-1- FLU DI ZED BED APPARATUS The present invention relates to fluidized beo
apparat Us and an i nprovenent in reducing the solid particles entrained ou
fromthe fluidized bed apparatius during operation along with the upward g3 -
stveamfornming 5 the fluidized bed. .As is well-known, fluidized DediOey
appar at-tts conprises a vertical cylindrical vessel including mainly a gas -
supply, gas distributor, a fluidized bed_portion (fluidized bed) and a free
board. 10 The fluidized bed is a zone of solid particles
fWi di zed by an upward gas stream The f£hui di zed bed apparatuses are used
in various fields, for exanple, production of high-octane gasoline by
cracking a high boiling point FLOUIDCZBD BEDVAPRRRATESe W th a fluidized 15
catal yst (which is generally known as the FCC process), production of a gas
mai nly conposed of ol ef Thebpresgoki hgvenhdenyrelates pet fbuidizedtbed
fluidized heating nmedium solid. particles drying of wet solid.granules by
~fluidizing wi GPPREGHYScABE: 2Py Pgag?mgpﬁtheng Beingrthenselide by 20
reacting propyl , i,a_and ;oxygen (ai Lth.a.fluidized cat zer
conposed of a¥ﬁ§3§F1§§F§g5?aénﬁﬁogégo%ﬁ%@b%ﬁﬁmgingb?eghggéh%?gﬁﬁﬁ'qg
acid,.and pro QN fi | VERLS QY rizin -olefins. 1n the
fluidizing be cgﬁgafﬁ%ﬁgtggﬁigﬂggﬁyﬁg?ﬁz§§¥oﬁsgéggl?é%.ggé?gm Eé{ﬁlﬂg‘ln '

any net hod, i fendriflluidfizkédubdgzed solid particles fromthe apparatus al ong
Wi th the upward gas : ' '

- As is‘well-known, fluidized bed apparatus
comprises a vertical cylindrical véssel including mainly;a
gas supply, gas distributor, a fluidized,bed_portion_ |
(fluidized bed) and a free board.

10 - The fluidized bed is a zone of solid particles
fluidized by an upward gas stream.-.The_fluidized.bed
apparatuses are used in various fields, for example,
production of high-octane gasoline by cracking a high
boiling point fraction above kerosene with a fluidized

15 cétalyst-(which is generally known as theifCC process),
production of a gas mainly composed of oiefin by cracking a
heavy oil of petroleum with fluidized heating medium solid
pérticles, drying of wet solid granules by fluidizing with
high temperature gas, synthesis of acrylonitrile by

_ ° 20 reacting propylene, ammonia and oxygen (air) with a
fluidized catalyzer composed of a metal salt of a'
.phosphomolybdic acid or phosphotuni@ic.acid,_and productioﬂ
of a-olefin polymers by polymerizing X-olefins in the
fluidizing bed containing solid polymerization catalyst.

25 - . In any method, if drift of fluidized solid

particles from the apparatus along with thé upward gas
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reamis excessive, many disadvantages are caused. That is, it becones:

ary to provide a device for Separating the solid particles entrained
he gas passed through the apparatus, and further, a device for
ing. 5 separated particles to the fluidized bed. As a result of

stensive investigations, in order to overcone these disadvantages, there
*has been found a nethod of reducing entrainnment of particles fromthe

f1 ui di
struct

zed bed apparatus, by-placing a specified internal 10 baffle
ure, which may hereinafter e referred to as an internal™, in the -

free board of the fluidized bed apparatus, thereby causing the particles
acconpatieagh tilke exaesisd viejDimagy -ddsiadvanitagelseatienebused.t hehatesent

i nvent

ion will be 15 described by. exenplifying the nethod for

pol ynediszi ig deconelschiecessaxyf kol progddecad dexdrer. fonhseparatangi nd bf

fluidi

zed bed apparatus. Pol ynerization' of a-olefin by means of a fluidize

bed reddreosaldd pestisles ensirpipedpdsom the gas passed thyeugh, as

pr opos
when t
cm_sec
agi't at

ed in Japanese Exami ned Patent Publication No 24679/.1968 or 597/ 1966,
f&ef PRPRTALYSgadnd SRELREL /i @ AgVACRYEPY F8&YSAdPInore than 15

- hadhas b propesed 1t _chunk | f ition by usi
sebagerdd FnelSing 5o RhE SRARIERE befiry " o5” " " Gnerally,

however it is diyffiCulluhd BeX 1ARAEH i hOLBEYGUY1BAL! A4AT orBOY an

“enornous agitating power s neede

0 achieve such unrformmxing in the

- react OgoApviiRome these disadvantages, there has been found a
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method of reducing entrainment of partiéleé f:omathepvx*e
fluidized bed'abpafatus, by placing a specified internal.
baffle structuté, which'maYWhétéiﬁafter bé;:efefréd to as
an "internal", in the free board of the'fluidized bed’
apparatus.'théreby-causing the particles accbmpanying the.f
gas to impinge against it. . o

a Hereinafter, the present invention willcbéu-~
described'by,éxempiifying'the method for polymerizing an
ax-olefin in a fiuidized bed ;eaétbri'which'is a kind“of=;m
fluidized bed appafatué.' |

PolymerizatiOn'Of d-olefin by means of a
fluidized bed reactor has been previously proposed. ' -

That is, as proposed in'Japanese Examined Patent
Publication No 24679/1968 or 597/1966, when the fluidized
gas flow raté is relatively low, not more than 15 cm/sec, a
method_has been proposed to prevent chunk férmation'by”
using an agitator so as to mix the particle bed uniformly.

Generally, hbWevet,'it'is'diffiéuit to Mik:powdef
uniformly by agitator, and an enormous agitating power:isl

needed to achieve such uniform mixing in the reactor as the

a



- 3- proposed one. Besides, designing of the shape of agitating bl ades is
very conpllcated and dlfflcult A nethod to overcone such probl ens has
proposed in Japanese Exami ned Patent Publication No 5 13962/ 1972, whe
‘a§_far as the fluidizing gas flom/veIOC|ty is sufficiently higher, as hig
“as abowgt. 1.5 to 10 times, than the m nimum fluidization velocity (Unf) of
pol yner particles, a st abl e fluidized bed.may be obtained easily w thout
particularly using any agitator. 10 Newertheless, as the fluidizing gas
f\lLow vel ocity increases, the ejection hél ght of SO|Id particles fromthe

flui di zed bed, hecones dH@herBesgicdet%"atde% WPPYr ThePBhbkE! 8F SYLELALIARY

fromthe rea | NCr eases extre ‘ret ho I'vi ng

_problem in tprdgesSis Im;aléaﬁplqreafedvslrmcIatﬂff&e@qetIon zone expandi ng the
cross-sectional area of the fluidized bed has been proposed. But

_prevention -of entrai nmentmeétthdditd rRieredmec guiche prablemisr hasl pekar ge vol une
of the free-board in the reactor, and if such large volune-is realized,
‘the 20 prcxunnopnsedcﬁntJ&panesﬁ<ﬂxqmeme@nPbteokuﬁubﬂecetgnnfNoantIy

.| ower ed and t uantlty of monomer to be purged notably incredses when
ghanging ¥ tomydaneign as fazn@shéher £dniddadnaagast AdAYof pl aci ng

is ,25ac'02?3f2\8e'w i L ensd v Righe pu BF, bioPoReNBbABESL: 3058, 10
‘enstal [ ation fgmééneﬂﬂgﬂ ﬂﬂgﬂﬁisimum fluxdlzatlon velocity (Umf) of
| polymer partlcles, a stable fluidized bed may be obtained
easily without part;cularly using any agitator.

10 Nevertheless, as the fluidizing gas flow velocity
increases, the ejection height of solid particles from the
fluidized bed becomeS'higher,pso that the number of |
particles entrained.from.the reactor increases extremely;b'

B As the method of solving this problem, in turn,i'

15 installatlon of veloclty reductlon zone expandlng the
cross—sect10nal area of the fluldlzed bed has been
proposed. But preventlon of entralnment 1n thls method
requires an extremely large volume of the free board 1n the
reactor, and if such largeiyg;une_;s realized, the

'G-. 20 productivit_y of the reactor per t_m_it volume is
significantly_loﬁered and thehquantity_of monomer to be
purged notably increasesfwhenlohanging the monomer |
composition. o _ o l_ |

In another technione,:a method ofiplaoing an

25 internal_baffie_structnre in theﬁfree board has been

proposed. .That is-; according_to Japanese Examined Patent

Publioation No.48151/1976,_installation of internal members



I)pl e stages has been proposed. In thi.s method, the projected aread

of the whole structure is set over 0.4 by keeplng the projected area
ratio of one 5 stage of internal nenbers to.the cross-sectional area of U
(fxee board bel ow 0.5 and placing themin three or nmore stages. Even in this
met hod, however, since the entrainnment. preventive effect per stage is small
and t he ascendlng gas flows in a route to surround the internals 10 even
if placed in mul tiple stages, inpérgenent eff|C|ency of particles decreases,ﬁ,
and, in effect, the entrainnent. preventive effect is small. Therefore, in -
order COMPOESdN Of. b@tfPG|6ﬁbeeﬂF@é@anaFﬁﬁ§9ﬁétthtthhPSlﬁeeéééary to
i ncrease the nunher of stages, but even then. the |large 15 volune of' free

board Adkeckdon dropudiirt s&PﬁFﬁfh?ﬁebﬁFESBHPPPﬁﬁént|Sﬂ ERigy reduce said .

Vol o WRREA? ARk B oIREERPoSERR FAVER BEncHE h¥b 1K BhebOguEEraRY P 1
f'u'd'ésgla%éraepars U§ebgcﬁ9dehesgebgeegta'st g eseltlurdbasd by means of

an ascendi ng gas'stréam i uci ng the anount -of solid

past i clgeagd aehahee@ntauomehberapear ehHScbasenbéawaﬁat afehheggas stream i
such neans including a rotatable baffle structure |located w-thin 25 the ‘
appar affeseaboaedt belbwu0dbzaddbpliacihg shemcinr ehheei ag mopeoj ected area _
not | ess than 0.8 of the cross-section of the apparatus and the structure -~
offer|§gagepass§ggnfép gags method, however, since the o

entra1nment preventlve effect per stage is small and the

k§:§§onposed of bar or tube menbers arranged in the horizontal dlrectlon I n
I
;

ascending gas. flows in a route to surround the internals

10 even if placed_ln multiple stages,'lmplngement eff1c1ency N
of particles-deoreaeestanq, in effect, the entrarnment- -
preventive effect is small. ' Therefore, in order to obtaine'
‘a sufficient effect in this method; it is necessary'to o
increase the numberjof.stagée,”but even then tne"large

15 .volume_offfree board remaineta'problen. |

The aim of the present invention_is'to redocetf
said defects.and’subetantially’inoreaSe the prbduotititytof
the reactor per'unitjbolume; _

Aceording to the preaent“invention,=there is _

20 provided.a fluidiaeo bed apparatusiinfwhich sdlid~partic1es
are fluidized by means of an ascending gas stream including ' .
means for reducing the amount ofteolid"particleE”discnarged_
from the apparatus by entrainment in the gas_stream,fsuoh'
neans'including'a rotatable'baffié structure located within

25 the apparatus above the'fluidiaed'bed; éhé_scfucture having
a projectealarea.nOt less_than'O.B'of tne croseesecéion:of

the apparatus and the structure offering a passage for gas



area of 'the -apparatus wherein the structure is one of (a) the conbination
of a disc and.a ring, (b) a tuyere-like structure of conical formor (c) a
fag_b structure. The invention also provides a method of reducing
parthke\entrainnent in a fluidized bed apparatus enpl oyi ng an ascendi ng
gas stkeam by locating a rotating baffle structure within the apparatus
abeve the fluidized bed so 10 as to be contacted by the ascendi ng stream
the structure having a projected area noi_| ess than 0.8 of the
- cross-section of the apparatus and the structure offering a. passage for
gas of which pieyRieR thel Brbfeisafgerle rdngd. 6. Pftd IR CramiRection area
-of the apparatus and the 15 structure being one of (a) the combination of
a disc and a erBgs-6brtiohdyecarehi &£ Bhé Uspparatis odremsin fadremstr yakurz f an
“structure, whereby particles contacting the structure tend to return to the
“‘bed and to beiseoneedff (ain the somkimatien of a disc amd &f aripdsy, (hea -
rotatable baffle structure is an assenbly of_ blades inclined at such an
-‘angl e to the &uyvererlike sppurture of enitdh ERIMRIERd dlifdtharge of
solid particles upon rotation. Preferably the bl ades of the rotatable
_ baffle 253 st B&EBGEBTSre inclined at nore than the angl e of repose of the

particles of the bed topgephapgnPEERLS bibvided ¥ midiid WE Aliting

particle entrainment in a fluidized bed apparatus employing

-5- of whjch the area is in the range 0.3 to 0.9 of. the cross-sectional (E}%E

an ascending gas stream, by locating a rotating baffle
structure within the apparatus above the fluidized bed so

10 as to be contacted by the ascending stream, the structure
having a projéctéd‘area not less than 0.8 of the
créss=3ection of the apparatus and the structure offering a
paésage for gas of which_the.area is in the range 0.3 to
0.9-of.the cross-section area of the apparatus and the .

15 structure being one of (a):the combination of a disc and a
ring, (b) a tuyere-like strudturé of conical form or (c) a
fan'stfuéture, whereby particles contacting the strﬁcture'
tend to return to the bed and to be removed from the
stream. _

-20 ' Preferably,ﬂthe rotatab1e-baff1e~structure.is'an
assembly of bladeé-inclined-at such an angle to the axis of
the apparatus as to enhance downward discharge of solid
particles upon'rogation.

Preferably the bladeé'bf'the rotatable baffle

25 structure ;re'inciined at more thén the angle of repose of .

the'particles of the bed to a plane perpendicular to the

structure axis.



/~6-| The opening proportion referred to in this invention is defined as
4g-ratio of the area of the narrowest passage capable of passing-gases to
cross-sectional area of the free board. 5 - The interna

baffle structure may be a * ~ conbination of blades making an angle-to thuj

{ﬂborizontal | arger than the angle of repose of particles. (nore than 300 in

wordinary -olefin particles). Furthernore, the nost: preferable internal

~baffle structure is a conbi nation of 10 bl ades having such an angle that a.

“downward discharge flowis. develgped when the structure is rotated, mnth"r&f

the. spacing of neighbouring blades being very narrow or the bl ades

partially overl apRi BpeWing PropBetednORetberbar taonhathpkane. - In this
case, since the projéected™area 15 ratio to the free board cross-sectional
area 3ndenteonaresi aeAhedoaEi eRec2atle @fi thel arga ofebhén one stage, it is
possible to significantly reduce the volune of the free board. The

[ equi nareowe stnpassager eapablehofppesedng2gaseavéat kba are -described nore

specifically below. - (lI) . The baffle structure-or " internal™ in the
aLeSﬁnmqs$r§ncmcnnndyabeappéf&hsbﬁyeapbpﬁéé to a-fluidized bed apparatus
i |c S ui'di zed hy an asc stream of ga n the range of 1.0 to .
- 1.0 tinmes the Whﬁlﬁﬁﬁﬁigai Eﬁgéﬁga 6H°§BF8cﬂF b Barticles (abbreviated

e e S ipl i RhaLle B RSBt O (e
larger than the angle of repose of particles (more than:30° o
in ordinary« -olefin particles).  Furthermore,. the most. .
prefereble.internal baffle structure is a combination of
10 blades having.euch an angle thaﬁ a dowﬁward,discharge.flow;
is developed when the structure is rotated; with the . .
spacing.of neighboﬁring blades being.verylnarrow,or the .
blades partielly overlapping when*projected on the -
horizontal plane.  In this case,-sinCe the.projected-areat~“
15 ratio to the free board cross-sectlonal area and the-
opening proportion. can be quite large even in one ‘stage, 1t
is p0331b1e-to significantly reduce the volume of the free.
board.
The requirements and features of the present .
20 invention are described more specifically below.
| . (1) - . The baffle structure or "internal" in the
preseht-invention-may-be preferably applied to a fluidized
bed-apparatus which is fluidized by an ascending stream of-
gas in the range-of.l.O_t9510.0.times the minimum:
25 fluidizétion'velocity=of particles (abbreviated:as Umf).
" (2) The pro;ected area ratlo on the. horlzontal

plane of the. 1nsta111ng place of the 1nterna1 to the free.



-7- board cross-sectional area is closely related with the entrai ned anount
of sol'id particles. By controlling the projected area rati o above 0.8, or

- preferably above 0.9, the entrainnent of solid particles fromthe reactor
may be 5 - significantly reduced..(3) Wen the opening in the internal is
snall-?e{ative to the free board cross-sectional area the particles
contacting the internal tend not to return to the fluidized bed, but remain

~on=the internal surface, so that 10 the entrainment fromthe reactor is
rRther increased. As the result of invesgtigations by the present
inventors, it has been found that by keégrng the .fl ow of gas at the opening

portion of thed letialediBkayibhe SEULEL XFLOGIYYe ol bR tRond e

amount of partiC eposite ] ernal® can pbe SiI gn

reduced. M @rtRQnkia®ghioline! 8¥058R1LE pERHLESell | |nYCcoREAIEMYY @RI NG

~the opening proportion to th ree board sectional darea above 0.

- preferably abg¢ejected( 4reaTRatist 8b8dk 058) ObAt PElefeFSHEEi sbdve i (), 9 he 20
‘case of "an assenbly of plates inclined at such an angle as to devel op
dovwnwar d di sclthegentiradinmeatgef dolidapartibeieg E£nemgtlhs reactier apgy il to
the particles by inpingenent when rotated, as conpared with the case of
fixed i nsért, sdgndficankdyereducadent preventive effect is greatly

‘enhanced. 25 Another effect_of rotation is ip separation of articles
. deposited or accunulatedggn'Wﬁ@"sﬁﬁ?a@@eBF“ghé“i %r+ﬁﬁ?rﬁ?ﬁ3{%uiﬂﬂl¥he

_érotating SDGEQEIEggvgrggtgﬁebggggésogpg'cross-sectional area the
: particles contacting the internal tend not to return to the
fluidized bed, but remain on.the-internallSurface, so that °
10 the entrainment from the reactor is rather increased. As
the result of investigations by the present inventors, it
haé been found that by keeping the flow of ‘gas at the.
_ openinq portion of the internal below the terminal velocity
of particles, the amount of particies deposited,on'the-
15 internal‘can-be.significantly'reduced.'-More specifically;"
| févorable results'ﬁill-be_obtained by keeping the opening:
pfoportion'to the free.board sectional area above 0.3,
preferably above 0.5. .
" {4). The internal is rotated. Especially in the
20 case of an assembly of plates inclined at such an angie as -
to develop downward discharge flow, larger downward moving
energies cah be applied to the particles by impingement
when rotated, as compared with the case of fixed insert, so
that the entrainment preventive effect is greatly enhanced. -
25 Another effect of rotation is in separation of particles
deposited or accumulated on the surface of the internal.

The larger the rotating speed, the greater becomes the

6



\ effect. But if the speed is too high, vortex flows increase, which

se increased deposition on the wall surface. Accordingly, favotrable

ults may be obtai ned when the" perlpheral speed of the end of internal is

the 5 range of 50 to 500 c¢misec..-The present invention is descri.bed |Q‘/

urther detail below by referring to the drawi ngs in which Figure 1 shows '

\ the vertical section view of one embodi nent of a fluidized bed appar at us;
Fi-gures 2a and 3a show top views 10 of a baffle structure or internal of _
tuyere structure having a conical, formand an internal of propeller - o
structure, respectively; Figure§82b and 3b are the side views of the saneg;

_F!gurggﬁép andg%E|§Q0Wh% % %h QR L.ayeny KleWb%Egg1%E§Igorlzontal pl ane.

Fi gur and I"UstT at i'nt erna Asi stingo sc and ring; F|gure

6 Shogﬂ&%%sﬁxamll%h()fca%§§cl @)éaéeé ESSBEQtZoﬁXGleth%' gaiihe ring body.

The f owi ng synbol's are used. in the drawngs : [err]'inside dianeter of
flui disze¢aled am@@b&au&gag favorabﬁErQGst@Edha§ﬂbe obBsideadi aneter of
ring [err] 'dianeter isc HL: distance fromdisc to ring -1
: f | wheinz &tiebpe rapbarallusp2ed of - the end2pof- gasernhétls .ingé&bedi stri but or

4 fluidized bed
S range of 50 to 500 cm/sec.

The present invention is described in further
detail below by referring to the drawings in.whiéhfFigure'l
shows the vertical Seétion view of one embodiment of a -
fluidizéd bed ‘apparatus; Figurésr2a and 3a show top views. -

10 of a baffle structure or'internéltof tuyere structure - .
having a conical form and ‘an internal of propellerg
structure, respectively; Figures 2b and 3b are the: side -
views of the same; Figures 2c¢c and 3c show a 45°-obliquev;~
view from the horizontal plane.  Figures 4 and 5 illustrate .

15 intérnal consisting of disc .and ring; - Figure 6 shoﬁs.one~n

example of disc body and Figure :7 exemplifies the ring - -

body .
The following.symbols are used in the drawings:.
DTi ‘inside diameter of fluidized_bed'apparatus g ' a
20 s " (free. board) . |
| D,: inside diameter of ring #
D,: ‘diameter of disc
'11311- distance from disc to ring
1l : fluidized bed apparatus™
25 21 gas inlet .
" 3 ¢ gas distributor
4 :+ fluidized bed



-9- 5 : free hoard 6 : internal 7 : gas outlet. First referring to Figuy
2, the intérnal in5 tuyere structure having a conical shape shown in t
top. and side.and [err] oblique view outline drawi ngs are provided with th
folLowi ng-conditions. 1) The projected area ratio to the free board 2
Cross- 7ect|onal area, [err]is not less than 0.8, 10 preferably not |ess.
than 0:9. Herein, [err]is distance fromthe end of the | ongest blade of the
i psert of tuyere structure to the inner wall of the fluidized bed type

T dact or . 2) The nunber of blades is not_gpecifically 15 limted, but the
adj acent bl ades are overl apped with each- other when projected on a
horizontal plane. - 3. E&he | ggeNgbakg a part of the-section jncluding the
apex of a cone, and an assenbly of triangular or polygonal bl ades i ncl udi ng
- the ridges, of which opgnizngi’@epraporti on i s not -less than:0.3, preferably
“not less than 0.5. 4) The inclination angle of the cone is larger than the
~angl e of repose of partilckesgaandutlets desired to have an inclination-
angl e of not |ess.than 30. 25 5) The bl ades may be planar, but
may be al so bent in wavELiost sefarchngi ke EiguceuRe, the bite R erial .

A ) .

2

5 tuyere structure hav1ng a conical shape shown in the top-
and side and 45° 6blique_view outline drawings are provided:
with the following conditions. |

1) The'projected-areé ratio to the free board
Qrosé—sectional'area, [DT-2L1)/DT]2, is not less ;han 0.8,

10 preferably not less than 0.9.

Herein, Ll is distance from the end of the-
longest blade of the insert of tuyere structure to the
inner wall of the fluidized bed type reactor.

2) The humber of blades is not specifically

15 1limited, but the adjacent blades are overlapped with each. -
other when projected on a horizoﬁtal plane.

3. The internal is a part of the section
including the apex of a cone, and an assembly of triangular
or polygonal blades including the ridges, of which opening

20 proportion is not ‘less than 0;3, preferably not less than
0.5. |

4) The inclination angle of the cone is larger
than the angie'of repose of'partﬁcles,-and it is-éesired to
have an inclination angle of: not less than 30°,

25 5) The blades may be planar, but may be also

bent in waveform or arch-like structure, or of tube

materiai.



6) Said internal nmentionedin 1) to 5) may be also structured in an
prted conical form. Figure 3 shows an outline draw ng of an internal of
gpel | er fan structure consisting of a conbination of 5 i nclined bl ades. -
Fie internal is an assenbly of blades inclined nore than the angle of U

epose [err] in Figure 2) with respect to the horizontal plane. The
‘.internal in Figure 3 satisfies.the conditions.1), 2), 5) and 6) in Figure

2. 10 The internal is nost preferably an assenbly of. inclined .
bl ades to ninimze entrainment afjgsolid particles, but structures shown in '
Figure 4 and Figure 5 may be al so be applicable. .. Figure 4 is an outline

drawi ng of an Irst)ermhdlinmmmsménm‘m@heﬁc iand)r iteg 5 )omaghbeh conditions

are-as. follows: :1) The ring is deternmned so that its outside dianeter .

may bealfaquaitrtm:udred duerandiinverdedoiconticalefoxm- D .and that the inner ~

diameter [err] nmay set _the opening roportion, &lerrl”ﬂ]I | ess than-
e

err]
0.3, or pr eferatﬂ’;g'ﬁ(ﬁ 3 shovishan- (5"-‘%—112‘)e dr?mgn@l of am dntsy same

t th t ts di t det d that th
* propordh B . hpidtied BoReiag 8d be S FORRIAR SRoPE cse

Eﬁ”hgiﬂczlo?#"ﬂ psda% o1y GRS ?*etg**%%gr 19 PECRIERE Co ren,

1-([erfdo1iH4 more than the angle,of;;epose_(459_lan}gure_z).-
with respect to the horizontal;plane;_:The_inpefnal in.
Eigure_3{satisfies.thefconditions:1),t2), 5) and 6) in |
Figure 2, _

10 The internal is most'prgfe:ablyaanzassembly.gf 
inclined blades to minimize entrainment of Sblid,particles,-
but stiuctures shown in Figure 4 and_Figﬁré 5 may be also.
be applicable. |

.Figure 4 is an outline draﬁing_of,an.internal__

15 composed of.disc and ring, of.which:conditionS;arefasf

follows:
1) The ring is-determined'so that its ontside
diameter may be equal to the tower diameter offthe,:eactor,
DT and that the inner-diameter.(Dl) may set the open;ng :
20 proportion [(Dl/DT)zl not less than 0.3,_or-preferably.n§t
less than 0.5. R - | - . .
2)  The disc,isharing the same center with the |
ring,  has its.diameter_(Dz) determined so that the opening -

2

proportion [(D,%-D2%) /D %] may be not less than 0.3,

25 preferablyrhot;less-than.O{S, andzhas,leand D2 determined
so that the projected area ratio on the horizontaliplane to

the free board cross—-sectional area, l-(Dlz-Dzz)/DTz,,may



be not less than 0.8. 3) The spacing [err] between the ring and disc is 2
determ ned 'so that the opening proportion [err] may be not |ess than 0. 3,

preferably not less than 0.5. 5 _ 4) The disc may be sﬁpuatédﬁf'j;j
abqve the'ring as shown in Figure-4, or belowit. 5) The conbination may be . : -
one di .and one ring as shown in Figure 4, or two rings and one disc, for -.

i nstance, as shown in Figure 5. The spacing of stages 10 conforns to 3),
~apd the dianmeter of disc and inside dianmeter and outside dianeter of ring

. ceaformto 1) and 2). The structure may_gpnsi st of nore than two stages. 6)
The disc may be a flat body, or nmay be bent in waveformor arch-1ike
structure. Opg pOPi t8ksf PhEK1G. 80 der than the angle.of repose as shown in
Figure 6 may be preferable. 7) The ring may be a flat body, or may be bent

‘in waveformor arch-1iks)stThetspscing B hétwder eHd Wiy Hhad@isd han the
angl e of repose toward the center 20 as Shown in Figure 7, may he
.preferabl e. TAeteomiahed| so bthdt ctisé ropénimy Qropdreyioal Kﬁbfﬂyyn )€S aualy
invention is nekklimted to the structures described in Fi'gs 2,7 3 and 4,
but it is sufbpgiess than Qhd, pPrsEetaklnrnat rkess then We Shori zontal pl ane

- @f the 25_internal to t free bpard sectional area he not |less than 0..8,
preferabl § not |ess thaﬂ?o.g‘?e iﬁdﬁmgb%Mqafﬁq@r ovie, thfe TingGe Foar d of *

| i f[uidized bggoagpfﬁaﬁféure 4, or below it.

5) The combination may be one disc and one ring.
as shown in Figure 4, or two rings and one disc, -for
instance, as shown in Figure 5. The spacing of stages

10 conforms to 3), and the diameter of disc and inside
diameter and outside diameter of ring conform to 1) and 2).
- The structure may consist of more than two stages.
6) The disc may be a flat body, or may be bént
in waveform or arch-like structure. Or.a conical form
15 wider than the anéle of repose as shown in Figure 6 may be -
preferable.

) zThe.ring may be a ‘flat body, or may be bent -
in waveform or arch-like structure. Or a structure
inclining more than the angle of repose toward the center

20 as shown in Figuré-?, may be preferable.
The rotatable baffle structure or internal of the.
- present ‘invention is not limited to the structures
described in.Eigs 2, 3-and 4, but it is sufficient that the
projected area ratio bngthe horizontal plane of the .
25 internal-td the free board sectional aiea be not less than
0.8, preferably not less than 0.9. By placing such

internal in the free board of ‘a fluidized bed apparatus,



\_bE |
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the effect of preventing the solid particles from entraining above

nternal may be substantially obtai ned. Hereunder, the present -

/ention is described in 5 further detail referring to the Exanples and.
Conpar ative Exanples. Exanple | In a glass fluidized bed apparatus

(~neasur|ng 20 cmin inside dianeter and 150 cmin height,
h

an internal.

10

aving the structure shown in Figure 2 was placed at a position of 60 cm
the gas dispersion board (gas. distributor). In the structure of the
nal, the inclination angle _gf,the sides of the cone-to the horizontat ﬁl

from
i nter

was 60, 15 t he hei ght about 20. cm ‘and the number of bl ades: was 16.

-VWhen
ot.her

R{r@' AL OE gf&ég@m@@t 3Jhe0'sfma %%ﬁq'ﬁ@%s I apped with each

a nmaxi hnum t he maxi

engt h of Iades proj ected on

t he hqid@tminglabird i e ntREindl- diayebel @ubsrantialay fromthe center.
The 20 projected area ratio of the internal to the free board

cross-obdinedll area on-the horizontal plane was 0.9, and the opening
proportion to the free board sectional area was. 0.64. The internal

was

~

mount ed on 't he Heraundershahe - Prieisent! Jindiendd oped sagescatibednds filled with
of 25 polypropylene particles of al nost spherlcal formw th average

6 kg
patti
thls

10

15

20

- the opening proportion to the free board sectional-area was.

25

dur there detaddo nafarging tendhe §t’q
E ne vias about 40 cm

-Example ‘1

'In a glass fluidized bed apparatus'measuring;zq uy

cm in inside diameter and 150 Cm:in heigh§, an internal .-

‘having the structure shown in Figure 2 was placed at a

position of 60 cm from the gas dispersion board (gas.

distributor).

In the Structure-of-the internal, the inclination'

angle of the sides of the cone to thejhorizonﬁal was 60°,

the height about 20.4 cm, and the number of blades .was 16. .

When projected on the horizontal plane, the blades -
oéerlapﬁed'with each other at'a.maximum.pf 5 mm, and the
maximum. length of blades projected onjthe~horizontal'piane
in the radial direction was 9.5 cm from the center.: The-
projected area ratio of the internal to the free board

cross~sectional area on the horizontal plane was 0.9, and

0.64. The internal was mounted on the rotating shaft.
This fluidized bed apparatus-was filled with 6 kg of-‘-
polypropylene=particles'of'almost spherical form with . .-
average particle.Size'of-570 microns. The stationary bed

height of particles at this time was about 40 cm.

Qﬂgﬁﬁa&ﬂvﬁartlcles at

._’l‘,‘.



gas’ was supplled fromthe | ower part of the gas dispersion board (gas
distributor) at the free board velocity of 40 cnisec, and the rotating
shaft was-5 rotated at a rate of 241 rpm. In this setting, ejection
hei ght ,of particles was visually obsérved, and no particles ejected further
than 36.5 cmfromthe top of the internal, that is, fromthe surface of
st-ati onary bed. Meanwhile, the m ni mum f 1 ui di zati on velocity of 10 the
paeticles used was 10 cni sec. Cbnparatlvg Exanple 1 Wthout installing an
internal, the sane fluidized bed apparat g as in Exanple 1 was used, and

the particle ejection hehalt Wgéﬁgegﬁmsggh&PQSquéss ead &ﬁ%lgﬁgﬁgédcﬁ¥¥

using the sanme particlesS as

particles eje eﬁgangiﬁl ﬁn@bgUE QQSCEE£§Qﬂé&h?réﬂr€96616@eim§$t€|&f
stationary bed hei ght, sone particles efected even about 95 cm high
. occasi onal ly. t3Q gas dlspe:ExaﬁpbeaEdlmgasfaﬂsﬂrZBdt@eﬁ Yy pehe eféer
measuring 50 cmin inner dianmeter and 300 cmin height, an internal having
a structure adbosirdwwreilocEtyuofé 20nwem/peacecdndathe p@tatlnglshaﬂEKWaﬁnWWigh
‘gbove the dispersion board. In the 25 structure of the internal, fhe
inclinati &n a¥@tated atha &£ate ffis24d0rPRhe héPghPlﬁﬁﬁe%&kﬂﬂ EEJQﬁﬁl%md t he -

nunber of blades was rojecteg on ori zo t | ane
. height o% partzclp Las vgsualiy observe g no partlcles.

-13 Then under atnDspherlc pressure, denoistured air used as fluidizing (i::)
P

ejected further than 36.5 cm from the top of the internal,
that-is,:frbﬁ'the'surface of stationary bed.
'Meanwhile, the minimum fluidization velocity of
10 the particles used was 10 cm/sec.

Comparative Example 1

| Without installing an intérnal,'the same
fluidized'bed'apparatUS as in Example 1 was used, and the
particleiejeétion'height was meaSured under the same -
15 conditions;'uSing‘the same particles as in Example 1. -
" The steédy'height'of"partiéles ejecting above
 was about 60 cm from thé‘surfaceZOf'particle stationary bed
height, and some particles'ejécted*even about 95 cm high
,: o ~occasionally. |
20 .~ Example 2
| ' In a flufdized.bed typé:reagtOr measuring 50 cm -
in-innerﬁdiémétér and 300 cm in height, an internal having
a structure as shown in “Figure ‘2 was placed -at a‘poéition'&
of 150 cm high above ‘the dispersion board. < In the
25 structuré’of'the internal, the inclination angle'of“the_-
cone'was'60°,-the height was about 51 cm, and the number of

blades was 16. When projected on the horizontal plane, the



0. 66.

pol ypropyl ene particles of nearly spherical form 10 of which average

particle size was 570 microns. JAtgthis tinme, the stationary bed hei ght of

bl ades overl apped with.each other at the maximumof.8 mm and the
m | ength of the blades was 24 cmin the radial direction fromthe
r. The internal was nmounted on the rotating shaft. The projected
_ ratio on the 5 horizontal plane of the.internal to the free board
.(1qoss-sectional area and openi ng proportion were respectively 0.92 and

0

This fluidized bed type reactor was filled with 100 kg of

particles was neasured by fiberscope observation in the apparatus, and was -

115 crBlalicB&verlapped AWith Wadho okhétg/atmtBie( gaxdmupy @£S8r e, Wi t h
et hyl ene, the circulating gas conpressor 15 provided in said reactor
syst emndhheparaxioim denghhl wicitheulbdieides yas 2doem Ha Ithger part of the ~

gas distributor to fluidize the particles while rotating the rotating shaft

‘at a radiad digeatden frem thhe c@nkeri-on Thendnternad| ¥as; BounsRdhei ght was
ticle collectors

with le?‘b(gtb(eotﬁcﬁ@ésidh_ ‘rq--r‘?é’-alj. }S’t Eﬁ:ntﬁ%%sr-uﬁﬁr.e@rcl & L REEE ..‘h--ai'ﬁ' -g’d pg'éga’t‘?m IR “hei ght
_ : : . 0 . .
we e ﬁo' r}:ﬁe?gonl\ﬁégg.c pé%?x'eg r?? tjhe %{Ratl'egkt%g\lj?o;;tthgp fr_%lé.s %QQ% romthe upper

measur ed. 20

part na were . ~flui dirZzi'ng at specified 25
gas flc{?%ésals%éﬂror%q WYY Ghd oya%iw ‘Prolpd r¥idnt Wakehei ght was det ernined
fromthe capturing state 1 n each cup.’ - R L

10

15

cup-s

respectively 0.92 and 0.66..

‘This fluidized bed type reactor was filled with
100 kg~of-polypropylene.particlés'of_pearlylspheriéal form, .

of which average particle size was 570 microns. At this

time, the stationary bed height of_partic;es was measured

by fiberscope observation in thé appargtﬁs,wqu_was 115 Cm.

. Then pressurizing up to ;ﬁ_kg/gsz (gauge
pressure) with ethylene,. the ci:qplating_gas_comp;essor
provided in said reacto:'system;was_qperated tq.supply- 

circulating gas from the lower.pa:;_gt thghgas-distributor

‘to fluidize the particles while rotating the rotating shaft

20

25

at.aarate~oﬁ,80-rpm. -Iq_this:conditiqn,fthe_particle. N
ejection height was measured.

. In the measurement, cup—shaped:pa;tiqle,'

collectors with a bottom measuring 4.5 cm in inner diamete;f

and 4.5 cm in height were linked with chain at 10 cm

intervals,-and suSpended;frqu;he:upper pa;t;of the =

reactor, and were taken out after fluidizing at;specified';

~gas flow rate for 30 minutes. _The-pé;ticle:gjection height

was determiﬁed from the capturing state in_each'cgpg_

- In this method, by varying the gas floﬁ_:qte in



In this nethod "by varying the gas flowrate in -15- the range of 80 to
140 8/ hr, ‘t-he partlcle ej ection height fromthe top of the stationary bed
‘was detern1ned. As the result, no particles were captured above the

i ngernal . -The mni mum fluidization velocity at this pressure was about 40 5

~[err]/lpm Conparative Exanple 2 Wthout installing the internal, the sane-
" fluidized bed type reactor as in Exanple 2 was used, and the particle
ej-ection height was neasured under the sane 10 condltions usi ng the sane
particles as in Exanple 2. The results ajg_shown below. 3 Gas flowrate m
| hr Particle ejection height cm 80 90 110

120 15 thel4@nge of 80 to 140 m 3/hr, thd6PaFKasDé cePedbionw Réiggsane
reactor as in Exanplé 2, an internal having a structure as shown in Figure
.3 was placed d&irom pmeltn@noﬁfthEOstationatyhbegaﬂadléetetmﬂmnd.Irasrmheo
.Structure of the internal, the inclination angle of the blades to the
“hori zontal wagesmdt.tme madtAcaest wers gapturedtabeve ke imbermglandhee
‘nunber of bl ades ,was projected,on the free board cross- sectlon

" the bl ades ové‘ﬂ“&ﬂﬁb‘é‘d%aﬁuﬂﬂléa&ﬁ°at KeLogi ty hat nhRifuRF 89S 9%e RS ARPYN b5
:;@aX|nun1I%pgtg3V% the projected view was 24 cmin the

‘Comparative Example 2

Without installing the interndl, the same
fluidized bed type reactor as in Example 2 was used, and
the particle ejecfion height was measured under the same

10 conditions, using.the same particles as in Example 2. The
results are shown below. |

Gas flow rate m34ht Particle ejection height cm.

80 o 90
110 - o 120 )
15 140 160 |
- Example 3

Using the same reactor as in Example 2, an
internal having a structure as shown in Figure 3 was placed

at a position of 150 cm from the gas distributor. 1In the

. "'p_\

_ 20 structure of the internal, the inclination angle of the

, §”=_ blades to the horizontal was 45°, the width of the blade at
ité top was 150 mm, and the number of blades was l16. When
projected on the free board cross-section, the blades
overlapped with each other at.the.maximum of 20 mm, and the

25 maximum length in the projected view was-24 cm in the
radial direction from the center. The internal was mounted

on the rotating shaft, as in the case of Example 3. The



rwadral direction fromthe center. The internal was nmounted on the rotating, -
t, as in the case of Exanple 3. The -16- projected area rati.o on the

oriZontal plane of the internal to the free board cross-sectional area and .

0 Ing proportion were respectively 0.92 and.0.78. Exactly in the sane \_)

(manner as in Exanple 2,. 5 polypropyl ene particles were fluidized, and

“the gas flow rate was varied in the range of 80 to 140 m hr. Particle

‘ejection height was neasured in this state. The internal. was rotated at a
rate of 80 rpm As a result.of nppgurenent, particles .were 10 scarcely - W

“captured above the internal. -17- CLAI MS 1. A fluidized bed L
appar appg; éEt&B'SPeﬁokééxaaéﬁ'Gﬁésh@ffz$ﬁt%ﬂ'ﬁf%hénbfﬁﬁﬁ§ of an ascending

gas strean1|nc udi ng nmeans for reducing the anpbunt of solid particles i

di schaigedrhadntdhethéppret bsabyd €rdssH SeEbiondl taweglaend opeariirgfim such

means including a rotatable baffle structure |ocated within the apparatus
above phepbttidnzeerbecdespoctivelyt@v22 hawd nQ. 28 proj ect ed area not l.ess

than 0.8 of the cross-section of the apparatus and the structure offering a
passage for gas BRaQhl¥hiRhbheeme SMapneRcas ol ExamPle 40 0.9 of the

crgss-sectional._area of appar at ere
polypropylene partlcfésggere kTulﬁk é and the gas flow = R

rate was varied in the range of 80 to 140;m/hr.._Part1clg
ejection height was measured in;this state. The inte;nal.
was rotated at a rate of 80 rpm.

- 'As ‘a result. of measurement, particles were

10 scarcely captured above the internal.



the structure js one of (a) the conbination of a disc and. a ring, (b) a
tuyere-[ike structure of conical formor (c) a-f ture. 2. Apparatus
~according to.claim1, wherein the 15 rotatable baffle structure Is an
assenbly of blades inclined at such an angle toJ'ﬂﬂ"ﬂM"ﬂnmw ppar at us
as to Fnhance downwar d di scharge of solid parti¢/¥ -ﬂ' . 3.

Appar at-us according to claim2, wherein the 20 bl ades*of"t e rot at abl e
batffl e structure are inclined at nore than the angle of repose of the
"Rarticles of the bed to a plane perpethﬁHjar'to the structure axis.. 4. A
met hod of reducing particle entrainnment in a fluidized bed apparatus
enpl oyi ng an ascending \gas 25 ‘strearg Ay @ting arotating baffle .
~nstructure within the apparatus abovetfre rturdi zed bed so as to be
“‘contacted by  -18- the, ascesmlifuifAdd QA dppRrEtudCtivy Ghidw B81aapr oj ect ed
_.area not less than 0.8 of the cross-section of the apparatus and the
structure of feartbchepamsagfl didizss byf meaneh dfh@an aseandingngabe staesgm 0. 3
‘to 0.9 of the cross-section area of the 5 apparatus and the structure
‘bei ng one of ingludingomansitfon rgducinias then@meuntngf olid paysiclepke

tructure of conical formor (c) a. fan structure, whereby particles

ont acting t tisehagged LramEhe aRRAFATUS hhenfe@ ianento e then888d from
the stre

10 : 5.. A neth cordi clai_m.4, in:th
dotating baf (P I PURRARATS IR RS o cora e ek te stictule "

located within the apparatus aboVe'the'fluidizéd bed, the
structure ha?iné a projected'area not less than 0.8 of the
cross-section of the apparatuS'and the structure dffering'a
passage for gas of which the area is in the range 0.3 to
10 0.9 of the cross-sectional area'of the apparatus'wherein
the structure is one of (a) the combiﬁation of a disc and a
ring,” (b) a tuyére-like structure of conical form or'(c) a
fan structure. | |
2, Apparatus according to claim 1, wherein the
15 rotatable baffle struéture_is an assembly of blades
inclined at such an angle to the axis of the apparatus as
to enhance downward discharge of solid particles upon

rotation.

A1 P

3. Apparatus according to claim 2, wherein the
20 blades of the rotatable baffle structure are inclined at
more than the angle of repose of the'particles of the bed
to a plane pérpendicular_to the structure axis; 
4. A method of reducing particle entrainment in
a fluidized bed apparatus employing an ascendingléas
25 stream, by locating a rotating baffie structure within the

apparatus above the fluidized bed so és to be contacted by .

(5



o seREraian

angle to the axis of the apparatus as to enhance downward dlscharge of

Y d particles upon rotation. 6. A method according to claim5, wherein

t 15 blades of the rotating baffle structure are i nclined at mre than:. < -

the” angl e of repose of the particles of the bed to a plane perpendlcular tq‘/
/The structure axis. 7. Fluidized bed apparatus substantially as
herei nbefore described with reference to, and as shown by 20 the

acconpanyi.ng drawings. 8. A nethod for reducing particle entrai nnent
substantially as herei nbefore desdBrbed with reference to the acconpanying \J
dr aw ngs.

10

15

20

the ascending stream, the structure having a projected area
not less than 0.8 of the cross—secticn_of_the apparatus and -
the structure offering a passage for gas.of which the area .
is in the range 0.3 to 0 9 of the cross-sect1on area of the
apparatus and the structure belng one of (a) the _ _ ' - ?
comb1nat10n of a d1sc and a r1ng, (b) a tuyere-lxke | \
structure of con1ca1 form or (¢) a fan structure, whereby
part;cles_contact1ng_the structure tehd_to return to’the
bed and to be removed from the stream{

5. A method according tc claim 4,_wherein the
rctating baffle is an:assembly of'blades inclined at such

an angle to the axis of the'apparatus_as to enhance

downward discharge of solid particles upon rotation.

6. A method according to claim 5, wherein the
blades of the rotating baffle structure are_inclined at
more than the angle of repose of the particles_qf the_bed
to a plane perpendicular to the structure axis.

| 7. Fiuidized bed apparatus substantially as

hereinbefore described with reference to and as shown by

' the accompanying drawings. - o . 'Zzhffﬁa

8. A method for reduc1ng partlcle entra1nment L ,-fful
substantlally as hereinbefore described with reference to

the accompanying drawings.

A D o



