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NITRO COMPOUND HYDROGENATION REACTION PROCESSAND
HYDROGENATION REACTION APPARATUS

Technical Field

The present invention relates to a nitro compougdrdgenation reaction process, especially a
process for producing aniline by the nitrobenzeydrégenation. The present invention also relates
to a nitro compound hydrogenation reaction apparatu

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 iptbby 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 thiéree catalyst in time and on line.

The inventors of the present invention have alsandothat, in the reaction, regeneration and
activation processes, three different componerdasaty nitrobenzene and hydrogen, oxygen and
hydrogen, need to be introduced respectively, whavben oxygen is in contact with flammable and
explosive gases, explosion risks easily occur,efioee after these three stages are finished, each
previous stage needs to be efficiently degassedhatothe raw material gas and the product gas
entrained in catalyst particles coming from thecteaare effectively removed, the catalyst particle
enter the regeneration unit and are regeneratedaith (oxygen) entrained in catalyst particles
flowing out of the regeneration reactor is remowadj then the catalyst particles enter the actiaati
unit.

The inventors of the present invention have alsandothat internal components are generally
arranged in the existing aniline fluidized bed teaand used for adjusting the interior gas-sdbevf

but since the aniline catalyst is low in strengtil @ery easy to break, the particle size is grdgual
reduced along with the operation time, and fine g@ws easily immersed into a dilute phase zone
and then the load of a cyclone separator is inetgaso that the catalyst loss becomes relatively
serious, and the subsequent influence is thateghetion cannot be operated for a long period, and
the various problems such as the necessity of isguttown and supplementing the catalyst are
caused.

The inventors of the present invention believe ttit presence of fine powder in the aniline
fluidized bed reactor is inevitable. On one hahds based on the loss amount to timely supplement
the fresh catalyst to maintain the demand for #etion. On the other hand, since the loss of the
fine powder has a greater impact on the fluidizatiuality of the bed, at the same time, it is
necessary to supplement the fine powder catalysthat appropriate time to maintain the
high-efficiency fluidization quality in the reactiozone and to maintain the inherent transmission
efficiency. In addition, partial deactivation ofettcatalyst in the aniline fluidized bed reactor is
inevitable. Therefore, the key to solve the probl@Eniong-period operation of the aniline reactor is
the capability of completing the regeneration antivation of the aniline catalyst in time and on
line.

The present invention has been completed baseduese findings.

Specifically, the present invention relates toftiiowing aspects:

1. A nitro compound hydrogenation reaction processiprising a hydrogenation step, a
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regeneration step, an optional activation stepamnecycling step, which is characterized in that in
the hydrogenation step, a nitro compound (espgcraliobenzene) as the reaction raw material is
contacted with hydrogen gas and a hydrogenaticalysatin a reactor (referred to as hydrogenation
reactor, preferably a fluidized bed reactor) toagbta reaction product (for example an amino
compound, especially aniline) and a spent catalgsthe regeneration step, the spent catalyst is
regenerated in a reactor (referred to as regeoaratiactor, preferably a fluidized bed reactor) to
obtain a regenerated catalyst, in the optionalatitin step, the regenerated catalyst is activiated
reactor (referred to as activation reactor, prdfigra fluidized bed reactor) to obtain an activated
catalyst, in the recycling step, the regeneratadlyst and/or the activated catalyst are recycled
(preferably recycled with a lifting pipe) to thedrggenation step, wherein there exists at least one
step of degassing the spent catalyst (referredstdarogenation degassing step) between the
hydrogenation step and the regeneration step, Bnid (he case that the activation step existsgethe
exists at least one step of degassing the regedexatalyst (referred to as first regeneration
degassing step) between the regeneration stepharattivation step, optionally there exists attleas
one step of degassing the activated catalyst (ezfeio as activation degassing step) between the
activation step and the recycling step, and optigriaere exists at least one step of degassing the
regenerated catalyst (referred to as second regj@rerdegassing step) between the regeneration
step and the recycling step, or (2) in the casethieaactivation step is absent, there existsest lene
step of degassing the regenerated catalyst (rdféoras third regeneration degassing step) between
the regeneration step and the recycling step.

2. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein assumingthieahverage mass flowrate (the unit is kg/h) of
the spent catalyst being transported from the hga&lmation step to the hydrogenation degassing step
is Al, the average mass flowrate (the unit is kgfhjhe spent catalyst being transported from the
hydrogenation degassing step to the regeneratemistB1, the average mass flowrate (the unit is
kg/h) of the regenerated catalyst being transpdrted the regeneration step to the first regenenati
degassing step is A2, the average mass flowrageuftiit is kg/h) of the regenerated catalyst being
transported from the first regeneration degassieg ® the activation step is B2, the average mass
flowrate (the unit is kg/h) of the activated caslpeing transported from the activation step & th
activation degassing step is A3, the average niessdte (the unit is kg/h) of the activated catalys
being transported from the activation degassing stethe recycling step is B3, the average mass
flowrate (the unit is kg/h) of the regenerated lyatabeing transported from the regeneration sbep t
the second regeneration degassing step is A4, ybage mass flowrate (the unit is kg/h) of the
regenerated catalyst being transported from thenskcegeneration degassing step to the recycling
step is B4, the average mass flowrate (the urkglk) of the regenerated catalyst being transported
from the regeneration step to the third regenemnadiegassing step is A5, the average mass flowrate
(the unit is kg/h) of the regenerated catalyst ¢peransported from the third regeneration degassing
step to the recycling step is B5, the average ragsate (the unit is kg/h) of the regenerated
catalyst or the activated catalyst being transploitem the recycling step to the hydrogenation step
is A6, then at least one (preferably all) of A1A46 and B1 to B5 are 5-100 kg/h (preferably 10-30
ka/h).

3. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein assuming ahnticie volume fraction (the unit is %) in the
transportation pipeline of the spent catalyst bemagsported from the hydrogenation step to the
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hydrogenation degassing step is C1, the partidienve fraction (the unit is %) in the transportation
pipeline of the spent catalyst being transporteminfrthe hydrogenation degassing step to the
regeneration step is D1, the particle volume faac(ihe unit is %) in the transportation pipelirfe o
the regenerated catalyst being transported fromrégeneration step to the first regeneration
degassing step is c2, the particle volume fractiba unit is %) in the transportation pipeline loét
regenerated catalyst being transported from tlsérigeneration degassing step to the activatem st
is D2, the particle volume fraction (the unit is %)the transportation pipeline of the activated
catalyst being transported from the activation stefhe activation degassing step is C3, the partic
volume fraction (the unit is %) in the transpoxatipipeline of the activated catalyst being
transported from the activation degassing stepheo recycling step is D3, the particle volume
fraction (the unit is %) in the transportation pipe of the regenerated catalyst being transported
from the regeneration step to the second regeparakegassing step is C4, the particle volume
fraction (the unit is %) in the transportation pipe of the regenerated catalyst being transported
from the second regeneration degassing step teetdyeling step is D4, the particle volume fraction
(the unit is %) in the transportation pipeline bé tregenerated catalyst being transported from the
regeneration step to the third regeneration deggssep is C5, the particle volume fraction (thé un
is %) in the transportation pipeline of the regated catalyst being transported from the third
regeneration degassing step to the recycling st&bj the particle volume fraction (the unit is i)
the transportation pipeline of the regeneratedysttar the activated catalyst being transportednfr
the recycling step to the hydrogenation step istén at least one (preferably all) of C1 to C6 and
D1 to D5 are 0.1-15% (preferably 0.5-5%).

4. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein the reactoyitions of the hydrogenation step comprise:
the superficial gas velocity is 0.2-0.8 m/s (prabdy 0.3-0.6 m/s), the molar ratio of hydrogen gas
the reaction raw material (for example nitrobenzes&-21, the reaction temperature is 220-280°C,
the reaction pressure is 0.05-1 MPa (gauge préssara/or, the reaction conditions of the
regeneration step comprise: in the presence ofeneggntaining gas (for example air or oxygen gas),
the superficial gas velocity is 0.1-0.6 m/s (prabdy 0.2-0.4 m/s), the reaction temperature is
350-450°C, the reaction pressure is 0.05-1 MPaggauessure), and/or, the reaction conditions of
the activation step comprise: in the presence dfdgen gas, the superficial gas velocity is 0.1-0.6
m/s, the reaction temperature is 200-250°C, thetimapressure is 0.05-1 MPa (gauge pressure).

5. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein the dimerssgnparticle diameter of the hydrogenation
reactor is in the range of 1-60, and/or, the dinweness particle diameter of the regeneration mract
is in the range of 1-40, and/or, the dimensionfessicle diameter of the activation reactor ishe t
range of 1-30, wherein the dimensionless parti@endter is determined by the following equation:

Gas density x Gas — solid density differencexg
Gas kinetic viscosity®

Dimensionless particle diameter = Average particle diameter xi/

Wherein, the average particle diameter is the velawerage particle diameter (the unit is m) of
solid particles in the reactor, the gas densitiésdensity (the unit is kgfnof the gas in the reactor,
the gas-solid density difference is the differentéhe density (the unit is kgAnof solid particles
minus the density (the unit is kgfjrof the gas in the reactor, the gas kinetic viggas the kinetic
viscosity (the unit is Pa-s) of the gas in the twaand g is the absolute value of the gravity
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acceleration (9.8 mis

6. The hydrogenation reaction process accoridngaty of the above-mentioned or the
afterward-mentioned aspects, which further comprise step of transporting a supplement
hydrogenation catalyst to at least one of the hyelnation step, the regeneration step, the optional
activation step and the recycling step, and prbfgreomprises a step of transporting a supplement
hydrogenation catalyst to the activation step (refeto as catalyst supplement step).

7. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein in the catalygplement step, the ratio of the average mass
flowrate of the supplement hydrogenation catalyshd transported to the hydrogenation catalyst
inventory in the hydrogenation reactor (the unkd is 0-10h (preferably 0.00002-0.001h

8. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein the hydrogematactor is a fluidized bed reactor, the
fluidized bed reactor comprise a dense phase ozaabne (4), at least one dynamic pressure
measuring point (preferably the response frequénayt less than 100Hz) is mounted on the side
wall of the dense phase reaction zone (4) to meathdr instantaneous pressure fluctuation in the
dense phase reaction zone (4), when the standsiatida of the instantaneous pressure fluctuation
is greater than 600Pa (preferably greater than R&Q)Qhe catalyst supplement step is initiated,
and/or, the hydrogenation reactor is a fluidized beactor, the fluidized bed reactor comprises a
dense phase reaction zone (4), when the catalystlpa having a particle diameter of less than
10Qum comprise greater than 3wt% (preferably greatan thwt%) by mass percent of all catalyst
particles in the dense phase reaction zone (4katayst supplement step is initiated.

9. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein the supplemgirtbgenation catalyst is selected from at least
one of a copper-based loaded catalyst, a nickeeblmded catalyst and a noble metal-based loaded
catalyst, having an average particle diameter d5Gtm (preferably 20-70m).

10. The hydrogenation reaction process accoridngany of the above-mentioned or the
afterward-mentioned aspects, wherein the hydrogemattalyst is selected from at least one of a
copper-based loaded catalyst, a nickel-based loeatatlyst and a noble metal-based loaded catalyst,
and/or, the hydrogenation catalyst has a bulk ter$i300-1200 kg/rfy and/or, the hydrogenation
catalyst has an average particle diameter of 3Qud0(referably 40-50@m or 50-60@m), and the
catalyst particles having a particle diameter afsléghan 80m comprise not less than 2wt%
(preferably 5-15 wt%) by mass percent of all caalgarticles, and/or, the nitro compound is
selected from at least one of the compounds repiesdéy the following formula (1),

R-NG; (1)

In the structural formula (1), R is an optionallybstituted G20 straight, branched or cyclic
hydrocarbyl (preferably an optionally substitutegl2&cyclic hydrocarbyl, especially an optionally
substituted €20 aryl, more especially an optionally substituteemyt).

11. A hydrogenation reaction apparatus of the rsmpound, comprising a hydrogenation reactor
(preferably a fluidized bed reactor), a regenemateactor (preferably a fluidized bed reactor), an
activation reactor (preferably a fluidized bed tegcand a recycling unit (for example a liftingop),

the hydrogenation reactor is communicated with mbgeneration reactor via at least one spent
catalyst degasser through transportation pipelithesyegeneration reactor is communicated with the
activation reactor via at least one regeneratealysitdegasser through transportation pipelines, th
activation reactor is communicated with the reaygliunit through transportation pipelines or
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communicated with the recycling unit via at leasteoactivated catalyst degasser through
transportation pipelines, the recycling unit is conmicated with the hydrogenation reactor through
transportation pipelines, wherein the solid pagtitiventory (the unit is kg) of the hydrogenation
reactor: the solid particle inventory (the unit kg) of the regeneration reactor: solid particle
inventory (the unit is kg) of the activation reacts (10-200):(0.1-20):(0.1-20) (preferably
(20-100):(0.5-8):(0.5-8)).

12. The hydrogenation reaction apparatus accoriingany of the above-mentioned or the
afterward-mentioned aspects, wherein the hydrogenatactor has a height of 5-60m (preferably
10-30m), and a diameter of 0.5-12m (preferably );8&mnd/or, the regeneration reactor has a height
of 1-15m (preferably 3-6m), and a diameter of Qnri-(preferably 0.3-1m), and/or, the activation
reactor has a height of 1-15m (preferably 3-6m}) andiameter of 0.1-3m (preferably 0.3-1m),
and/or, the inner diameters of the transportatigpelmes are, identical to or different from each
other, each independently 30-400mm (preferably Gadn).

On ther hand hand, the present invention relatésetéollowing aspects:

1. A reaction apparatus for producing aniline bg thitrobenzene 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 q@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 (&3pectively, the degassing tank for the catatyst t
be activated (16) is communicated with the reganerd3) and the activator (19) respectively, a
lifting pipe (21) is communicated with the activat@l9) and the fluidized bed reactor (3)
respectively.

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 member (6) and a cyclone separator (9).

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 zonedBa)in the degassing descending countercurrent
zone (31) and the degassing ascending co-currareg ¢&2) are respectively provided degassing
baffle members (33); in the degassing tank for ¢h&alyst to be activated (16) are included a
regeneration degassing descending countercurreet (1) and a regeneration degassing ascending
co-current zone (52), and in the regeneration deggslescending countercurrent zone (51) and the
regeneration degassing ascending co-current zdt)eaf® respectively provided degassing baffle
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 member (33) is made by conneatmifiple sets of flow rectifiers through
connecting pieces, the flow rectifier is one or enaf 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 tfigobenzene hydrogenation with the apparatus
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accoridng to any of the above-mentioned or thena#ied-mentioned aspects, comprising the
following steps:

(a). vaporized nitrobenzene and hydrogen gas asnaerial are introduced into a gas chamber, then
into the fluidized bed reactor (3) through the desributor (2) to push the catalyst in the read¢tor
be fluidized, then react in the dense phase readme (4) to produce an aniline product, the
particle sputtering occurs at the top of the detssse reaction zone (4) to form a particle sputeri
transition zone (5), the sputtered particles afeiently intercepted by the sputtering separation
member (6) and return to the dense phase reaaiom (4) to proceed with the catalysis, a small part
of the non-intercepted particles pass through #esage of the sputtering separation member and
enter the dilute-phase zone (7) to be separatddanstyclone separator (9), the particles returitnéo
dense phase reaction zone (4), the crude prodadByflows out of the fluidized bed reactor (3pan
is sent into the subsequent separation section;

(b). After the catalyst is partly coked in the réat, the coked catalyst is degassed in the deggssi
tank for the spent catalyst (12), and introduced the regenerator (13), to which the oxygen is
introduced, the catalyst is regenerated by carloniig;

(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 csta$yintroduced 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
was a metal loaded catalyst with copper as the raetive component, the support is alumina or
silica, the catalyst has an average particle diamat 50-60Qm, and the content of particles lower
than 8@um is not less than 2%.

7. The reaction process for producing aniline key/riitrobenzene hydrogenation accoridng to any of
the above-mentioned or the afterward-mentionedcspehich 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(ddne
is 0.05-1 MPa.

8. The reaction process for producing aniline ®ynlirobenzene 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 0.1-0.8s,mthe 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-mentionedaspehich is characterized in that the ratio of
the superficial gas velocity of the degassing dedicg 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.
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10. The reaction process for producing anilinelgyriitrobenzene hydrogenation accoridng to any of
the above-mentioned or the afterward-mentionedcaspenhich 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 ilL@/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 frlieerégenerator (13) is replaced out.

Technical effect

According to the hydrogenation reaction process twedhydrogenation reaction apparatus of the
present invention, the object of the long-period nf the contiunous reaction, regeneration and
activation is achieved by the continuous regenamadnd activation of the coked catalyst.

According to the hydrogenation reaction process tedhydrogenation reaction apparatus of the
present invention, the steady run of the producisorealized by supplementing the catalyst in a
targeted manner.

Brief description of thedrawings

Figure 1 is a schematic flow diagram of the nitmmpound hydrogenation reaction process and
hydrogenation reaction apparatus of the presergniton, in which a process and apparatus for
producing aniline by the nitrobenzene hydrogenatdaken as an example.

In Figure 1, 1: raw material of vaporized nitrobeneg and hydrogen gas; 2: gas distributor; 3:
fluidized bed reactor; 4: dense-phase reaction ;zéndilute-phase zone; 8: crude product gas; 9:
cyclone separator; 10: dipleg; 11: heat-exchanpipg; 12: degassing tank for the spent catalyst; 13
regeneration reactor; 15: fluidization gas for regration; 16: degassing tank for the catalyst to be
activated; 17: fluidization gas for activation; Hativation reactor; 20: lifting gas; 21: liftingpe; 22:
supplement fine particle feed inlet; 23: supplenfesgh catalyst feed inlet.

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 invengonot limited by the embodiments, but is
defined by the appended claims.

All publications, patent applications, patents, atiter 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 offtior) 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 derivecbenpasses 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 skilléige art or considered reasonable by thoseeskill

in the art, for example, a deviation within£10%, thim£5%, withint1%, within£0.5% or
within+0.1%.
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In the context of the present specification, thpregsion "optionally substituted” refers to optibna
substituted by one or more (for example 1-5, 1-8, 1-2 or 1) substituent groups selected from
halogen, hydroxy, mercapto, amino, aminocarbonytop noxo, thio, cyano, Cs linear or branched
(halo) alkane (oxy, thio, amino, carbonyl) group,sdinear or branched (halo) alkene (oxy, thio,
amino, carbonyl) group, £ linear or branched (halo) alkyne (oxy, thio, amioarbonyl) group,
Cs-20 cycloalkyl, G-20 cycloalkane (oxy, thio, amino) groupz-gs cycloalkyl G.e linear or branched
(halo) alkane (oxy, thio, amino, carbonyl) group26€cycloalkyl G.e linear or branched (halo)
alkene (oxy, thio, amino, carbonyl) group, &ocycloalkyl G linear or branched (halo) alkyne (oxy,
thio, amino, carbonyl) group,3Go cycloalkenyl, G.2o cycloalkene (oxy, thio, amino) groupz-£
cycloalkenyl G.s linear or branched (halo) alkane (oxy, thio, amimarbonyl) group, €2
cycloalkenyl G.s linear or branched (halo) alkene (oxy, thio, amimarbonyl) group, €2
cycloalkenyl G.s linear or branched (halo) alkyne (oxy, thio, amicarbonyl) group, €20 aryl, Gs-20
arene (oxy, thio, amino) group,%s 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,
Ca-20 heteroarene (oxy, thio, amino) group,2cheteroaryl e linear or branched (halo) alkane (oxy,
thio, amino, carbonyl) group,4Go heteroaryl G 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, carbogyup, G-20 heterocyclyl G linear or branched
(halo) alkene (oxy, thio, amino, carbonyl) groupl &32.20 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 exantpe molecular chain ends of two
substituent groups) can be bonded to each othfarto 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 &@m a corresponding alkylenediamino
structure, two adjacent 1G linear or branched alkylthio groups for examplen d@arm a
corresponding alkylenedithio structure, and sohfors the preferred substituent group, for
example, halogen, hydroxy, mercapto, amino, thi@m 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,
haloalkenylamino or haloalkenylcarbonyl, the exgres "(halo) alkyne (oxy, thio, amino,
carbonyl) group” means: alkynyl, haloalkynyl, alkyoxy, alkynylthio, alkynylamino,
alkynylcarbonyl, haloalkynyloxy, haloalkynylthio,atoalkynylamino or haloalkynylcarbonyl,
the expression "(oxy, thio, amino) group” means,oyo or amino. Here, the expression
"halo" includes monohalo, dihalo, trihalo, or pddyaand the like.

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

In the context of this specification, any two orm@mbodiments of the present invention may be

9



10

15

20

25

30

35

40

combined in any combination, and the resulting ned solution is part of the original disclosuife o
this specification, and is within the scope of pinesent invention.

One embodiment according to the present inventaates to a nitro compound hydrogenation
reaction process. The hydrogenation reaction psocesiprises a hydrogenation step, a regeneration
step, an activation step and a recycling step.iHgtt@e activation step is an optional step.

According to one embodiment of the present inventio the hydrogenation step, a nitro compound
and hydrogen gas as the reaction raw material @meacted with a hydrogenation catalyst in the
reactor to obtain a reaction product and a speatysh. Herein, as the reactor, a fluidized bedti@a

is preferable, especially a reactor having a fiedibed of catalyst particles.

According to one embodiment of the present inventio the regeneration step, the spent catalyst is
regenerated in a reactor (referred to as regenaregactor) to obtain a regenerated catalyst. Herei
as the reactor, a fluidized bed reactor is preterab

According to one embodiment of the present invemtim the activation step, the regenerated
catalyst is activated in a reactor (referred toaesvation reactor) to obtain an activated catalyst
Herein, as the reactor, a fluidized bed reactpregerable.

According to one embodiment of the present invemtio the recycling step, the regenerated catalyst
and/or the activated catalyst are recycled to tldrdgenation step. Herein, the recycling is
preferably performed in a lifting pipe.

According to one embodiment of the present inventibere exists at least one step of degassing the
spent catalyst (referred to as hydrogenation degassep) between the hydrogenation step and the
regeneration step.

According to one embodiment of the present inventia the case that the activation step exists,
there exists at least one step of degassing treneegted catalyst (referred to as first regenaratio
degassing step) between the regeneration stepharattivation step, optionally there exists attleas
one step of degassing the activated catalyst (egfeio as activation degassing step) between the
activation step and the recycling step, and optigriaere exists at least one step of degassing the
regenerated catalyst (referred to as second regjererdegassing step) between the regeneration
step and the recycling step.

According to one embodiment of the present inventio the case that the activation step is absent,
there exists at least one step of degassing treneegted catalyst (referred to as third regeneratio
degassing step) between the regeneration stefhanddycling step.

According to one embodiment of the present inventassuming the average mass flowrate (the unit
is kg/h) of the spent catalyst being transport@infthe hydrogenation step to the hydrogenation
degassing step is Al, the average mass flowrate \tht is kg/h) of the spent catalyst being
transported from the hydrogenation degassing stedpet regeneration step is B1, the average mass
flowrate (the unit is kg/h) of the regenerated lyatabeing transported from the regeneration sbep t
the first regeneration degassing step is A2, therame mass flowrate (the unit is kg/h) of the
regenerated catalyst being transported from tlsérgeneration degassing step to the activatem st
is B2, the average mass flowrate (the unit is kgflthe activated catalyst being transported frbe t
activation step to the activation degassing stefSisthe average mass flowrate (the unit is kgf) o
the activated catalyst being transported from ttivation degassing step to the recycling step3ds B
the average mass flowrate (the unit is kg/h) of rdgenerated catalyst being transported from the
regeneration step to the second regeneration dagassp is A4, the average mass flowrate (the unit
is kg/h) of the regenerated catalyst being trantspdirom the second regeneration degassing step to
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the recycling step is B4, the average mass flowtageunit is kg/h) of the regenerated catalyshyei
transported from the regeneration step to the tregkneration degassing step is A5, the average
mass flowrate (the unit is kg/h) of the regeneratadalyst being transported from the third
regeneration degassing step to the recycling stBp, the average mass flowrate (the unit is kgfh)
the regenerated catalyst or the activated catélgstg transported from the recycling step to the
hydrogenation step is A6, then at least one (pabfgrall) of A1 to A6 and B1 to B5 is 5-100 kg/h,
preferably 10-30 kg/h. Herein, the so-called averatass flowrate refers to the mass of the fluid
(such as catalyst) passing through the cross seofithe transportation pipeline per unit time. The

G, =M /(t M dzj

average mass flowrate can be calculated by thetiequa 4 , Where Gs is the
average mass flowrate, a bypass is set at anasbpoint of the pipeline, and a part of the cattly
particles is released during a period of time aolected, and the released amount of the catalyst
particles is weighed and recorded as M (the unkgs the period time for releasing the catalyst
particles is recorded as t (the unit is s), anddibeneter of the pipeline at this point is recordsdl
(the unit is m).
According to one embodiment of the present inventesssuming the particle volume fraction (the
unit is %) in the transportation pipeline of theesp catalyst being transported from the
hydrogenation step to the hydrogenation degassemis C1, the particle volume fraction (the unit
is %) in the transportation pipeline of the speatiatyst being transported from the hydrogenation
degassing step to the regeneration step is D1pdntcle volume fraction (the unit is %) in the
transportation pipeline of the regenerated catddgsig transported from the regeneration stepeo th
first regeneration degassing step is C2, the partolume fraction (the unit is %) in the
transportation pipeline of the regenerated catabeihg transported from the first regeneration
degassing step to the activation step is D2, théicfg volume fraction (the unit is %) in the
transportation pipeline of the activated catalysing transported from the activation step to the
activation degassing step is C3, the particle veldnaction (the unit is %) in the transportation
pipeline of the activated catalyst being transpmbftem the activation degassing step to the reaycli
step is D3, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst being transported from thenagtion step to the second regeneration
degassing step is C4, the particle volume fradfibe unit is %) in the transportation pipeline loé t
regenerated catalyst being transported from thenskcegeneration degassing step to the recycling
step is D4, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst being transported from then@gtion step to the third regeneration degassing
step is C5, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst being transported from threl tle@generation degassing step to the recycling
step is D5, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst or the activated catalystgb#iansported from the recycling step to the
hydrogenation step is C6, then at least one (mbfgrall) of C1 to C6 and D1 to D5 is 0.1-15%,
preferably 0.5-5%. Herein, the so-called partiadume fraction refers to the ratio of the volume of
the particle phase to the total volume in the gdistswo-phase mixture per unit volume. The

| |  Z2<[p(1-e)+ o9 .
particle volume fraction can be calculated by thaation AZ , WhereinAP is
the difference (the unit is Pa) between the preségmuge pressure) Ar/2 below the position and
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the pressure (gauge pressurepal2 above the positiom\z is the distance (the unit is m) between
the point atAz/2 below the position and the pointAat/2 above the positiopp is the particle density
(the unit is kg/m) of the solid particlesp is the density (the unit is kgAnof the gas, k- is the
particle volume fractiorg is the gas volume fraction, the sum of the pati@diume fraction and the
gas volume fraction is 1, g is the absolute valti¢he gravity acceleration (generally taking 9.8
m/sd).

According to one embodiment of the present inventithe superficial gas velocity of the
hydrogenation step is generally 0.2-0.8 m/s, padfigr0.3-0.6 m/s, the molar ratio of hydrogen gas
to the reaction raw material (for example nitrobere) is 6-21.

According to one embodiment of the present inventithe hydrogenation step has a reaction
temperature (generally referring to the averageti@atemperature in the dense phase reaction zone)
of 220-280°C and a reaction pressure (generalbrmefy to the pressure in the dense phase reaction
zone) of 0.05-1 MPa (gauge pressure). In addittbe, temperature in the vicinity of the gas
distributor 2 is generally controlled at 320°C ess.

According to one embodiment of the present inventtbe reaction conditions of the regeneration
step comprise: in the presence of oxygen-contaigag (for example air or oxygen gas), the
superficial gas velocity is 0.1-0.6 m/s, preferablg-0.4 m/s.

According to one embodiment of the present invemtithe regeneration step has a reaction
temperature of 350-450°C and a reaction pressudedéf1l MPa (gauge pressure).

According to one embodiment of the present invemtibe reaction conditions of the activation step
comprise: in the presence of hydrogen gas, therficipé gas velocity is 0.1-0.6 m/s, the reaction
temperature is 200-250°C, the reaction pressWdE1 MPa (gauge pressure).

According to one embodiment of the present inventithe hydrogenation reactor has a
dimensionless particle diameter in the range o01afd a dimensionless gas velocity in the range of
0.05-7.

According to one embodiment of the present inventibe regeneration reactor has a dimensionless
particle diameter in the range of 1-40 and a dinwemass gas velocity in the range of 0.05-5.
According to one embodiment of the present inventibe activation reactor has a dimensionless
particle diameter in the range of 1-30 and a dinoehasss gas velocity in the range of 0.05-5.
According to one embodiment of the present inventibhe dimensionless particle diameter of the
hydrogenation reactor is in the range of 1-60,dineensionless particle diameter of the regeneration
reactor is in the range of 1-40, and the dimens&siparticle diameter of the activation reacton is
the range of 1-30.

In the context of the present invention, the dinmisss particle diameter and the dimensionless gas
velocity are respectively determined by the follogviwo equations:

Dimensionless particle diameter=Average particlenditerx[(Gas densityxGas-solid density
differencexg)/(Gas kinetic viscosif{}®,

Gas density x Gas — solid density differencexg
Gas kinetic viscosity®

Dimensionless particle diameter = Average particle diameter xi/

Gas density? _
Gas - solid density differencex Gas kinetic viscosity x g

Dimensionless gas velocity = Superficial gas velocity xi/

In these equations, the average particle diamsttrei volume average particle diameter (the unit is
m) of solid particles in the reactor, the gas dgrisithe density (the unit is kgAnof the gas in the
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reactor, the gas-solid density difference is tHéeince of the density (the unit is kghmof solid
particles minus the density (the unit is kdfrof the gas in the reactor, the gas kinetic viggas the
kinetic viscosity (the unit is Pa-s) of the gaghia reactor, the superficial gas velocity is theame
flow rate (the unit is m/s) of the gas passing tigto the reactor, and g is the absolute value of the
gravity acceleration (9.8 nfjs Herein, the volume-average particle diameterlwambtained by the
analysis of the sampled solid catalyst particla aiparticle-size analyzer.

According to one embodiment of the present inventtbe hydrogenation reaction process further
comprises a step of transporting a supplement Igghation catalyst to at least one of the
hydrogenation step, the regeneration step, themgitiactivation step and the recycling step, and
preferably comprises a step of transporting a smpeht hydrogenation catalyst to the activation step
(referred to as catalyst supplement step).

According to one embodiment of the present invemtio the catalyst supplement step, the ratio of
the average mass flowrate of the supplement hydaigsn catalyst being transported to the
hydrogenation catalyst inventory in the hydrogesratieactor (the unit is kg) is 0-1bifpreferably
0.00002-0.0011). Herein, the hydrogenation catalyst inventoryhia hydrogenation reactor can be
calculated based on the bed pressure drop (thésuRi) and the reactor area (the unit £ im the
hydrogenation reactor.

According to one embodiment of the present inventtbe hydrogenation reactor is a fluidized bed
reactor. The fluidized bed reactor comprise a dgisese reaction zone (4), at least one dynamic
pressure measuring point is mounted on the sideoiviiie dense phase reaction zone (4) to measure
the instantaneous pressure fluctuation in the demsese reaction zone (4). When the standard
deviation of the instantaneous pressure fluctuaisogreater than 600Pa (preferably greater than
1500Pa), the catalyst supplement step is initiatedt is to say the supplement hydrogenation
catalyst is transported to at least one of the dyeination step, the regeneration step, the optional
activation step and the recycling step, especidilg supplement hydrogenation catalyst is
transported to the activation step. Herein, préfgrahe response frequency of said at least one
dynamic pressure measuring point is not less ti@iz. In addition, the instantaneous pressire

at any time is resolved into the sum of the averaajae 5 and the fluctuation valug, that is,

N
P =P +P', the standard deviation Sd at any measuring mirsd = /%Z(R -P)?, and N is the
i=1

number of the sampled data.

According to one embodiment of the present inventtbe hydrogenation reactor is a fluidized bed
reactor, the fluidized bed reactor comprise a depis&se reaction zone (4), when the catalyst
particles having a particle diameter of less th@0uin comprise greater than 3wt% (preferably
greater than 5wt%) by mass percent of all catggsticles in the dense phase reaction zone (4), the
catalyst supplement step is initiated, that is &y she supplement hydrogenation catalyst is
transported to at least one of the hydrogenatiep, she regeneration step, the optional activation
step and the recycling step, especially the supgiérhydrogenation catalyst is transported to the
activation step. Herein, the mass percent of thalyst particles having a particle diameter of less
than 100um relative to all catalyst particles is calculabgdrandom sampling and then measurement
by a particle size analyzer.

According to one embodiment of the present inventes the supplement hydrogenation catalyst,
any catalyst used in the art for the hydrogenateaction of the nitro compound can be enumerated,
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and at least one selected from a copper-baseddozatalyst, a nickel-based loaded catalyst and a
noble metal-based loaded catalyst, more especiabypper-based loaded catalyst can be particularly
enumerated. Herein, for the copper-based loadadlysatcopper is generally used as the main active
component, and the support is generally alumirsilica.

According to one embodiment of the present inventithe average particle diameter of the
supplement hydrogenation catalyst is generally Gufirh preferably 20-70m. Herein, for example,
the average particle diameter can be obtained dytialysis of the sampled solid catalyst particles
with a particle-size analyzer.

According to one embodiment of the present inventas the hydrogenation catalyst, any catalyst
used in the art for the hydrogenation reactiorhefriitro compound can be enumerated, and at least
one selected from a copper-based loaded catalysickael-based loaded catalyst and a noble
metal-based loaded catalyst, more especially a exepgsed loaded catalyst can be particularly
enumerated. Herein, for the copper-based loadedysgtcopper is generally used as the main active
component, and the support is generally alumirsilica.

According to one embodiment of the present inventithe average particle diameter of the
hydrogenation catalyst is generally 30-806Q preferably 40-5Q00m or 50-60@m. Preferably, in the
hydrogenation catalyst, the catalyst particles miga particle diameter of less tharuB0comprises
not less than 2wt%, preferably 5-15wt% by masserof all catalyst particles. For example, the
average particle diameter can be obtained by thl/sia of the sampled solid catalyst particles with
a particle-size analyzer.

According to one embodiment of the present inventtbe nitro compound is selected from at least
one of the compounds represented by the follonangnéila (1), preferably nitrobenzene.

R-NCz (1)

According to the present invention, in the struagtdormula (1), R is an optionally substituted &
straight, branched or cyclic hydrocarbyl, prefeyadoh optionally substitutedsGo cyclic hydrocarbyl,
especially an optionally substituted.£ aryl, more especially an optionally substituteceyi or
phenyl.

According to one embodiment of the present invemtib also relates to a hydrogenation reaction
apparatus of the nitro compound, comprising a hyelnation reactor, a regeneration reactor, an
activation reactor and a recycling unit. Hereire ttydrogenation reaction apparatus is particularly
designed to implement the nitro compound hydrogenataction process of the present invention.
In view of this, for the contents or items that a@ detailed hereinafter, the contents or items
described as before in the present descriptiothinitro compound hydrogenation reaction process
can be directly applied, and no detail will be pdad herein. In addition, the contents or items
described hereinafter for the hydrogenation reactipparatus of the nitro compound can also be
applied to the nitro compound hydrogenation reacpimcess of the present invention.

According to one embodiment of the present inventas the recycling unit, the lifting pipe can be
particularly enumerated.

According to one embodiment of the present inventtbe hydrogenation reactor is communicated
with the regeneration reactor via at least one tspatialyst degasser through transportation pipgline
the regeneration reactor is communicated with tttevation reactor via at least one regenerated
catalyst degasser through transportation pipelitiessactivation reactor is communicated with the
recycling unit through transportation pipelinescommunicated with the recycling unit via at least
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one activated catalyst degasser through transmortpipelines, the recycling unit is communicated
with the hydrogenation reactor through transpastapipelines.

According to one embodiment of the present inventibe solid particle inventory (the unit is kg) of
the hydrogenation reactor: the solid particle i@ey (the unit is kg) of the regeneration reacthe
solid particle inventory (the unit is kg) of thetigation reactor = (10-200):(0.1-20):(0.1-20),
preferably the solid particle inventory (the umsitkig) of the hydrogenation reactor: the solid pheti
inventory (the unit is kg) of the regeneration teacsolid particle inventory (the unit is kg) dfet
activation reactor = (20-100):(0.5-8):(0.5-8). Harehe solid particle inventory can be calculated
based on the bed pressure drop (the unit is Pajhenceactor area (the unit is)nin the reactor.
Specifically, for example, if the solid particleventory in the hydrogenation reactor is 10-200 tons
the solid particle inventory in the regeneratioacter and the activation reactor corresponds to
0.1-20 tons, or if the solid particle inventorytime hydrogenation reactor is 20-100 tons, the solid
particle inventory in the regeneration reactor tHeactivation reactor corresponds to 0.5-8 tons.
According to one embodiment of the present inventibe hydrogenation reactor has a height of
generally 5-60m, preferably 10-30m and a diameftgeaerally 0.5-12m, preferably 1-8m.

According to one embodiment of the present invemtihe regeneration reactor has a height of
generally 1-15m, preferably 3-6m and a diameteagenferally 0.1-3m, preferably 0.3-1m.

According to one embodiment of the present inventithe activation reactor has a height of
generally 1-15m, preferably 3-6m, and a diameteageoferally 0.1-3m, preferably 0.3-1m.

According to one embodiment of the present inventibe inner diameters of the aforementioned
transportation pipelines are, identical to or déf& from each other, each independently 30-400mm,
preferably 50-300mm.

According to one embodiment of the present inventibhe operation conditions of the degassing
steps or the degassers are not particularly limiadd those well known in the art can be directly
applied. Specifically, for example, the operatiremperature is generally 0-700°C, preferably
80-400°C; the operating pressure is generally ORa®| preferably 0.01-1 MPaG; the superficial
veloeity (absolute value) is generally 0.05-0.6 ,npieferably 0.1-0.4 m/s; the degassing agent is
generally gas or vapor or steam, especially att leas selected from nitrogen gas, water vapour,
carbon dioxide, methane and argon gas, especiaibgan gas.

According to one embodiment of the present inventtbhe degassers used in the degassing steps or
the structural style of the degassers and thealikenot particularly limited, those well known et

art can be directly applied. For example, degadsinigs having a chevron baffle or a disc-ring leaffl
can be specifically enumerated. These degassikg teave a degassing efficiency of generally 80%
or higher, preferably 90% or higher, more prefey&#% or higher.

With reference to Fig. 1, the nitro compound hyeafion reaction process and the hydrogenation
reaction apparatus will be specifically describ&gpecifically, the main equipments of the nitro
compound hydrogenation reaction process and theobggdation reaction apparatus comprise: a
fluidized bed reactor 3, a degassing tank for thent catalyst 12, a regeneration reactor 13, a
degassing tank for the catalyst to be activatedab6activation reactor 19 and a lifting pipe 21,
wherein in the fluidized bed reactor 3 are includetknse phase reaction zone 4 located in the lower
section, a patrticle sputterring transition zoned&ated in the middle section and a dilute-phase zon
7 located in the upper section, the degassing fianthe spent catalyst 12 is communicated with the
fluidized bed reactor 3 and the regeneration reat® respectively, the degassing tank for the
catalyst to be activated 16 is communicated with tbgeneration reactor 13 and the activation
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reactor 19 respectively, the lifting pipe 21 is ecoomicated with the activation reactor 19 and the
fluidized bed reactor 3 respectively. In the adiowa reactor 19 are provided a supplement fine
particle feed inlet 22 and a supplement fresh gsttdeed inlet 23. Herein, in the the fluidized bed
reactor 3 are provided a gas distributor 2, a b&ahanging pipe 11 and a cyclone separator 9.
According to one embodiment of the present invemtim the nitro compound hydrogenation
reaction process and the hydrogenation reactioarafys, vaporized nitrobenzene and hydrogen gas
as raw material are introduced into a gas chantben, into the fluidized bed reactor 3 through the
gas distributor 2 to push the catalyst in the @att be fluidized, then react in the dense phase
reaction zone 4 to produce an aniline product, ra glathe gas phase forms bubbles, the particle
sputtering occurs at the top of the dense phastisaazone 4 to form a particle sputtering traositi
zone 5, the particles enter the dilute-phase zote e separated with a cyclone separator 9 and
return to the dense phase reaction zone 4, theegumbuct gas 8 flows out of the fluidized bed
reactor 3 and is sent into the subsequent separsgiction. After the catalyst is partly coked ie th
reaction, the coked catalyst is degassed in thas$aétg tank for the spent catalyst 12, and intreduc
into the regeneration reactor 13, to which the exygs introduced, the catalyst is regenerated by
carbon burning. The regenerated catalyst is thieadoced into the degassing tank for the catatyst t
be activated 16 and degassed, and then introdutedhe activation reactor 19, mixed with the
supplement fine particles in the supplement finetigda feed inlet 22 used to optimize the
fluidization quality in the dense phase reactionezd, and the fresh catalysts in the supplemesi fre
catalyst feed inlet 23 for supplementing the lasghe fluidized bed reactor 3, hydrogen gas is
introduced to perform the activation, and the at#ad catalyst is introduced into the lifting pipk 2
and lifted up to return to the fluidized bed rea@do proceed with the catalysis.

Examples

The present invention will be described in furtbetail below by way of examples and comparative
examples, but the present invention is not limitethe following examples.

Example 1

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle reserve (the unit is kg) of
the hydrogenation reactor:the solid particle resgihe unit is kg) of the regeneration reactor:the
solid particle reserve (the unit is kg) of the aation reactor = 40:3:3. The height (the unit isah)
the hydrogenation reactor:the height (the unit Jofithe regeneration reactor:the height (the it
m) of the activation reactor=5:1:1. The diametdée (unit is m) of the hydrogenation reactor:the
diameter (the unit is m) of the regeneration reaitte diameter (the unit is m) of the activation
reactor=4:1:1.

The average mass flowrates for the transportatioime pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofyg90and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidize=t
reactor were as follows: the superficial gas vajoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in tbasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wsdt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkeaeaonditions in the activator were as follows:
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the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianfearticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of llled layer of the dense phase reaction zone
maintained by supplementing fine particles was B00P

The expansion coefficient of the dense phase waectine (the expansion coefficient=the height of
the dense phase reaction zone/the height of thie $t@d, the fluidization quality was generally
represented by the expansion coefficient, in géndra larger the expansion coefficient was, the
better the fluidization quality was) was 1.64, thaximum temperature difference at any part in the
reaction zone was 7.1°C, the carbon depositionetnthen the reaction time was 90 minutes under
the high space velocity could be controlled at reater than 0.7%, and the results were detailed in
Table 1.

Example 2

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:the solid particle emory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit @) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei@¢he unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reacto%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofyg90and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidize=t
reactor were as follows: the superficial gas vajoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wdt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkgaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayerctivation temperature was 220°C.

The ratio of the average mass flowrate of the samppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.001 kg/h, the dimensionless
particle diameter in the fluidized bed reactor Was the dimensionless gas velocity in the fluidized
bed reactor was 0.1, the dimensionless particlelier in the regenerator was 8, the dimensionless
gas velocity in the regenerator was 0.15, the gdartliameter in the activator dimensionless was 8,
the dimensionless gas velocity in the activator 4%, the standard deviation value of the pressure
pulsation at any point of the bed layer of the @gpisase reaction zone maintained by supplementing
fine particles was 500Pa.
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The expansion coefficient of the dense phase maaone was 1.58, the maximum temperature
difference at any part in the reaction zone was@.2he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.51%, and the results were detailed in Table 1.

Example 3

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametelbaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactors%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was @in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vayosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydra®n reactor was 0.00002 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase maaone was 1.61, the maximum temperature
difference at any part in the reaction zone was(,.3he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.55%, and the results were detailed in Table 1.

Example 4

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaimt. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:the solid particle eimory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactors%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
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m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatiotie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofig90and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidize=t
reactor were as follows: the superficial gas vajoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in tbasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wdt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkeaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the samppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 60, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensieanjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd®$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velocttye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of liled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase maaone was 1.56, the maximum temperature
difference at any part in the reaction zone was(,.8he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.58%, and the results were detailed in Table 1.

Example 5

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit @) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the heig¢he unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactos%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was @in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofig90and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidize=t
reactor were as follows: the superficial gas vajoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in tbasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wdt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkeaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.
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The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 1, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianfeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was B00P

The expansion coefficient of the dense phase maaone was 1.55, the maximum temperature
difference at any part in the reaction zone was(.3he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.76%, and the results were detailed in Table 1.

Example 6

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametelbaimt. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactors%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas veyosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.05, the dimensgmfgarticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase maaone was 1.61, the maximum temperature
difference at any part in the reaction zone was(,.3he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.72%, and the results were detailed in Table 2.
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Example 7

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:the solid particle emory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit @) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei@¢he unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactos%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatiotie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofyg90and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidize=d
reactor were as follows: the superficial gas vajoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in tbasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wdt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkeaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the samppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 7, the dimensionfessicle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd®$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velocttye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of e layer of the dense phase reaction zone
maintained by supplementing fine particles was B00P

The expansion coefficient of the dense phase maaone was 1.60, the maximum temperature
difference at any part in the reaction zone was(,.3he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.72%, and the results were detailed in Table 2.

Example 8

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit @) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the heig¢he unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactos%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
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active component, the support was silica, the gsithlad an average particle diameter ofyggf0and

the content of particles lower than 10 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vajosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensienfesticle diameter in the regenerator was 1, the
dimensionless gas velocity in the regenerator w&,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was B00P

The expansion coefficient of the dense phase maaone was 1.59, the maximum temperature
difference at any part in the reaction zone was(,.8he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.74%, and the results were detailed in Table 2.

Example 9

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaimt. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:the solid particle emory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactork%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was @in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofyggf0and

the content of particles lower than 10 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vejosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydra®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianfegticle diameter in the regenerator was 36, the
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dimensionless gas velocity in the regenerator washB particle diameter in the activator
dimensionless was 8, the dimensionless gas velocttye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of e layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase maaone was 1.54, the maximum temperature
difference at any part in the reaction zone was@.Qhe carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.8%, and the results were detailed in Table 2.

Example 10

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:the solid particle eimory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit @) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei@¢he unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactos%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofyg90and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidize=t
reactor were as follows: the superficial gas vajoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkgaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the samppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianfearticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd®$,0the particle diameter in the activator
dimensionless was 1, the dimensionless gas velocttye activator was 0.05, the standard deviation
value of the pressure pulsation at any point of e layer of the dense phase reaction zone
maintained by supplementing fine particles was B00P

The expansion coefficient of the dense phase maaone was 1.59, the maximum temperature
difference at any part in the reaction zone was(,.8he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.76%, and the results were detailed in Table 2.

Example 11

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
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reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactork%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was @in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vayosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydra®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianfeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 25, the dimensionless gas vglocthe activator was 5, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase maaone was 1.60, the maximum temperature
difference at any part in the reaction zone was(,.4he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.75%, and the results were detailed in Table 3.

Example 12

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaimt. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:the solid particle eimory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactors%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@maded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofyggf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas veyosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
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controlled at 240°C, the reaction pressure in tbasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wdt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkéaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the samppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd®$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velocttye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of e layer of the dense phase reaction zone
maintained by supplementing fine particles was 200P

The expansion coefficient of the dense phase maadone was 1.62, the maximum temperature
difference at any part in the reaction zone was(,.2he carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.7%, and the results were detailed in Table 3.

Example 13

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:the solid particle eimory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit @) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei@¢he unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reacto%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was @in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofygf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidize=t
reactor were as follows: the superficial gas vajoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wdt the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; tkgaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayerctivation temperature was 220°C.

The ratio of the average mass flowrate of the samppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianfearticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd®$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velocttye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of liled layer of the dense phase reaction zone
maintained by supplementing fine particles was FPz00
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The expansion coefficient of the dense phase maaone was 1.52, the maximum temperature
difference at any part in the reaction zone wa$°1l). the carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.7%, and the results were detailed in Table 3.

Example 14

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametelbaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactors%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatiothe pipelines (A1-A6 and B1-B5) were all 7
kg/h, and for the particle volume fractions for fiipelines (C1-C6 and D1-D5), C1-C5 were 0.83%,
C6 was 0.55%, D1-D5 were 1.06%. The catalyst wagi@l loaded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vejosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydra®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase waectine (the expansion coefficient=the height of
the dense phase reaction zone/the height of thie $t@d, the fluidization quality was generally
represented by the expansion coefficient, in geénéra larger the expansion coefficient was, the
better the fluidization quality was) was 1.62, thaximum temperature difference at any part in the
reaction zone was 7.2°C, the carbon depositionetnthen the reaction time was 90 minutes under
the high space velocity could be controlled at reater than 0.93%, and the results were detailed in
Table 3.

Example 15

The apparatus for producing aniline by the hydragjen of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
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unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactork%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 26
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 1.1%,
C6 was 0.7%, D1-D5 were 1.5%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 10 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vejosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®\Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensieanjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase @aecthne (the expansion coefficient=the height of
the dense phase reaction zone/the height of thie &t@d, the fluidization quality was generally
represented by the expansion coefficient, in geénéra larger the expansion coefficient was, the
better the fluidization quality was) was 1.67, thaximum temperature difference at any part in the
reaction zone was 6.9°C, the carbon depositionetnthen the reaction time was 90 minutes under
the high space velocity could be controlled at reater than 0.47%, and the results were detailed in
Table 3.

Example 16

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaim. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 30:1:1. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactos%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was @in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 10 was 5%. The reaction conditions in the fluidizsed
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reactor were as follows: the superficial gas vayosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in tbasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the samppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd®$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase @aecthne (the expansion coefficient=the height of
the dense phase reaction zone/the height of thie $tad, the fluidization quality was generally
represented by the expansion coefficient, in geénéra larger the expansion coefficient was, the
better the fluidization quality was) was 1.62, thaximum temperature difference at any part in the
reaction zone was 7.2°C, the carbon depositionetnthen the reaction time was 90 minutes under
the high space velocity could be controlled at reater than 0.7%, and the results were detailed in
Table 4.

Example 17

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametebaimt. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactor=l:2. The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was @in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vajosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydra®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
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the fluidized bed reactor was 0.1, the dimensieanjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd®$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velocttye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase @aecthne (the expansion coefficient=the height of
the dense phase reaction zone/the height of thie $tad, the fluidization quality was generally
represented by the expansion coefficient, in geénéra larger the expansion coefficient was, the
better the fluidization quality was) was 1.64, thaximum temperature difference at any part in the
reaction zone was 7.2°C, the carbon depositionetnthen the reaction time was 90 minutes under
the high space velocity could be controlled at reater than 0.7%, and the results were detailed in
Table 4.

Example 18

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used, the fluidized bed reactor had a diametelbaimt. The solid particle inventory (the unit is kg)
of the hydrogenation reactor:ithe solid particle emwory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactors%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit iofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=6:1:1.

The average mass flowrates for the transportatioie pipelines (A1-A6 and B1-B5) were all 13
kg/h, and for the particle volume fractions for thipelines (C1-C6 and D1-D5), C1-C5 were 0.9%,
C6 was 0.6%, D1-D5 were 1.2%. The catalyst was &@in@aded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofyggf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas veyoaias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®\Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensieanjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velwcitye activator was 0.15, the standard deviation
value of the pressure pulsation at any point of ltled layer of the dense phase reaction zone
maintained by supplementing fine particles was 300P

The expansion coefficient of the dense phase wacthne (the expansion coefficient=the height of
the dense phase reaction zone/the height of thie &tad, the fluidization quality was generally
represented by the expansion coefficient, in geénéra larger the expansion coefficient was, the
better the fluidization quality was) was 1.66, thaximum temperature difference at any part in the
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reaction zone was 7.0°C, the carbon depositionetnthen the reaction time was 90 minutes under
the high space velocity could be controlled at rematger than 0.73%, and the results were detailed in
Table 1.

Comparative Example 1

The apparatus for producing aniline by the hydragien of nitrobenzene as shown in Figure 1 was
used. The apparatus for producing aniline by trdrdyenation of nitrobenzene as shown in Figure 1
was used, the fluidized bed reactor had a dianoété5mm. The solid particle inventory (the unit is
kg) of the hydrogenation reactor:the solid particieentory (the unit is kg) of the regeneration
reactor:the solid particle inventory (the unit ) lof the activation reactor = 40:3:3. The heighe(
unit is m) of the hydrogenation reactor:the hei¢the unit is m) of the regeneration reactor:the
height (the unit is m) of the activation reactors%: The diameter (the unit is m) of the
hydrogenation reactor:the diameter (the unit i®ofrthe regeneration reactor:the diameter (theianit
m) of the activation reactor=4:1:1.

The average mass flowrates for the transportatiothe pipelines (A1-A6 and B1-B5) were all 7
kg/h, and for the particle volume fractions for fiipelines (C1-C6 and D1-D5), C1-C5 were 0.83%,
C6 was 0.55%, D1-D5 were 1.06%. The catalyst wagi@l loaded catalyst with copper as the main
active component, the support was silica, the gsithlad an average particle diameter ofy¢gf0and

the content of particles lower than 100 was 5%. The reaction conditions in the fluidizsed
reactor were as follows: the superficial gas vayosias 0.4 m/s, the molar ratio of hydrogen gas to
nitrobenzene was 11, the average reaction temperatuthe dense phase reaction zone was
controlled at 240°C, the reaction pressure in thasd phase reaction zone was 0.1 MPa. The
reaction conditions in the regenerator were a®Wa!l the superficial gas velocity was 0.3 m/s, the
average regeneration temperature was 410°C; theaeaonditions in the activator were as follows:
the superficial gas velocity was 0.3 m/s, the ayeractivation temperature was 220°C.

The ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydra®n reactor was 0.00005 kg/h, the
dimensionless particle diameter in the fluidized beactor was 10, the dimensionless gas velocity in
the fluidized bed reactor was 0.1, the dimensianjeticle diameter in the regenerator was 8, the
dimensionless gas velocity in the regenerator wd$,0the particle diameter in the activator
dimensionless was 8, the dimensionless gas velotitye activator was 0.15, the supplement of the
fine particle catalyst was controlled not accordingthe pressure pulsation in the reaction dense
phase zone.

The expansion coefficient of the dense phase maaone was 1.46, the maximum temperature
difference at any part in the reaction zone wa$°3. the carbon deposition content when the
reaction time was 90 minutes under the high spatecity could be controlled at no greater than
0.7%, and the results were detailed in Table 4.

Comparative Example 2

The prior art fluidized bed reactor apparatus foodpcing aniline by the hydrogenation of
nitrobenzene withnot a regenerator and an actiwa#srused, and the supplement of the fine particle
catalyst was controlled not according to the pnessulsation in the reaction dense phase zone. The
fluidized bed reactor had a diameter of 45 mm. Uibed catalyst was a metal loaded catalyst with
copper as the main active component, the suppastsiizga, the catalyst had an average particle
diameter of 400m, and the content of particles lower than @@0w~as 5%. The reaction conditions
in the fluidized bed reactor were as follows: thpexficial gas velocity was 0.4 m/s, the molaraati
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of hydrogen gas to nitrobenzene was 11, the avessggion temperature in the dense phase reaction
zone was controlled at 240°C, the reaction pressuitee dense phase reaction zone was 0.1 MPa.
The expansion coefficient of the dense phase maaone was 1.38, the maximum temperature
difference at any part in the reaction zone wa8°15.and the results were detailed in Table 4.
Obviously, the apparatus and the process of thgeptenvention can solve the problems such as the
poor fluidization quality of the coarse particlesthe fluidized bed technology of the nitrobenzene
hydrogenation to produce aniline, the uneven teatpeg distribution in the reaction zone were, the
catalysts prone to coking and deactivation, thécdity in the long-period run, the necessity for
supplementing the catalyst and the like, and candael in the industrial run for the nitrobenzene
hydrogenation to produce aniline.

Table 1

Example 1 Example 2 Example B Example 4 Example 5
Average mass flowrate
(A1-A6 and B1-B5), kg/h All 13 All 13 All 13 All 13 All 13

C1-C5 were| C1-C5 were| C1-C5 were| C1-C5 were| C1-C5 were
Particle volume fractions 0.9%, C6 0.9%, C6 0.9%, C6 0.9%, C6 0.9%, C6
for the pipelines (C1-C6 was 0.6%, | was 0.6%, | was 0.6%, | was 0.6%, | was 0.6%,
and D1-D5) D1-D5 were| D1-D5 were| D1-D5 were| D1-D5 were| D1-D5 were

1.2% 1.2% 1.2% 1.2% 1.2%

Ratio of the average mass
flowrate of the
supplement
hydrogenation  catalyst 0.001 0.00002 0.00005 0.00005
being transported to the
hydrogenation  catalyst
inventory in the
hydrogenation reactor;h
Dimensionless  particle
diameter in the fluidized 10 10 10 60 1
bed reactor
dimensionless gas
velocity in the fluidized 0.1 0.1 0.1 0.1 0.1
bed reactor
Dimensionless  particle
diameter in the 8 8 8 8 8
regenerator
Dimensionless gas
velocity in the 0.15 0.15 0.15 0.15 0.15
regenerator
Dimensionless  particle
diameter in the activator 8 8 8 8 8
Dimensionless ~ —gas g 0.15 0.15 0.15 0.15
velocity in the activator
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Example 1

Example 2

Example

3

Example

4

Standard deviation value

of the pressure pulsatic
at any point of the be
layer of the dense pha
reaction zone maintaine
by supplementing fing
particles, Pa

n
d
5e
d
>

500

500

500

500

500

solid particle inventory o
hydrogenation
solid particle inventory o
regeneration reacto
solid particle inventory o
activation reactor

reactor:

f

f 40:3:3

40:3:3

40:3:3

40:3:3

40:3:3

Height of the
hydrogenation
reactor:height
regeneration

reactor:height  of

activation reactor

of the

the

v

5:1:1

A\)”4

5:1:1

5:1:1

5:1:1

5:1:1

Diameter of the
hydrogenation
reactor.diameter
regeneration
reactor.diameter

activation reactor

of th

of th

4:1:1

4:1:1

4:1:1

4:1:1

4:1:1

Example 5

Expansion coefficient of

the dense phase reacti
zone

on 1.64

1.58

1.61

1.56

1.55

Maximum  temperaturg
difference in the reactio
zone, °C

1%

7.1

=)

8.2

7.3

7.5

7.5

Carbon depositiof
content when the reactiq

time was 90 minutes
the high space

under
velocity, %

! could be

n
controlled at
no greater
than 0.7%

could be
controlled at

no greater
than 0.51%

could be
controlled at

no greater
than 0.55%

could be
controlled at

no greater
than 0.58%

could be
controlled at

no greater
than 0.76%

Table 2

Example 6

Example 7

Example

8

Example

9 Examplé

2 10

Average mass flowrat
(A1l-A6 and B1-B5), kg/h

® A3

All 13

All 13

All 13

All 13
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Example 6| Example7  Example8 Example 9 Example 10

C1-C5 were| C1-C5 were| C1-C5 were| C1-C5 were| C1-C5 were
Particle volume fractions 0.9%, C6 0.9%, C6 0.9%, C6 0.9%, C6 0.9%, C6
for the pipelines (C1-C6 was 0.6%, | was 0.6%, | was 0.6%, | was 0.6%, | was 0.6%,
and D1-D5) D1-D5 were| D1-D5 were| D1-D5 were| D1-D5 were| D1-D5 were

1.2% 1.2% 1.2% 1.2% 1.2%

Ratio of the average mags
flowrate of the
supplement
hydrogenation  catalyst ) 0 0.00005 0.00005 0.00005 0.00005
being transported to the
hydrogenation  catalyst
inventory in the
hydrogenation reactor;h
Dimensionless  particle
diameter in the fluidized 10 10 10 10 10
bed reactor
dimensionless gas
velocity in the fluidized 0.05 7 0.1 0.1 0.1
bed reactor
Dimensionless  particle
diameter in the 8 8 1 36 8
regenerator
Dimensionless gas
velocity in the 0.15 0.15 0.05 5 0.15
regenerator
Dimensionless  particle
diameter in the activator 8 8 8 8 1
Dimensioniess ~ ~ gas ;g 0.15 0.15 0.15 0.05
velocity in the activator
Standard deviation value
of the pressure pulsatign
at any point of the begd
layer of the dense phase 500 500 500 500 500
reaction zone maintained
by supplementing fine
particles, Pa
solid particle inventory of
hydrogenation  reactor:
solid particle inventory of ., .5 40:3:3 40:3:3 40:3:3 40:3:3
regeneration reactor:

solid particle inventory o
activation reactor
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Example 6| Example7  Example8 Example 9 Example 10
Height of the
hydrogenation
reactorheight of —the o, ., 5:1:1 5:1:1 5:1:1 5:1:1
regeneration
reactor:height of the
activation reactor
Diameter of the
hydrogenation
reactor.diameter of the ;. 4:1:1 4:1:1 4:1:1 4:1:1
regeneration
reactor:diameter of the
activation reactor
Expansion coefficient of
the dense phase reactipn 1.61 1.60 1.59 1.54 1.59
zone
Maximum  temperature
difference in the reaction 7.3 7.3 7.6 8.0 7.6
zone, °C
Carbon deposﬁpn could be could be could be could be could be
content when the reactign
ime was 90 minutescontrolled at| controlled at| controlled at| controlled at| controlled at
under the high spade no greater | no greater | no greater | no greater | no greater
: than 0.72%/| than 0.72%/| than 0.74%/| than 0.8% | than 0.76%
velocity, %
Table 3
Example 11| Example 12 Example 13 Example/14 Exarbpl
Average mass flowrate
(A1-A6 and B1-B5), kg/h All 13 All 13 All 13 All'7 All 26
C1-C5 were| C1-C5 were| C1-C5 were| C1-C5 were| C1-C5 were
Particle volume fractions 0.9%, C6 0.9%, C6 0.9%, C6 | 0.83%,C6 | 1.1%, C6
for the pipelines (C1-Cé was 0.6%, | was 0.6%, | was 0.6%, | was 0.55%,| was 0.7%,
and D1-D5) D1-D5 were| D1-D5 were| D1-D5 were| D1-D5 were| D1-D5 were
1.2% 1.2% 1.2% 1.06% 1.5%
Ratio of the average mass
flowrate of the
supplement
hydrogenation  catalyst e 0.00005 0.00005 0.00005 0.00005

being transported to the

hydrogenation  catalys
inventory in the
hydrogenation reactor;h

—+

D
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Example 11| Example 12 Example 13 Example/14 Exarbpl
Dimensionless  particle
diameter in the fluidized 10 10 10 10 10
bed reactor
dimensionless gas
velocity in the fluidized 0.1 0.1 0.1 0.1 0.1
bed reactor
Dimensionless  particle
diameter in the 8 8 8 8 8
regenerator
Dimensionless gas
velocity in the 0.15 0.15 0.15 0.15 0.15
regenerator
leen5|ohless partlcla 25 8 3 3 8
diameter in the activator
Dimensionless gas g 0.15 0.15 0.15 0.15
velocity in the activator
Standard deviation value
of the pressure pulsatign
at any point of the bed
layer of the dense phase 500 700 1500 500 500
reaction zone maintaingd
by supplementing fine
particles, Pa
solid particle inventory of
hydrogenation  reactor:
solid particle inventory of = 5 5 40:3:3 40:3:3 40:3:3 40:3:3
regeneration reactor:
solid particle inventory of
activation reactor
Height of the
hydrogenation
reactor:neight - of the 5,4 5:1:1 5:1:1 5:1:1 5:1:1
regeneration
reactor:height of the
activation reactor
Diameter of the
hydrogenation
reactor.diameter of the —,.,, 4:1:1 4:1:1 4:1:1 4:1:1
regeneration
reactor:diameter of the
activation reactor
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Example 11| Example 12 Example 13 Example/14 Exarbpl
Expansion coefficient of
the dense phase reaction 1.60 1.62 1.52 1.62 1.67
zone
Maximum  temperature
difference in the reaction 7.4 7.2 10.5 7.2 6.9
zone, °C
Ssr:tbeonr'][ when tﬁgprzzlgt?:n could be could be could be could be could be
i : controlled at| controlled at| controlled at| controlled at| controlled at
time was 90 minutes
under the high spade no greater | no greater | no greater | no greater | no greater
. than 0.75%| than 0.7% | than 0.7% | than 0.93%| than 0.47%
velocity, %
Table 4
omparative Comparative
Example 16/ Example 1¥ Example 'L§Example 1| Example 2
Average mass flowrate
(A1-A6 and B1-B5), kg/h All 13 All 13 All 13 All 13
C1-C5 were| C1-C5 were| C1-C5 were| C1-C5 were
Particle volume fractions 0.9%, C6 0.9%, C6 0.9%, C6 0.7%, C6
for the pipelines (C1-C6 was 0.6%, | was 0.6%, | was 0.6%, | was 0.3%,
and D1-D5) D1-D5 were| D1-D5 were| D1-D5 were| D1-D5 were
1.2% 1.2% 1.2% 1.2%
Ratio of the average mass System
flowrate of the without
supplement regenerator
hydrogenation  catalyst , 54e 0.00005 0.00005 0.0000§ 2nd
being transported to the activator
hydrogenation  catalyst and without
inventory in the the
hydrogenation reactor;h supplement
Dimensionless  particle of the fresh
diameter in the fluidized 10 10 10 10 catalyst and
bed reactor the fine
dimensionless gas particle
velocity in the fluidized 0.1 0.1 0.1 0.1 catalyst
bed reactor
Dimensionless  particle
diameter in the 8 8 8 8
regenerator
Dimensionless gas
velocity in the 0.15 0.15 0.15 0.15
regenerator
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omparative Comparative
Example 16/ Example 1¥ Example 'L§Example 1| Example 2
Dimensionless  particle
diameter in the activator 8 8 8 8
Dimensionless ~ — gas 1o 0.15 0.15 0.15
velocity in the activator
Standard deviation value
. No control,
of the pressure pulsatign .
. without the
at any point of the bed supplement
layer of the dense phase 500 500 500 Pb .
. . of the fine
reaction zone maintained :
by supplementing fine particle
y i catalyst
particles, Pa
solid particle inventory of
hydrogenation  reactof:
lid particle i t f
SOld particie IVEntory of = 44,19 40:3:3 40:3:3 40:3:3
regeneration reactor:
solid particle inventoryof
activation reactor
Height of the
hydrogenation
reactor:neight - of the o, 2:1:1 5:1:1 5:1:1
regeneration
reactor:height of the
activation reactor
Diameter of the
hydrogenation
reactor.diameter of the ., 4:1:1 6:1:1 4:1:1
regeneration
reactor:diameter of the
activation reactor
Expansion coefficient of
the dense phase reactipn 1.62 1.64 1.66 1.46 1.38
zone
Maximum  temperature
difference in the reaction 7.2 7.2 7.0 13.8 15.9
zone, °C
Carbon deposﬂpn could be could be could be could be
content when the reactign
. : controlled at| controlled at| controlled at| controlled at
time was 90 minutes 4.1%
under the high spade no greater | no greater | no greater | no greater
. g SPa% 1han0.7% | than 0.7% | than 0.73%| than 0.7%
velocity, %

37



10

15

20

25

30

35

40

Claims

1. A nitro compound hydrogenation reaction processiprising a hydrogenation step, a
regeneration step, an optional activation stepamnecycling step, which is characterized in that in
the hydrogenation step, a nitro compound (espgcmaifobenzene) as the reaction raw material is
contacted with hydrogen gas and a hydrogenaticadysatin a reactor (referred to as hydrogenation
reactor, preferably a fluidized bed reactor) toagbta reaction product (for example an amino
compound, especially aniline) and a spent catalgsthe regeneration step, the spent catalyst is
regenerated in a reactor (referred to as regeoaratiactor, preferably a fluidized bed reactor) to
obtain a regenerated catalyst, in the optionalatitin step, the regenerated catalyst is activiated
reactor (referred to as activation reactor, prdfigra fluidized bed reactor) to obtain an activated
catalyst, in the recycling step, the regeneratadlyst and/or the activated catalyst are recycled
(preferably recycled with a lifting pipe) to thedrggenation step, wherein there exists at least one
step of degassing the spent catalyst (referredstdyarogenation degassing step) between the
hydrogenation step and the regeneration step, pid{fhe case that the activation step exists.ether
exists at least one step of degassing the regedexatalyst (referred to as first regeneration
degassing step) between the regeneration stepharattivation step, optionally there exists attleas
one step of degassing the activated catalyst (sfeio as activation degassing step) between the
activation step and the recycling step, and optigriaere exists at least one step of degassing the
regenerated catalyst (referred to as second regj@rerdegassing step) between the regeneration
step and the recycling step, or(2) in the caseth®tctivation step is absent, there exists at le@e
step of degassing the regenerated catalyst (rdféoras third regeneration degassing step) between
the regeneration step and the recycling step.

2. The hydrogenation reaction process accordirglgion 1, wherein assuming that the average mass
flowrate (the unit is kg/h) of the spent catalystry transported from the hydrogenation step to the
hydrogenation degassing step is Al, the averags fltagrate (the unit is kg/h) of the spent catalyst
being transported from the hydrogenation degassieg to the regeneration step is B1, the average
mass flowrate (the unit is kg/h) of the regeneratathlyst being transported from the regeneration
step to the first regeneration degassing step ig#&average mass flowrate (the unit is kg/hhef t
regenerated catalyst being transported from tlsérgeneration degassing step to the activatem st
is B2, the average mass flowrate (the unit is kgflthe activated catalyst being transported frbm t
activation step to the activation degassing stefSisthe average mass flowrate (the unit is kgfh) o
the activated catalyst being transported from ttivation degassing step to the recycling step3s B
the average mass flowrate (the unit is kg/h) of rdgenerated catalyst being transported from the
regeneration step to the second regeneration dagassp is A4, the average mass flowrate (the unit
is kg/h) of the regenerated catalyst being trantspdirom the second regeneration degassing step to
the recycling step is B4, the average mass flowtageunit is kg/h) of the regenerated catalyshyei
transported from the regeneration step to the ttegeneration degassing step is A5, the average
mass flowrate (the unit is kg/h) of the regeneratadalyst being transported from the third
regeneration degassing step to the recycling stBp, the average mass flowrate (the unit is kgfh)
the regenerated catalyst or the activated catélgstg transported from the recycling step to the
hydrogenation step is A6, then at least one (pabfgrall) of A1 to A6 and B1 to B5 are 5-100 kg/h
(preferably 10-30 kg/h).

3. The hydrogenation reaction process accordingaion 1, wherein assuming the particle volume
fraction (the unit is %) in the transportation pipe of the spent catalyst being transported from t
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hydrogenation step to the hydrogenation degassemis C1, the particle volume fraction (the unit
is %) in the transportation pipeline of the speatiatyst being transported from the hydrogenation
degassing step to the regeneration step is D1pdntcle volume fraction (the unit is %) in the
transportation pipeline of the regenerated catddgstg transported from the regeneration stepédo th
first regeneration degassing step is C2, the partwlume fraction (the unit is %) in the
transportation pipeline of the regenerated catabghg transported from the first regeneration
degassing step to the activation step is D2, théicfg volume fraction (the unit is %) in the
transportation pipeline of the activated catalysing transported from the activation step to the
activation degassing step is C3, the particle veldmaction (the unit is %) in the transportation
pipeline of the activated catalyst being transpmbftem the activation degassing step to the reaoycli
step is D3, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst being transported from theenemtion step to the second regeneration
degassing step is C4, the particle volume fracfibe unit is %) in the transportation pipeline loé t
regenerated catalyst being transported from thenskcegeneration degassing step to the recycling
step is D4, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst being transported from then@gtion step to the third regeneration degassing
step is C5, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst being transported from threl fleigeneration degassing step to the recycling
step is D5, the particle volume fraction (the uisit%) in the transportation pipeline of the
regenerated catalyst or the activated catalystgb#iansported from the recycling step to the
hydrogenation step is C6, then at least one (@bfgrall) of C1 to C6 and D1 to D5 are 0.1-15%
(preferably 0.5-5%).

4. The hydrogenation reaction process accordingaion 1, wherein the reaction conditions of the
hydrogenation step comprise: the superficial gdscity is 0.2-0.8 m/s (preferably 0.3-0.6 m/s), the
molar ratio of hydrogen gas to the reaction rawemal (for example nitrobenzene) is 6-21, the
reaction temperature is 220-280°C, the reactiosgure is 0.05-1 MPa (gauge pressure), and/or, the
reaction conditions of the regeneration step cosepiin the presence of oxygen-containing gas (for
example air or oxygen gas), the superficial gasargl is 0.1-0.6 m/s (preferably 0.2-0.4 m/s), the
reaction temperature is 350-450°C, the reactiossune is 0.05-1 MPa (gauge pressure), and/or, the
reaction conditions of the activation step comprisehe presence of hydrogen gas, the superficial
gas velocity is 0.1-0.6 m/s, the reaction tempeeats 200-250°C, the reaction pressure is 0.05-1
MPa (gauge pressure).

5. The hydrogenation reaction process accordingldon 1, wherein the dimensionless particle
diameter of the hydrogenation reactor is in thegeanf 1-60, and/or, the dimensionless particle
diameter of the regeneration reactor is in the eanf) 1-40, and/or, the dimensionless particle
diameter of the activation reactor is in the raofj@-30, wherein the dimensionless particle diamete
is determined by the following equation:

Dimensionless particle diameter = Average particle diameter x i/ Gas densitnyas.— SO_“d 'densi.ty Zdifferencex 9 .

Gas kinetic viscosity
Wherein, the average particle diameter is the velawerage particle diameter (the unit is m) of
solid particles in the reactor, the gas densitiésdensity (the unit is kgfhof the gas in the reactor,
the gas-solid density difference is the differenté¢he density (the unit is kgfnof solid particles

minus the density (the unit is kgijrof the gas in the reactor, the gas kinetic viggas the kinetic
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viscosity (the unit is Pa-s) of the gas in the t@aand g is the absolute value of the gravity
acceleration (9.8 s

6. The hydrogenation reaction process accordingldaon 1, which further comprises a step of
transporting a supplement hydrogenation catalysattéeast one of the hydrogenation step, the
regeneration step, the optional activation stepthedecycling step, preferably comprises a step of
transporting a supplement hydrogenation catalysth® activation step (referred to as catalyst
supplement step).

7. The hydrogenation reaction process accordirgaion 6, wherein in the catalyst supplement step,
the ratio of the average mass flowrate of the smppht hydrogenation catalyst being transported to
the hydrogenation catalyst inventory in the hydrag®n reactor (the unit is kg) is 0-1Bh
(preferably 0.00002-0.00 1.

8. The hydrogenation reaction process accordingaion 6, wherein the hydrogenation reactor is a
fluidized bed reactor, the fluidized bed reactompoise a dense phase reaction zone (4), at least on
dynamic pressure measuring point (preferably tlsparse frequency is not less than 100Hz) is
mounted on the side wall of the dense phase reaztine (4) to measure the instantaneous pressure
fluctuation in the dense phase reaction zone (fignamthe standard deviation of the instantaneous
pressure fluctuation is greater than 600Pa (prefemgreater than 1500Pa), the catalyst supplement
step is initiated, and/or, the hydrogenation reaist@ fluidized bed reactor, the fluidized bedctea
comprises a dense phase reaction zone (4), wherathbyst particles having a particle diameter of
less than 10@m comprise greater than 3wt% (preferably greaten thwt%) by mass percent of all
catalyst particles in the dense phase reaction @néhe catalyst supplement step is initiated.

9. The hydrogenation reaction process accordingaion 6, wherein the supplement hydrogenation
catalyst is selected from at least one of a coppsed loaded catalyst, a nickel-based loaded sataly
and a noble metal-based loaded catalyst, havirayarage particle diameter of 5-160 (preferably
20-7Qum).

10. The hydrogenation reaction process accordirgaion 1, wherein the hydrogenation catalyst is
selected from at least one of a copper-based loadtdyst, a nickel-based loaded catalyst and a
noble metal-based loaded catalyst, and/or, thedggration catalyst has a bulk density of 300-1200
kg/m?, and/or, the hydrogenation catalyst has an avepagéle diameter of 30-8@@n (preferably
40-50Qum or 50-60@m), and the catalyst particles having a particknditer of less than gth
comprise not less than 2wt% (preferably 5-15 wt%)ass percent of all catalyst particles, and/or,
the nitro compound is selected from at least on¢hefcompounds represented by the following
formula (1),

R-NG: (1)

In the structural formula (1), R is an optionallybstituted G20 straight, branched or cyclic
hydrocarbyl (preferably an optionally substitutegl2€cyclic hydrocarbyl, especially an optionally
substituted €20 aryl, more especially an optionally substituteemyl).

11. A hydrogenation reaction apparatus of the rssmpound, comprising a hydrogenation reactor
(preferably a fluidized bed reactor), a regenermateactor (preferably a fluidized bed reactor), an
activation reactor (preferably a fluidized bed tegcand a recycling unit (for example a liftingop),

the hydrogenation reactor is communicated with tbgeneration reactor via at least one spent
catalyst degasser through transportation pipelithesyegeneration reactor is communicated with the
activation reactor via at least one regeneratealysitdegasser through transportation pipelines, th
activation reactor is communicated with the reaygliunit through transportation pipelines or
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communicated with the recycling unit via at leasteoactivated catalyst degasser through
transportation pipelines, the recycling unit is conmicated with the hydrogenation reactor through
transportation pipelines, wherein the solid pagtitiventory (the unit is kg) of the hydrogenation
reactor: the solid particle inventory (the unitkig) of the regeneration reactor: the solid particle
inventory (the unit is kg) of the activation reacte (10-200):(0.1-20):(0.1-20) (preferably
(20-100):(0.5-8):(0.5-8)).

12. The hydrogenation reaction apparatus of claimwherein the hydrogenation reactor has a
height of 5-60m (preferably 10-30m), and a diamete0.5-12m (preferably 1-8m), and/or, the
regeneration reactor has a height of 1-15m (prefera6m), and a diameter of 0.1-3m (preferably
0.3-1m), and/or, the activation reactor has a heaHL-15m (preferably 3-6m), and a diameter of
0.1-3m (preferably 0.3-1m), and/or, the inner ditergeof the transportation pipelines are, identical
to or different from each other, each independe3@hd00mm (preferably 50-300mm).
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