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DOUBLE-TRAPEZOID STRUCTURAL MEMBER, FLUIDIZED APPARATUS
AND NITRO COMPOUND HYDROGENATION REACTION PROCESS

Technical Field

The present invention relates to a fluidized apparaespecially a fluidized bed
reactor. The present invention also relates to @bldetrapezoid structural member
and a fluidized apparatus containing the doubleezaid structural member. The
present invention further relates to use of thdselited apparatuses in the nitro
compound hydrogenation reaction process.

Background technology

Aniline is an important basic organic chemical ravaterial and a fine chemical
intermediate, can be used in producing more thdhd&@vnstream products, and is
widely used in the industries of dyes, medicinesstipides, explosives, spices,
rubbers, synthetic materials and the like. In recgrars, with the rapid rise of
polyurethane industry in China and worldwide, amli which is one of the
nonreplaceable basic raw material for its main ramaterial MDI
(4,4-diphenylmethane diisocyanate), has been degdleemarkably and rapidly.
There are three commercial processes for produaimigne: nitrobenzene catalytic
hydrogenation process, phenol ammoniation procesk ieon powder reduction
process. Among others, the iron powder reductiocgss is gradually eliminated due
to poor quality of the formed aniline. The phenaoiraoniation process is strongly
dependent on the source of the phenol. The currettbbenzene catalytic
hydrogenation process is adopted by most of matwrrs. The nitrobenzene
catalytic hydrogenation process is also dividedo ira gas phase catalytic
hydrogenation process and a liquid phase catalyjidrogenation process. The
nitrobenzene liquid phase catalytic hydrogenatiawcess is firstly developed
successfully by Dupont Corporation, U.S.. It is ni\aperformed by adopting a noble
metal catalyst under an anhydrous condition, argdthe advantages of low reaction
temperature, high catalyst load, long service difiel large plant production capacity,
and has the disadvantages of high required pressecessary separation of reactants
from the catalyst and the solvent, high plant opanacost, high catalyst price, and
relatively many byproducts caused by too high gatactivity. The fluidized bed gas
phase catalytic hydrogenation process is charaetbhy that the nitrobenzene as raw
material is heated and vaporized, and mixed witrdiyen gas, then fed into the
fluidized bed reactor in which the copper-silicd gatalyst is contained to perform
the hydrogenation and reduction reaction.

The gas phase hydrogenation process to preparaeafibm nitrobenzene has been
used in China for decades, and the fluidized bexdpfease catalytic hydrogenation
process is adopted by many aniline manufacture@hina.

Chinese patent application CN1528737A discloseapgaratus, mainly comprising a
fluidized bed reactor, a reaction raw material geet arranged at the bottom of the
reactor, a first gas distributor arranged at thpeuppart of the inlet, a second gas
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distributor arranged at the middle part of the baigection height of the reactor and
dividing the reactor into two catalyst dense-phames, a heat exchanger arranged in
two catalyst dense-phase zones inside the reactatalyst overflow device arranged
outside or inside the reactor and connecting to upper and lower two catalyst
dense-phase zones respectively, and a gas-soadasiep device.

Chinese patent application CN1634860A discloseasadistributor in a fluidized bed
for aniline synthesis and a process for synthegiamiline, wherein the gas distributor
is composed of a main pipe for conveying a gas)dirgipes and an annular pipe
connected thereto for distributing the gas, andzlesz for injecting the gas
downwards and nozzles for injecting the gas upwaith arranged on the annular

pipe.

Summary of the Invention

The inventors of the present invention have fodrad internal structural members are
prevalently arranged in the prior art fluidized bedctor for the preparation of aniline
and used for adjusting the interior gas-solid flowt since the aniline catalyst is low
in intensity and very easy to break, the particte $s gradually reduced along with
the operation time, and fine powder is easily imsadrinto the dilute-phase zone and
then the load of the cyclone separator is increasedhat the catalyst loss becomes
relatively serious, and the subsequent influendkasthe reaction cannot be operated
for a long period, and the various problems sucthasecessity of shutting down and
supplementing the catalyst are caused. The invemtbthe present invention have
also found that due to the relatively large pagtsize of the aniline catalyst particles,
they belong to Geldart B type particles and areprohe to fluidize. The prior art
generally adjusts the fluidization quality of thedbin the reactor by adding internal
structural members, but different internal strugkumembers have different flow
deflection principles and have different effectstioa fluidization quality. The present
invention has been completed based on these fiading

Specifically, the present invention relates tofthiowing aspects:

1. A fluidized apparatus (especially fluidized bregctor), comprising a shell, a gas
distributor, and an inner chamber defined by arinmall of said shell and an upper
surface of said gas distributor, said inner chanhlasra bottom (corresponding to the
upper surface of said gas distributor) and a toperein along the central axis
direction of said fluidized apparatus, assuming weetical distance between the
bottom and the top is H (the unit is m), the regddrinner chamber from the bottom
and upwards to 0.1H, 0.2H, 0.3H, 0.4H, 0.5H, 0.86HH or 0.8H is the lower region,
the region of inner chamber from the top and dowdwa 0.1H, 0.2H, 0.3H, 0.4H,
0.5H, 0.6H, 0.7H or 0.8H is the upper region, ahd tegion of inner chamber
between the lower region and the upper regionastiddle region, the height of the
middle region along the central axis direction dfids fluidized apparatus is
0.005H-0.2H, 0.005H-0.05H or 0.005H-0.02H, in théeddfe region is disposed a
perforated plate (for example selected from attleas of punched-plate, screen mesh
and grid, especially grid), the perforated plateludes an outer edge region and a
center region, (1) assuming the opening rate obtiter edge region is Al (the unit
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is %), assuming the opening rate of the centeroregg A2 (the unit is %), then
A1/A2=0-0.95 (preferably 0.1-0.5), or the ratiotbé total opening area of the outer
edge region (the unit is m2) to the total openirgpaof the center region (the unit is
m2) is 1/10-1/2 or 1/5-1/2.

2. The fluidized apparatus according to any of a&boentioned or the
afterward-mentioned aspects, wherein the uppeomegorresponds to a dilute-phase
zone, the lower region corresponds to a dense-phase, the middle region
corresponds to a particle sputtering transitionez@nd/or, the axial direction height
of the perforated plate from the upper surfaceasd gas distributor (the unit is m) is
1.05-1.5 times or 1.05-1.2 times the axial dirattiwight of the dense-phase zone
(the unit is m).

3. The fluidized apparatus according to any of a&boentioned or the
afterward-mentioned aspects, wherein the numbeahefperforated plate is one or
more (for example 1-5, especially 1-3 or 1), andase of more than one, the vertical
distance between any two adjacent perforated pébes) the central axis direction of
said fluidized apparatus (the unit is m) is 0.00LB5H.

4. The fluidized apparatus according to any of a&bmentioned or the
afterward-mentioned aspects, wherein straightdilséance between any point on the
peripheric edge of the perforated plate and théecqroint of the perforated plate is R
(especially radius), the region surrounded by ailh{s that are on the perforated plate
and away from the center point by the straight-titance of r is referred to as the
center region, the region between the center regiahthe peripheric edge is referred
to as the outer edge region, then r/R=0.2-0.99f¢mbly 0.5-0.9, more preferably
0.7-0.85) or R/r=2/1-9/1, preferably 2/1-5/1.

5. The fluidized apparatus accoridng to any of #i@ove-mentioned or the
afterward-mentioned aspects, wherein the numbepehing(s) in the center region
(referred to as center opening(s)) is 1-650 (padfigr 5-150, more preferably
15-150)/square meter of the center region, andAer,number of opening(s) in the
outer edge region (referred to as outer edge ogé&)inis 0-4000 (preferably 100-600,
more preferably 200-500)/square meter of the oetkye region, and/or, in case of
more than one, the equivalent diameters for a |iyraf the center openings are,
identical to or different from each other, eachejpendently 0.04-1m, 0.04-0.5m, or
0.04-0.1m, and/or, in case of more than one, thevalgnt diameters for a plurality of
the outer edge openings are, identical to or differfrom each other, each
independently 0.005-0.2m, 0.005-0.08m, or 0.003i®.,0and/or, the opening rate of
the outer edge region is 2-40% (preferably 8-2084¢, opening rate of the center
region is 30-100% (preferably 40-80%), and/or, pleeforated plate has a basically
circle shape, the diameter of the circle is 1-1(meferably 2-5m, and/or, the
thickness of the perforated plate is 5-40mm, peddigr10-35mm.

6. The fluidized apparatus accoridng to any of #i@sove-mentioned or the
afterward-mentioned aspects, wherein when the @gd plate is placed horizontally,
the shape of the cross-section formed by cuttinggathe vertical direction a support
body separating any two adjacent openings is ssldobm square, triangle, rhombus,
rectangle, circle, ellipse, ring and any combinati these shapes, or the shape of the
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cross-section formed by cutting along the vertdiegction a support body separating
any two adjacent openings is such that substantiallsolid particles accumulate on
the surface facing towards the upper region ofsiingport body and/or is such that
solid particles in contact with the surface factogvards the lower region of the
support body are substantially intercepted, orstingport body is curved plate-shaped
or flat plate-shaped (preferably arranged vertcalt arranged inclined from the
vertical direction towards the lower region (espdgiinclined at 0.1-60°, 5-30° or
10-20°)).

7. The fluidized apparatus accoridng to any of #i@ove-mentioned or the
afterward-mentioned aspects, wherein the outer eglgjen and the center region are
coaxial with the central axis of the fluidized apgias, and/or, the peripheric edge of
the perforated plate conforms to the shape ofrtheriwall of the shell of the middle
region, and is fixed or connected to the inner wakaid shell, and/or, the peripheric
edge of the perforated plate is airtightly combimeth the inner wall of the shell of
the middle region.

8. The fluidized apparatus accoridng to any of #i@ove-mentioned or the
afterward-mentioned aspects, wherein the H is 5-Gireferably 10-30m), and/or, the
diameter of the lower region is 0.5-12m (preferabl§m), and/or, the diameter of the
middle region is 0.5-16m (preferably 1-10m).

9. The fluidized apparatus accoridng to any of #ieove-mentioned or the
afterward-mentioned aspects, which further compresegas-solid separation device
(for example cyclone separator) disposed in theeupggion and a heat-exchanging
device (for example heat-exchanging pipe) disposedhe lower region, and
optionally comprises a double-trapezoid structuredmber disposed in the lower
region.

10. The fluidized apparatus accoridng to any of #imve-mentioned or the
afterward-mentioned aspects, wherein the doubfeenaid structural member
comprises an upper baffle plate, a lower baffletepland a connecting piece for
relatively fixing the upper baffle plate and thevkr baffle plate, the longitudinal
section of the upper baffle plate along its cerdras is a trapezoid (referred to as first
trapezoid), the upper base (relatively long basel) the lower base (relatively short
base) of the first trapezoid are mouth-opened,dide edges (legs) mutually form an
included angle to each other, the longitudinalisaaf the lower baffle plate along its
central axis is a trapezoid (referred to as sed¢mukzoid), the upper base (relatively
short base) and the lower base (relatively longehaé the second trapezoid are
mouth-opened, two side edges (legs) mutually fonninaluded angle to each other,
the opened mouth of the lower base of the firgezaid and the opened mouth of the
upper base of the second trapezoid are nestedeatth other (preferably the opened
mouth of the upper base of the second trapezaidsied in the opened mouth of the
lower base of the first trapezoid).

11. The fluidized apparatus accoridng to any of Hive-mentioned or the
afterward-mentioned aspects, wherein the centre ak the upper baffle plate is
coaxial with the central axis of the lower bafflate, and/or, the included angig of
the two side edges of the upper baffle plate ishe range of 0-120° (preferably
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0-60°), the included anglg) of the two side edges of the lower baffle platéni the
range of 0-120° (preferably 45-90°), and/or, thigoraf the length of the relatively
short base of the upper baffle plate to the lemjtkhe relatively short base of the
lower baffle plate is greater than 1 (preferabl$-3), and/or, the vertical distance
between the relatively short base of the lowerlbgffate and the relatively short base
of the upper baffle plate (the unit is mm) is Odes than H1 (preferably 0.01H1 to
0.5H1), wherein H1 is the height of the first trapiel (the unit is mm), and/or, the
height of the first trapezoid H1 is 20-150mm, tkeéght of the second trapezoid H2 is
20-150mm.

12. The fluidized apparatus accoridng to any of #imve-mentioned or the
afterward-mentioned aspects, wherein a confinedirmonfined curved surface is
formed by the rotation of the two side edges of upper baffle plate relative to its
central axis, a confined or unconfined curved sefis formed by the rotation of the
two side edges of the lower baffle plate relativaét$ central axis, and/or, the opening
rate of the curved surface of the upper bafflegpiatl0-50%, the opening rate of the
curved surface of the lower baffle plate is 3-30%,

Or,

The two side edges of the upper baffle plate extdadg its length direction to form
two side faces, the two side edges of the loweflebpfate extend along its length
direction to form two side faces, and/or, the opgmiate of at least one (preferably
two) of the two side faces of the upper baffle @lat 10-50%, the opening rate of at
least one (preferably two) of the two side faceshef lower baffle plate is 3-30%,
and/or, the size of the upper baffle plate alosgength direction is 30-250mm, the
size of the lower baffle plate along its lengthedtion is 30-250mm.

13. The fluidized apparatus accoridng to any of #imve-mentioned or the
afterward-mentioned aspects, wherein when the nunobethe double-trapezoid
structural member(s) is more than one (for exandp40, preferably 10-120), a
plurality of the double-trapezoid structural memban be all positioned in the same
horizontal plane, each and every positioned ineddffit horizontal planes or any
combination thereof, and/or, the included anglehie length direction between any
two of the double-trapezoid structural members tpogd in different horizontal
planes and adjacent to each other in the verticatttbn ¢) is 30-90°, and/or, the
vertical distance between any two of the doublpdraid structural members
positioned in different horizontal planes and aejacto each other in the vertical
direction H3 is not less than 100mm, and/or, thezbatal distance between any two
adjacent double-trapezoid structural members posd in the same horizontal plane
H4 is not less than 80mm.

14. A double-trapezoid structural member, compgsan upper baffle plate, a lower
baffle plate and a connecting piece for relativieting the upper baffle plate and the
lower baffle plate, the longitudinal section of theper baffle plate along its central
axis is a trapezoid (referred to as first trapegdite upper base (relatively long base)
and lower base (relatively short base) of the firapezoid are mouth-opened, two
side edges (legs) mutually form an included angleeach other, the longitudinal
section of the lower baffle plate along its centais is a trapezoid (referred to as
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second trapezoid), the upper base (relatively dhame) and the lower base (relatively
long base) of the second trapezoid are mouth-opawedside edges (legs) mutually
form an included angle to each other, the openedtimof the lower base of the first
trapezoid and the opened mouth of the upper baiedecond trapezoid are nested
with each other (preferably the opened mouth of tipper base of the second
trapezoid is nested in the opened-mouth of the idase of the first trapezoid).

15. The double-trapezoid structural member accgridnany of the above-mentioned
or the afterward-mentioned aspects, wherein the&aesxis of the upper baffle plate
is coaxial with the central axis of the lower baffilate, and/or, the included angig (
of the two side edges of the upper baffle plateithe range of 0-120° (preferably
0-60°), the included anglg) of the two side edges of the lower baffle platéni the
range of 0-120° (preferably 45-90°), and/or, thigoraf the length of the relatively
short base of the upper baffle plate to the lemdtthe relatively short base of the
lower baffle plate is greater than 1 (preferabl$-3), and/or, the vertical distance
between the relatively short base of the lowerlbgiffate and the relatively short base
of the upper baffle plate (the unit is mm) is Odes than H1 (preferably 0.01H1 to
0.5H1), wherein H1 is the height of the first trapiel (the unit is mm), and/or, the
height of the first trapezoid H1 is 20-150mm, tkeéght of the second trapezoid H2 is
20-150mm.

16.The double-trapezoid structural member accoridngny of the above-mentioned
or the afterward-mentioned aspects, wherein a gedfor unconfined curved surface
is formed by the rotation of the two side edgeshefupper baffle plate relative to its
central axis, a confined or unconfined curved s#fis formed by the rotation of the
two side edges of the lower baffle plate relativét$ central axis, and/or, the opening
rate of the curved surface of the upper bafflegiatl0-50%, the opening rate of the
curved surface of the lower baffle plate is 3-30%,

Or,

The two side edges of the upper baffle plate extdadg its length direction to form
two side faces, the two side edges of the lowefldbpfate extend along its length
direction to form two side faces, and/or, the opgmiate of at least one (preferably
two) of the two side faces of the upper baffle @lat 10-50%, the opening rate of at
least one (preferably two) of the two side faceshef lower baffle plate is 3-30%,
and/or, the size of the upper baffle plate alosgahgth direction is 30-250mm, the
size of the lower baffle plate along its lengthediion is 30-250mm.

17. A a fluidized apparatus (especially fluidizestibveactor), comprising a shell, a gas
distributor, and an inner chamber defined by ariirmall of said shell and an upper
surface of said gas distributor, wherein in saidem chamber is disposed the
double-trapezoid structural member accoridng to @inthe above-mentioned or the
afterward-mentioned aspects.

18. A nitro compound hydrogenation reaction procesmiprising a step of contacting
a nitro compound (especially nitrobenzene) as ¢laetron raw material and hydrogen
gas with a hydrogenation catalyst to obtain a reagiroduct (for example an amino
compound, especially aniline) (referred to as arbgenation reaction step), wherein
the hydrogenation reaction step is carried ouhénfluidized bed reactor accoridng to
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any of the above-mentioned or the afterward-meeticaspects.

19. The hydrogenation reaction process accoridrantoof the above-mentioned or
the afterward-mentioned aspects, wherein the w@actconditions of the
hydrogenation reaction step comprise: the supalfgas velocity is 0.2-0.8 m/s, the
molar ratio of hydrogen gas to the reaction rawemail (for example nitrobenzene) is
6-21, the reaction temperature is 220-280°C, tlaetien pressure is 0.05-1 MPa
(gauge pressure), the hydrogenation catalyst iscteal from at least one of a
copper-based loaded catalyst, a nickel-based loeatadlyst and a noble metal-based
loaded catalyst, and/or, the bulk density of thedrbgenation -catalyst is
300-1200kg/m3, and/or, the average particle dianwtéhe hydrogenation catalyst is
30-800 um (preferably 40-50Qum or 50-600um), and catalyst particles having a
particle diameter of less than i comprise not less than 2wt% (preferably 5-15
wt%) by mass percent of all catalyst particles,/andhe nitro compound is selected
from at least one of the compounds representetidofotlowing formula (1),f

R-NOz (1)

In the structural formula (1), R is an optionallybstituted C2-20 straight, branched or
cyclic hydrocarbyl (preferably an optionally subgied C4-20 cyclic hydrocarbyl,
especially an optionally substituted C6-20 aryl, rencespecially an optionally
substituted phenyl).

On ther hand hand, the present invention relatésetéollowing aspects:

1. An reaction apparatus for producing aniline g hydrogenation of nitrobenzene,
comprising: a fluidized bed reactor (3), a gasriigtor (2), a sputtering separation
structural member (6), a cyclone separator (9) anldeat-exchanging pipe (11),
wherein the gas distributor (2), the sputteringasafpon structural member (6), the
cyclone separator (9) and the heat-exchanging fid¢ are all disposed in the
fluidized bed reactor (3), in the fluidized bedatea (3) are included a dense phase
reaction zone (4) located in the lower sectionadi@e sputterring transition zone (5)
located in the middle section and a dilute-phasezocated in the upper section (7).
2. The reaction apparatus for producing anilingh®yhydrogenation of nitrobenzene
accoridng to any of the above-mentioned or thenaéted-mentioned aspects, which is
characterized in that in the particle sputteringnsition zone (5) is disposed the
sputtering separation structural member (6), thattepng separation structural
member (6) comprises a thin passage zone locatdtk atentre region and a dense
passage zone disposed at the periphery and sumgutheé thin passage zone.

3. The reaction apparatus for producing anilingh®yhydrogenation of nitrobenzene
accoridng to any of the above-mentioned or thenafted-mentioned aspects, which is
characterized in that the ratio of the size of ghssage of the dense passage zone to
the area of the passage of the thin passage zdm&0sl/2, the preferred area ratio is
1/5-1/2.

4. The reaction apparatus for producing anilinghi®yhydrogenation of nitrobenzene
accoridng to any of the above-mentioned or thenafied-mentioned aspects, which is
characterized in that the equivalent diameter efgassage of the dense passage zone
is 0.005-0.08m, preferably 0.005-0.03m.

5. The reaction apparatus for producing anilingh®yhydrogenation of nitrobenzene
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accoridng to any of the above-mentioned or thenafted-mentioned aspects, which is
characterized in that the dense passage zone a&nthith passage zone are both
comprised of circular plate having evenly distrémitholes, a plurality of concentric
annular plates that are intervally distributed,aoplurality of straight plates that are
intervally and parallel disposed, vertical or ineld at a certain angle.

6. the reaction apparatus for producing anilingh®y hydrogenation of nitrobenzene
accoridng to any of the above-mentioned or thenaéted-mentioned aspects, which is
characterized in that the dense passage zondasnnof circle, the thin passage zone
is in form of circular ring, and the ratio of theaoheter of the dense passage zone to
the width of the thin passage zone is 2/1-9/1,gpaddly the ratio of diameter to width
is 2/1-5/1.

7. The reaction apparatus for producing anilingh®/hydrogenation of nitrobenzene
accoridng to any of the above-mentioned or thenaéted-mentioned aspects, which is
characterized in that the sputtering separatiarcgtral member (6), in an amount of
at least one, is distributed along the axial dioecof the fluidized bed reactor (3).

8. The reaction apparatus for producing anilingh®yhydrogenation of nitrobenzene
accoridng to any of the above-mentioned or thenafted-mentioned aspects, which is
characterized in that the axial direction heighthe sputtering separation structural
member (6) away from the gas distributor (2) at Hwtom is 1.05-1.5 times,
preferably 1.05-1.2 times the axial direction heighthe dense phase reaction zone
(4).

9. A reaction process for producing aniline by thelrogenation of nitrobenzene,
which uses the apparatus accoridng to any of theveamentioned or the
afterward-mentioned aspects, comprising the folhmwgteps:

(a). Vaporized nitrobenzene and hydrogen gas asmaterial are introduced into a
gas chamber, then into the fluidized bed reactpti{®ugh the gas distributor (2) to
push the catalyst in the reactor to be fluidizééntreact in the dense-phase zone (4)
to produce an aniline product;

(b). A part of the gas phase forms bubbles, thagisputtering occurs at the top of
the dense phase reaction zone (4) to form a pagmlttering transition zone (5), the
sputtered particles are efficiently interceptedtbg sputtering separation structural
member (6) and return to the dense phase reactoe #) to proceed with the
catalysis;

(c). A small part of the non-intercepted particlgsss through the passage of the
sputtering separation structural member (6) andrehe dilute-phase zone (7) to be
separated with a cyclone separator (9), the pesti@turn to the dense phase reaction
zone (4), the crude product gas (8) flows out ef flidized bed reactor (3) and is
sent into the subsequent separation section.

10. A reaction process for producing aniline by Hyelrogenation of nitrobenzene
accoridng to any of the above-mentioned or thenaéted-mentioned aspects, which is
characterized in that the catalyst is a metal Idaclalyst with copper as the active
component, the support is alumina or silica, thtalgat has an average particle
diameter of 50-60Qum; the content of catalyst particles less tharuB0is not less
than 2wt%; the reaction conditions comprise: theesiicial gas velocity in the
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fluidized bed reactor (3) is 0.2-0.8 m/s, the motatio of hydrogen gas to
nitrobenzene is 6-21, the average reaction temperah the dense phase reaction
zone (4) is controlled at 220-280°C, the tempegatur the vicinity of the gas
distributor (2) is controlled at 320°C or less, teaction pressure in the dense phase
reaction zone (4) is 0.05-1 MPa.

Technical effect

According to the fluidized apparatus of the presemention, the catalyst loss is
effectively reduced (for example, reduced by 30%nore).

According to the fluidized apparatus of the preseméention, the gas-solid contact
effect is good, the growth of large bubbles carsbgpressed, and the "air cushion”
generated under the commonly used flow-guidingriate structural member is
overcome. Compared with the prior art, the fluitima quality in the fluidized bed is
remarkably improved.

Brief description of the drawings

Figure 1 is a schematic diagram of the fluidizedpaaptus according to one
embodiment of the present invention, taking thedfhed bed reactor for producing
aniline by the hydrogenation of nitrobenzene asxample.

In Figure 1, 1: raw material of vaporized nitrobene and hydrogen gas; 2: gas
distributor; 3: fluidized bed reactor; 4. densegmazone; 5: particle sputtering
transition zone; 6: perforated plate; 7: dilutegdaone; 8: crude product gas; 9:
cyclone separator; 10: dipleg; 11: heat-exchangiipg; H represents the vertical
distance between the bottom and the top of thelidad bed reactor. The peripheric
edge of the perforated plate 6 is airtightly coneblinvith the inner wall of the shell of
the particle sputtering transition zone 5.

Vaporized nitrobenzene and hydrogen gas as rawrialasee introduced into a gas
chamber, then into the fluidized bed reactor 3uflothe gas distributor 2 to push the
catalyst in the reactor to be fluidized, then readhe dense-phase zone 4 to produce
an aniline product, a part of the gas phase forotsbles, the particle sputtering
occurs at the top of the dense-phase zone 4 to #oparticle sputtering transition
zone 5, the sputtered particles are efficientlgnegpted by the perforated plate 6 and
return to the dense-phase zone 4 to proceed wahcdhalysis; a small part of the
non-intercepted particles pass through the opesinof( the perforated plate 6 and
enter the dilute-phase zone 7 to be separatedandtftlone separator 9, the particles
return to the dense-phase zone 4, the crude pra@disc8 flows out of the fluidized
bed reactor 3 and is sent into the subsequenta@pasection.

Figure 2 is a three-dimensional schematic diagratheoperforated plate according to
one embodiment of the present invention.

In Figure 2, 21 is the support body of the outegesckgion (inclined with respect to a
horizontal plane), 23 is the opening of the outigeeregion (inclined with respect to a
horizontal plane), 22 is the support body of theteeregion (inclined with respect to
a horizontal plane), 24 is the opening of the aerggion (inclined with respect to a
horizontal plane).

Figure 3 is a three-dimensional schematic diagratheoperforated plate according to
another embodiment of the present invention.
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Figure 3, 31 is the support body of the outer eciggon (vertical with respect to a
horizontal plane), 33 is the opening of the outlgeeregion (vertical with respect to a
horizontal plane), 32 is the support body of theteeregion (vertical with respect to
a horizontal plane), 34 is the opening of the aerggion (vertical with respect to a
horizontal plane).

Figure 4 is a schematic diagram of the fluidizeghaaptus according to another
embodiment of the present invention, taking thediked bed reactor for producing
aniline by the hydrogenation of nitrobenzene asxample.

In Figure 4, 1: raw material of vaporized nitrobene and hydrogen gas; 2: gas
distributor; 3: fluidized bed reactor; 4. densegmezone; 5: particle sputtering
transition zone; 6: perforated plate; 7: diluteg#aone; 8: crude product gas; 9:
cyclone separator; 10: dipleg; 11: heat-exchangpige; 13: double-trapezoid
structural member (4 layers in the Figure); H repras the vertical distance between
the bottom and the top of the fluidized-bed reaxctidhe peripheric edge of the
perforated plate 6 is airtightly combined with thaer wall of the shell of the particle
sputtering transition zone 5.

Vaporized nitrobenzene and hydrogen gas as rawrialasee introduced into a gas
chamber, then into the fluidized bed reactor 3uflothe gas distributor 2 to push the
catalyst in the reactor to be fluidized, when flogithrough the double-trapezoid
structural member 13, under the action of the d®tialpezoid structural member 13,
the agglomerates formed by the catalyst and gridgiedwing bubbles are effectively
broken, and the broken gas and catalyst partickesjacted from the holes/slits of the
double-trapezoid structural member 13, the gastla@dolid in the dense-phase zone
4 of the fluidized bed reactor 3 are evenly mixedhwa uniform temperature
distribution, then react in the dense-phase zoteeptoduce an aniline product; a part
of the gas phase forms bubbles, the particle sjpngteoccurs at the top of the
dense-phase zone 4 to form a particle sputteriagsition zone 5, the sputtered
particles are efficiently intercepted by the pemfed plate 6 and return to the
dense-phase zone 4 to proceed with the catalysisiall part of the non-intercepted
particles pass through the opening(s) of the patdor plate 6 and enter the
dilute-phase zone 7 to be separated with a cydeparator 9, the particles return to
the dense-phase zone 4, the crude product gasv8 flot of the fluidized bed reactor
3 and is sent into the subsequent separation sectio

Figure 5 is a three-dimensional schematic diagramhe double-trapezoid structural
member according to one embodiment of the preseention.

In Figure 5, 41: the upper baffle plate, 42: thedo baffle plate, the opened mouth of
the upper base of the lower baffle plate is nesteithe opened mouth of the lower
base of the upper baffle plate, 45: the openinthefupper baffle plate (for example
hole or slit), 46: the opening of the lower baffimte (for example hole or slit), X
represents the central axis of the double-trapezioicttural member, L represents the
two-way length direction (also known as major axda) the double-trapezoid
structural member. The connecting piece is not shiovthe Figure.

Figure 6 is a schematic diagram of the longitudsedtion of the double-trapezoid
structural member according to one embodiment®ptiesent invention.
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In Figure 6, 41: the upper baffle plate, 42: thedo baffle plate, the opened mouth of
the upper base of the lower baffle plate is nesietthe opened mouth of the lower
base of the upper baffle plaig, the included angle of two side edges of the upper
baffle plate 41p: the included angle of two side edges of the lopadfle plate 42, X
represents the central axises of two baffles (fuqsgtion), H1 is the height of the first
trapezoid, H2 is the height of the second trapezihe connecting piece is not shown
in the Figure.

Figure 7 is a schematic diagram of the positior@htionship of a plurality of
double-trapezoid structural members according égtiesent invention.

In Figure 7,y is the included angle in the length direction hegw any two
double-trapezoid structural members positioned ifferént horizontal planes and
adjacent to each other in the vertical directiomejhresents the two-way major axis of
each double-trapezoid structural member; H3 reptedbe vertical distance between
any two of the double-trapezoid structural memiparsitioned in different horizontal
planes and adjacent to each other in the vertioattion; H4 represents the horizontal
distance between any two adjacent double-trapestaidtural members positioned in
the same horizontal plane. The connecting piecetishown in the Figure.

Detailed description

Reference will now be made in detail to the presmbodiments of the present
invention, but it should be understood that thepscof the invention is not limited by
the embodiments, but is defined by the appendeaahsla

All publications, patent applications, patents, atlder references mentioned in this
specification are herein incorporated by referemceheir entirety. Unless defined
otherwise, all technical and scientific terms ubedein have the same meanings as
commonly understood by those skilled in the anwtoch this invention belongs. In
case of conflict, the present specification, inahgddefinitions, will control.

When the specification derives a material, a sulegtaa process, a step, a device, an
element and the like with the expression such aswk to those skilled in the art”,
"prior art”, or the anologous term, it is intenddxt the subject matter so derived
encompasses those having been conventionally ngbe art at the time of filing this
application, but also includes those which may betso commonly used at the
present time, but will become known in the art es@ suitable for a similar purpose.
In the context of the present specification, themte'substantially” means the
allowance of the presence of a deviation acceptablthose skilled in the art or
considered reasonable by those skilled in thd@argxample, a deviation within+10%,
within£5%, within+1%, within£0.5% or within+0.1%.

In the context of the present specification, th@regsion "optionally substituted"”
refers to optionally substituted by one or more ggample 1-5, 1-4, 1-3, 1-2 or 1)
substituent groups selected from halogen, hydmmercapto, amino, aminocarbonyl,
nitro, oxo, thio, cyano, C1-6 linear or branche@ldh alkane (oxy, thio, amino,
carbonyl) group, C2-6 linear or branched (halokrk (oxy, thio, amino, carbonyl)
group, C2-6 linear or branched (halo) alkyne (atkyp, amino, carbonyl) group,
C3-20 cycloalkyl, C3-20 cycloalkane (oxy, thio, amj group, C3-20 cycloalkyl C1-6
linear or branched (halo) alkane (oxy, thio, amicerbonyl) group, C3-20 cycloalkyl
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C2-6 linear or branched (halo) alkene (oxy, thimireo, carbonyl) group, C3-20
cycloalkyl C2-6 linear or branched (halo) alkyney(othio, amino, carbonyl) group,
C3-20 cycloalkenyl, C3-20 cycloalkene (oxy, thimiao) group, C3-20 cycloalkenyl
C1-6 linear or branched (halo) alkane (oxy, thimireo, carbonyl) group, C3-20
cycloalkenyl C2-6 linear or branched (halo) alkémey, thio, amino, carbonyl) group,
C3-20 cycloalkenyl C2-6 linear or branched (hal&yae (oxy, thio, amino, carbonyl)
group, C6-20 aryl, C6-20 arene (oxy, thio, aminmugp, C6-20 aryl C1-6 linear or
branched (halo) alkane (oxy, thio, amino, carbogydup, C6-20 aryl C2-6 linear or
branched (halo) alkene (oxy, thio, amino, carbogydup, C6-20 aryl C2-6 linear or
branched (halo) alkyne (oxy, thio, amino, carborgripup, C4-20 heteroaryl, C4-20
heteroarene (oxy, thio, amino) group, C4-20 hetgtdal-6 linear or branched (halo)
alkane (oxy, thio, amino, carbonyl) group, C4-2@ehearyl C2-6 linear or branched
(halo) alkene (oxy, thio, amino, carbonyl) group}-ZD heteroaryl C2-6 linear or
branched (halo) alkyne (oxy, thio, amino, carbomybup, C2-20 heterocyclyl, C2-20
heterocycle (oxy, thio, amino) group, C2-20 hetgebd C1-6 linear or branched
(halo) alkane (oxy, thio, amino, carbonyl) grou®-20 heterocyclyl C2-6 linear or
branched (halo) alkene (oxy, thio, amino, carbomgybup and C2-20 heterocyclyl
C2-6 linear or branched (halo) alkyne (oxy, thimimo, carbonyl) group. When a
plurality of these substituent groups are presemb, adjacent substituent groups
(for example the molecular chain ends of two substit groups) can be bonded
to each other to form a divalent substituent gretiucture. For example, two
adjacent C1-6 linear or branched alkyl groups canbbnded to each other to
form a corresponding alkylene structure. Or, twoaednt C1-6 linear or
branched alkyloxy groups for example can form aregponding alkylenedioxy
group structure, two adjacent C1-6 linear or brauclalkylamino groups for
example can form a corresponding alkylenediamimocstire, two adjacent C1-5
linear or branched alkylthio groups for example damm a corresponding
alkylenedithio structure, and so forth. As the preéd substituent group, for
example, halogen, hydroxy, mercapto, amino, thiap @mr C1-6 linear or
branched (halo) alkane (oxy, thio, amino, carboryipup and others can be
enumerated. Herein, the expression "(halo) alkang, (thio, amino, carbonyl)
group" means: alkyl, haloalkyl, alkyloxy, alkylthi@lkylamino, alkylcarbonyl,
haloalkyloxy, haloalkylthio, haloalkylamino or halkylcarbonyl, the expression
"(halo) alkene (oxy, thio, amino, carbonyl) grouptans: alkenyl, haloalkenyl,
alkenyloxy, alkenylthio, alkenylamino, alkenylcarbd, haloalkenyloxy,
haloalkenylthio, haloalkenylamino or haloalkenylwanyl, the expression "(halo)
alkyne (oxy, thio, amino, carbonyl) group” meandkyayl, haloalkynyl,
alkynyloxy, alkynylthio, alkynylamino, alkynylcarlnyl, haloalkynyloxy,
haloalkynylthio, haloalkynylamino or haloalkynyldemyl, the expression "(oxy,
thio, amino) group" means oxy, thio or amino. Hetke expression "halo"
includes monohalo, dihalo, trihalo, or perhalo, &mel like.

All percentages, parts, ratios, and the like reféiio within this specification are by
weight and pressures are gauge pressures unldgstgxipdicated.

In the context of this specification, any two or nm@mbodiments of the present
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invention may be combined in any combination, dredresulting technical solution is
part of the original disclosure of this specificatj and is within the scope of the
present invention.

According to an embodiment of the present inventitnrelates to a fluidized
apparatus. As the fluidized apparatus, a fluidibedl reactor can be particularly
enumerated, and a fluidized bed reactor for pradpaniline by the hydrogenation of
nitrobenzene can be even particularly enumerated.

According to the fluidized apparatus of the presemntntion, upon being used in
producing aniline by the hydrogenation of nitrobeme, the catalyst loss and
consumption can decrease by 30% or more.

According to an embodiment of the present inventitre fluidized apparatus
comprises a shell, a gas distributor, and an ichamber defined by an inner wall of
said shell and an upper surface of said gas digtnipwherein said inner chamber has
a bottom and a top. Herein, the bottom correspéodbe upper surface of said gas
distributor.

According to an embodiment of the present inventadong the central axis direction
of said fluidized apparatus, assuming the vertitstince between the bottom and the
top is H (the unit is m), the region of inner chanbrom the bottom and upwards to
0.1H, 0.2H, 0.3H, 0.4H, 0.5H, 0.6H, 0.7H or 0.8Hhse lower region, the region of
inner chamber from the top and downward to 0.12H0.0.3H, 0.4H, 0.5H, 0.6H,
0.7H or 0.8H is the upper region, and the regiomoér chamber between the lower
region and the upper region is the middle regiarthe middle region is disposed a
perforated plate. Herein, as the perforated plateexample, at least one selected
from punched-plate, screen mesh and grid, espgajaitt can be mentioned. For
example, the H is generally 5-60m, preferably 163®ut sometimes not limited
thereto. In addition, the lower region has a dianef generally 0.5-12m, preferably
1-8m, but sometimes not limited thereto. Or, theldte region has a diameter of is
generally 0.5-16m, preferably 1-10m, but sometimadimited thereto.

According to an embodiment of the present inventiba height of the middle region
along the central axis direction of said fluidizagparatus is generally 0.005H-0.2H,
0.005H-0.05H or 0.005H-0.02H.

According to an embodiment of the present inventiba upper region corresponds to
the dilute-phase zone of the fluidized apparatus,lower region corresponds to the
dense-phase zone of the fluidized apparatus, thielleniregion corresponds to the
particle sputtering transition zone of the fluidizapparatus.

According to an embodiment of the present inventiba perforated plate includes an
outer edge region and a center region. Specificggaking, assuming straight-line
distance between any point on the peripheric edgine perforated plate and the
center point of the perforated plate is R, theaegurrounded by all points that are on
the perforated plate and away from the center gmyrihe straight-line distance of r is
referred to as the center region, the region beiwte center region and the
peripheric edge is referred to as the outer edgemethen r/R= 0.2-0.99, preferably
0.5-0.9, more preferably 0.7-0.85, or R/r=2/1-Qdfeferably 2/1-5/1. Herein, if the
perforated plate is a circular disc, R is the radifithe perforated plate or the circular
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disc, while r is the radius of the center regioreféably, the outer edge region and
the center region are coaxial with the central aXithe fluidized apparatus. At this
point, the outer edge region is ring-shaped withaR-the width, and the center region
is surrounded by the outer edge region with r agaklius.

According to an embodiment of the present inventemsuming the opening rate of
the outer edge region is Al (the unit is %), assgnhe opening rate of the center
region is A2 (the unit is %), then A1/A2=0-0.95,efarably 0.1-0.5. Here, the
so-called "opening rate" refers to the ratio of thial area of all the openings on the
perforated plate (the unit is m2) to the area efgrforated plate (the unit is m2).
According to an embodiment of the present inventtbe ratio of the total opening
area of the outer edge region (the unit is m2htotbtal opening area of the center
region (the unit is m2) is 1/10-1/2 or 1/5-1/2.

According to an embodiment of the present inventiba axial direction height of the
perforated plate from the upper surface of said djafibutor (the unit is m) is
1.05-1.5 times or 1.05-1.2 times the axial diractieight of the dense-phase zone
(the unit is m). In the context of the present imi@n, unless otherwise specified, the
so-called "axial direction" refers to the centradisadirection of said fluidized
apparatus.

According to an embodiment of the present inventtbe number of the perforated
plate is one or more, for example 1-5, especiaiBydr 1. In addition, in case that the
number of the perforated plate is more than oreeyértical distance between any two
adjacent perforated plates along the central axextibn of said fluidized apparatus
(the unit is m) is generally 0.001H-0.05H.

According to an embodiment of the present inventiba number of opening(s) in the
center region (referred to as center opening(Qgrerally 1-650 /square meter of the
center region, preferably 5-150 /square meter efdbnter region, more preferably
15-150 /square meter of the center region.

According to an embodiment of the present inventibea number of opening(s) in the
outer edge region (referred to as outer edge op&s)inis 0-4000 /square meter of the
outer edge region, preferably 100-600 /square nudtéine outer edge region, more
preferably 200-500 /square meter of the outer edgen.

According to an embodiment of the present inventiorthe presence of a plurality of
the center openings, the equivalent diameters fdurality of the center openings are,
identical to or different from each other, eacheipendently 0.04-1m, 0.04-0.5m, or
0.04-0.1m. In addition, in the presence of a pltyalf the outer edge openings, the
equivalent diameters for a plurality of the outege openings are, identical to or
different from each other, each independently 00@®, 0.005-0.08m, or
0.005-0.03m. Herein, the so-called "equivalent diterl' refers to the equivalent
circle diameter.

According to an embodiment of the present inventibe opening rate of the outer
edge region is generally 2-40%, preferably 8-20%@addition, the opening rate of the
center region is generally 30-100%, preferably 0@68 Herein, the so-called
"opening rate" refers to the ratio of the totaleaog all openings in the region (the unit
is m2) to the area of the region (the unit is m2).
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According to an embodiment of the present inventitre perforated plate has a
basically circle shape, and the diameter of thelecirs generally 1-10m, preferably
2-5m. Preferably, the peripheric edge of the peatt plate conforms to the shape of
the inner wall of the shell of the middle regiondas fixed or connected to the inner
wall of said shell. More preferably, the peripheedge of the perforated plate is
airtightly combined with the inner wall of the shef the middle region. Herein, the
so-called "airtightly combined with" refers to thidwe entire peripheric edge of the
perforated plate and the inner wall of the corresiiog entire shell of the central
region are combined together, and the combinatiant jpetween the two is
substantially free of pores or gaps for gas (obslpalso including solid particles) to
pass through the combination part. In this casedtameter of the perforated plate is
generally identical to the diameter of the middégion, whereby substantially no
solid particles or gases can pass through the cwatibn part between the peripheric
edge of the perforated plate and the inner wathefshell of the middle region.
According to an embodiment of the present inventtba thickness of the perforated
plate is generally 5-40mm, preferably 10-35mm.

According to an embodiment of the present inventishen the perforated plate is
placed horizontally, the shape of the cross-sedtamed by cutting along the vertical
direction a support body separating any two adjaopanings is selected from square,
triangle, rhombus, rectangle, circle, ellipse, ramgl any combination of these shapes.
According to an embodiment of the present inventishen the perforated plate is
placed horizontally, the shape of the cross-sedbamed by cutting along the vertical
direction a support body separating any two adjaogpenings is such that
substantially no solid particles accumulate on shdace facing towards the upper
region of the support body and/or is such thatdspfrticles in contact with the
surface facing towards the lower region of the swupphody are substantially
intercepted.

According to an embodiment of the present inventishen the perforated plate is
placed horizontally, the support body separating taro adjacent openings is curved
plate-shaped or flat plate-shaped, preferably gadrvertically or arranged inclined
from the vertical direction towards the lower ragidHerein, as to be arranged
inclined, for example being inclined at 0.1-60°3®> or 10-20° with respect to a
direction perpendicular to the horizontal plane bammentioned.

According to one embodiment of the present inventibe fluidized apparatus further
comprises a gas-solid separation device (for exaroptlone separator) disposed in
the upper region and a heat-exchanging deviceefample heat-exchanging pipe)
disposed in the lower region. These gas-solid s#ipar devices and the
heat-exchanging device and the like are the comeadt structural members
commonly used in the fluidized apparatus, espgciak fluidized bed reactor, and
will not be repeated here.

With reference to Fig. 1, the fluidized bed reaatbrthe present invention will be
described in more detail. The fluidized bed reactomprises a fluidized bed reactor 3,
a gas distributor 2, a perforated plate 6, a cyeleeparator 9 and a heat-exchanging
pipe 11, wherein the gas distributor 2, the petéatalate 6, the cyclone separator 9
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and the heat-exchanging pipe 11 are all disposékiriuidized bed reactor 3; in the
fluidized bed reactor 3 are included a dense-phase 4 located in the lower section,
a particle sputterring transition zone 5 locatethenmiddle section and a dilute-phase
zone 7 located in the upper section. In the partgguttering transition zone 5 is
disposed the perforated plate 6.

According to the fluidized bed reactor of the prdseanvention, vaporized
nitrobenzene and hydrogen gas as raw materialntreduced into a gas chamber,
then into the fluidized bed reactor 3 through ths distributor 2 to push the catalyst
in the reactor to be fluidized, then react in tlensk-phase zone 4 to produce an
aniline product; a part of the gas phase forms laghbhe particle sputtering occurs at
the top of the dense-phase zone 4 to form a pasjlttering transition zone 5, the
sputtered patrticles are efficiently interceptedtlwy perforated plate 6 and return to
the dense-phase zone 4 to proceed with the catalysismall part of the
non-intercepted particles pass through the passhtie perforated plate 6 and enter
the dilute-phase zone 7 to be separated with aegdeparator 9, the particles return
to the dense-phase zone 4, the crude product desv8 out of the fluidized bed
reactor 3 and is sent into the subsequent separsgiction.

According to one embodiment of the present inventibe fluidized apparatus further
comprises a double-trapezoid structural memberodisgh in the lower region in order
to regulate the fluidized state in the lower regamd improve the fluidization quality.
Herein, the double-trapezoid structural member atap an upper baffle plate, an
lower baffle plate and a connecting piece for reddy fixing the upper baffle plate
and the lower baffle plate.

According to one embodiment of the present inventas the connecting piece, any
structural style can be adopted as long as therupgffle plate and the lower baffle
plate can be relatively fixed without particulanitation, but for example, metal strip,
metal rod, metal wire and metal plate can be speady enumerated. In addition, as
the connecting piece for fixing or connecting tlwailble-trapezoid structural member
relative to the lower region, the structural memdieany structural format for fixing
or installing the flow rectifier of the fluidizedeld in the art to which the present
invention belongs can be directly applied withowrtigular limitation, but for
example, metal strip, metal rod, metal wire, mgtdte and the like can be
specifically enumerated.

According to one embodiment of the present inventibe longitudinal section of the
upper baffle plate along its central axis is ad¢rapd (referred to as first trapezoid),
the upper base (relatively long base) and the ldwase (relatively short base) of the
first trapezoid are mouth-opened, two side edgegsfl mutually form an included
angle to each other, the longitudinal section efltdwer baffle plate along its central
axis is a trapezoid (referred to as second trapg@ztiie upper base (relatively short
base) and the lower base (relatively long base)thef second trapezoid are
mouth-opened, two side edges (legs) mutually fonninaluded angle to each other,
the opened mouth of the lower base of the firgiezaid and the opened mouth of the
upper base of the second trapezoid are nestedeadn other. Preferably, the opened
mouth of the upper base of the second trapezaidsied in the opened mouth of the
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lower base of the first trapezoid.

According to one embodiment of the present inventtbe central axis of the upper
baffle plate is coaxial with the central axis of tbwer baffle plate.

According to one embodiment of the present invemttbe included anglex) of the
two side edges of the upper baffle plate is inrdrege of 0-120° (preferably 0-60°),
the included angle3j of the two side edges of the lower baffle platenithe range of
0-120° (preferably 45-90°).

According to one embodiment of the present inventibe ratio of the length of the
relatively short base of the upper baffle platéhi length of the relatively short base
of the lower baffle plate is greater than 1, praiidy 1.1-3.

According to one embodiment of the present inventtbe vertical distance between
the relatively short base of the lower baffle platel the relatively short base of the
upper baffle plate (the unit is mm) is O to lesantid1, preferably 0.01H1 to 0.5H1.
Herein, H1 is the height of the first trapezoide(timit is mm).

According to one embodiment of the present inventibie height H1 of the first
trapezoid is generally 20-150mm, the height H2hef $econd trapezoid is generally
20-150mm.

According to one embodiment of the present inventi@ confined or unconfined
curved surface is formed by the rotation of the sitte edges of the upper baffle plate
relative to its central axis, a confined or uncoall curved surface is formed by the
rotation of the two side edges of the lower bgfligte relative to its central axis.
According to one embodiment of the present inventibe opening rate of the curved
surface of the upper baffle plate is 10-50%, thenopg rate of the curved surface of
the lower baffle plate is 3-30%. Herein, the sdezhl'opening rate" refers to the ratio
of the total area of all openings (for example onenore pores and/or slits exist) on
the curved surface (the unit is m2) to the arghefcurved surface (the unit is m2).
According to one embodiment of the present inventitie two side edges of the
upper baffle plate extend along its length directio form two side faces, the two
side edges of the lower baffle plate extend alésdength direction to form two side
faces. In the context of the present inventiongsslotherwise specified, the so-called
"length direction" refers to the direction perpendar to the trapezoid plane (likewise
perpendicular to the central axis).

According to one embodiment of the present inventibhe opening rate of at least
one (preferably two) of the two side faces of tipper baffle plate is 10-50%, the
opening rate of at least one (preferably two) ef thvo side faces of the lower baffle
plate is 3-30%. Herein, the so-called "opening'regéers to the ratio of the total area
of all openings (for example one or more pores @nslits exist) on the side face (the
unit is m2) to the area of the side face (the isnm2).

According to one embodiment of the present inventibe size of the upper baffle
plate along its length direction is generally 3@2#n, the size of the lower baffle
plate along its length direction is generally 3@2n.

According to one embodiment of the present inventiwhen the number of the
double-trapezoid structural member(s) is more tlme (for example 4-240,
preferably 10-120), a plurality of th double-trapiel structural members can be all
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positioned in the same horizontal plane, each aretyepositioned in different
horizontal planes, or any combination thereof.

According to one embodiment of the present invemtithe included angle in the
length direction between any two of the doubledrmpd structural members
positioned in different horizontal planes and adpcto each other in the vertical
direction §) is 30-90°.

According to one embodiment of the present invemnttbe vertical distance between
any two of the double-trapezoid structural memlipasitioned in different horizontal
planes and adjacent to each other in the verticattibn H3 is not less than 100mm.
Herein, H3 refers to the vertical distance betwesatively long bases of the upper
baffle plates of different double-trapezoid struatumembers.

According to one embodiment of the present invemtithe horizontal distance
between any two adjacent double-trapezoid strulctoeanbers positioned in the same
horizontal plane H4 is not less than 80mm. Herklid refers to the vertical distance
between the central axises of different doubleerajd structural members.
According to one embodiment of the present inventit also relates to a
double-trapezoid structural member, comprising ppeu baffle plate, a lower baffle
plate and a connecting piece for relatively fixihg upper baffle plate and the lower
baffle plate. Herein, as the connecting piece, stnyctural style can be adopted as
long as the upper baffle plate and the lower bafiéee can be relatively fixed without
particular limitation, but for example, metal sirimetal rod, metal wire and metal
plate and the like can be specifically enumerated.

According to one embodiment of the present inventibe longitudinal section of the
upper baffle plate along its central axis is adwgpd (referred to as first trapezoid),
the upper base (relatively long base) and the |dwase (relatively short base) of the
first trapezoid are mouth-opened, two side edgegsjl mutually form an included
angle to each other, the longitudinal section efltwer baffle plate along its central
axis is a trapezoid (referred to as second trapg@ztiie upper base (relatively short
base) and the lower base (relatively long base)thef second trapezoid are
mouth-opened, two side edges (legs) mutually fonninaluded angle to each other,
the opened mouth of the lower base of the firgezaid and the opened mouth of the
upper base of the second trapezoid are nestedeauth other. Preferably, the opened
mouth of the upper base of the second trapezaidsted in the opened-mouth of the
lower base of the first trapezoid.

According to one embodiment of the present inventtbe central axis of the upper
baffle plate is coaxial with the central axis of tbwer baffle plate.

According to one embodiment of the present invemttbe included anglex) of the
two side edges of the upper baffle plate is inrdrege of 0-120° (preferably 0-60°),
the included angle3j of the two side edges of the lower baffle platenithe range of
0-120° (preferably 45-90°).

According to one embodiment of the present inventibe ratio of the length of the
relatively short base of the upper baffle platéht length of the relatively short base
of the lower baffle plate is greater than 1, praiidy 1.1-3.

According to one embodiment of the present inventtbe vertical distance between
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the relatively short base of the lower baffle platel the relatively short base of the
upper baffle plate (the unit is mm) is O to lesanthiH1, preferably 0.01H1 to 0.5H1,
wherein H1 is the height of the first trapezoide(timit is mm).

According to an embodiment of the present inventitre height H1 of the first
trapezoid is generally 20-150mm, the height H2hef $econd trapezoid is generally
20-150mm.

According to one embodiment of the present inventi@ confined or unconfined
curved surface is formed by the rotation of the sitte edges of the upper baffle plate
relative to its central axis, a confined or uncoafl curved surface is formed by the
rotation of the two side edges of the lower bgfligte relative to its central axis.
According to one embodiment of the present inventibe opening rate of the curved
surface of the upper baffle plate is 10-50%, thenopg rate of the curved surface of
the lower baffle plate is 3-30%. Herein, the sdezhl'opening rate" refers to the ratio
of the total area of all openings (for example onenore pores and/or slits exist) on
the curved surface (the unit is m2) to the argh@fcurved surface (the unit is m2).
According to one embodiment of the present inventitie two side edges of the
upper baffle plate extend along its length directio form two side faces, the two
side edges of the lower baffle plate extend al¢sdength direction to form two side
faces.

According to one embodiment of the present inventibe opening rate of at least
one (preferably two) of the two side faces of tippear baffle plate is 10-50%, the
opening rate of at least one (preferably two) &f tivo side faces of the lower baffle
plate is 3-30%. Herein, the so-called "opening'regéers to the ratio of the total area
of all openings (for example one or more pores @nslits exist) on the side face (the
unit is m2) to the area of the side face (the isnih2).

According to an embodiment of the present inventibwe size of the upper baffle
plate along its length direction is generally 3@2#n, the size of the lower baffle
plate along its length direction is generally 3@2n.

According to an embodiment of the present inventioralso relates to a fluidized
apparatus, especially a fluidized bed reactor. idetle fluidized apparatus comprises
a shell, a gas distributor, and an inner chambénetk by an inner wall of said shell
and an upper surface of said gas distributor, whenesaid inner chamber is disposed
a double-trapezoid structural member according ng af the embodiments as
previously mentioned in the present invention asftbw rectifier. As the fluidized
bed reactor, the fluidized bed reactor for prodgcmiline by the hydrogenation of
nitrobenzene can be particularly enumerated.

According to an embodiment of the present inventibnalso relates to a nitro
compound hydrogenation reaction process, especialéy reaction process for
producing aniline by the hydrogenation of nitrobemz. Herein, the hydrogenation
reaction process comprises a step of contacting@aaompound and hydrogen gas as
the reaction raw material with a hydrogenation lgatao obtain a reaction product
(referred to as a hydrogenation reaction step)revhehe hydrogenation reaction step
is carried out in the fluidized bed reactor accogdito any of the previous
embodiments of the present invention.
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According to one embodiment of the present invemntio the hydrogenation reaction
step, the superficial gas velocity is generally-0@.2 m/s, the molar ratio of hydrogen
gas to the reaction raw material (for example birene) is generally 6-21.
According to one embodiment of the present inventin the hydrogenation reaction
step, the reaction temperature (generally refetiontpe average reaction temperature
in the dense-phase zone) is 220-280°C, the reaptiessure (generally referring to
the pressure in the dense-phase zone) is 0.05-1(§#Rge pressure). In addition, the
temperature in the vicinity of the gas distributafr the fluidized bed reactor is
generally controlled at 320°C or less.

According to one embodiment of the present inventas the hydrogenation catalyst,
any catalyst used in the art for the hydrogenateaction of the nitro compound can
be enumerated, and at least one selected from pecbpsed loaded catalyst, a
nickel-based loaded catalyst and a noble metaleblaseled catalyst, more especially
a copper-based loaded catalyst can be particulemymerated. Herein, for the
copper-based loaded catalyst, copper is genera#ig as the main active component,
and the support is generally alumina or silica.

According to one embodiment of the present inventtbe average particle diameter
of the hydrogenation catalyst is generally 30-869 preferably 40-50Qm or 50-600
um. Preferably, in the hydrogenation catalyst, tawlyst particles having a patrticle
diameter of less than 8dm comprises not less than 2wt%, preferably 5-15Wi#6
mass percent of all catalyst particles. For exantple average particle diameter can
be obtained by the analysis of the sampled solidlyst particles with a particle-size
analyzer.

According to one embodiment of the present inventibe nitro compound is selected
from at least one of the compounds representedhbyfdollowing formula (1),
especially nitrobenzene.

R-NG: (1)

According to one embodiment of the present invemtio the structural formula (1),
R is an optionally substituted C2-20 straight, lotead or cyclic hydrocarbyl,
preferably an optionally substituted C4-20 cycligydtocarbyl, especially an
optionally substituted C6-20 aryl, more especialtyoptionally substituted phenyl or
phenyl.

Examples

The present invention will be described in furtbetail below by way of examples
and comparative examples, but the present invemgigrot limited to the following
examples.

In the following examples and comparative examples .expansion coefficient is the
ratio of the height of the dense-phase zone irltidized bed reactor to the height of
the static catalyst bed in the fluidized bed readtbe height of the dense-phase zone
can be obtained with the variance in the axial sures (gauge pressure) in the
fluidized bed reactor.

In the following examples and comparative exampies,instantaneous pressufRe

(the unit is Pa) at a measuring point in the bethéasured by a pressure sensor, and

20



10

15

20

25

30

35

40

the instantaneous pressufe at any time is resolved into the sum of the awerag

value p and the fluctuation valugr, that is, B = P +P', the standard deviation

< =
Sd at any measuring point is
sampled data.
Example 1
The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 2 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthhefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddnavalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patdadrplate was one, and the axial
direction height of the perforated plate from tlaes gistributor at the bottom was 1.05
times the axial direction height of the dense-plzse.
The used catalyst was a metal loaded catalyst wajpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.06kg/t aniline, the nitrobenzene content in thede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results weteilde in Table 1.
Example 2
The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddneivalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patddrplate was one, and the axial
direction height of the perforated plate from tlae gistributor at the bottom was 1.05
times the axial direction height of the dense-plmase.
The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor

, and N is the number of the
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was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.afaklyst unit consumption was
0.07 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results wetailée in Table 1.

Example 3

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/5. The
opening rate of the outer edge region was 18%. ddnavalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patdadrplate was one, and the axial
direction height of the perforated plate from tlae gistributor at the bottom was 1.05
times the axial direction height of the dense-plzse.

The used catalyst was a metal loaded catalyst waajpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobhénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.073 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results weteilde in Table 1.

Example 4

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/2. The
opening rate of the outer edge region was 18%. ddneivalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patddrplate was one, and the axial
direction height of the perforated plate from tlaes gistributor at the bottom was 1.05
times the axial direction height of the dense-plmase.

The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
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pressure in the dense-phase zone was 0.1 MPa.afalyst unit consumption was
0.082 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results weteilde in Table 1.

Example 5

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated pkatghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @weroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddneivalent diameter of the
opening in the outer edge region was 0.03. Theusaditio of the perforated plate to
the center region was 2/1. The number of the patdadrplate was one, and the axial
direction height of the perforated plate from tlaes gistributor at the bottom was 1.05
times the axial direction height of the dense-plmase.

The used catalyst was a metal loaded catalyst wajhper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.08 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results wetailde in Table 1.

Example 6

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openintheofcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddnavalent diameter of the
opening in the outer edge region was 0.08. Thausaditio of the perforated plate to
the center region was 2/1. The number of the patddrplate was one, and the axial
direction height of the perforated plate from tlae gistributor at the bottom was 1.05
times the axial direction height of the dense-plase.

The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPaatdgst unit consumption was 0.1
kg/t aniline, the nitrobenzene content in the crad#éine at the outlet of the fluidized
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bed was 4.8mg/kg, and the results were detailddinte 1.

Example 7

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddneivalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 5. The number of the peddralate was one, and the axial
direction height of the perforated plate from tlaes gistributor at the bottom was 1.05
times the axial direction height of the dense-plmase.

The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.068 kg/t aniline, the nitrobenzene content in ¢thede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results wetailége in Table 2.

Example 8

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @weroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openintheofcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddnavalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 9. The number of the peddralate was one, and the axial
direction height of the perforated plate from tlae gistributor at the bottom was 1.05
times the axial direction height of the dense-plase.

The used catalyst was a metal loaded catalyst wajpper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.068 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results weteilde in Table 2.

Example 9
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The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
center region located at the middle region and @teroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddnavalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patédrplate was two, and the axial
direction height of the perforated plate from tlae gistributor at the bottom was 1.05
times the axial direction height of the dense-plzse.

The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.afaklyst unit consumption was
0.063 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results wetailge in Table 2.

Example 10

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated pkatghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthhefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddneivalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patdédr plate was four, the axial
direction height of the perforated plate from tlaes gistributor at the bottom was 1.05
times the axial direction height of the dense-plmase.

The used catalyst was a metal loaded catalyst wajhper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.06 kg/t aniline, the nitrobenzene content in ¢thede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results weteilde in Table 2.

Example 11

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
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in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddnavalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patdor plate was one, the axial
direction height of the perforated plate from tlees glistributor at the bottom was 1.2
times the axial direction height of the dense-plase.

The used catalyst was a metal loaded catalyst wajpper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobhénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.afaklyst unit consumption was
0.067 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results weteilde in Table 2.

Example 12

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddneivalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patddrplate was one, and the axial
direction height of the perforated plate from tlzes glistributor at the bottom was 1.5
times the axial direction height of the dense-plmase.

The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.075 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.8mg/kg, and the results wetailége in Table 2.

Example 13

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
center region located at the middle region and @eroedge region disposed at the

26



10

15

20

25

30

35

40

periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddngivalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patddrplate was one, and the axial
direction height of the perforated plate from tlaes gistributor at the bottom was 1.05
times the axial direction height of the dense-plmase.

The used catalyst was a metal loaded catalyst wajpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
300 um, and the content of particles lower than 8® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa. afalyst unit consumption was
0.071 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 4.6mg/kg, and the results weteilde in Table 3.

Example 14

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
opening rate of the outer edge region was 18%. ddnavalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patddrplate was one, and the axial
direction height of the perforated plate from tlae gistributor at the bottom was 1.05
times the axial direction height of the dense-plase.

The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 2%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.afalyst unit consumption was
0.062 kg/t aniline, the nitrobenzene content in ¢hede aniline at the outlet of the
fluidized bed was 5mg/kg, and the results wereildetan Table 3.

Example 15

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 1 was used. A perforated pkatghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthhefcenter region was 1/10. The
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opening rate of the outer edge region was 18%. ddneivalent diameter of the
opening in the outer edge region was 0.005. Theisadtio of the perforated plate to
the center region was 2/1. The number of the patddrplate was one, and the axial
direction height of the perforated plate from tlaes gistributor at the bottom was 1.05
times the axial direction height of the dense-plmase.

The used catalyst was a metal loaded catalyst wagpper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 8%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.afalyst unit consumption was
0.08 kg/t aniline, the nitrobenzene content in ¢thede aniline at the outlet of the
fluidized bed was 4.3mg/kg, and the results wetailge in Table 3.

Comparative Example 1

The prior art fluidized bed reactor apparatus faodpcing aniline by the
hydrogenation of nitrobenzene was used, and tHereifce from that in Figure 1 lied
in no perforated plate was provided. The used ysttalas a metal loaded catalyst
with copper as the main active component, the suppas silica, the catalyst had an
average particle diameter of 40, and the content of particles lower than 80
was 5%. The reaction conditions were as follows: shperficial gas velocity in the
fluidized bed reactor was 0.3 m/s, the molar rafibydrogen gas to nitrobenzene was
10, the average reaction temperature in the delngsezone was controlled at 260°C,
the reaction pressure in the dense-phase zone viagMBa. The catalyst unit
consumption was 1.5 kg/t aniline, the nitrobenzement in the crude aniline at the
outlet of the fluidized bed was 4.8mg/kg, and t&utts were detailed in Table 3.
Example 16

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catalilstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.
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The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate is in a range of.90he upper baffle plate of the
double-trapezoid structural member was provided wipening(s) and/or slit(s) on
two side faces, and had an opening rate, i.e.ratwe of the total area of opening(s)
and/or slit(s) to the area of the side face of 2QB& lower baffle plate of the
double-trapezoid structural member was provided wipening(s) and/or slit(s) on
two side faces, and had an opening rate, i.e.ratie of the total area of opening(s)
and/or slit(s) to the area of the side face of 8f&octhe dense-phase zone of the
fluidized bed reactor were provided 4 double-trapezstructural members, which
were divided into two layers. Two double-trapezsidictural members on each layer
were mutually parallel and had a horizontal intefalOOmm, the double-trapezoid
structural members were uniformly distributed ie tieactor in a staggered manner,
and the included angle in the length direction leetwv any two double-trapezoid
structural members positioned in different horizbplanes and adjacent to each other
in the vertical direction was 90°, and the verticidtance between the adjacent
double-trapezoid structural members in the elematicection was 150mm.

In all Examples, the length of the upper baffletpland the length of the lower baffle
plate were both 0.6 times the reactor diameter. Adight H1 of the first trapezoid
was 25mm, the height H2 of the second trapezoid3®asm.

The dense-phase zone in the fluidized bed hadnaata deviation of 800Pa and an
expansion coefficient of 1.42, and the results vaetailed in Table 4.

Example 17

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @weroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center reguais 2/1. The number of the perforated
plate was one, and the axial direction height & perforated plate from the gas
distributor at the bottom was 1.05 times the adiegction height of the dense-phase
zone. The used catalyst was a metal loaded catalifstcopper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 0°, andnitleded anglg of two side faces
of the lower baffle plate was 90°. The upper bafflate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
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had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 200mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tramkstructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 1050Pa and an sigpacoefficient of 1.35, and the
results were detailed in Table 4.

Example 18

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center reguais 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adiegction height of the dense-phase
zone. The used catalyst was a metal loaded catalifstcopper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 120°, aedintbluded angl¢ of two side
faces of the lower baffle plate was 90°. The ugyadfie plate of the double-trapezoid
structural member was provided with opening(s) anglit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totehaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglaft the double-trapezoid structural
member was provided with opening(s) and/or slits)two side faces, and had an
opening rate, i.e., the ratio of the total aremméning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural memberscivhvere divided into two layers.
Two double-trapezoid structural members on eackrlayere mutually parallel and
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had a horizontal interval of 200mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tramkstructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 1080Pa and an sigpacoefficient of 1.33, and the
results were detailed in Table 4.

Example 19

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adiegction height of the dense-phase
zone. The used catalyst was a metal loaded catalilstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 0°. The uppafld plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totehaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglaft the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total aremméning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural memberscivhvere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 100mm, the double¢mpd structural members were
uniformly distributed in the reactor in a staggenednner, and the included angle in
the length direction between any two double-tragkstructural members positioned
in different horizontal planes and adjacent to eaitter in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 1170Pa and an sipacoefficient of 1.28, and the
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results were detailed in Table 4.

Example 20

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catallstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe# in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 120°. The uppaffle plate of the
double-trapezoid structural member was provided wipening(s) and/or slit(s) on
two side faces, and had an opening rate, i.e.ratie of the total area of opening(s)
and/or slit(s) to the area of the side face of 2@b& lower baffle plate of the
double-trapezoid structural member was provided wipening(s) and/or slit(s) on
two side faces, and had an opening rate, i.e.ratie of the total area of opening(s)
and/or slit(s) to the area of the side face of 8f&octhe dense-phase zone of the
fluidized bed reactor were provided 4 double-trapezstructural members, which
were divided into two layers. Two double-trapezsiidictural members on each layer
were mutually parallel and had a horizontal intefalOOmm, the double-trapezoid
structural members were uniformly distributed ie tieactor in a staggered manner,
and the included angle in the length direction leetv any two double-trapezoid
structural members positioned in different horizbpianes and adjacent to each other
in the vertical direction was 90°, and the verticidtance between the adjacent
double-trapezoid structural members in the elematioection was 150mm. The used
catalyst was a metal loaded catalyst with coppethasmain active component, the
support was silica, the catalyst had an averagéclgadiameter of 40Qum, and the
content of particles lower than 80n was 5%. The reaction conditions were as
follows: the superficial gas velocity in the fluréid bed reactor was 0.3 m/s, the molar
ratio of hydrogen gas to nitrobenzene was 10, Weeage reaction temperature in the
dense-phase zone was controlled at 260°C, theioegatessure in the dense-phase
zone was 0.1 MPa. The dense-phase zone in thezBdidbed had a standard
deviation of 1215Pa and an expansion coefficientl@l, and the results were
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detailed in Table 4.

Example 21

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catallstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe# in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfle plate of the double-trapezoid
structural member was provided with opening(s) anglit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totehaf opening(s) and/or slit(s) to the
area of the side face of 50%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total aremméning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 100mm, the double¢mpd structural members were
uniformly distributed in the reactor in a staggenednner, and the included angle in
the length direction between any two double-tragkstructural members positioned
in different horizontal planes and adjacent to eaitter in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 1030Pa and an sigpacoefficient of 1.36, and the
results were detailed in Table 5.

Example 22

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
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the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & perforated plate from the gas
distributor at the bottom was 1.05 times the adig¢ction height of the dense-phase
zone. The used catalyst was a metal loaded catallstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfle plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 10%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 100mm, the double¢mpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tragkstructural members positioned
in different horizontal planes and adjacent to eaitter in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 980Pa and an expaosefficient of 1.35, and the
results were detailed in Table 5.

Example 23

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center reguas 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adiedction height of the dense-phase
zone. The used catalyst was a metal loaded catalfstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
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400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdmolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadflie plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or slits)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 3%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 1200mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tragkstructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 975Pa and an expaosefficient of 1.37, and the
results were detailed in Table 5.

Example 24

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adiegction height of the dense-phase
zone. The used catalyst was a metal loaded catalifstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
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faces of the lower baffle plate was 90°. The ugyadflie plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglaft the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 30%. In the dense-phase zone eoffltidized bed reactor were
provided 4 double-trapezoid structural memberscivhvere divided into two layers.
Two double-trapezoid structural members on eackrlayere mutually parallel and
had a horizontal interval of 1200mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tramestructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 1000Pa and an siypacoefficient of 1.33, and the
results were detailed in Table 5.

Example 25

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adieg¢ction height of the dense-phase
zone. The used catalyst was a metal loaded catalylstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfle plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totehaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total aremméning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
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provided 2 double-trapezoid structural members ctvhvere divided into one layer.
Two double-trapezoid structural members were miytyedrallel and had a horizontal
interval of 100mm, the double-trapezoid structuraembers were uniformly
distributed in the reactor in a staggered manmet,the included angle in the length
direction between any two double-trapezoid stradtumembers positioned in
different horizontal planes and adjacent to eableran the vertical direction was 90°,
and the vertical distance between the adjacentlddtdpezoid structural members in
the elevation direction was 150mm. The dense-phase in the fluidized bed had a
standard deviation of 1243Pa and an expansioniceeff of 1.18, and the results
were detailed in Table 5.

Example 26

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated pkatghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthhefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & perforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catallstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfle plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total aremméning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 150mm, the double¢mpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tragkstructural members positioned
in different horizontal planes and adjacent to eaitter in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
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members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 880Pa and an expaosefficient of 1.37, and the
results were detailed in Table 6.

Example 27

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @weroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center reguas 2/1. The number of the perforated
plate was one, and the axial direction height & perforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catallstcopper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfle plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 300mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tramkstructural members positioned
in different horizontal planes and adjacent to eaitter in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 1240Pa and an sigpacoefficient of 1.19, and the
results were detailed in Table 6.

Example 28

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
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center region located at the middle region and @weroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center reguas 2/1. The number of the perforated
plate was one, and the axial direction height & plerforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catalyfstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfie plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglaft the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eackrlayere mutually parallel and
had a horizontal interval of 200mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tragkstructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
30°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 910Pa and an expaosefficient of 1.36, and the
results were detailed in Table 6.

Example 29

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adieg¢ction height of the dense-phase
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zone. The used catalyst was a metal loaded catalfstcopper as the main active
component, the support was silica, the catalyst draéverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadflie plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totehaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglaft the double-trapezoid structural
member was provided with opening(s) and/or slits)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural memberscivhvere divided into two layers.
Two double-trapezoid structural members on eackrlayere mutually parallel and
had a horizontal interval of 200mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggenednner, and the included angle in
the length direction between any two double-tramkstructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
45°, and the vertical distance between the adjackentble-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 906Pa and an expaosefficient of 1.37, and the
results were detailed in Table 6.

Example 30

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] #he perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & prerforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catalilstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.
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The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadflie plate of the double-trapezoid
structural member was provided with opening(s) anglit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totehaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglaft the double-trapezoid structural
member was provided with opening(s) and/or slits)two side faces, and had an
opening rate, i.e., the ratio of the total aremméning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural memberscivhvere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 100mm, the double¢mpd structural members were
uniformly distributed in the reactor in a staggenednner, and the included angle in
the length direction between any two double-tragestructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
60°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 150mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 910Pa and an expaosefficient of 1.37, and the
results were detailed in Table 6.

Example 31

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center regias 2/1. The number of the perforated
plate was one, and the axial direction height & perforated plate from the gas
distributor at the bottom was 1.05 times the adig¢ction height of the dense-phase
zone. The used catalyst was a metal loaded catalylstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wasolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfle plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
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opening rate, i.e., the ratio of the total aremméning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural memberscivhvere divided into two layers.
Two double-trapezoid structural members on eachkrlayere mutually parallel and
had a horizontal interval of 100mm, the double¢mpd structural members were
uniformly distributed in the reactor in a staggenednner, and the included angle in
the length direction between any two double-tragestructural members positioned
in different horizontal planes and adjacent to eaitier in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 80mm. Theselgphase zone in the fluidized
bed had a standard deviation of 780Pa and an expaosefficient of 1.41, and the
results were detailed in Table 7.

Example 32

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 was used. A perforated platghawn in Figure 3 was disposed
in the sputtering transition zone of the reactow] she perforated plate included a
center region located at the middle region and @eroedge region disposed at the
periphery and surrounding the center region. Thie & the size of the opening of
the outer edge region to the area of the openinthefcenter region was 1/10. The
equivalent diameter of the opening in the outereedggion was 0.005. The radius
ratio of the perforated plate to the center reguas 2/1. The number of the perforated
plate was one, and the axial direction height & perforated plate from the gas
distributor at the bottom was 1.05 times the adigtction height of the dense-phase
zone. The used catalyst was a metal loaded catallstcopper as the main active
component, the support was silica, the catalyst dracverage particle diameter of
400 um, and the content of particles lower than @® was 5%. The reaction
conditions were as follows: the superficial gasoe#l in the fluidized bed reactor
was 0.3 m/s, the molar ratio of hydrogen gas toobénzene was 10, the average
reaction temperature in the dense-phase zone wdrolbed at 260°C, the reaction
pressure in the dense-phase zone was 0.1 MPa.

The included anglea of two side faces of the upper baffle plate of the
double-trapezoid structural member was 60°, andirtbleided angle of two side
faces of the lower baffle plate was 90°. The ugyadfie plate of the double-trapezoid
structural member was provided with opening(s) andlit(s) on two side faces, and
had an opening rate, i.e., the ratio of the totahaf opening(s) and/or slit(s) to the
area of the side face of 20%; the lower baffleglait the double-trapezoid structural
member was provided with opening(s) and/or sligs)two side faces, and had an
opening rate, i.e., the ratio of the total arem@éning(s) and/or slit(s) to the area of
the side face of 8%. In the dense-phase zone offltidized bed reactor were
provided 4 double-trapezoid structural membersctviwere divided into two layers.
Two double-trapezoid structural members on eackrlayere mutually parallel and
had a horizontal interval of 1200mm, the double¢wpd structural members were
uniformly distributed in the reactor in a staggensdnner, and the included angle in
the length direction between any two double-tragkstructural members positioned
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in different horizontal planes and adjacent to eaitter in the vertical direction was
90°, and the vertical distance between the adjacknible-trapezoid structural
members in the elevation direction was 300mm. Téresd-phase zone in the fluidized
bed had a standard deviation of 1220Pa and an sigpacoefficient of 1.20, and the
results were detailed in Table 7.

Example 33

The fluidized bed reactor for producing anilinethg hydrogenation of nitrobenzene
as shown in Figure 4 without the perforated plategs used. The used catalyst was a
metal loaded catalyst with copper as the main aectoemponent, the support was
silica, the catalyst had an average particle diamet 400um, and the content of
particles lower than 8@m was 5%. The reaction conditions were as folloths:
superficial gas velocity in the fluidized bed reactvas 0.3 m/s, the molar ratio of
hydrogen gas to nitrobenzene was 10, the averagetior temperature in the
dense-phase zone was controlled at 260°C, theigegatessure in the dense-phase
zone was 0.1 MPa.

The included angle of two side faces of the upper baffle plate of lwettrapezoid
structural member was 60°, and the included afighké two side faces of the lower
baffle plate was 90°. The upper baffle plate ofdbeble-trapezoid structural member
was provided with opening(s) and/or slit(s) on siae faces, and had an opening rate,
i.e., the ratio of the total area of opening(s)/andlit(s) to the area of the side face of
20%; the lower baffle plate of the double-trapezstidictural member was provided
with opening(s) and/or slit(s) on two side faces] had an opening rate, i.e., the ratio
of the total area of opening(s) and/or slit(s)tte area of the side face of 8%. In the
dense-phase zone of the fluidized bed reactor weogided 4 double-trapezoid
structural members, which were divided into twoelay Two double-trapezoid
structural members on each layer were mutuallyliedend had a horizontal interval
of 200mm, the double-trapezoid structural membeassewaniformly distributed in the
reactor in a staggered manner, and the includeld amghe length direction between
any two double-trapezoid structural members pasgtibin different horizontal planes
and adjacent to each other in the vertical directias 90°, and the vertical distance
between the adjacent double-trapezoid structurahinees in the elevation direction
was 150mm.

The dense-phase zone in the fluidized bed hadnalata deviation of 825Pa and an
expansion coefficient of 1.39, and the results vastailed in Table 7.

Comparative Example 4

In the fluidized bed reactor apparatus was provithedgrid flow rectifier used in the
prior art, the average particle diameter of thealgats was 40Qum, and other
technological conditions are not changed. The dehsse zone in the fluidized bed
had a standard deviation of 1680Pa and an expamsiefiicient of 1.17, and the
results were detailed in Table 7.

Comparative Example 5

In the fluidized bed reactor apparatus was provithedarge-pore flow rectifier used
in the prior art, the average particle diametethef catalysts was 4Q@m, and other
technological conditions were not changed. The elgriiase zone in the fluidized bed
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had a standard deviation of 1660Pa and an expamsiefiicient of 1.18, and the
results were detailed in Table 7.

Comparative Example 6

In the fluidized bed reactor apparatus was providedlow rectifier, namely, free
fluidized bed, the average particle diameter of ¢htalysts was 300m, and other
technological conditions were not changed. The elgisse zone in the fluidized bed
had a standard deviation of 1810Pa and an expamsiefiicient of 1.05, and the
results were detailed in Table 7.

Obviously, the apparatus and the process of theeptenvention had greater technical
advantages and could be used in the industrialyatexh of aniline. They could also
be used in other fluidized bed reactors, especthlyfluidized bed reactors that are
suitable for coarse particles.
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Table 1

Ex. 1

Ex. 2

Ex. 3

Ex. 4

Ex. 5

Ex. 6

Whether  the
perforated plate
is disposed an
the type of the
structural
member

The
perforated
plate is
] disposed
and the
type as
shown in
Figure 2

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

Ratio of the
size of the
opening of the
outer edge
region to the
area of the
opening of the
center region o
the perforated
plate

1/10

1/10

1/5

1/2

1/10

1/10

equivalent
diameter of the
opening of the
outer edge
region, m

0.005

0.005

0.005

0.005

0.03

0.08

the radius ratid
of perforated
plate/center
region

the number of
the perforated
plate

the ratio of the
axial direction
height of the
perforated plate
from the gas
distributor  at
the bottom to
the axial
direction height
of the
dense-phase
region

1.05

1.05

1.05

1.05

1.05

1.05

average particle

diameter of the

400

catalystum

400

400

400

400

400
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Ex. 1

Ex. 2

Ex. 3

Ex. 4

Ex. 5

Ex. 6

the content of
particles lower
than 80um

catalyst  unit
consumption,
ke/ton aniline

0.06

0.07

0.073

0.082

0.08

0.1

The content of
nitrobenzene in
crude aniline
from the
fluidized bed
outlet, mg/kg

4.8

4.8

4.8

4.8

4.8

4.8

Table 2

Ex. 7

Ex. 8

Ex. 9

Ex. 10

Ex. 11

Ex. 12

Whether  the
perforated plate
is disposed an
the type of the
structural
member

The
perforated
plate is
i disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

The
perforated
plate is
disposed
and the
type as
shown in
Figure 3

Ratio of the
size of the
opening of the
outer edge
region to the
area of the
opening of the
center region o
the perforated
plate

1/10

1/10

1/10

1/10

1/10

1/10

equivalent
diameter of the
opening of the
outer edge
region, m

0.005

0.005

0.005

0.005

0.005

0.005

the radius ratid
of  perforated
plate/center
region

the number of
the perforated
plate
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Ex. 7

Ex. 8

Ex. 9

Ex. 10

Ex. 11

Ex. 12

the ratio of the
axial direction
height of the
perforated plate
from the gas
distributor  at
the bottom to
the axial
direction height
of the
dense-phase
region

1.05

1.05

1.05

1.05

1.2

15

average particle
diameter of the
catalystum

400

400 4

00 400

400

400

the content of
particles lower
than 80um

catalyst  unit
consumption,
ke/ton aniline

0.068

0.068

0.063

0.06

0.067

0.075

The content of
nitrobenzene in
crude aniline
from the
fluidized bed
outlet, mg/kg

4.8

4.8

4.

8 4.8

4.8

4.8

Table 3

Ex. 13

Ex. 14

Ex. 15

Comp Ex.

Whether the perforate
plate is disposed and tk
type of the
member

structural the

The perforated
dplate is
alisposed  ang
type as
shown in Figure
2

The perforated
plate is
| disposed  ang
the type ag
shown in Figure
3

The perforated
plate is
| disposed  an
the type ag
shown in Figure
3

Ratio of the size of th
opening of the outer edg
region to the area of th
opening of the center regid
of the perforated plate

a)

e
el/10
n

1/10

1/10

equivalent diameter of th
opening of the outer edg
region, m

€0.005

0.005

0.005

ratio o
plate/cente

the  radius
perforated
region

Br2

No
perforated
plate

a7




Comp Ex.

21

Ex. 13 Ex. 14 Ex. 15 1
the  number of the 1 1 1
perforated plate
the ratio of the axia
direction height of the
perforated plate from the
gas distributor at the botto n1'05 1.05 1.05
to the axial direction height
of the dense-phase region
average particle diameter 3f300 400 400 400
the catalystym
the content of particles
lower than 8Qum S 2 8 S
catalyst g_nlt consumptior '0.071 0.062 0.08 15
ke/ton aniline
The content of nitrobenzene
in crude aniline from the 4.6 5 4.3 4.8
fluidized bed outlet, mg/kg
Table 4
Ex. Ex. Ex. Ex. Ex.
16 17 18 19 20
Included angle,® 60 0 120 60 60
Included angl,® 90 90 90 0 120
opening rate of two side faces of the upper baftte 20 20 20 20 20
opening rate of two side faces of the lower baifte 8 8 8 8 8
The number of the double-trapezoid structural membe 4 4 4 4 4
horlzonta.l interval in the double-trapezoid struaty 100 | 100 100 100 100
member in each layer, mm
Included angle,® 90 90 90 90 90
vertical dl.stance of aQJacept dguble—trapezmdc&;ﬂnal 150 | 150 150 150 150
members in the elevation direction, mm
Standard deviation for bed presure, Pa 800 1050 0 108170 | 1215
bed expansion coefficient 142 135 133 128 1.
Table 5
EX. EXx. Ex. Ex. EX.
21 22 23 24 25
Included angle,® 60 60 60 60 60
Included angl,® 90 90 90 90 90
opening rate of two side faces of the upper battte 50 10 20 20 20
opening rate of two side faces of the lower baifte 8 8 3 30 8
The number of the double-trapezoid structural membe 4 4 4 4 2
honzonta] interval in the double-trapezoid struaty 100 100 | 100 | 100 100
member in each layer, mm
Included angle,® 90 90 90 90 90
vertical d|§tance of a(_jjace_nt dguble-trapezmdmmal 150 150 | 150 | 150 150
members in the elevation direction, mm
Standard deviation for bed presure, Pa 1030 980  97BO00 | 1243
bed expansion coefficient 136 1.3 1.37 133 1.
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Table 6

Ex. Ex. Ex. Ex. Ex.

26 27 28 29 30
Included angle,® 60 60 60 60 60
Included angl,® 90 90 90 90 90
opening rate of two side faces of the upper baftte 20 20 20 20 20
opening rate of two side faces of the lower baifte 8 8 8 8 8
The number of the double-trapezoid structural membe 4 4 4 4 4
horlzonta_l interval in the double-trapezoid struatu 150 | 300 100 | 100! 100
member in each layer, mm
Included angle,® 90 90 30 45 60
vertical d|§tance of aQJacgnt d.ouble—trapezmdcsunal 150 | 150 150 | 150! 150
members in the elevation direction, mm
Standard deviation for bed presure, Pa 880 1240 91906 910
bed expansion coefficient 137 119 136 1387 1
Table 7

51( 5;( 5;( CompEx.4 | CompEx.5 (E:)(().n;p

Included angle,® 60 60 60
Included angl,® 90 90 90
opening rate of two side face
of the upper baffle plate szo 20 20
opening rate of two side faces8 8 8
of the lower baffle plate
The number of  the
double-trapezoid  structural4 4 4 Grid-type Macropore No
member support body support body support
horizontal interval in the of prior art of prior art body
double-trapezoid  structurall00 | 100 | 100
member in each layer, mm
Included angle,® 90 90 90
vertical distance of adjacent
double—trapgzmd structqralso 300 | 150
members in the elevation
direction, mm
Standard deviation for bed780 1220 825! 1680 1660 1810
presure, Pa
bed expansion coefficient 141 120 139 1.17 1.18 1.05
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Claims

1. A fluidized apparatus (especially fluidized hedctor), comprising a
shell, a gas distributor, and an inner chambemedfiby an inner wall of
said shell and an upper surface of said gas distmipsaid inner chamber
has a bottom (corresponding to the upper surfacaiof gas distributor)
and a top,Wherein along the central axis directodnsaid fluidized
apparatus, assuming the vertical distance betweebdttom and the top
Is H (the unit is m), the region of inner chambemi the bottom and
upwards to 0.1H, 0.2H, 0.3H, 0.4H, 0.5H, 0.6H, 0.8H0.8H is the
lower region, the region of inner chamber from tihye and downward to
0.1H, 0.2H, 0.3H, 0.4H, 0.5H, 0.6H, 0.7H or 0.8Hthe upper region,
and the region of inner chamber between the loegion and the upper
region is the middle region, the height of the neddegion along the
central axis direction of said fluidized apparatiss 0.005H-0.2H,
0.005H-0.05H or 0.005H-0.02H, in the middle regimndisposed a
perforated plate (for example selected from attleas of punched-plate,
screen mesh and grid, especially grid), the peddrplate includes an
outer edge region and a center region, (1) assuthmgpening rate of
the outer edge region is Al (the unit is %), assgnthe opening rate of
the center region is A2 (the unit is %), then A1#Q20.95 (preferably
0.1-0.5), or the ratio of the total opening arethefouter edge region (the
unit is m2) to the total opening area of the cerggion (the unit is A) is
1/10-1/2 or 1/5-1/2.

2. the fluidized apparatus according to claim lekeim the upper region
corresponds to a dilute-phase zone, the lower megaresponds to a
dense-phase zone, the middle region correspondstoticle sputtering
transition zone, and/or, the axial direction heighthe perforated plate
from the upper surface of said gas distributor (th& is m) is 1.05-1.5
times or 1.05-1.2 times the axial direction heighthe dense-phase zone
(the unit is m).

3. the fluidized apparatus according to claim lexeim the number of the
perforated plate is one or more (for example 1speeially 1-3 or 1), and
in case of more than one, the vertical distancevdsst any two adjacent
perforated plates along the central axis directminsaid fluidized
apparatus (the unit is m) is 0.001H-0.05H.

4. The fluidized apparatus according to claim 1lemem straight-line
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distance between any point on the peripheric edgleeoperforated plate
and the center point of the perforated plate ie$pécially radius), the
region surrounded by all points that are on théopated plate and away
from the center point by the straight-line distan€e is referred to as the
center region, the region between the center regimh the peripheric
edge is referred to as the outer edge region, fRer0.2-0.99 (preferably
0.5-0.9, more preferably 0.7-0.85) or R/r=2/1-®leferably 2/1-5/1.

5. the fluidized apparatus according to claim lexein the number of
opening(s) in the center region (referred to ateravpening(s)) is 1-650
(preferably 5-150, more preferably 15-150)/squaetemof the center
region, and/or, the number of opening(s) in theeoutdge region
(referred to as outer edge opening(s)) is 0-400efépably 100-600,
more preferably 200-500)/square meter of the oadigie region, and/or,
in case of more than one, the equivalent diamdtera plurality of the
center openings are, identical to or different fr@ach other, each
independently 0.04-1m, 0.04-0.5m, or 0.04-0.1m/@mndih case of more
than one, the equivalent diameters for a pluratitythe outer edge
openings are, identical to or different from eatteq each independently
0.005-0.2m, 0.005-0.08m, or 0.005-0.03m, and/erajpening rate of the
outer edge region is 2-40% (preferably 8-20%), dpening rate of the
center region is 30-100% (preferably 40-80%), andioe perforated
plate has a basically circle shape, the diametehefcircle is 1-10m,
preferably 2-5m, and/or, the thickness of the patfx plate is 5-40mm,
preferably 10-35mm.

6. The fluidized apparatus according to claim 1,exem when the
perforated plate is placed horizontally, the shapehe cross-section
formed by cutting along the vertical direction gart body separating
any two adjacent openings is selected from squaengle, rhombus,
rectangle, circle, ellipse, ring and any combinaid these shapes, or the
shape of the cross-section formed by cutting atbegvertical direction a
support body separating any two adjacent openirgssuch that
substantially no solid particles accumulate ondhwdace facing towards
the upper region of the support body and/or is ghahsolid particles in
contact with the surface facing towards the lovesgion of the support
body are substantially intercepted, or the suppmoty is curved
plate-shaped or flat plate-shaped (preferably gednvertically or
arranged inclined from the vertical direction todsrthe lower region
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(especially inclined at 0.1-60°, 5-30° or 10-20°)).

7. The fluidized apparatus according to claim lekem the outer edge
region and the center region are coaxial with thatral axis of the

fluidized apparatus, and/or, the peripheric edgehef perforated plate
conforms to the shape of the inner wall of the Isbiethe middle region,

and is fixed or connected to the inner wall of salell, and/or, the
peripheric edge of the perforated plate is airtigltombined with the

inner wall of the shell of the middle region.

8. The fluidized apparatus according to claim lerem the H is 5-60m
(preferably 10-30m), and/or, the diameter of thedoregion is 0.5-12m
(preferably 1-8m), and/or, the diameter of the rfedaekgion is 0.5-16m
(preferably 1-10m).

9. The fluidized apparatus according to claim liclwHurther comprises
a gas-solid separation device (for example cyckmparator) disposed in
the upper region and a heat-exchanging device @uample

heat-exchanging pipe) disposed in the lower regiamg optionally

comprises a double-trapezoid structural memberodesgh in the lower
region.

10. The fluidized apparatus according to claim 9hekein the

double-trapezoid structural member comprises areupaffle plate, a
lower baffle plate and a connecting piece for reddy fixing the upper

baffle plate and the lower baffle plate, the londihal section of the
upper baffle plate along its central axis is aewpd (referred to as first
trapezoid), the upper base (relatively long bas®) the lower base
(relatively short base) of the first trapezoid ameuth-opened, two side
edges (legs) mutually form an included angle toheather, the

longitudinal section of the lower baffle plate ajoits central axis is a
trapezoid (referred to as second trapezoid), theeupase (relatively
short base) and the lower base (relatively longepad the second
trapezoid are mouth-opened, two side edges (legguaily form an

included angle to each other, the opened mouthefdwer base of the
first trapezoid and the opened mouth of the up@eebof the second
trapezoid are nested with each other (preferal@dyoppened mouth of the
upper base of the second trapezoid is nested ioghred mouth of the
lower base of the first trapezoid).

11. The fluidized apparatus according to claim W@erein the central
axis of the upper baffle plate is coaxial with tentral axis of the lower
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baffle plate, and/or, the included angtg 0f the two side edges of the
upper baffle plate is in the range of 0-120° (pabéy 0-60°), the
included anglef{) of the two side edges of the lower baffle platénithe
range of 0-120° (preferably 45-90°), and/or, th#oraf the length of the
relatively short base of the upper baffle platethe length of the
relatively short base of the lower baffle platgisater than 1 (preferably
1.1-3), and/or, the vertical distance between #iatively short base of
the lower baffle plate and the relatively shortéad the upper baffle
plate (the unit is mm) is O to less than H1 (praéy 0.01H1 to 0.5H1),
wherein H1 is the height of the first trapezoide(tmit is mm), and/or, the
height of the first trapezoid H1 is 20-150mm, theaght of the second
trapezoid H2 is 20-150mm.

12. The fluidized apparatus according to claimvBerein a confined or
unconfined curved surface is formed by the rotatibthe two side edges
of the upper baffle plate relative to its centralisa a confined or
unconfined curved surface is formed by the rotatibthe two side edges
of the lower baffle plate relative to its centraisa and/or, the opening
rate of the curved surface of the upper bafflegpiatl0-50%, the opening
rate of the curved surface of the lower baffle glat3-30%,

Or,

The two side edges of the upper baffle plate extalotg its length
direction to form two side faces, the two side edgéthe lower baffle
plate extend along its length direction to form tgide faces, and/or, the
opening rate of at least one (preferably two) ef tlvo side faces of the
upper baffle plate is 10-50%, the opening ratetdéast one (preferably
two) of the two side faces of the lower baffle plegd 3-30%, and/or, the
size of the upper baffle plate along its lengtledhion is 30-250mm, the
size of the lower baffle plate along its lengthedtion is 30-250mm.

13. The fluidized apparatus according to claim %erin when the
number of the double-trapezoid structural membagsnhore than one
(for example 4-240, preferably 10-120), a pluralitgf the
double-trapezoid structural member can be all mrst in the same
horizontal plane, each and every positioned irediffit horizontal planes
or any combination thereof, and/or, the includedlann the length
direction between any two of the double-trapezdrdcsural members
positioned in different horizontal planes and aefado each other in the
vertical direction ) is 30-90°, and/or, the vertical distance betwaemn

53



10

15

20

25

30

35

two of the double-trapezoid structural members tmosd in different
horizontal planes and adjacent to each other ivéhgcal direction H3 is
not less than 100mm, and/or, the horizontal digdnetween any two
adjacent double-trapezoid structural members postd in the same
horizontal plane H4 is not less than 80mm.

14. A double-trapezoid structural member, compgsam upper baffle
plate, a lower baffle plate and a connecting pfeceelatively fixing the
upper baffle plate and the lower baffle plate, linggitudinal section of
the upper baffle plate along its central axis tsapezoid (referred to as
first trapezoid), the upper base (relatively longsé) and lower base
(relatively short base) of the first trapezoid ameuth-opened, two side
edges (legs) mutually form an included angle toheather, the
longitudinal section of the lower baffle plate ajoits central axis is a
trapezoid (referred to as second trapezoid), theeupase (relatively
short base) and the lower base (relatively longepad the second
trapezoid are mouth-opened, two side edges (legguaily form an
included angle to each other, the opened-moutheidwer base of the
first trapezoid and the opened mouth of the upmeebof the second
trapezoid are nested with each other (preferal@dyofpened mouth of the
upper base of the second trapezoid is nested ioghred-mouth of the
lower base of the first trapezoid).

15. The double-trapezoid structural member accgrdim claim 14,
wherein the central axis of the upper baffle plestecoaxial with the
central axis of the lower baffle plate, and/or, ifeluded angled) of the
two side edges of the upper baffle plate is in thege of 0-120°
(preferably 0-60°), the included angl@) (of the two side edges of the
lower baffle plate is in the range of 0-120° (prafdy 45-90°), and/or,
the ratio of the length of the relatively short ®ad the upper baffle plate
to the length of the relatively short base of thedr baffle plate is greater
than 1 (preferably 1.1-3), and/or, the verticaltahse between the
relatively short base of the lower baffle plate #imel relatively short base
of the upper baffle plate (the unit is mm) is ddss than H1 (preferably
0.01H1 to 0.5H1), wherein H1 is the height of thistftrapezoid (the unit
Is mm), and/or, the height of the first trapezoid 14 20-150mm, the
height of the second trapezoid H2 is 20-150mm.

16. The double-trapezoid structural member accgrdim claim 14,
wherein a confined or unconfined curved surfacefoisned by the
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rotation of the two side edges of the upper bgfliate relative to its
central axis, a confined or unconfined curved s@fes formed by the
rotation of the two side edges of the lower bafflate relative to its
central axis, and/or, the opening rate of the alirsserface of the upper
baffle plate is 10-50%, the opening rate of thevedrsurface of the lower
baffle plate is 3-30%,

Or,

The two side edges of the upper baffle plate extalotg its length
direction to form two side faces, the two side edgéthe lower baffle
plate extend along its length direction to form tgide faces, and/or, the
opening rate of at least one (preferably two) &f two side faces of the
upper baffle plate is 10-50%, the opening ratetdéast one (preferably
two) of the two side faces of the lower baffle plagd 3-30%, and/or, the
size of the upper baffle plate along its lengtlediion is 30-250mm, the
size of the lower baffle plate along its lengthediion is 30-250mm.

17. A fluidized apparatus (especially fluidized bredctor), comprising a
shell, a gas distributor, and an inner chambemddfiy an inner wall of
said shell and an upper surface of said gas distiipwherein in said
inner chamber is disposed the double-trapezoidctsiral member
according to claim 14.

18. A nitro compound hydrogenation reaction processprising a step
of contacting a nitro compound (especially nitrabere) as the reaction
raw material and hydrogen gas with a hydrogenatetalyst to obtain a
reaction product (for example an amino compoungge@sally aniline)
(referred to as a hydrogenation reaction step)revheéhe hydrogenation
reaction step is carried out in the fluidized bedctor according to claim
1lorlv7.

19. The hydrogenation reaction process accordingaon 18, wherein
the reaction conditions of the hydrogenation reacttep comprise: the
superficial gas velocity is 0.2-0.8 m/s, the maktro of hydrogen gas to
the reaction raw material (for example nitrobenzes&-21, the reaction
temperature is 220-280°C, the reaction pressu@(5-1 MPa (gauge
pressure), the hydrogenation catalyst is seleatauh fat least one of a
copper-based loaded catalyst, a nickel-based loedtadlyst and a noble
metal-based loaded catalyst, and/or, the bulk deosthe hydrogenation
catalyst is 300-1200kg/m3, and/or, the averagegartiameter of the
hydrogenation catalyst is 30-8Q0On (preferably 40-50@um or 50-600
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um), and catalyst particles having a particle di@mef less than 8Qm
comprise not less than 2wt% (preferably 5-15 wt%)mss percent of
all catalyst particles, and/or, the nitro compoimdelected from at least
one of the compounds represented by the followangndila (1),

R-NG; (1)

In the structural formula (1), R is an optionaliybstituted C2-20 straight,
branched or cyclic hydrocarbyl (preferably an opally substituted
C4-20 cyclic hydrocarbyl, especially an optionalypstituted C6-20 aryl,
more especially an optionally substituted phenyl).
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