese patent application CN1528737A discloseaparatus, mainly comprising a fluidized bed
reactor, a reaction raw material gas inlet arrargjeitie bottom of the reactor, a first gas distobu
arranged at the upper part of the inlet, a secasddistributor arranged at the middle part of the
axial-direction height of the reactor and dividitige reactor into two catalyst dense-phase zones, a
heat exchanger arranged in two catalyst dense-piwses inside the reactor; a catalyst overflow
device arranged outside or inside the reactor amshecting to the upper and lower two catalyst
dense-phase zones respectively, and a gas-sohdasiep device.
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Chinese patent application CN1634860A disclosessadistributor in a fluidized bed for aniline
synthesis and a process for synthesizing anilifesrain the gas distributor is composed of a main
pipe for conveying a gas, branch pipes and an anpipe connected thereto for distributing the gas,
and nozzles for injecting the gas downwards analeezor injecting the gas upwards both arranged
on the annular pipe.

Summary of the Invention

The inventors of the present invention have foumat in the fluidized bed reactor for preparing
aniline in the prior art, reaction gas raw matariahter the fluidized bed from a distributor at the
bottom and contact with the catalyst to react angeinerate aniline as a product gas, and the sataly
is easy to deposit carbon and deactivate, so tieafltidized bed reactor needs to be stopped for
regeneration and activation at intervals and ifadit to operate for a long period. Therefore, the
key to solve the problem of long-period operatidntlee aniline reactor is the capability of
completing the regeneration and activation of thiéiree catalyst in time and on line. The inventors
of the present invention have also found thathanreaction, regeneration and activation processes,
three different components, namely nitrobenzene lytifogen, oxygen and hydrogen, need to be
introduced respectively, wherein when oxygen isamtact with flammable and explosive gases,
explosion risks easily occur, therefore after thitbsee stages are finished, each previous stagisnee
to be efficiently degassed, so that the raw mdtgaa and the product gas entrained in catalyst
particles coming from the reactor are effectivemoved, the catalyst particles enter the
regeneration unit and are regenerated, the aig@xyentrained in catalyst particles flowing out of
the regenerator is removed, and then the catabuicles enter the activation unit. The present
invention has been completed based on these fisding

Specifically, the present invention relates tofthilowing aspects:

1. A gas replacement (for example stripping or denpg) process, which at least comprises a first
step for the gas replacement of a stream to baceg!(for example liquid stream or solid stream,
especially solid patrticle) in the presence of atfieplacement gas (for example gas or vapor or
steam) (referred to as a first gas replacemenj,sted then a second step for the gas replacement i
the presence of a second replacement gas (for dgagag or vapor or steam) (referred to as a
second gas replacement step), wherein assuminghthauperficial velocity of the first replacement
gas (absolute value, the unit is m/s) is V1, amdstiperficial velocity of the second replacemeist ga
(absolute value, the unit is m/s) is V2, then V2B, 106V2/V1>2, 20-V2/V1>2.5 or
15>V2/V1>5.

2. The gas replacement process accoridng to atheaibove-mentioned or the afterward-mentioned
aspects, wherein the first gas replacement ste@maperating temperature of 0-700°C (preferably
80-400°C), and an operating pressure of 0-3 MPa&fdmbly 0.01-1 MPaG), and/or, in the first gas
replacement step, the superficial velocity (absolitlue) V1 of the first replacement gas is 0.05-0.
m/s (preferably 0.1-0.3 m/s), and the superficedbuity (absolute value) of the stream to be regdac

is 0.02-0.2 m/s (preferably 0.05-0.1 m/s), anditog, second gas replacement step has an operating
temperature of 0-700°C (preferably 80-400°C), andperating pressure of 0-3 MPaG (preferably
0.01-1 MPaG), and/or, in the second gas replacestept the superficial velocity (absolute value)
V2 of the second replacement gas is 0.8-10 m/degjmigly 1-3 m/s), and the superficial velocity
(absolute value) of the stream to be replacedisn/s (preferably 0.6-2.4 m/s).

3. The gas replacement process accoridng to atheaibove-mentioned or the afterward-mentioned
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aspects, wherein in the first gas replacement gtep gas-solid fluidization characteristics is the
bubbling or turbulent fluidization, the solid contes in the range of 0.25-0.6, and/or, in the séco
gas replacement step, the gas-solid fluidizatiaradteristics is the turbulent or fast fluidizatidime
solid content is in the range of 0.02-0.3.

4. The gas replacement process accoridng to atheaibove-mentioned or the afterward-mentioned
aspects, wherein the first replacement gas andtteam to be replaced are in countercurrent contact
or cocurrent contact (preferably countercurrenttact), and the second replacement gas and the
stream to be replaced are in countercurrent cordactocurrent contact (preferably cocurrent
contact).

5. The gas replacement process accoridng to atheaibove-mentioned or the afterward-mentioned
aspects, wherein the first gas replacement stephensiecond gas replacement step are carried out in
(for example different zones of) one and the sam&sel or carried out respectively in different
vessels, preferably carried out in (for exampléedent zones of) one and the same vessel, and/or,
the first gas replacement step and the second gpkcement step are in the gas-phase
communication (especially in the headspace gasepltasnmunication), and/or, the operating
pressure of the first gas replacement step andpkeating pressure of the second gas replacement
step are basically identical.

6. The gas replacement process accoridng to atheabove-mentioned or the afterward-mentioned
aspects, which further comprises one or more galagement steps carried out before the first gas
replacement step, after the first gas replacememt and before the second gas replacement step,
and/or after the second gas replacement stepr@dfery as additional gas replacement step(s)).

7. A gas replacement apparatus (for example strippdegassing tank), which at least comprises a
first gas replacement region (especially a firsttival gas replacement region) and a second gas
replacement region (especially a second verticat gaplacement region) (for example
communicated in succession or in series), wheteririlet for the stream to be replaced of the first
gas replacement region is located in the uppergddhte first gas replacement region, and the butle
for the replaced stream of the second gas replateragion is located in the upper part of the
second gas replacement region; and assuming tBe-sectional area (the unit i€)nof the middle

part of the first gas replacement region is Al, assuming the cross-sectional area (the unit®)s m
of the middle part of the second gas replacemeaybmas A2, then 108A2/A1>1.5, 500A2/A1>2.5

or 15>A2/A1>5.

8. The gas replacement apparatus accoridng to ahythe above-mentioned or the
afterward-mentioned aspects, wherein the inlettierreplacement gas of the first gas replacement
region is located at the bottom of the first ggdaeement region, and the inlet for the replacement
gas of the second gas replacement region is locHtélde bottom of the second gas replacement
region, and/or, the outlet for the replaced stredrhe first gas replacement region is locatechat t
lower part or the bottom (for example the bottorhjhe first gas replacement region, and the inlet
for the stream to be replaced of the second gdaa@mpent region (the replaced stream from the
previous gas replacement region, for example tpéaced stream from the first gas replacement
region) is located at the lower part or the bottfor example the bottom) of the second gas
replacement region, and/or, the outlet for the @esse of the first gas replacement region is lacate
at the top of the first gas replacement region, gnedoutlet for the gas phase of the second gas
replacement region is located at the top of thersg¢gas replacement region.

9. The gas replacement apparatus accoridng to ahythe above-mentioned or the
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afterward-mentioned aspects, wherein the outlethfergas phase of the first gas replacement region
is communicated with the outlet for the gas phdsth® second gas replacement region (preferably
the outlet for the gas phase of the first gas mEpleent region is directly communicated with the
outlet for the gas phase of the second gas repktteragion, more preferably there exists at least
one passage between the headspace of the firsepEsement region and the headspace of the
second gas replacement region and said at leaspassage is configured in such a way that the
headspace gas phase of the first gas replacemgionhrenters the headspace of the second gas
replacement region and/or the headspace gas ph#se second gas replacement region enters the
headspace of the first gas replacement region, m@ferably the first gas replacement region and
the second gas replacement region share a heajispadfr, the outlet for the replaced stream of
the first gas replacement region is communicatetl tie inlet for the stream to be replaced of the
second gas replacement region (preferably the tofdle the replaced stream of the first gas
replacement region is directly communicated with thlet for the stream to be replaced of the
second gas replacement region, more preferablg tasts at least one passage between the first gas
replacement region and the second gas replacenegminy and said at least one passage is
configured in such a way that the replaced stre&rthe first gas replacement region enters the
second gas replacement region as the stream &plaeed).

10. The gas replacement apparatus accoridng to @inythe above-mentioned or the
afterward-mentioned aspects, wherein the first ggslacement region and the second gas
replacement region are separately located in éiffevessels (for example different strippers or
degassing tanks), or the first gas replacemenbmeghnd the second gas replacement region are
together located in one and the same vessel (fampbe located in one and the same stripper or
degassing tank), and/or, the first gas replacemegnon and the second gas replacement region are
together located in one and the same vessel, @ne éxists at least one partition structural member
(for example a plate or ring-shaped partition strrad member) between the first gas replacement
region and the second gas replacement region.

11. The gas replacement apparatus accoridng to ainythe above-mentioned or the
afterward-mentioned aspects, wherein the centialdisection of the first gas replacement region is
substantially parallel to the central axis direstaf the second gas replacement region, and/a, in
direction perpendicular to the horizontal planes thlet for the replacement gas of the first gas
replacement region is substantially at the samel las or above the inlet for the replacement gas of
the second gas replacement region or the bottaimedirst gas replacement region is substantidlly a
the same level as or above the bottom of the segasdeplacement region.

12. The gas replacement apparatus accoridng to @inythe above-mentioned or the
afterward-mentioned aspects, which further compragee or more gas replacement regions (referred
to as additional gas replacement region(s)) befwdirst gas replacement region, after the fiest g
replacement region and before the second gas ep&t region, and/or after the second gas
replacement region.

13. The gas replacement apparatus accoridng to @ihythe above-mentioned or the
afterward-mentioned aspects, wherein a flow distnce structural member is disposed in the first
gas replacement region and/or the second gas eepéat region and/or the additional gas
replacement region, the flow disturbance structumaimber comprises at least one (for example
1-1000 or 4-100) flow rectifier(s) (for example egted from at least one of a streamline flow
rectifier, a diamond-shaped flow rectifier and aolined baffle cross-flow type flow rectifier) ared
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connecting piece for fixing said at least one flogctifier relative to the corresponding gas
replacement region (for example the first gas @ptaent region or the second gas replacement
region) and/or relative to each other (when a filyraf the flow rectifiers are present).

14. The gas replacement apparatus accoridng to @ihythe above-mentioned or the
afterward-mentioned aspects, wherein the strearfibmerectifier is selected from at least one of a
combination of two semiellipsoids, a combinatiorook semiellipsoid and one cone, a combination
of one semiellipsoid and one circular arc streaatdibody and a combination of one semiellipsoid
and one paraboloid, preferably a combination of semiellipsoid and one paraboloid, and/or, the
diamond-shaped flow rectifier is selected from edst one of a combination of two pyramids, a
combination of two prismoids, and a combinationoa& pyramid and one prismoid, preferably a
combination of two pyramids, and/or, the inclineaffle cross-flow type flow rectifier is a baffle
inclined with respect to a horizontal plane (folasple the angle of inclination with respect to a
horizontal plane is 0-60°, preferably 10-40°).

15. The gas replacement apparatus accoridng to @ihythe above-mentioned or the
afterward-mentioned aspects, wherein the central @dixection of said at least one flow rectifier
substantially conforms to the central axis dirattd the corresponding gas replacement region (for
example the first gas replacement region or thersggas replacement region), and/or, at least one
of said flow rectifiers has at least one run-thioutpw passage (for example through hole)
(preferably disposed along the central axis diogctf the corresponding gas replacement region (for
example the first gas replacement region or therstgas replacement region)), preferably the ratio
of the cross-sectional area of the run-through flomannel (in case that a plurality of said
run-through flow channels are present, the sum hef ¢ross-sectional areas of the multiple
run-through flow channels, the unit i€)mo the maximum cross-sectional area of the cpaeding
flow rectifier (the unit is rf) is 1-30:100 or 3-15:100, and/or, in each flowtwtisance structural
member, the ratio of the maximum cross-sectioned arf the flow rectifier (when a plurality of the
flow rectifiers are present, the sum of the maximaross-sectional areas of the multiple flow
rectifiers, the unit is A) to the corresponding cross-sectional area (thi¢ isnn?) of the
corresponding gas replacement region (for exantpefitst gas replacement region or the second
gas replacement region) is 20-90:100 (preferably63300), and/or, in each flow disturbance
structural member, when a plurality of the flowtreers are present, said the multiple flow reeti

are arranged in a predetermined manner (for examplnged in a random, triangular, square,
rectangular, circular or annular manner) in relatio one another, and/or, one or more (for example
2-20 or 4-10) said flow disturbance structural merskare disposed along the central axis direction
of the corresponding gas replacement region (famgpte the first gas replacement region or the
second gas replacement region), and/or, the vedisi@nce (the unit is m) of any two adjacent flow
disturbance structural members in relation to onetler along the central axis direction of the
corresponding gas replacement region (for exanmpmefitst gas replacement region or the second
gas replacement region) is 2%H-20%H, wherein Hhésheight (the unit is m) of the corresponding
gas replacement region (for example the first gaéacement region or the second gas replacement
region), and/or, assuming the height of the firas geplacement region (the unit is m) is H1,
assuming the height of the second gas replaceragirr (the unit is m) is H2, then H2/H1 or
2>H2/H1>1.

16. A reaction system (especially a nitro compobgdrogenation reaction system), comprising at
least one reactor (preferably a fluidized bed @a&specially a reactor having the fluidized béd o
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catalyst particles) and at least one (for examgBeat 2) gas replacement apparatus communicated
with (for example communicated downstream withyl s#ileast one reactor (for example configured
to receive an effluent from said at least one mwraatspecially configured to receive the spent
catalyst particles from said at least one reactet)erein at least one of the gas replacement
apparatuses is configured to implement the gasceplent apparatus of the gas replacement process
accoridng to any of the above-mentioned or thenaéed-mentioned aspects or is the gas
replacement apparatus accoridng to any of the abmregioned or the afterward-mentioned aspects.
17. A nitro compound hydrogenation reaction procasieast comprising a step of contacting a nitro
compound (especially nitrobenzene) as the reactesm material with hydrogen gas and a
hydrogenation catalyst to obtain a reaction prodtmt example an amino compound, especially
aniline) and a spent catalyst (referred to as adgghation reaction step) and a step of subjetiiag
spent catalyst to the gas replacement (for exaa@imssing) in the presence of a replacement gas
(referred to as the gas replacement step), whéreigas replacement step is proceeded according to
the gas replacement process accoridng to any oélibge-mentioned or the afterward-mentioned
aspects or proceeded in the gas replacement appaetoridng to any of the above-mentioned or
the afterward-mentioned aspects.

18. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein the reactmrditons of the hydrogenation reaction step
comprise: the superficial gas velocity is 0.2-0.8 nthe molar ratio of hydrogen gas to the reaction
raw material (for example nitrobenzene) is 6-2&, baction temperature is 220-280°C, the reaction
pressure is 0.05-1 MPa (gauge pressure), the hgdatign catalyst is selected from at least one of a
copper-based loaded catalyst, a nickel-based locatatlyst and a noble metal-based loaded catalyst,
and/or, the bulk density of the hydrogenation gatails 300-1200kg/fm and/or, the average particle
diameter of the hydrogenation catalyst is 30:88Q(preferably 40-50@m or 50-60@m), and the
mass percent of the catalyst particles having &ctardiameter of less than @& to the whole
catalyst particles is not less than 2wt% (prefer&sl5 wt%), and/or, the replacement gas is a gas o
a vapor (especially selected from at least onatafgen gas, water vapor, carbon dioxide, methane,
oxygen gas and argon gas), and/or, the nitro congpds selected from at least one of the
compounds represented by the following formula (1),

R-NG; Q)

In the structural formula (1), R is an optionallybstituted G straight, branched or cyclic
hydrocarbyl (preferably an optionally substituteg.&cyclic hydrocarbyl, especially an optionally
substituted €20 aryl, more especially an optionally substituteemyi).

On ther hand hand, the present invention relatésetéollowing aspects:

1. A reaction apparatus for producing aniline bg tiitrobenzene hydrogenation, comprising: a
fluidized bed reactor (3), a degassing tank forgpent catalyst (12), a regenerator (13), a deggssi
tank for the catalyst to be activated (16), anvattir (19) and a lifting pipe (21), wherein a dense
phase reaction zone (4) located in the lower sectigarticle sputterring transition zone (5) lecat

in the middle section and a dilute-phase zone @ated in the upper section are included in the
fluidized bed reactor (3), the degassing tank Far $pent catalyst (12) is communicated with the
fluidized bed reactor (3) and the regenerator (&8pectively, the degassing tank for the catatyst t
be activated (16) is communicated with the regdoer@d3) and the activator (19) respectively, a
lifting pipe (21) is communicated with the activat@l9) and the fluidized bed reactor (3)
respectively.
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2. The reaction apparatus for producing anilingHgynitrobenzene hydrogenation accoridng to any
of the above-mentioned or the afterward-mentiongukets, which is characterized in that in the
fluidized bed reactor (3) are provided a gas distor (2), a heat-exchanging pipe (11), a sputterin
separation structural member (6) and a cycloneratpg9).

3. The reaction apparatus for producing anilinghgy/nitrobenzene hydrogenation accoridng to any
of the above-mentioned or the afterward-mentiongokets, which is characterized in that in the
degassing tank for the spent catalyst (12) arauded a degassing descending countercurrent zone
(31) and a degassing ascending co-current zonedB@)in the degassing descending countercurrent
zone (31) and the degassing ascending co-currareg ¢&2) are respectively provided degassing
baffle structural members (33); in the degassing far the catalyst to be activated (16) are inellid

a regeneration degassing descending countercumemé (51) and a regeneration degassing
ascending co-current zone (52), and in the reggaerrdegassing descending countercurrent zone
(51) and the regeneration degassing ascending reentuzone (52) are respectively provided
degassing baffle structural members (33).

4. The reaction apparatus for producing anilingH®ynitrobenzene hydrogenation accoridng to any
of the above-mentioned or the afterward-mentionsgeets, which is characterized in that the
degassing baffle structural member (33) is madecdmynecting multiple sets of flow rectifiers
through connecting pieces, the flow rectifier issar more of a streamline flow rectifier (41), a
diamond-shaped flow rectifier (42), and an inclimedfle cross-flow type flow rectifier (43).

5. A reaction process for producing aniline by thigobenzene hydrogenation with the apparatus
accoridng to any of the above-mentioned or thena#ied-mentioned aspects, comprising the
following steps:

(a). Vaporized nitrobenzene and hydrogen gas asmmaterial are introduced into a gas chamber,
then into the fluidized bed reactor (3) through tiees distributor (2) to push the catalyst in the
reactor to be fluidized, then react in the densssphreaction zone (4) to produce an aniline product
the particle sputtering occurs at the top of thesdephase reaction zone (4) to form a particle
sputtering transition zone (5), the sputtered pladi are efficiently intercepted by the sputtering
separation structural member (6) and return tadérese phase reaction zone (4) to proceed with the
catalysis, a small part of the non-interceptedigad pass through the passage of the sputtering
separation structural member and enter the dilbtse zone (7) to be separated with a cyclone
separator (9), the particles return to the denseseheaction zone (4), the crude product gas (8)
flows out of the fluidized bed reactor (3) andestinto the subsequent separation section;

(b). After the catalyst is partly coked in the réa, the coked catalyst is degassed in the deygassi
tank for the spent catalyst (12), and introducdd ihe regenerator (13), to which the oxygen is
introduced, the catalyst is regenerated by carlonitg;

(c). The regenerated catalyst is then introductmithre degassing tank for the catalyst to be aelt/a
(16) and degassed, and then introduced into theasmt (19), to which hydrogen gas is introduced,
the catalyst is activated, and the activated csttasyintroduced into the lifting pipe (21), anttdd

up to return to the fluidized bed reactor (3) togared with the catalysis.

6. The reaction process for producing aniline k®/riitrobenzene hydrogenation accoridng to any of
the above-mentioned or the afterward-mentionedcaspehich is characterized in that the catalyst
is a metal loaded catalyst with copper as the raeitve component, the support is alumina or silica,
the catalyst had an average particle diameter é880m, and the content of particles lower than
80um is not less than 2%.
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7. The reaction process for producing aniline key/riitrobenzene hydrogenation accoridng to any of
the above-mentioned or the afterward-mentionedcaspehich is characterized in that the reaction
conditions in the fluidized bed reactor (3) comerithe superficial gas velocity is 0.2-0.8 m/s, the
molar ratio of hydrogen gas to nitrobenzene is 6tB& average reaction temperature in the dense
phase reaction zone (4) is controlled at 220-28Gh&, temperature in the vicinity of the gas
distributor (2) is controlled at 320°C or less, teaction pressure in the dense phase reaction(dpne
is 0.05-1 MPa.

8. The reaction process for producing aniline ®y/rilirobenzene hydrogenation accoridng to any of
the above-mentioned or the afterward-mentionedcspehich is characterized in that the reaction
conditions in the regenerator (13) comprise: thpesdicial gas velocity is 0.1-0.6 m/s, and the
average regeneration temperature is 350-450°C;rélaetion conditions in the activator (19)
comprise: the superficial gas velocity is 0.1-0.6s,;mand the average activation temperature is
200-250°C.

9. The reaction process for producing aniline ®ynlirobenzene hydrogenation accoridng to any of
the above-mentioned or the afterward-mentionedcaspehich is characterized in that the ratio of
the superficial gas velocity of the degassing dedicey countercurrent zone (31) to the superficial
gas velocity of the degassing ascending co-curzent (32) in the degassing tank for the spent
catalyst (12) is 1/15-1, the degassing agent isasrmaore (as mixture) of nitrogen gas, water vapor,
carbon dioxide, methane, and argon gas, the gapament carried over from the fluidized bed
reactor (3) is replaced out.

10. The reaction process for producing anilinelgyriitrobenzene hydrogenation accoridng to any of
the above-mentioned or the afterward-mentionedcaspehich is characterized in that the ratio of
the superficial gas velocity of the regeneratiogadsing descending countercurrent zone (51) to the
superficial gas velocity of the regeneration deg@ssascending co-current zone (52) in the
degassing tank for the catalyst to be activate(l i€L&/15-1, the degassing agent is one or more (as
mixture) of nitrogen gas, water vapor, carbon diexi oxygen gas, and argon gas, the
oxygen-containing gas component carried over froerégenerator (13) is replaced out.

Technical effect

According to the gas replacement process or theegdacement apparatus of the present invention,
the gas replacement efficiency (especially deggssificiency) generally can reach 90% or higher,
preferably 94% or higher.

The gas replacement process or the gas replacappatatus according to the present invention,
when used in the hydrogenation reaction of theonimmpound (for example the nitrobenzene
hydrogenation to produce aniline), can achievepiimpose of the long-time cycle production of the
continuous reaction, regeneration and activatiod, & the same time can also achieve the technical
effects such as the improved degassing efficiefmydexample, the increase by 7% or higher) and
the controllable carbon deposition amount on thalygst in the fluidized bed reactor.

Brief description of thedrawings

Figure 1 is a schematic flow diagram of the hydrag®n reaction system of the nitro compound of
the present invention, in which the nitrobenzendrbgenation to produce aniline is taken as an
example.

In Figure 1, 1: raw material of vaporized nitrobene and hydrogen gas; 2: gas distributor; 3:
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fluidized bed reactor; 4: dense-phase reaction ;zéndilute-phase zone; 8: crude product gas; 9:
cyclone separator; 10: dipleg; 11: heat-exchangipg; 12: degassing tank for the spent catalyst; 13
regenerator; 15: fluidization gas for regeneratibt; degassing tank for the catalyst to be actiljate
17: fluidization gas for activation; 19: activat@Q: lifting gas; 21: lifting pipe. Herein, the desging
tank for the spent catalyst or the degassing tankhke catalyst to be activated is the gas replacém
apparatus of the present invention or the gas eeplant process of the present invention is
implemented therein.

Figure 2 is a schematic flow diagram for an embaulitrof the gas replacement process (especially a
degassing process) of the present invention.

In Figure 2, 21 represents the first gas replacersep, 22 represents the second gas replacement
step, and both of them are separated by a partitficaddition, the solid triangle arrow represehts
main flow direction of the replacement gas; theldwltriangle arrow represents the main flow
direction of the stream to be replaced, for exanipdesolid particles. The superficial veloeity bét
first replacement gas is expressed as V1, andupperficial veloeity of the second replacement gas |
expressed as V2. According to circumstances, tisé das replacement step and/or the second gas
replacement step can be performed in the presdnite dlow disturbance structural members (the
number in the figure: 4, for example, the flow dilance structural member 33 described below in
the present invention).

Figure 3 is a schematic flow diagram for an embaditnof the gas replacement apparatus
(especially the degassing tank for the spent csttaly the degassing tank for the catalyst to be
activated) of the present invention.

Figure 3, 30: the partition structural member; 8t first gas replacement region; 321: the second
gas replacement region; 33: the flow disturbanaeciral member (the number in the figure: 4); 34:
the inlet for the stream to be replaced of thet fiygs replacement region; 35: the outlet for the
replaced stream of the second gas replacementge®fo the inlet for the stream to be replaced of
the second gas replacement region; 37: the owtléhé replaced stream of the first gas replacement
region; 38: the outlet for the gas phase of th& fjias replacement region; 39: the outlet for the g
phase of the second gas replacement region; 40shiwieed headspace; 41: the flow rectifier (the
number in the figure: more than one). In additithe solid triangle arrow represents the main flow
direction of the replacement gas; the hollow trlareyrow represents the main flow direction of the
stream to be replaced, for example the solid pgesticThe cross-sectional area of the middle part of
the first gas replacement region is expressed asd the cross-sectional area of the middle dart o
the second gas replacement region is expressed.as A

Figure 4 is a schematic diagram for an embodimérnhe streamline flow rectifier of the present
invention, wherein 42 represents the run-througv ithannel.

Figure 5 is a schematic diagram for an embodimérth® diamond-shaped flow rectifier of the
present invention, wherein 42 represents the ruoutih flow channel.

Figure 6 is a schematic diagram for an embodimérthe inclined baffle cross-flow type flow
rectifier of the present invention.

Detailed description

Reference will now be made in detail to the presanbodiments of the present invention, but it
should be understood that the scope of the invenigonot limited by the embodiments, but is
defined by the appended claims.
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All publications, patent applications, patents, afiter references mentioned in this specificatien a
herein incorporated by reference in their entirdtyless defined otherwise, all technical and
scientific terms used herein have the same meaamgemmonly understood by those skilled in the
art to which this invention belongs. In case offtiof) the present specification, including defiaits,
will control.
When the specification derives a material, a sulogtaa process, a step, a device, an element and th
like with the expression such as "known to thoskeskin the art", "prior art", or the anologousrte
it is intended that the subject matter so derivecbepasses those having been conventionally used
in the art at the time of filing this applicatidmyt also includes those which may not be so comynonl
used at the present time, but will become knowthénart as being suitable for a similar purpose.
In the context of the present specification, themtésubstantially” means the allowance of the
presence of a deviation acceptable to those skill¢lle art or considered reasonable by thoseeskill
in the art, for example, a deviation within +10%thin +5%, within £1%, within £0.5% or within
+0.1%.
In the context of the present specification, thentégas replacement” refers to the replacement of
gaseous substances or easily vaporizable subst@utiestively referred to as hazardous substances)
contained in a stream (referred to as the strearbetoeplaced) with a gas (referred to as the
replacement gas) to remove the hazardous substooeshe stream to be replaced. Herein, the gas
replacement generally includes degassing, steaippisiy and the like, particularly refers to
degassing.
In the context of the present specification, the igglacement efficiency (for example the degassing
efficiency) refers to the ratio of the gas amouhthe replacement gas (for example the degassing
agent) remaining in the gas replacement apparédusexample the degassing tank) after the gas
replacement is completed to the total amount ofgalies in the gas replacement apparatus. The
closer the gas replacement efficiency is to 1 biter the effect of the gas replacement is. Heesin
the measuring method for the gas replacement efiig, for example, a method of analyzing the
ratio of the gas amount of the replacement gakeaddtal amount of all gases in the gas replacement
apparatus with a gas analysis instrument suclgas @hase chromatography, can be enumerated.
In the context of the present specification, thentésuperficial veloeity" refers to the speed atahh
a gas flows through a certain region without coelsidy the solid such as solid catalyst particles,
which can be obtained by dividing the flow rate perit time through the region by the
cross-sectional area of the region.
In the context of the present specification, threntésolid content” refers to the volume fraction of
solid particles in the gas-solid two-phase mixtdree solid content at an arbitrary position can be
L8[ o (1-2)+ pe]g . | -
calculated by the equatiordZ , WhereinAP is the difference (the unit is Pa)
between the pressure (gauge pressur&z/@ below the position and the pressure (gaugespresat
Az/2 above the positiomz is the distance (the unit is m) between the painkz/2 below the
position and the point atz/2 above the positiopp is the particle density (the unit is kghof the
solid particlesp is the density (the unit is kgAnof the gas, - is the solid content; is the gas
content, the sum of the solid content and the gaseat is 1, g is the absolute value of the gravity
acceleration (generally taking 9.8 R)/s
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In the context of the present specification, themtévertical” means that the central axis is
substantially perpendicular to the horizontal plane

In the context of the present specification, assgntihat along the central axis direction of a éerta
gas replacement region, the vertical distance (theis m) from the bottom of the gas replacement
region to the top of the gas replacement regidt, idien the part between for example 25%H above
and below the 1/2H location point is referred tares middle part, the part between the middle part
and the top is referred to as the upper part, Badgoart between the middle part and the bottom is
referred to as the lower part.

In the context of the present specification, theregsion "optionally substituted" refers to being
optionally substituted by one or more (for exampt®, 1-4, 1-3, 1-2 or 1) substituent groups
selected from halogen, hydroxy, mercapto, aminanacarbonyl, nitro, oxo, thio, cyano,€linear

or branched (halo) alkane (oxy, thio, amino, cagthogroup, G-s linear or branched (halo) alkene
(oxy, thio, amino, carbonyl) group&linear or branched (halo) alkyne (oxy, thio, amicarbonyl)
group, G20 cycloalkyl, G.2o cycloalkane (oxy, thio, amino) groupgz-£ cycloalkyl G.s linear or
branched (halo) alkane (oxy, thio, amino, carboigyup, G-2o cycloalkyl G linear or branched
(halo) alkene (oxy, thio, amino, carbonyl) group.2€cycloalkyl G.s linear or branched (halo)
alkyne (oxy, thio, amino, carbonyl) groupz-£s cycloalkenyl, G20 cycloalkene (oxy, thio, amino)
group, G20 cycloalkenyl G linear or branched (halo) alkane (oxy, thio, amicarbonyl) group,
Cs-20 cycloalkenyl G linear or branched (halo) alkene (oxy, thio, amioarbonyl) group, €20
cycloalkenyl G.s linear or branched (halo) alkyne (oxy, thio, amicarbonyl) group, €20 aryl, Gs-20
arene (oxy, thio, amino) group,%p aryl Cis linear or branched (halo) alkane (oxy, thio, amino
carbonyl) group, €20 aryl G.s linear or branched (halo) alkene (oxy, thio, amicarbonyl) group,
Cs-20 aryl G linear or branched (halo) alkyne (oxy, thio, aminarbonyl) group, &20 heteroaryl,
Cs-20 heteroarene (oxy, thio, amino) group,2cheteroaryl G linear or branched (halo) alkane (oxy,
thio, amino, carbonyl) group,4Go heteroaryl Gs linear or branched (halo) alkene (oxy, thio, amino
carbonyl) group, @20 heteroaryl Gs linear or branched (halo) alkyne (oxy, thio, aminarbonyl)
group, G-20 heterocyclyl, G20 heterocycle (oxy, thio, amino) group;-£ heterocyclyl G linear or
branched (halo) alkane (oxy, thio, amino, carbogytup, G-20 heterocyclyl G linear or branched
(halo) alkene (oxy, thio, amino, carbonyl) groupl &2.20 heterocyclyl G linear or branched (halo)
alkyne (oxy, thio, amino, carbonyl) group. When larality of these substituent groups are
present, two adjacent substituent groups (for exanthe molecular chain ends of two
substituent groups) can be bonded to each oth&arto a divalent substituent group structure.
For example, two adjacent€linear or branched alkyl groups can be bondedaheother to
form a corresponding alkylene structure. Or, twgaadnt G linear or branched alkyloxy
groups for example can form a corresponding alkgtkoxy group structure, two adjacent.C
linear or branched alkylamino groups for exampla é@m a corresponding alkylenediamino
structure, two adjacent 1G linear or branched alkylthio groups for examplendarm a
corresponding alkylenedithio structure, and sohfors the preferred substituent group, for
example, halogen, hydroxy, mercapto, amino, thim or G linear or branched (halo) alkane
(oxy, thio, amino, carbonyl) group and others carebumerated. Herein, the expression "(halo)
alkane (oxy, thio, amino, carbonyl) group" meangkyla haloalkyl, alkyloxy, alkylthio,
alkylamino, alkylcarbonyl, haloalkyloxy, haloalkiiib, haloalkylamino or haloalkylcarbonyl,
the expression "(halo) alkene (oxy, thio, aminaboayl) group” means: alkenyl, haloalkenyl,
alkenyloxy, alkenylthio, alkenylamino, alkenylcarby, haloalkenyloxy, haloalkenylthio,
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haloalkenylamino or haloalkenylcarbonyl, the exgies "(halo) alkyne (oxy, thio, amino,
carbonyl) group” means: alkynyl, haloalkynyl, alkjoxy, alkynylthio, alkynylamino,
alkynylcarbonyl, haloalkynyloxy, haloalkynylthio,atoalkynylamino or haloalkynylcarbonyl,
the expression "(oxy, thio, amino) group” means,ottyo or amino. Here, the expression
"halo" includes monohalo, dihalo, trihalo, or pddjaand the like.

All percentages, parts, ratios, and the like reférro within this specification are by weight and
pressures are gauge pressures unless explicitbated.

In the context of this specification, any two or m@mbodiments of the present invention may be
combined in any combination, and the resulting néxd solution is part of the original disclosuife o
this specification, and is within the scope of pinesent invention.

According to one embodiment of the present inventib relates to a gas replacement process.
As the gas replacement process, for example, st&é@pping or degassing, especially degassing can
be enumerated.

According to one embodiment of the present inventithe gas replacement process at least
comprises a first step of subjecting a stream todptaced to the gas replacement in presence
of a first replacement gas (referred to as a fjest replacement step), and then a second step of
subjecting to the gas replacement in presence efsdtond replacement gas (referred to as a
second gas replacement step). Herein, as the steehenreplaced, for example a liquid stream or a
solid stream can be enumerated, especially soliticlgs, more especially solid catalyst patrticles,
even more especially solid catalyst particles hgnanparticle average diameter of 30-800 In
addition, the particle average diameter is prefgra®-50Qum or 50-60Qm. For example, the
particle average diameter can be obtained by thi/sia of the sampled solid catalyst particles with
a particle-size analyzer.

According to one embodiment of the present invantibe first replacement gas and the second
replacement gas are, identical to or different fremch other, each independently selected from
any gas or vapor or steam that can be used dunmgas replacement (especially degassing) in
the art, for example, nitrogen gas, water vaporhoa dioxide, methane, oxygen gas, argon gas,
air or hydrogen gas and the like can be speciffoatiumerated without particular limitation.
According to one embodiment of the present inventithe gas replacement process further
comprises one or more gas replacement steps cawicoefore the first gas replacement step, after
the first gas replacement step and before the slegas replacement step, and/or after the second gas
replacement step (referred to as additional gaeeement step(s)). To this end, although the first
gas replacement step and the second gas replacsteprare performed in the successive order, one
or more additional gas replacement steps may sorastibe inserted between these two steps
according to circumstances. Herein, as the additigas replacement step, it can be performed
according to any manner known in the art, or capdyéormed according to the first gas replacement
step or according to the second gas replacememt without particular limitation. Preferably, the
first gas replacement step and the second gascezpéat step are directly performed in succession.
That is to say, no other gas replacement stepsextied between the first gas replacement step and
the second gas replacement step, and the stredme teplaced is passed through the first gas
replacement step and the second gas replacemgniaste the gas replacement is continuously
performed.

According to one embodiment of the present inventassuming the superficial veloeity of the first
replacement gas (absolute value, the unit is n¥sY1, the superficial veloeity of the second
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replacement gas (absolute value, the unit is /¥R, then V2/Vt1.5. Preferably, 100V2/V1> 2

or 20> V2/V1> 2.5, especially Z5V2/V1> 5.

According to one embodiment of the present inventihe operating temperature of the first gas
replacement step is not particularly limited, lmugenerally 0-700°C, preferably 80-400°C.

According to one embodiment of the present invemtithe operating pressure of the first gas
replacement step is not particularly limited, lmugenerally 0-3 MPaG, preferably 0.01-1 MPaG.
According to one embodiment of the present inventim the first gas replacement step, the
superficial veloeity of the first replacement gadbdolute value) V1 is generally 0.05-0.6 m/s,
preferably 0.1-0.3 m/s.

According to one embodiment of the present inventim the first gas replacement step, the
superficial veloeity of the stream to be replacausplute value) is generally 0.02-0.2 m/s, prelgrab
0.05-0.1 m/s.

According to one embodiment of the present inventibe operating temperature of the second gas
replacement step is not particularly limited, lmugenerally 0-700°C, preferably 80-400°C.

According to one embodiment of the present inventibe operating pressure of the second gas
replacement step is not particularly limited, mugenerally 0-3 MPaG, preferably 0.01-1 MPaG.
According to one embodiment of the present inventio the second gas replacement step, the
superficial velocity of the second replacement (mssolute value) V2 is generally 0.8-10 m/s,
preferably 1-3 m/s.

According to one embodiment of the present inventio the second gas replacement step, the
superficial velocity of the stream to be replacalisplute value) is generally 0.4-6 m/s, preferably
0.6-2.4 m/s.

According to one embodiment of the present inventim the first gas replacement step, the
gas-solid fluidization is characterized in bubblmgturbulent fluidization, and the solid conteater

is generally in the range of 0.25-0.6.

According to one embodiment of the present inventio the second gas replacement step, the
gas-solid fluidization is characterized in turbulen fast fluidization, and the solid content rage
generally in the range of 0.02-0.3.

According to one embodiment of the present inventibe first replacement gas and the stream to be
replaced are in countercurrent contact or cocuentact, preferably countercurrent contact.
According to one embodiment of the present inventibe second replacement gas and the stream to
be replaced are in countercurrent contact or ceatizontact, preferably cocurrent contact.

According to one embodiment of the present inventibe first gas replacement step and the second
gas replacement step are carried out in (for exardifferent zones of) one and the same vessel or
carried out in different vessels respectively. kterthe first gas replacement step and the secasd g
replacement step are preferably carried out in ¢iaample different zones of) one and the same
vessel.

According to one embodiment of the present invemtibe first gas replacement step and the second
gas replacement step are in the gas-phase comrianjcaspecially in the headspace gas-phase
communication. To this end, preferably, the opamapressure of the first gas replacement step and
the operating pressure of the second gas repladestegnare basically identical.

According to one embodiment of the present invemiti@lso relates to a gas replacement apparatus.
Herein, as the gas replacement apparatus, for dgarsfyipper or degassing tank, especially
degassing tank can be specifically enumerated.
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According to one embodiment of the present invemtithe gas replacement apparatus at least
comprises a first gas replacement region and ansegas replacement region. Herein, the first gas
replacement region and the second gas replacemegioinrcan be communicated according to any
manner known in the art, and for example, the comoation in succession or in series can be
specifically enumerated. In addition, the firsttieal gas replacement region can be particularly
enumerated as the first gas replacement regiotiyeosecond vertical gas replacement region can be
particularly enumerated as the second gas repladeegion.

According to one embodiment of the present inventiie operation conditions of the first gas
replacement region are not particularly limitedhysb well known in the art can be directly applied,
for example the operating temperature is gene@R00°C, preferably 80-400°C, the operating
pressure is generally 0-3 MPagG, preferably 0.01Pa/.

According to one embodiment of the present inventibe superficial veloeity of the replacement
gas in the first gas replacement region is notiqdarly limited, those well known in the art caa b
directly applied, for example the superficial vetpegabsolute value) is generally 0.05-0.6 m/s,
preferably 0.1-0.3 m/s.

According to one embodiment of the present inventibe operation conditions of the second gas
replacement region are not particularly limitedhysb well known in the art can be directly applied,
for example the operating temperature is gene@R00°C, preferably 80-400°C, the operating
pressure is generally 0-3 MPagG, preferably 0.01Pa/.

According to one embodiment of the present inventibe superficial veloeity of the replacement
gas in the second gas replacement region is notcyarly limited, those well known in the art can
be directly applied, for example the superficialoe#ty (absolute value) is generally 0.05-10 m/s,
0.1-10 m/s or 0.8-10 m/s, preferably 1-3 m/s.

According to one embodiment of the present inventibe gas replacement process implemented in
the first gas replacement region is not particyléirhited, and can be performed according to any
manner known in the art, but preferably proceedecbming to the first gas replacement step
mentioned in any of the previous embodiments optiesent invention.

According to one embodiment of the present inventibe gas replacement process implemented in
the second gas replacement region is not partlgdlarited, and can be performed according to any
manner known in the art, but preferably proceedsmbraing to the second gas replacement step
mentioned in any of the previous embodiments opttesent invention.

According to one embodiment of the present invemtibe inlet for the stream to be replaced of the
first gas replacement region is located in the umaet of the first gas replacement region, and the
outlet for the replaced stream of the second galagement region is located in the upper part ef th
second gas replacement region.

According to one embodiment of the present inventassuming the cross-sectional area (the unit is
m?) of the middle part of the first gas replacemesgion is Al, assuming the cross-sectional area
(the unit is M) of the middle part of the second gas replacemesgion is A2, then 100A2/A1>1.5.
Preferably, 58A2/A1>2.5 or 13A2/A1>5.

According to one embodiment of the present invemttbe inlet for the replacement gas of the first
gas replacement region is located at the bottothefirst gas replacement region, the inlet for the
replacement gas of the second gas replacementnrégi@cated at the bottom of the second gas
replacement region.

According to one embodiment of the present inventibe outlet for the replaced stream of the first
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gas replacement region is located at the lower grathe bottom, especially the bottom of the first
gas replacement region. The inlet for the streaimetoeplaced of the second gas replacement region
is located at the lower part or the bottom, esplgdiae bottom of the second gas replacement region
Herein, the stream to be replaced corresponds dordéplaced material from the previous gas
replacement region, for example the replaced stifeam the first gas replacement region.

According to one embodiment of the present inventtbe outlet for the gas phase of the first gas
replacement region is located at the top of thet §ias replacement region, and the outlet for &% g
phase of the second gas replacement region iselbct the top of the second gas replacement
region.

According to one embodiment of the present inventtbe outlet for the gas phase of the first gas
replacement region is communicated with the odidlethe gas phase of the second gas replacement
region. Preferably, the outlet for the gas phasehef first gas replacement region is directly
communicated with the outlet for the gas phasehef $second gas replacement region, more
preferably there exists at least one passage betiieeheadspace of the first gas replacement region
and the headspace of the second gas replacement eegl said at least one passage is configured in
such a way that the headspace gas phase of thgdsgeplacement region enters the headspace of
the second gas replacement region and/or the heeelgms phase of the second gas replacement
region enters the headspace of the first gas remlact region, more preferably the first gas
replacement region and the second gas replaceeginohrshare a headspace.

According to one embodiment of the present inventibe outlet for the replaced stream of the first
gas replacement region is communicated with thet ifidr the stream to be replaced of the second
gas replacement region. Preferably, the outlettier replaced stream of the first gas replacement
region is directly communicated with the inlet fittre stream to be replaced of the second gas
replacement region, more preferably there existdeast one passage between the first gas
replacement region and the second gas replacemegiiny and said at least one passage is
configured in such a way that the replaced stre&rthe first gas replacement region enters the
second gas replacement region as the stream aplzeed.

According to one embodiment of the present invemtibe first gas replacement region and the
second gas replacement region are located in elifferessels respectively, for example located in
different strippers or degassing tanks respectiv@tythe first gas replacement region and thers#co
gas replacement region are together located irandehe same vessel, for example together located
in one and the same stripper or degassing tank.

According to one embodiment of the present invemtibe first gas replacement region and the
second gas replacement region are together lotatede and the same vessel, and there exists at
least one partition structural member between ifs¢ gas replacement region and the second gas
replacement region. Herein, as the partition sanattmember, for example, a plate or ring-shaped
partition structural member can be specificallyraptated.

According to one embodiment of the present inventtbe central axis direction of the first gas
replacement region is basically parallel with tleatcal axis direction of the second gas replacement
region.

According to one embodiment of the present inventio a direction perpendicular to the horizontal
plane, the inlet for the replacement gas of thet fias replacement region is substantially at dinees
level as or above the inlet for the replacementajdlse second gas replacement region or the bottom
of the first gas replacement region is substagtiallthe same level as or above the bottom of the
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second gas replacement region.

According to one embodiment of the present invemtithe gas replacement apparatus further
comprises one or more gas replacement regiongrgdfeo as additional gas replacement region(s))
before the first gas replacement region, afterfitisé gas replacement region and before the second
gas replacement region, and/or after the secondegdacement region. To this end, although the
first gas replacement region and the second gascexpent region are communicated in the
successive order, one or more additional gas repiant regions may sometimes be inserted
between these two regions according to circumstariderein, as the additional gas replacement
region, it can be any structural style of the gadacement region known in the art, and it caneeith
be identical to the first gas replacement regiondentical to the second gas replacement region
without particular limitation. Preferably, the firgas replacement region is directly communicated
with the second gas replacement region. That &¥o no other gas replacement region is inserted
between the first gas replacement region and thenskegas replacement region, and the stream to be
replaced is passed through the first gas replacermagion and the second gas replacement region
and the gas replacement is continuously performed.

According to one embodiment of the present invent® flow disturbance structural member is
provided in the first gas replacement region.

According to one embodiment of the present invent® flow disturbance structural member is
provided in the second gas replacement region.

According to one embodiment of the present invent® flow disturbance structural member is
provided in the additional gas replacement region.

According to one embodiment of the present inventite flow disturbance structural member
comprises at least one flow rectifier and a coringqgpiece for fixing said at least one flow redifi
relative to the corresponding gas replacement regiod/or in relation to one another (when a
plurality of the flow rectifiers are present). Hereas the quantity of the flow rectifier, for expla,
1-1000 or 4-100 can be enumerated, but not linthiedeto in some cases.

According to one embodiment of the present inventas the connecting piece, any structural style
of the structural member used in the art for cotingcor fixing the flow rectifier or the flow
disturbance structural member can be directly apphithout particular limitation, and for example,
grid, screen mesh, metal strip, metal rod, meta¢ &nd metal plate and others can be specifically
enumerated.

According to one embodiment of the present invemtias the flow rectifier, for example, any
structural style of flow rectifier that is usedtime art for changing or leading the gas flow can be
enumerated, but preferably, the flow rectifier edested from at least one of a streamline flow
rectifier, a diamond-shaped flow rectifier and adlined baffle cross-flow type flow rectifier.
According to one embodiment of the present inventibe streamline flow rectifier is selected from
at least one of a combination of two semiellipspadsombination of one semiellipsoid and one cone,
a combination of one semiellipsoid and one circalar streamlined body and a combination of one
semiellipsoid and one paraboloid, preferably a doatibn of one semiellipsoid and one paraboloid.

d x?
=5 e
Herein, preferably, the generatrix of the paralblsatisfies the curve equation ,

wherein d is the maximum cross section diameter (the unit is mimxhe numerical value between
0.5-8.
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According to one embodiment of the present invention, the diarsloapled flow rectifier is selected
from at least one of a combination of two pyramids, a comibimatif two prismoids, and a
combination of one pyramid and one prismoid, preferably a combmafitwo pyramids.

According to one embodiment of the present invention, the inclbagfle cross-flow type flow
rectifier is a plurality of baffles inclined with respect to a horiabptane. Herein, as the angle of
inclination with respect to a horizontal plane, it is generalp®, preferably 10-40°.

According to one embodiment of the present invention, the centeadagction of said at least one
flow rectifier substantially conforms to the central axis directiontlnd corresponding gas
replacement region. In the context of the present invention, thmlleal corresponding gas
replacement region refers to the gas replacement region where thalilawbance structural
member or the flow rectifier is provided, for example the first gaacement region or the second
gas replacement region.

According to one embodiment of the present invention, at leagfamexample each) flow rectifier
has at least one run-through flow channel. Preferably, the ratibeo€ross-sectional area of the
run-through flow channel (in case that a plurality of said run-thrdlgyh channels are present,
referring to the sum of the cross-sectional areas of the multipldwrongh flow channels, the unit is
m?) to the maximum cross-sectional area of the corresponding flow redthierunit is m) is
1-30:100 or 3-15:100. Herein, as the run-through flow channekoagh hole or a through slit is
generally mentioned. In addition, the run-through flow channel Ineagrranged on the flow rectifier
in any manner known in the art, but is preferably arranged alongetiiteal axis direction of the
corresponding gas replacement region.

According to one embodiment of the present invention, in eachdisturbance structural member,
the ratio of the maximum cross-sectional area of the flow rectifier (vahplurality of the flow
rectifiers are present, referring to the sum of the maximum cross-sectionabfatieasnultiple flow

rectifiers, the unit is A) to the corresponding cross-sectional area of the corresponding gas

replacement region (the unit isnis 20-90:100, preferably 45-65:100.

According to one embodiment of the present invention, in eachdisturbance structural member,
when a plurality of the flow rectifiers are present, the multiple fltewatifiers in relation to one
another are arranged in a predetermined manner. Here, as the arrangememf amynmanner
conventionally known in the art can be cited, specifically, for exantpke,manner of random,
triangle, square, rectangle, circle, or ring and the like can be cited.

According to one embodiment of the present invention, one ae rmow disturbance structural
members are arranged along the central axis direction of the correspoaslirgpicement region.
Herein, as the number of the flow disturbance structural menfoersxample, 2-20 or 4-10 can be
enumerated, but not limited thereto in some cases.

According to one embodiment of the present invention, when a ipjucdlthe flow disturbance
structural members are arranged along the central axis direction of thepondieg gas
replacement region, the vertical distance (the unit is m) betweetwangdjacent flow disturbance
structural members in relation to one another along the central isaasiah of the corresponding
gas replacement region can be 2%H-20%H. Herein, H is the heightu(th is m) of the
corresponding gas replacement region.

According to one embodiment of the present invention, assurhen@dight (the unit is m) of the
first gas replacement region is H1, assuming the height (tihésum) of the second gas replacement
region is H2, then H2/H41 or 2H2/H1>1.

17



10

15

20

25

30

35

40

According to one embodiment of the present invention, it alsteeto a reaction system, especially
a nitro compound hydrogenation reaction system. The reactie@nsygsimprises at least one reactor
and at least one (for example 1-3 or 2) gas replacement apparatus conmgdunitatfor example
communicated downstream with) said at least one reactor. Hereildhemacement apparatus is
generally configured to receive an effluent from said at least one reactor egpemditured to
receive the spent catalyst particles from said at least one reactor. tiorgdati least one of the gas
replacement apparatuses is configured to implement the gas replacampenatus of the gas
replacement process accoridng to any of the above-mentioned embadohtrd present invention
or is the gas replacement apparatus accoridng to any of the abotrer@m@rembodiments of the
present invention.

According to one embodiment of the present invention, as the reidcsgpreferably a fluidized bed
reactor, especially a reactor having a fluidized bed of catalystleartimore especially a fluidized
bed reactor for the nitro compound hydrogenation, and more especialigiaed bed reactor for
producing aniline by the hydrogenation of nitrobenzene.

According to one embodiment of the present invention, the saealyst particles are subjected to
the gas replacement (especially degassing) in said at least one gasmeplaapparatus, and then
further regenerated/activated, and then recycled back to said at leasi@oe re

According to one embodiment of the present invention, it alsdeeelto a nitro compound
hydrogenation reaction process. Preferably, the nitro compounddgythtion reaction process is
carried out in the nitro compound hydrogenation reaction systemdaingdo any of the previous
embodiments of the present invention.

According to one embodiment of the present invention, the o@nopound hydrogenation reaction
process at least comprises a step of contacting a nitro compourny@moeden gas as the reaction
raw material with a hydrogenation catalyst to obtain a reactiaupt@nd a spent catalyst (referred
to as a hydrogenation reaction step) and a step of subjectingetiecatalyst to the gas replacement
in the presence of a replacement gas (referred to as the gas replacgment ste

According to one embodiment of the present invention, the gas eepdat¢ step is performed
according to the gas replacement process mentioned in any of theuprewmbodiments of the
present invention, or performed in the gas replacement apparatus agdordimy of the previous
embodiments of the present invention.

According to one embodiment of the present invention, the saealyst particles are subjected to
the gas replacement in the gas replacement step, then further regéaeateed, and then recycled
back to the hydrogenation reaction step.

With reference to Fig. 1, the nitro compound hydrogenation reastistem or the hydrogenation
reaction process will be specifically described. Specifically, the maiipregats of the nitro
compound hydrogenation reaction system or the hydrogenation regut@ess comprise: a
fluidized bed reactor 3, a degassing tank for the spent cata@lyatrégenerator 13, a degassing tank
for the catalyst to be activated 16, an activator 19 and a liftirey Zip wherein in the fluidized bed
reactor 3 are included a dense phase reaction zone 4 located inwdreskction, a particle
sputterring transition zone 5 located in the middle sectionaaditute-phase zone 7 located in the
upper section, the degassing tank for the spent catalyst 1muwacated with the fluidized bed
reactor 3 and the regenerator 13 respectively, the degassing tank faathst ta be activated 16 is
communicated with the regenerator 13 and the activator 19 respecthelVifting pipe 21 is
communicated with the activator 19 and the fluidized bed reactor 3ctegbe In the the fluidized
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bed reactor 3 are provided a gas distributor 2, a heat-exchanginglpgpel B cyclone separator 9.
Herein, the degassing tank for the spent catalyst 12 compriseassihggdescending countercurrent
zone (corresponding to the first gas replacement region or the firsepiasement step of the
present invention) and a degassing ascending co-current zone (codiegptmthe second gas
replacement region or the second gas replacement step of the presation), and in the degassing
descending countercurrent zone and the degassing ascending co-zomenare respectively
provided flow disturbance structural members 33; the degassindaiatiie catalyst to be activated
16 comprises a regeneration degassing descending countercurrent@oegppnding to the first
gas replacement region or the first gas replacement step of the pre®eriton) and a regeneration
degassing ascending co-current zone (corresponding to the second lgesmept region or the
second gas replacement step of the present invention), and ilgémenraion degassing descending
countercurrent zone and the regeneration degassing ascending co-zanmenare respectively
provided flow disturbance structural members 33. The degassindaatile spent catalyst 12 and
the degassing tank for the catalyst to be activated 16 are the gas replbapparatus of the present
invention or the gas replacement process of the present invenimoplemented therein.

According to one embodiment of the present invention, in the® midmpound hydrogenation
reaction system or the hydrogenation reaction process, vaporizdoenzeme and hydrogen gas as
raw material are introduced into a gas chamber, then into the #dited reactor 3 through the gas
distributor 2 to push the catalyst in the reactor to be fladlizhen react in the dense phase reaction
zone 4 to produce an aniline product, a part of the gas phase lbotvbles, the particle sputtering
occurs at the top of the dense phase reaction zone 4 to formcéepaptittering transition zone 5, the
particles enter the dilute-phase zone 7 to be separated with a cyefmarater 9 and return to the
dense phase reaction zone 4, the crude product gas 8 flows batfbfidlized bed reactor 3 and is
sent into the subsequent separation section. After the catalgattig coked in the reaction, the
coked catalyst is degassed in the degassing tank for the stalyst 12, and introduced into the
regenerator 13, to which the oxygen is introduced, the catalysg&nerated by carbon burning.<
The regenerated catalyst is then introduced into the degassinptah& catalyst to be activated 16
and degassed, and then introduced into the activator 19, to Wiitbgen gas is introduced, the
catalyst is activated, and the activated catalyst is introducednhiatiifiting pipe 21, and lifted up to
return to the fluidized bed reactor 3 to proceed with the catalysis.

According to one embodiment of the present invention, in theolygtation reaction step or the
fluidized bed reactor 3, the gas superficial veloeity is generally0@ m/s, the molar ratio of
hydrogen gas to the reaction raw material (for example nitrobenzen@eisatye 6-21.

According to one embodiment of the present invention, in theolggtation reaction step or the
fluidized bed reactor 3, the reaction temperature (generally referrinpetoaverage reaction
temperature in the dense phase reaction zone) is 220-280°C, thenrgaetssure (generally
referring to the pressure in the dense phase reaction zone) is M@%1(gauge pressure). In
addition, the temperature in the vicinity of the gas distribistgenerally controlled at 320°C or less.
According to one embodiment of the present invention, the reamiaitions in the regenerator 13
comprise: the gas superficial veloeity is 0.1-0.6 m/s, and thexgeeegeneration temperature is
350-450°C; the reaction conditions in the activator 19 comprise:gas superficial veloeity is
0.1-0.6 m/s, and the average activation temperature is 200-250°C.

According to one embodiment of the present invention, the rativeajas superficial veloeity of the
degassing descending countercurrent zone to the gas superficialywefdbié degassing ascending
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co-current zone in the degassing tank for the spent catalystlithsid, the degassing agent is one or
more (as mixture) of nitrogen gas, water vapor, carbon dioxide, methadeargon gas, the gas
component carried over from the fluidized bed reactor 3 is replaced betrafio of the gas
superficial veloeity of regeneration degassing descending counterczorento the gas superficial
veloeity of regeneration degassing ascending co-current zone iaghssihg tank for the catalyst to
be activated 16 is 1/15-1, the degassing agent is one or moneixtase) of nitrogen gas, water
vapor, carbon dioxide, oxygen gas, and argon gas, the oxyaiing gas component carried over
from the regenerator 13 is replaced out.

According to one embodiment of the present invention, the degasfiniency of the degassing
tank for the spent catalyst and the degassing tank for the cdtalystactivated can generally reach
90% or higher, preferably 94% or higher. In addition, thesgadsing tanks in two regions have a
large contact area and a high level of mass transfer and heat transfére atedjassing efficiency
meets the requirements of production safety.

According to one embodiment of the present invention, as the dsaation catalyst, any catalyst
used in the art for the hydrogenation reaction of the nitro contpoam be enumerated, and at least
one selected from a copper-based loaded catalyst, a nickel-based loadgst eachl a noble
metal-based loaded catalyst, more especially a copper-based loaded catalyst particularly
enumerated. Herein, for the copper-based loaded catalyst, copperralgersed as the main active
component, and the support is generally alumina or silica.

According to one embodiment of the present invention, the avepagele diameter of the
hydrogenation catalyst is generally 30-860Q preferably 40-500m or 50-60Qm. Preferably, in the
hydrogenation catalyst, the catalyst particles having a particlestkamf less than @n comprises
not less than 2wt%, preferably 5-15wt% by mass percent of all capastatles. For example, the
particle average diameter can be obtained by the analysis of theedasoptl catalyst particles with
a particle-size analyzer.

According to one embodiment of the present invention, the replatgagis generally gas or vapor
or steam. Herein, as the replacement gas, at least one selected froenrgasgwater vapor, carbon
dioxide, methane, oxygen gas and argon gas can be particulanheeated, especially nitrogen gas.
Those skilled in the art can proceed the conventional selection aartodthe actual requirements
without particular limitation.

According to an embodiment of the present invention, the ndgmpound is selected from at least
one of the compounds represented by the following formula (1), efipetirobenzene.

R-NG; (1)

According to an embodiment of the present invention, in the ataldbrmula (1), R is an optionally
substituted €20 straight, branched or cyclic hydrocarbyl, preferably an optionalhgtiuted G20
cyclic hydrocarbyl, especially an optionally substituteglCaryl, more especially an optionally
substituted phenyl or phenyl.

Examples

The present invention will be described in further detail belowvéy of examples and comparative
examples, but the present invention is not limited to theviatig examples.

In the following examples and comparative examples, the carbon tiepa@snount was measured
and analyzed with thermogravimetric analyzer.

Example 1

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
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was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayuna 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter giMd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrttbenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@@t and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410°C; and the reaction conditions in the activator were asvfolthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220°@tibhef the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the sapérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the averadegntent rates were both 0.12. In this
Example, V1 = 0.25 m/s, V2= 1.25 m/s.

The degassing efficiencies for the degassing tank for the spenistatadl the degassing tank for the
catalyst to be activated were both 98.7%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition ()9cbuld be controlled at not greater than
0.5%, and the results were detailed in Table 1.

Example 2

The reaction system for producing aniline by the hydrogenatiaitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayune 2. The flow rectifier
of the flow disturbance structural member is a diamond-shapeddiaier.

The catalyst was a metal loaded catalyst with copper as the main actipereant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was contrdk@°@t and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, and\hrage regeneration temperature
was 410°C; and the reaction conditions in the activator were asvfolthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220°@tibhef the superficial veloeity
of the first gas replacement step to the superficial veloeity a§ebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to batedtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
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for the degassing tank for the catalyst to be activated, the averajemsuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spenistatadl the degassing tank for the
catalyst to be activated were both 97.3%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition ()9cbuld be controlled at not greater than
0.5%, and the results were detailed in Table 1.

Example 3

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayuna 2. The flow rectifier
of the flow disturbance structural member was an inclined baffle crossyfpe flow rectifier.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@@t and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410°C; and the reaction conditions in the activator were asvfolthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220°@tibhef the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step in the degatsikgfor the catalyst to be
activated to the superficial veloeity of the second gas replacemepninsthe degassing tank for the
catalyst to be activated was 1/5, the degassing agent wasenitgag. In the first gas replacement
steps for the degassing tank for the spent catalyst and for thestlag tank for the catalyst to be
activated, the average solid content rates were both 0.5% setilond gas replacement steps for the
degassing tank for the spent catalyst and for the degassindptathle catalyst to be activated, the
average solid content rates were both 0.12.

The degassing efficiencies for the degassing tank for the spenistatadl the degassing tank for the
catalyst to be activated were both 97.1%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 1.

Example 4

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghssiy tank for the catalyst to be
activated were degassed according to the degassing process asrskayune 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter qfmp0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@@t and the reaction
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pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.1 m/s, amd\thrage regeneration temperature
was 410°C; the reaction conditions in the activator were as felltve gas superficial veloeity was
0.3 m/s, and the average activation temperature was 220°C. Thefr#ti® superficial veloeity of
the first gas replacement step to the superficial veloeity of the s@@amndeplacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spenistatad the degassing tank for the
catalyst to be activated were both 98.7%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.7%, and the results were detailed in Table 1.

Example 5

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayune 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main@otipenent, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.6 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@@t and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410°C; and the reaction conditions in the activator were asvflthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220°@tibhef the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spenstatadl the degassing tank for the
catalyst to be activated were both 98.7%, the carbon depoaitionnt when the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.3%, and the results were detailed in Table 1.

Example 6

The reaction system for producing aniline by the hydrogenatiaitrobenzene as shown in Figure 1
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was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayuna 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter giMd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@@t and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 350°C; the reaction conditions in the activator were as felltve gas superficial veloeity was
0.3 m/s, and the average activation temperature was 220°C. Thefr#ti® superficial veloeity of
the first gas replacement step to the superficial veloeity of the s@@amdeplacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spahistand the degassing tank for the
catalyst to be activated were both 98.7%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
1%, and the results were detailed in Table 2.

Example 7

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayuna 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@@t and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The readtiitioreoin the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 450°C; the reaction conditions in the activator were as felldve gas superficial veloeity was
0.3 m/s, and the average activation temperature was 220°C. Thefr#ti® superficial veloeity of
the first gas replacement step to the superficial veloeity of the sg@amdeplacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the depgtesk for the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
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in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 98.7%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.15%, and the results were detailed in Table 2.

Example 8

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayuna 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actipereant, the support was
silica, the catalyst had an average particle diameter gimdpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrttbenzene was 11, the average
reaction temperature in the dense phase reaction zone was controli@l ‘4t, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/15, the degassingvagemtrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saoperfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be actixageld15, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.59;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.065.

The degassing efficiencies for the degassing tank for the spenistatadl the degassing tank for the
catalyst to be activated were both 98.2%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 2.

Example 9

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayune 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlil ‘4t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
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was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/2, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/2, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.46;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.18.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 96.8%, the carbon depoaitionnt when the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 2.

Example 10

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayuna 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gim0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was control#e’@f and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410°C; and the reaction conditions in the activator were asvfolthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220°@tibhef the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/ 20, the degagsimigvaas nitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be actixaeld 20, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.61;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.058.

The degassing efficiencies for the degassing tank for the spensistatadl the degassing tank for the
catalyst to be activated were both 98.9%, the carbon depositiounanvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 2.

Example 11

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
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catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membdéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flowereutd#s a streamline flow
rectifier, the ratio of the cross-sectional area of the run-through flamneh to the maximum
cross-sectional area of the corresponding flow rectifier was 10:h@0ratio of the sum of the
maximum cross-sectional areas of the multiple flow rectifiers ¢octhrresponding cross-sectional
area of the corresponding gas replacement region was 50:100, therminthbe flow disturbance
structural member(s) disposed in the first gas replacement regio2,whe number of the flow
disturbance structural member(s) disposed in the second gas replacegiemtwas 2, the ratio of
the vertical distance of any two flow disturbance structural mesribeelation to one another to (the
height of) the corresponding gas replacement region was 0.5, ithefrtite height of the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main@otpenent, the support was
silica, the catalyst had an average particle diameter @fmMpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was control#e’@f and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, and\hrage regeneration temperature
was 410°C; and the reaction conditions in the activator were asvfolthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220°@tibhef the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassirtgnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saoperfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuint rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 98.8%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 3.

Example 12

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.
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In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacememt regs 1.5, the number of the
flow rectifier(s) contained by any flow disturbance structural membdéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flowereutd#s a streamline flow
rectifier, the ratio of the cross-sectional area of the run-through ¢leawnnel to the maximum
cross-sectional area of the corresponding flow rectifier was 10:h@0ratio of the sum of the
maximum cross-sectional areas of the multiple flow rectifiers ¢octhrresponding cross-sectional
area of the corresponding gas replacement region was 50:100, thermfmbe flow disturbance
structural member(s) disposed in the first gas replacement regio2,whs number of the flow
disturbance structural member(s) disposed in the second gas replacegiemtwas 2, the ratio of
the vertical distance of any two flow disturbance structural mesribeelation to one another to (the
height of) the corresponding gas replacement region was 0.5,ithefrtite height of the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter qfmMpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was contrd@#@°@; and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\hrage regeneration temperature
was 410°C; and the reaction conditions in the activator were asvfolthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220°@tibhef the superficial veloeity
of the first gas replacement step to the superficial veloeity od¢bhend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averabemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 96.7%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 3.

Example 13

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
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cross-sectional area of the middle part of the first gas replacement veggobb, the number of the
flow rectifier(s) contained by any flow disturbance structural membehanfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flowereutd#s a streamline flow
rectifier, the ratio of the cross-sectional area of the run-through flamneh to the maximum
cross-sectional area of the corresponding flow rectifier was 10th@Oratio of the sum of the
maximum cross-sectional areas of the multiple flow rectifiers eocthrresponding cross-sectional
area of the corresponding gas replacement region was 50:100, thermfmbe flow disturbance
structural member(s) disposed in the first gas replacement regio2,whs number of the flow
disturbance structural member(s) disposed in the second gas replacegmamtwas 2, the ratio of
the vertical distance of any two flow disturbance structural mesribeelation to one another to (the
height of) the corresponding gas replacement region was 0.5,ithefrtite height of the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The readtiitioreoin the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\hrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelas/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the depgtesk for the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spenistatadl the degassing tank for the
catalyst to be activated were both 98.6%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 3.

Example 14

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veagoB0, the number of the
flow rectifier(s) contained by any flow disturbance structural membeéhanfirst gas replacement
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region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flowereuwtd#s a streamline flow
rectifier, the ratio of the cross-sectional area of the run-through flamneh to the maximum
cross-sectional area of the corresponding flow rectifier was 10:h@0Oratio of the sum of the
maximum cross-sectional areas of the multiple flow rectifiers eocthrresponding cross-sectional
area of the corresponding gas replacement region was 50:100, therminthbe flow disturbance
structural member(s) disposed in the first gas replacement regio2,whe number of the flow
disturbance structural member(s) disposed in the second gas replacegmamtwas 2, the ratio of
the vertical distance of any two flow disturbance structural mesribeelation to one another to (the
height of) the corresponding gas replacement region was 0.5, ithefrtte height of the second gas
replacement region to the height of the first gas replacementhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actipereant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrttbenzene was 11, the average
reaction temperature in the dense phase reaction zone was controli@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjem@uknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spahistand the degassing tank for the
catalyst to be activated were both 98.6%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 3.

Example 15

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degassknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veagon, the number of the
flow rectifier(s) contained by any flow disturbance structural membeéhanfirst gas replacement
region was 12, the number of the flow rectifier(s) contained byflny disturbance structural
member in the second gas replacement region was 20, the flowereutd#s a streamline flow
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rectifier, the ratio of the cross-sectional area of the run-through flamneh to the maximum
cross-sectional area of the corresponding flow rectifier was 10:h@0ratio of the sum of the
maximum cross-sectional areas of the multiple flow rectifiers ¢octhrresponding cross-sectional
area of the corresponding gas replacement region was 50:100, therminthbe flow disturbance
structural member(s) disposed in the first gas replacement regio2,whe number of the flow
disturbance structural member(s) disposed in the second gas replacegiemtwas 2, the ratio of
the vertical distance of any two flow disturbance structural mesribeelation to one another to (the
height of) the corresponding gas replacement region was 0.5, ithefrtite height of the second gas
replacement region to the height of the first gas replacementhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actipereant, the support was
silica, the catalyst had an average particle diameter qfmMpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlil ‘@, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuient rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 99.1%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 3.

Example 16

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degassknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural memtehe first gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 36, the flowereutd#s a streamline flow
rectifier, the ratio of the cross-sectional area of the run-through flamneh to the maximum
cross-sectional area of the corresponding flow rectifier was 10:h@0ratio of the sum of the
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maximum cross-sectional areas of the multiple flow rectifiers ¢octhrresponding cross-sectional
area of the corresponding gas replacement region was 50:100, thermfmbe flow disturbance
structural member(s) disposed in the first gas replacement regio2,whe number of the flow
disturbance structural member(s) disposed in the second gas replacegm@mtwas 2, the ratio of
the vertical distance of any two flow disturbance structural mesribeelation to one another to (the
height of) the corresponding gas replacement region was 0.5,ithefrtite height of the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter @fmpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlll &, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averabemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 98.9%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 4.

Example 17

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flow recéifiex diamond-shaped flow
rectifier, the ratio of the cross-sectional area of the run-through flamneh to the maximum
cross-sectional area of the corresponding flow rectifier was 10:h@0ratio of the sum of the
maximum cross-sectional areas of the multiple flow rectifiers ¢octhrresponding cross-sectional
area of the corresponding gas replacement region was 50:100, thermfmbe flow disturbance
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structural member(s) disposed in the first gas replacement regio2,whs number of the flow
disturbance structural member(s) disposed in the second gas replacegmamtwas 2, the ratio of
the vertical distance of any two flow disturbance structural mesribeelation to one another to (the
height of) the corresponding gas replacement region was 0.5,ithefrtite height of the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gim0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\hrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelas/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuint rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spensstatadl the degassing tank for the
catalyst to be activated were both 98.2%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 4.

Example 18

The reaction system for producing aniline by the hydrogenatiaitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membeéhanfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flow reigtifeer inclined baffle
cross-flow type flow rectifier, the ratio of the cross-sectional area alutinthrough flow channel to
the maximum cross-sectional area of the corresponding flow rectifier %&601 the ratio of the
sum of the maximum cross-sectional areas of the multiple flow recttitethe corresponding
cross-sectional area of the corresponding gas replacement region Wi} 8teInumber of the flow
disturbance structural member(s) disposed in the first gas replacesgemt was 2, the number of
the flow disturbance structural member(s) disposed in the se@mceplacement region was 2, the
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ratio of the vertical distance of any two flow disturbance structurahlmees in relation to one
another to (the height of) the corresponding gas replacement reg#od.% the ratio of the height of
the second gas replacement region to the height of the first gaseraplat region was 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter giMd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spenistatadl the degassing tank for the
catalyst to be activated were both 97.9%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 4.

Example 19

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degassknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membeéhanfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floweragt a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 15:100, the ratio of the a&utihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdi$turbance structural
member(s) disposed in the first gas replacement region was Buthiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tiwagatio of the vertical
distance of any two flow disturbance structural members in relationganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of thiet loéithe second gas
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replacement region to the height of the first gas replacementhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main@otp®nent, the support was
silica, the catalyst had an average particle diameter @fmpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlll &, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjem@uknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 97.2%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 4.

Example 20

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degassknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flowereagt a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 3:100, the ratio of thm ef the maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdi$turbance structural
member(s) disposed in the first gas replacement region was Auihiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n thagatio of the vertical
distance of any two flow disturbance structural members in relationganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of thiet loéithe second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
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silica, the catalyst had an average particle diameter @fmMpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlil ‘@, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, and\hrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelas/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averabemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 98.9%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 4.

Example 21

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egaesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floneregtaf a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 28:100, the ratio of the a&utihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraioss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdisturbance structural
member(s) disposed in the first gas replacement region was Aumhiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tivagatio of the vertical
distance of any two flow disturbance structural members in relationganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of et lo¢i the second gas
replacement region to the height of the first gas replacementhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actipereant, the support was
silica, the catalyst had an average particle diameter qfmpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
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superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was controli@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\hrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelas/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuient rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spensistatadl the degassing tank for the
catalyst to be activated were both 96.8%, the carbon depoaifionnt when the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 5.

Example 22

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membeéhanfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floneregta a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chamtie¢ tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&utihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraioss-sectional area of the
corresponding gas replacement region was 40:100, the number dbwhdisturbance structural
member(s) disposed in the first gas replacement region was Buthiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tiwagatio of the vertical
distance of any two flow disturbance structural members in relationdganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of et lo¢i the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter qfmpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was controli@l ‘€t,2and the reaction

37



10

15

20

25

30

35

40

pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to batedtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spenistatadl the degassing tank for the
catalyst to be activated were both 98.3%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 3.

Example 23

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degassknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membeéhanfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floweragt a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&utihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 65:100, the number dbwhdi$turbance structural
member(s) disposed in the first gas replacement region was Buthiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tiwagatio of the vertical
distance of any two flow disturbance structural members in relationganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of thiet loéithe second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen@agrobenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlil ‘4t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
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was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the fcipéveloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtemsk for the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 99.0%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 5.

Example 24

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degassknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gaseneptacregion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floweragt a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&futihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 30:100, the number dbwhdi$turbance structural
member(s) disposed in the first gas replacement region was Auihiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tivagatio of the vertical
distance of any two flow disturbance structural members in relationganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of thiet loéi the second gas
replacement region to the height of the first gas replacementhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlil ‘&, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\hrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
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of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to batedtivas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuient rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 97.9%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 5.

Example 25

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to batedtifhe degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egaesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flofiereetis a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&futihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdisturbance structural
member(s) disposed in the first gas replacement region was Aumhiger of the flow disturbance
structural member(s) disposed in the second gas replacement regidn tivagatio of the vertical
distance of any two flow disturbance structural members in relationganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of et lo¢i the second gas
replacement region to the height of the first gas replacementhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter qfmMpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlil ‘@, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, and\brage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
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superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuient rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecatalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spenistatad the degassing tank for the
catalyst to be activated were both 99.1%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 5.

Example 26

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activateddegassed according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floneregta a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&utihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdisturbance structural
member(s) disposed in the first gas replacement region was luriieer of the flow disturbance
structural member(s) disposed in the second gas replacementwagd®, the ratio of the vertical
distance of any two flow disturbance structural members in relationdganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of et lo¢i the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter qfmMp0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, and\tbrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelas/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
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was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the spahistand the degassing tank for the
catalyst to be activated were both 99.2%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 6.

Example 27

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degassknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membeéhanfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floiereetis a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the &utihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdi$turbance structural
member(s) disposed in the first gas replacement region was Buthiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tiwagatio of the vertical
distance of any two flow disturbance structural members in relationganother to (the height of)
the corresponding gas replacement region was 0.02, the ratice dietght of the second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelas/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
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in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 99.1%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition (3)9could be controlled at no greater than
0.5%, and the results were detailed in Table 6.

Example 28

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membehanfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the flowereagtl a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&utihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdi$turbance structural
member(s) disposed in the first gas replacement region was Aumhiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tivagatio of the vertical
distance of any two flow disturbance structural members in relagioné another to (the height of)
the corresponding gas replacement region was 0.1, the ratio of thiet loéithe second gas
replacement region to the height of the first gas replacemenhregi® 1.5.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastrme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrttbenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlll @, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The readtiitioreoin the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\thrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingnagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averatjemuknt rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdkato@tes were both 0.12.
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The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 97.6%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 6.

Example 29

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edttiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated egmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gas repiagegion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membdéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floweragt a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&futihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdi$turbance structural
member(s) disposed in the first gas replacement region was Auihiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tivagatio of the vertical
distance of any two flow disturbance structural members in relationdganother to (the height of)
the corresponding gas replacement region was 0.5, the ratio of et lo¢i the second gas
replacement region to the height of the first gas replacementhregi® 1.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter qfmMpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was controlll ‘&, 2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiornsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, lam@d\verage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220¢€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be esttwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuint rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sukhcates were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 97.6%, the carbon depositionnanvhen the reaction time was
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90 minutes under the high space velocity condition ()9could be controlled at no greater than
0.5%, and the results were detailed in Table 6.

Example 30

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The gas replacement apparatus as shown in FigureSedas the degassing tank for the
spent catalyst and the degassing tank for the catalyst to be edtiVae degassing tank for the spent
catalyst and the degassing tank for the catalyst to be activated agmesdd according to the
degassing process as shown in Figure 2.

In the degassing tank for the spent catalyst and the degaasknfpr the catalyst to be activated, the
ratio of the cross-sectional area of the middle part of the second gaseneptacregion to the
cross-sectional area of the middle part of the first gas replacement veggon, the number of the
flow rectifier(s) contained by any flow disturbance structural membéhenfirst gas replacement
region was 4, the number of the flow rectifier(s) contained by any fisturbance structural
member in the second gas replacement region was 20, the floneregtaf a flow rectifier-type one,
the ratio of the cross-sectional area of the run-through flow chantie tmaximum cross-sectional
area of the corresponding flow rectifier was 10:100, the ratio of the a&futihe maximum
cross-sectional areas of the multiple flow rectifiers to the correspgraloss-sectional area of the
corresponding gas replacement region was 50:100, the number dbwhdisturbance structural
member(s) disposed in the first gas replacement region was Buthiger of the flow disturbance
structural member(s) disposed in the second gas replacement regi@n tivagatio of the vertical
distance of any two flow disturbance structural members in relationd another to (the height of)
the corresponding gas replacement region was 0.5, the ratio of et lo¢i the second gas
replacement region to the height of the first gas replacementregie 3.

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter qfmMpand the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtabenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitiorsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, amd\hrage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelaw/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity ade¢bend gas replacement step in the
degassing tank for the spent catalyst was 1/5, the degassingaagenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the saopérfieloeity of the second gas
replacement step in the degassing tank for the catalyst to be edtwas 1/5, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degssinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuint rates were both 0.55;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.12.

The degassing efficiencies for the degassing tank for the sperystatadl the degassing tank for the
catalyst to be activated were both 98.9%, the carbon depositionnanvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were detailed in Table 6.
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Comparative Example 1

The reaction system for producing aniline by the hydrogenatioitrobenzene as shown in Figure 1
was used. The degassing tank for the spent catalyst and ghsstey tank for the catalyst to be
activated were degassed according to the degassing process asrskayune 2. The flow rectifier
of the flow disturbance structural member was a streamline flow rectifie

The catalyst was a metal loaded catalyst with copper as the main actiperant, the support was
silica, the catalyst had an average particle diameter gimd0and the content of particles lower than
80um was 6%. The reaction conditions in the fluidized bed reastme as follows: the gas
superficial veloeity was 0.4 m/s, the molar ratio of hydrogen gagrtibenzene was 11, the average
reaction temperature in the dense phase reaction zone was control@l ‘€t,2and the reaction
pressure in the dense phase reaction zone was 0.1MPa. The reactitionsoird the regenerator
were as follows: the gas superficial veloeity was 0.3 m/s, lam@dverage regeneration temperature
was 410 °C; and the reaction conditions in the activator werelas/$olthe gas superficial veloeity
was 0.3 m/s, and the average activation temperature was 220€ @atithof the superficial veloeity
of the first gas replacement step to the superficial veloeity afebend gas replacement step in the
degassing tank for the spent catalyst was 1.1, the degassingregenitrogen gas; the ratio of the
superficial veloeity of the first gas replacement step to the Bcipéveloeity of the second gas
replacement step in the degassing tank for the catalyst to be activedetll, the degassing agent
was nitrogen gas. In the first gas replacement steps for the degtsdinfor the spent catalyst and
for the degassing tank for the catalyst to be activated, the averadjemuint rates were both 0.36;
in the second gas replacement steps for the degassing tank foretitecafalyst and for the
degassing tank for the catalyst to be activated, the average sdhkato@tes were both 0.41.

The degassing efficiencies for the degassing tank for the spensstatadl the degassing tank for the
catalyst to be activated were both 93.1%, the carbon depositioananvhen the reaction time was
90 minutes under the high space velocity condition ()@could be controlled at no greater than
0.5%, and the results were/are detailed in Table 7.

Comparative Example 2

A prior art reaction system for producing aniline by the hydrogemaif nitrobenzene withnot a
regenerator and an activator was used. The used catalyst was a atkddldatalyst with copper as
the main active component, the support was silica, the catalysirhaderage particle diameter of
400um, and the content of particles lower thanu®0was 6%, the carbon deposition amount when
the reaction time was 90 minutes under the high space veloaititiom (0.9 h') was 3.7%, and the
results were detailed in Table 2.

Obviously, the gas replacement apparatus or process of the presstioim can solve the problems
such as the catalysts prone to coking and deactivation, andftbeltgt in the long-period run, and
can be used in the industrial run of the nitrobenzene hydrogetatwaduce aniline.

Table 1

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5

Gas superficial veloeity in

0.3 0.3 0.3 0.1 0.6
the regenerator

Average regeneration

410 410 410 410 410
temperature

Gas superficial veloeity in 0.3 0.3 0.3 0.3 0.3

—
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the activator

Average activatior]

temperature

220

220

220

220

220

Ratio of the superficial
veloeity of the first gas

replacement step to th
superficial veloeity of the
second gas replaceme
step in the degassing ta
for the spent catalyst

e
2 1/5
nt
nk

1/5

1/5

1/5

1/5

Ratio of the superficial

veloeity of the regenerate
first gas replacement stg
to the superficial veloeity
of the regenerated seco
gas replacement step

d

Rs5

y
nd

1/5

1/5

1/5

1/5

Degassing efficiency o
the degassing tank for th
spent catalyst, %

=3

€8.7

97.3

97.1

98.7

98.7

Degassing efficiency o
the degassing tank for th
catalyst to be activated, ¢

f
€8.7

0

97.3

97.1

98.7

98.7

Carbon deposition conte
when the
was 90 minutes under tk
high space velocity, %

reaction time

Could be
controlled
é’:lt no
greater than
0.5%

—
Ll

Could be
controlled
at no
greater than
0.5%

Could be
controlled
at no
greater
than 0.5%

Could be
controlled
at no
greater
than 0.7%

Could be
controlled
at no
greater
than 0.3%

Table 2

Ex. 6

Ex. 7

Ex. 8

Ex. 9

Ex. 10

Gas superficial veloeity i
the regenerator

—

0.3

0.3

0.3

0.3

0.3

Average regeneratio
temperature

S

350

450

410

410

410

Gas superficial veloeity i
the activator

—

0.3

0.3

0.3

0.3

0.3

Average activatior]

temperature

220

220

220

220

220

Ratio of the superfici
veloeity of the first ga

replacement step to thel/5

superficial veloeity of th
second gas

replacement

1/5

1/15

1/2

1/20

a7




step in the degassing tapk

for the spent catalyst

Ratio of the superficial
veloeity of the regenerated

first gas replacement stepi/S

to the superficial veloeity

of the regenerated second

gas replacement step

1/5

1/15

1/2

1/20

—

Degassing efficiency o

the degassing tank for th&8.7

spent catalyst, %

98.7

98.2

96.8

98.9

Degassing efficiency af

the degassing tank for th&8.7

catalyst to be activated, %

98.7

98.2

96.8

98.9

—
~t

Carbon deposition conte
when the reaction timge
was 90 minutes under th
high space velocity, %

Could
controlled
at
e

greater than
1%

be

no

Could be
controlled

at no
greater than

0.15%

Could be
controlled
at no
greater
than 0.5%

Could be
controlled
at no
greater
than 0.5%

Could be
controlled
at no
greater
than 0.5%

Table 3

Ex. 11

Ex. 12

Ex. 13

Ex. 14

Ex. 15

Ratio of the
cross-sectional area of
the middle part of the
second gas replacement
region to the 7
cross-sectional area of
the middle part of thg
first gas replacemer
region

1%

1%

—

15

15

30

Number of the flow
rectifier(s) contained by
any flow disturbance 4
member in the first ga
replacement region

~

[72)

12

Number of the flow
rectifier(s) contained by
any
member in the second
gas replacement region

~

flow disturbance 20

20

20

20

20

Flow rectifier type

Streamline
flow

Streamline
flow

Streamline
flow

Streamline
flow

Streamline
flow
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rectifier

rectifier

rectifier

rectifier

rectifier

Ratio of the
cross-sectional area
the run-through flow
channel to the maximur
cross-sectional area
the corresponding floy
rectifier

Df

n10:100
Df

=

10:100

10:100

10:100

10:100

Ratio of the sum of th
maximum
cross-sectional areas
the multiple flow
rectifiers to the
corresponding
cross-sectional area
the corresponding g3
replacement region

(D

50:100

Df
S

50:100

50:100

50:100

50:100

Number of the flow
disturbance member(s
disposed in the first gg
replacement region

;)2
S

Number of the flow
disturbance member(s
disposed in the secon
gas replacement region

)
&

Ratio of the vertica
distance of any two flow
disturbance  structurg
members in relation t
one another to (th
height of) the
corresponding ga
replacement region

O

0.5

(4%

0.5

0.5

0.5

0.5

Ratio of the height of th
second gas replaceme
region to the height o
the first gas replaceme
region

112

nt
f1.5

1.5

15

15

15

Gas superficial veloeit)
in the regenerator

0.3

0.3

0.3

0.3

0.3

Average regeneratio
temperature

>

410

410

410

410

410

Gas superficial veloeit)

y 0.3

0.3

0.3

0.3

0.3
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in the activator

Average activation

temperature

220

220

220

220

220

Ratio of the superficial
veloeity of the first gas

replacement step to the

superficial veloeity of

the second

degassing tank for th
spent catalyst

gas
replacement step in the

1/5

1/5

1/5

1/5

1/5

Ratio of the superficial

of the

first

veloeity
regenerated

superficial veloeity of
the regenerated seco
gas replacement step

gas
replacement step to thel/5

1/5

1/5

1/5

1/5

Degassing efficiency of
the degassing tank for98.8

the spent catalyst, %

96.7

98.6

98.6

990.1

Degassing efficiency of
the degassing tank for
be

the catalyst to

activated, %

96.7

98.6

98.6

99.1

Carbon
content when
reaction time was 9
minutes under the hig
space velocity, %

the
D
h

deposition

be
controlled at
no greater
than 0.5%

Could be
controlled at
no greatel
than 0.5%

Could be
controlled at
no greatel
than 0.5%

Could be
controlled at
no greatel
than 0.5%

Could be
controlled at
no greater
than 0.5%

Table 4

Ex. 16

Ex. 17

Ex. 18

Ex. 19

Ex. 20

Ratio of the
cross-sectional area
the middle part of the
second gas
replacement region tp7
the cross-sectional
area of the middle
part of the first gas
replacement region

Number of the flowm 4 4
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rectifier(s) contained

flow

by any

disturbance member

in the first gas
replacement region

Number of the flow

rectifier(s) contained

flow

by any

disturbance member
in the second gas

replacement region

36

20

20

20

20

Flow rectifier type

Streamline
flow
rectifier

Diamond-shaped
flow rectifier

Inclined
baffle
cross-flow
type flow
rectifier

Streamline
flow
rectifier

Streamline
flow
rectifier

Ratio of the
cross-sectional area
the run-through flow
channel to the
maximum
cross-sectional area
the correspondin
flow rectifier

10:100

10:100

15:100

3:100

Ratio of the sum o
the maximum
cross-sectional area
of the multiple flow
rectifiers to the
corresponding
cross-sectional area
the corresponding g4
replacement region

AS

50:100

1S

50:100

50:100

50:100

50:100

Number of the flow
disturbance

member(s) dispose
in the first gas
replacement region

a2

Number of the flow
disturbance
member(s) dispose
in the second ga
replacement region

a2
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Ratio of the vertica
distance of any twc
flow disturbance
structural members i

=4

relation to ong 0.5

another to (the heigh
of) the correspondin
gas replacemer;
region

—

~—+

0.5

0.5

0.5

0.5

Ratio of the height o
the second ga
replacement region t
the height of the firs
gas replacemer;
region

15

-0 O "

—+

15

15

15

15

Gas superficia
veloeity in the
regenerator

0.3

0.3

0.3

0.3

0.3

Average regeneratio
temperature

>

410

410

410

410

410

Gas superficia
veloeity in the
activator

0.3

0.3

0.3

0.3

0.3

Average  activation

temperature

220

220

220

220

220

Ratio of the
superficial veloeity of
the first gas

replacement step to

the superficial
veloeity of the secon
gas replacement ste
in the degassing tan
for the spent catalyst

1/5

'P
k

1/5

1/5

1/5

1/5

Ratio of the
superficial veloeity of
the regenerated firg
gas replacement ste
to the superficia
veloeity of the
regenerated  secor
gas replacement step

it
R/5

d

1/5

1/5

1/5

1/5
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Degassing efficiency
of the degassing tan
for the spent
catalyst, %

98.9

98.2

97.9

97.2

98.9

Degassing efficiency
of the degassing tan
for the catalyst to bt
activated, %

117}

k98.9

98.2

97.9

97.2

98.9

Carbon depositior
content when th
reaction time was 9
minutes under thg
high space
velocity, %

=

N
p
D
2

0

controlled
at
greater thar

be

no

5%

Could
controlled at

greater than 0.5%

Could
be

ng at

0.5%

be

controlled

no

greater than

Could

controlled
at no
greater thar
0.5%

be

Could

controlled
at no
greater than
0.5%

be

Table 5

Ex. 21

Ex. 22

Ex. 23

Ex. 24

Ex. 25

Ratio of the
cross-sectional area
the middle part of the
second gas replaceme
region to the
cross-sectional area
the middle part of the
first gas replacemer
region

Df

1%

nt

Df

1%

—

Number of the flow
rectifier(s) contained by
any
member in the first ga
replacement region

flow disturbance

~

Number of the flow
rectifier(s) contained by
any
member in the secon
gas replacement region

flow disturbance

20

20

20

20

Flow rectifier type

Streamline
flow
rectifier

Streamline
flow
rectifier

Streamline
flow
rectifier

Streamline
flow
rectifier

Streamline
flow
rectifier

Ratio of the
cross-sectional area
the run-through flow

nP8:100

10:100

10:100

10:100

10:100
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channel to the maximum

cross-sectional area
the corresponding floy
rectifier

Df

=

Ratio of the sum of th
maximum
cross-sectional areas
the multiple flow
rectifiers to the
corresponding
cross-sectional area
the corresponding g3
replacement region

11%}

of

50:100

Df
1S

40:100

65:100

30:100

50:100

Number of the flow
disturbance member(s
disposed in the first ga
replacement region

;)2
S

Number of the flow
disturbance member(s
disposed in the secon
gas replacement region

)
&

Ratio of the vertica
distance of any two flow
disturbance  structurg
members in relation t
one another to (th
height of) the
corresponding ga
replacement region

O =

0.5

0.5

0.5

0.5

0.5

Ratio of the height of th
second gas replaceme
region to the height o
the first gas replaceme
region

1.5

15

15

15

Gas superficial veloeit)
in the regenerator

0.3

0.3

0.3

0.3

0.3

Average  regeneratio
temperature

>

410

410

410

410

410

Gas superficial veloeity

in the activator

0.3

0.3

0.3

0.3

0.3

Average activatior

temperature

220

220

220

220

220
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Ratio of the superficid

veloeity of the first gas

replacement step to th
superficial veloeity of
the second
replacement step in th
degassing tank for th
spent catalyst

gas

e
1/5

e

1/5

1/5

1/5

1/5

Ratio of the superficia
veloeity of the
regenerated first g4
replacement step to th
superficial veloeity of
the regenerated seco
gas replacement step

1/5

1/5

1/5

1/5

Degassing efficiency o

the degassing tank for96.8

the spent catalyst, %

98.3

99.0

97.9

99.1

Degassing efficiency o
the degassing tank fg
the catalyst to D¢
activated, %

98.3

99.0

97.9

990.1

Carbon
content

depositior
when the

reaction time was 90
h

minutes under the hig
space velocity, %

be
controlled at
no greatef
than 0.5%

Could be
controlled at
no greater
than 0.5%

Could be
controlled at
no greater
than 0.5%

Could be
controlled at
no greater
than 0.5%

Could be
controlled at
no greatef
than 0.5%

Table 6

Ex. 26

Ex. 27

Ex. 28

Ex. 29

Ex. 30

Ratio of the
cross-sectional area

the middle part of the
second gas replaceme
region to the
cross-sectional area

the middle part of the
first gas replacemer
region

Df

1”4

nt

Df

1%

—

Number of the flow
rectifier(s) contained by
any

flow disturbance
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member in the first ga
replacement region

[72)

Number of the flow
rectifier(s) contained by
any flow disturbance
member in the secon
gas replacement region

~

220
d

20

20

20

20

Flow rectifier type

Streamline
flow
rectifier

Streamline
flow
rectifier

Streamline
flow
rectifier

Streamline
flow
rectifier

Streamline
flow
rectifier

Ratio of the
cross-sectional area

the run-through flow
channel to the maximur
cross-sectional area
the corresponding floy

rectifier

Df

n10:100
Df

=

10:100

10:100

10:100

10:100

Ratio of the sum of th
maximum
cross-sectional areas
the multiple flow
rectifiers to the
corresponding

cross-sectional area

the corresponding gas

replacement region

11%

50:100

Df

50:100

50:100

50:100

50:100

Number of the flow
disturbance member(s

disposed in the first gas

replacement region

o

Number of the flow

disturbance member(s) 0
disposed in the secordl

gas replacement region

Ratio of the vertica

distance of any two flow
structural

disturbance
members in relation t
one another to (th
height of) the

corresponding gas

replacement region

O

0.5

(4%

0.02

0.1

0.5

0.5

Ratio of the height of th

15

(D

15

15
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second gas replacement

region to the height of
the first gas replaceme
region

Gas superficial veloeity
in the regenerator

0.3

0.3

0.3

0.3

0.3

>

Average  regeneratio
temperature

410

410

410

410

410

Gas superficial veloeity
in the activator

0.3

0.3

0.3

0.3

0.3

Average activatior

temperature

220

220

220

220

220

Ratio of the superficial
veloeity of the first gas
replacement step to th
superficial veloeity of
the second gas

replacement step in the
degassing tank for the

spent catalyst

e

1/5

1/5

1/5

1/5

1/5

Ratio of the superficial
veloeity of the
regenerated first
replacement step to th
superficial veloeity of
the regenerated seco
gas replacement step

gds

1/5

1/5

1/5

1/5

Degassing efficiency of

the degassing tank for99.2

the spent catalyst, %

99.1

97.6

97.6

98.9

Degassing efficiency of

the degassing tank for

the catalyst to be

activated, %

99.1

97.6

97.6

98.9

Carbon deposition
content when the
reaction time was 90
minutes under the high
space velocity, %

be
controlled at
no greatef

than 0.5%

Could be
controlled at
no greater
than 0.5%

Could be
controlled at
no greater
than 0.5%

Could be
controlled at
no greater
than 0.5%

Could be
controlled at
no greatef
than 0.5%

Table 7
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Comparative Comparative Example 2

8

Example 1
Gas superficial veloeity in the regenerator 0.3
Average regeneration temperature 410
Gas superficial veloeity in the activator 0.3 Using a prior art fluidized
Average activation temperature 220 bed reactor withnot
Ratio of the superficial veloeity of the first gas regenerator and an
replacement step to the superficial veloeity gf 1 activator

the second gas replacement step in the degassing
tank for the spent catalyst

Ratio of the superficial veloeity of the
regenerated first gas replacement step to Td?
superficial veloeity of the regenerated seconc
gas replacement step

Degassing efficiency of the degassing tank f8§ 1
the spent catalyst, % '

Degassing efficiency of the degassing tank f8§ 1
the catalyst to be activated, % '

Carbon deposition content when the reacti@ould be controlled
time was 90 minutes under the high sppeé no greater than3.7
velocity, % 0.5%
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Claims

1. A gas replacement (for example stripping or degassing) process) athieast comprises a first
step for the gas replacement of a stream to be replaced (for example tiigard sr solid stream,
especially solid particle) in the presence of a first replacement gas (foplexgas or vapor or
steam) (referred to as a first gas replacement step), and then a secondtbegde replacement in
the presence of a second replacement gas (for example gas or vapor or steam) {oetsrad
second gas replacement step), wherein assuming that the superficiday\altioe first replacement
gas (absolute value, the unit is m/s) is V1, and the supeniiatity of the second replacement gas
(absolute value, the unit is m/s) is V2, then V25, 10@V2/V1>2, 20>V2/V1>2.5 or
15>V2/V1>5.

2. The gas replacement process according to claim 1, wherein thgaBrséplacement step has an
operating temperature of 0-700°C (preferably 80-400°C), and an opepatisgure of 0-3 MPaG
(preferably 0.01-1 MPaG), and/or, in the first gas replacement stepugterficial velocity (absolute
value) V1 of the first replacement gas is 0.05-0.6 m/s (preferably 8.i3), and the superficial
velocity (absolute value) of the stream to be replaced is 0.0BaG2(preferably 0.05-0.1 m/s),
and/or, the second gas replacement step has an operating temperaddr@08C (preferably
80-400°C), and an operating pressure of 0-3 MPaG (preferably MRa®G), and/or, in the second
gas replacement step, the superficial velocity (absolute value) V2 sktomd replacement gas is
0.8-10 m/s (preferably 1-3 m/s), and the superficial velocity (alesofalue) of the stream to be
replaced is 0.4-6 m/s (preferably 0.6-2.4 m/s).

3. The gas replacement process according to claim 1, wherein in thgaBrseplacement step, the
gas-solid fluidization characteristics is the bubbling or turbulkeidization, the solid content is in
the range of 0.25-0.6, and/or, in the second gas replacementtis¢egas-solid fluidization
characteristics is the turbulent or fast fluidization, the solidezdns in the range of 0.02-0.3.

4. The gas replacement process according to claim 1, wherein theefitstement gas and the
stream to be replaced are in countercurrent contact or cocurrent contaatafgye€ountercurrent
contact), and the second replacement gas and the stream to be replacedaneercurrent contact
or cocurrent contact (preferably cocurrent contact).

5. The gas replacement process according to claim 1, wherein the dirgpi@cement step and the
second gas replacement step are carried out in (for example different foonas and the same
vessel or carried out respectively in different vessels, preferably cauied (for example different
zones of) one and the same vessel, and/or, the first gas replacemeahdtépe second gas
replacement step are in the gas-phase communication (especially in trepdoeadas-phase
communication), and/or, the operating pressure of the first gas repldcstmgrand the operating
pressure of the second gas replacement step are basically identical.

6. The gas replacement process according to claim 1, which furthgrisesmone or more gas
replacement steps carried out before the first gas replacement stepheaftiesttgas replacement
step and before the second gas replacement step, and/or after thé gasamplacement step
(referred to as additional gas replacement step(s)).

7. A gas replacement apparatus (for example stripper or degassing thitk) atvleast comprises a
first gas replacement region (especially a first vertical gas replacengon)reand a second gas
replacement region (especially a second vertical gas replacement region)exdanple
communicated in succession or in series), wherein the inlet fatrdem to be replaced of the first
gas replacement region is located in the upper part of the firseglasement region, and the outlet
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for the replaced stream of the second gas replacement region is locabedupper part of the
second gas replacement region; and assuming the cross-sectior(#heugst is m) of the middle
part of the first gas replacement region is A1, and assuming thesgosonal area (the unit is’m
of the middle part of the second gas replacement region is A210teA2/A1>1.5, 50cA2/A1>2.5

or 15>A2/A1>5.

8. The gas replacement apparatus according to claim 7, wherein therirthet replacement gas of
the first gas replacement region is located at the bottom of thedissreplacement region, and the
inlet for the replacement gas of the second gas replacement region &l latdhe bottom of the
second gas replacement region, and/or, the outlet for the replaced striwnirst gas replacement
region is located at the lower part or the bottom (for exampledtterb) of the first gas replacement
region, and the inlet for the stream to be replaced of the secomepimsement region (the replaced
stream from the previous gas replacement region, for example the replaeed som the first gas
replacement region) is located at the lower part or the bottom (for éx@mepbottom) of the second
gas replacement region, and/or, the outlet for the gas phase @fsthgas replacement region is
located at the top of the first gas replacement region, and thet tartthe gas phase of the second
gas replacement region is located at the top of the second ga&negdcegion.

9. The gas replacement apparatus according to claim 8, wherein litefauthe gas phase of the
first gas replacement region is communicated with the outlet éog#s phase of the second gas
replacement region (preferably the outlet for the gas phase of thgdssteplacement region is
directly communicated with the outlet for the gas phase of the sg@mnteplacement region, more
preferably there exists at least one passage between the headspadiesvigtne replacement region
and the headspace of the second gas replacement region and saiatlpassage is configured in
such a way that the headspace gas phase of the first gas replacemanemtsgys the headspace of
the second gas replacement region and/or the headspace gas phaseaintiegas replacement
region enters the headspace of the first gas replacement region, maelpyethe first gas
replacement region and the second gas replacement region share a heaalsfacejhe outlet for
the replaced stream of the first gas replacement region is communigtiteéte inlet for the stream
to be replaced of the second gas replacement region (preferably l#tdfauthe replaced stream of
the first gas replacement region is directly communicated witmtaefor the stream to be replaced
of the second gas replacement region, more preferably there existd ankeaassage between the
first gas replacement region and the second gas replacement regicajcaatl least one passage is
configured in such a way that the replaced stream of the first gas repldcesgion enters the
second gas replacement region as the stream to be replaced).

10. The gas replacement apparatus according to claim 7, wherein tgadirsfplacement region and
the second gas replacement region are separately located in diffeisis (B example different
strippers or degassing tanks), or the first gas replacement ragtthe second gas replacement
region are together located in one and the same vessel (for exampéel locaine and the same
stripper or degassing tank), and/or, the first gas replacement @gibthe second gas replacement
region are together located in one and the same vessel, and theseaeXeshst one partition
structural member (for example a plate or ring-shaped partition struoctaraber) between the first
gas replacement region and the second gas replacement region.

11. The gas replacement apparatus according to claim 7, wherein tta¢ @eistdirection of the first
gas replacement region is substantially parallel to the centraldaestion of the second gas
replacement region, and/or, in a direction perpendicular to thedméal plane, the inlet for the
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replacement gas of the first gas replacement region is substaatitiy same level as or above the
inlet for the replacement gas of the second gas replacement region attthra bf the first gas
replacement region is substantially at the same level as or abevieottom of the second gas
replacement region.

12. The gas replacement apparatus according to claim 7, which furthernsgsmme or more gas
replacement regions (referred to as additional gas replacement region(sp thefofirst gas
replacement region, after the first gas replacement region and beforectivel gas replacement
region, and/or after the second gas replacement region.

13. The gas replacement apparatus according to claim 7, wherein a ftawbalnce structural
member is disposed in the first gas replacement region and/ordbedsgas replacement region
and/or the additional gas replacement region, the flow disturbanmtusal member comprises at
least one (for example 1-1000 or 4-100) flow rectifier(s) (for example selizotacht least one of a
streamline flow rectifier, a diamond-shaped flow rectifier and an incliadite cross-flow type flow
rectifier) and a connecting piece for fixing said at least one flow rectiBéative to the
corresponding gas replacement region (for example the first gas replacegien or the second
gas replacement region) and/or relative to each other (when a plafline flow rectifiers are
present).

14. The gas replacement apparatus according to claim 13, whereinetnalsme flow rectifier is
selected from at least one of a combination of two semiellipsaicismbination of one semiellipsoid
and one cone, a combination of one semiellipsoid and owalanirarc streamlined body and a
combination of one semiellipsoid and one paraboloid, preferably aicatitm of one semiellipsoid
and one paraboloid, and/or, the diamond-shaped flow rectifier estedl from at least one of a
combination of two pyramids, a combination of two prismspidnd a combination of one pyramid
and one prismoid, preferably a combination of two pyramidsioantihe inclined baffle cross-flow
type flow rectifier is a baffle inclined with respect to a horizopiaihe (for example the angle of
inclination with respect to a horizontal plane is 0-60°, prefera@¢0°).

15. The gas replacement apparatus according to claim 13, whereanthad axis direction of said at
least one flow rectifier substantially conforms to the central axection of the corresponding gas
replacement region (for example the first gas replacement region oed¢bedsgas replacement
region), and/or, at least one of said flow rectifiers has at leastumthrough flow passage (for
example through hole) (preferably disposed along the central agctidn of the corresponding gas
replacement region (for example the first gas replacement region oed¢bedsgas replacement
region)), preferably the ratio of the cross-sectional area of the rungthftmw channel (in case that
a plurality of said run-through flow channels are present, thedfuthe cross-sectional areas of the
multiple run-through flow channels, the unit is)no the maximum cross-sectional area of the
corresponding flow rectifier (the unit is3ris 1-30:100 or 3-15:100, and/or, in each flow disturbance
structural member, the ratio of the maximum cross-sectional arelaeodfiow rectifier (when a
plurality of the flow rectifiers are present, the sum of the marintross-sectional areas of the
multiple flow rectifiers, the unit is ) to the corresponding cross-sectional area (the unif)ism
the corresponding gas replacement region (for example the firs¢gasement region or the second
gas replacement region) is 20-90:100 (preferably 45-65:100), and/@ach flow disturbance
structural member, when a plurality of the flow rectifiers are presaidttise multiple flow rectifiers
are arranged in a predetermined manner (for example arranged in a randogular, square,
rectangular, circular or annular manner) in relation to one anothegraadé or more (for example
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2-20 or 4-10) said flow disturbance structural members are dispésegl the central axis direction
of the corresponding gas replacement region (for example the firsegi@asement region or the
second gas replacement region), and/or, the vertical distancenitle m) of any two adjacent flow
disturbance structural members in relation to one another along thal aeais direction of the
corresponding gas replacement region (for example the first gas replagegien or the second
gas replacement region) is 2%H-20%H, wherein H is the heighti(ihés m) of the corresponding
gas replacement region (for example the first gas replacement regios sgcdond gas replacement
region), and/or, assuming the height of the first gas replacemegidn (the unit is m) is H1,
assuming the height of the second gas replacement region (thie onjitis H2, then H2/Hi1 or
2>H2/H1>1.

16. A reaction system (especially a nitro compound hydrogenedamtion system), comprising at
least one reactor (preferably a fluidized bed reactor, especially a reagtng the fluidized bed of
catalyst particles) and at least one (for example 1-3 or 2) gas replacemparatap communicated
with (for example communicated downstream with) said at least one reactexdfople configured
to receive an effluent from said at least one reactor, especially configurezteive the spent
catalyst particles from said at least one reactor), wherein at least ote gfas replacement
apparatuses is configured to implement the gas replacement apparhtigad teplacement process
of claim 1 or is the gas replacement apparatus of claim 7.

17. A nitro compound hydrogenation reaction process, at leastisomgpa step of contacting a nitro
compound (especially nitrobenzene) as the reaction raw material wittoden gas and a
hydrogenation catalyst to obtain a reaction product (for example aro ammpound, especially
aniline) and a spent catalyst (referred to as a hydrogenation reactiparsdegpstep of subjecting the
spent catalyst to the gas replacement (for example degassing) in thecpre$ a replacement gas
(referred to as the gas replacement step), wherein the gas replacemenpisiepeded according to
the gas replacement process of claim 1 or proceeded in the gas replacemattsob claim 7.

18. The hydrogenation reaction process of claim 17, wherein the readraditions of the
hydrogenation reaction step comprise: the superficial gas velo@t@-48.8 m/s, the molar ratio of
hydrogen gas to the reaction raw material (for example nitrobenzenelXis the reaction
temperature is 220-280°C, the reaction pressure is 0.05-1 MPa (gasgere), the hydrogenation
catalyst is selected from at least one of a copper-based loaded catalgkel-based loaded catalyst
and a noble metal-based loaded catalyst, and/or, the bulk dehshg hydrogenation catalyst is
300-1200kg/m, and/or, the average particle diameter of the hydrogenation camIg€-80Qm
(preferably 40-500m or 50-60Qm), and the mass percent of the catalyst particles having a particle
diameter of less than 8fth to the whole catalyst particles is not less than 2wt% (prefetatly
wt%), and/or, the replacement gas is a gas or a vapor (espembdted from at least one of
nitrogen gas, water vapor, carbon dioxide, methane, oxygen gaargonl gas), and/or, the nitro
compound is selected from at least one of the compounds represetiteddliowing formula (1),
R-NG; (1)

In the structural formula (1), R is an optionally substitutetboGstraight, branched or cyclic
hydrocarbyl (preferably an optionally substitutegl>€cyclic hydrocarbyl, especially an optionally
substituted €20 aryl, more especially an optionally substituted phenyl).
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