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APPARATUS FOR CONTI NUOUS POLYMERI ZATI ON OF OLEFI N
METHOD FOR TRANSFERRI NG A POLYMER PONDER, AND METHOD
FOR CONTI NUCUS PCOLYMERI ZATI ON OF OLEFI N 5 BACKGROUND
OF THE INVENTION 1. FIELD OF THE | NVENTI ON The
present invention relates to an apparatus for

conti nuous pol ynerization of olefin(s) including a
plurality of serially-disposed gas-phase

pol VARFARATUS nFOR aCONTENUOUS 1POLMHMERIZAFAGN OF OLEFIN,
acconpanyi ng a pol ynmer powder produced in an upstream
r eact OMETHOBX FORN PRANSFERRING e POIAMER POWDER ! [END
pol ymer powder can be transferred intermttently or
cont i nNESRIETY EOR SCOIPPTIGERNPOLEMERDEATIOR OFEOERFIN
invention relates also to a nmethod for transferring a
pol ymer powder and a nethod for continuous 15

pol ynmeri zation of olefin(s) using the apparatus. 2.

DESCRI PTI ON OF B RRbAREDophyd ity ed- bed

reactor for gas phase polymerization efin (s) ,

po&gﬂhgl FdTB 18?? Qﬁ%ﬂ formed in which a polyner 20

er f ue of a reaction gas stream Wen
th f fr th t
ne§e§§%¥"e e?@“@ iegﬁﬁg?wﬁﬂr% athE Fonaf: GREBIEtHA GoT
has coeX|sted th the The_reactiagn

cgatinyppre hP?%Y‘B%Fr%@EFPm?qu ?/“Eﬁfn ?g)s JRGEGIRg | plurality

may additionally contain a sub-raw material 25 gas
°ﬁe§ﬂ§&a;6Y QéﬁgpﬁgdaQGESPPé&epBP}NEPFi&PFéﬁnréﬁ@ﬁqﬂ¥5- in
ina 1 reactor. In sone cases, the sub-raw nateri al
which gegasp éGC@b@FPNéﬂQ\/%PPéYfﬂﬁé‘ Fovdemprgdycegsin gpupstream

exanpl e, when hydrogen,
reactor is exchanged with another gas and then the pclymer powder

canbe transferredintermittentlyorcontinuouslytoadownstream
reactor. The present invention relates also to a method for
transferring a polymer powder and a method for continuous

polymerization of olefin(s) using the apparatus.

2. DESCRIPTION OF THE RELATED ART

In a fluldized-bed reactor for gas-phase polymerization
of olefin(s), a fluidized bed has been formed in which a polymer
powder flows by virtue of areactiongas stream. When the polymer
powder is drawn off from the reactor, it necessarily is
accompanied by the reaction gas which has coexisted with the
polymer powder. The reaction gas, which is composed mainly of
feedstockolefingas, mayadditionallycontainasub-rawmaterial

gas needed for causing a desired polymerization reaction in a
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whi ch serves as a nol ecul ar weight regulator, is used

as a sub-raw material gas in a nulti-stage

pol ynmeri zation apparatus including 5 a plurality of
reactors and if hydrogen in an anmount nore than that
required for a reaction in the following step is

contained in the acconpanying gas, it will becone
difficult to produce ymer with a desired

TRGICECH - ar IRefghe ﬁﬁaesacgbﬁdﬁﬁgryawtﬁéteréﬁéegéﬁ My be
conposi tion of polyners obtainable may be limted. 10
opbgtrystived e tibe forldiswimng stephodF oexamphe awheg hydrogen,
much as possible, a sub-raw material gas acconpanyi ng
whipbl semre paswano Leicalnr wkfi ghtars culadamt 0l s lvwed e arsub-raw
proposed. For instance, U S. Patent No. 4,621, 952

mditectademed waudd i 19ty slyner Doh e apphirhita® including
vessel are disposed in parallel 15 after a gas-phase

aPPLYFRIL ERlAOTIRATIY 2aAA01 A BAINEREn AHVAE’ alSunt more than
transferred to the following step alternately and a

tARENSShu 4Sd A F VR RO Y ESn 168t £hi %M.Qﬁﬁlﬁ'lgs s%eP is contained

di sposed serially after a gas-phase polymerization
AR LA SO 3o gyones
Wn S§%%rs"1‘r%‘ﬁ Jﬁélééﬁﬁ}%éi%aﬁ 2phifiCad #83% %9 the

or — Improvin on e clre
f he

rhﬂ?ggﬁeﬁ el eg%fﬁ%n £oe1 EReSs B ¢St e oy be Limtced.

F%%ﬁ%"’ff 5 an R e, 56 thoe hT i sebftatiag ngs o as
ol 25 P A 3-153708_di scl oses a nethod in which

pESeibie; i sybszaw FETE5LB] ST B AP cR S e powder

| evelin Ilne and a gg ymer powder settled is
dpaer haffefremgat Feac thﬁ"§nﬁPPnaﬁﬁﬂﬁPseﬂ gas

For instance, U.S. Patent No. 4,621,952 discloses amethod
in which two polymer settling vessel are disposed in parallel
after a gas-phase polymerization reactor and a polymer powder
is transferred to the following step alternately and a method
using two polymer settling vessels are disposed serially after
agas-phase polymerizationreactorwhereinapolymer is separated
in a first vessel and transferred to a second vessel and then
thepolymerseparatedistransferredtdthefollowingstep. For
improving the polymer separation efficiency in the first vessel
in the case of using the serially-disposed two vessels, JP-A
2000-53707 discloses an approach of causing the first vessel
to have a conduit with a large opening for receiving the po.lymer.

JP-A 3-153708 discloses a method in which a settling vessel is
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intermttently to thefollow ng step. U S. Patent No.
5,928,612 discloses a nethod in which a draw ng-off
conduit from a gas-phase 5 polynerization vessel is
directed downwards in a predeterm ned angle. However,

t hese approaches require two pol yner settling

vessels, resulting in difficulty in continuous
operations or difficulty in changing the gas exchange
pravédet wilth. alpr8gnviRY leveldnd NMEST 20 Fheodhyman powder
of the present invention is to provide: an apparatus
sbatledntisndisshpaigede tiogetther ofitd &f ismal)l amwintdiofy gas
a plurality of serially-di sposed gas-phase

ipekyhBtit2atil9ntd €A FoNlowingdieh. a INES PECONPNOY i NP I8, 612
pol ynmer 15 powder drawn-off from an upstream reactor

d%8B1B8eSherHSE 1R 1I0h a BREWAhgAR FRIJUNdAY/E£GHE gisIphase
anot her gas (for exanple, fresh™ olefin gas); a nmetho

pBQ?nEE:iQ%ft%H Vds %ﬁf(llsy fﬁ?@@@kﬂﬁe&ov&ﬁwéf&s PRCAFIH Mt erBnined

acconmpanyi ng e po wder fromthe uUpstream

aﬁﬁi Lg:Hﬁégvggzgﬁﬁ ga@%O?Ehg %Inuoﬁgﬁiﬁﬂer'settling

BBRHTBL Rk REsEb Bh #F{jgwi G0 G T fine or
h d f

a8 PHIEs {BoPURBRID, FBR. SFeofSRIAESF, To5s 83&%%‘1 ng

a plurality of serially-di sposed gas-phase

pol yneri zation reactors which include a conblnatlon of
an upstreamreactor and a downstreamreactor, the

upstream and  doviFEYMARY, OB JEHB  INVENREON dj acent t o

each other via a gas
The object of the present invention is to provide:

an apparatus for continuous polymerization of olefin{(s)
including a plurality of serially-disposed gas-phase
polymerization reactors, in which a gas accompanying a polymer
powderdrawn-offfromanupstreamreactoréanbeexchangedeasily
and at an arbitrary rate with another gas (for example, fresh
olefin gas);

amethodfortransferringapolymerpowderafterexchanging
a gas accompanying the polymer powder from the upstream reactor
easlly and at an arbitrary rate with another gas; and

a method for the continuous polymerization of oléfin(s)
utilizing the method for transferring the polymer powder.

In a first aspect, the present invention provides an
apparatus for continuous polymerization of olefin(s),

comprising a plurality of serially-disposed gas-phase
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exchange vessel and the upstreamreactor being

di sposed upstream 5 of the downstream reactor, the gas
exchange vessel being connected to the upstream

reactor by a first transfer conduit and to the
downstream reactor by a second transfer conduit,

wherei n the gas exchange vessel has a gas distributor
plate therein, 10 which partitions the inside of the
podsymerdratgen essaltdry ertdich uppsiudec | oomEinhttidovwef an
section, the upper section conprising: an inlet, which

ulp%t&%aﬁp%dtg:dlf dnte d idosindtRsd are Loml)) tthanfbstream and
t hrough whi ch a pol ymer powder produced in the

déRAlste¥Bm &%dfﬁ;@ﬁsorbéﬁld A ek d Gdde dtfer via a gas
exchange vessel - whil e being acconpanied by a first

el n ﬁ%xg%{?égge Eﬁﬁrﬁ@hmgsefé%’ré%&%% ﬁéfﬂ&'&%ﬁmstream

a po yner transterred fromthe
e e, SRR te&%%?*?é*%‘m*ﬁe"%&é’ﬁ eins
cé%né% %‘d‘n’“c o RS RSP At tr% Fendnhas & ?Qﬁeas%‘:&ndm
B S B ALY 6 A B e
t he second transfer conduit and t hrough whi ch the

wheFPAd®r powder is discharged from 25 the gas exchange
chanmber toward the downstreamreactor; and 4 th

| onettheegas gnchangayesselhan adis ¢esEElbUERE nletﬁgth%rein:
gas introduction port, through which the second gas is
whichopactdtinng the igmi@(@ﬁahge gasg fychange vessel into an

upper section and a lower section,

the upper section comprising:

an inlet, which is an opening of the first transfer conduit
and through which a polymer powder produced in the upstream
reactor is transferred to the gas exchange vessel while being
accompanied by a first gas from the upstream reactor;

a gas exchange chamber, in which a polymer powder
transferred from the upstreamreactor is accumulated temporarily
and the first gas which has been introduced from the upstream
reactor together with the polymer powder and which exists in
the polymer powder is exchanged at least partly with a second
gas which is fed into the gas exchange vessel, and

an outlet, which is an opening of the second transfer
conduit and through which the polymer powder is discharged from

the gas exchange chamber toward the downstream reactor; and
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In a second aspect, the present invention provides a
method 5 for continuous polynerization of olefin(s),
the nethod conprising polymerizing olefin(s) in the
presence of a catalyst in reactors of a continuous

pol ynmeri zation apparatus including a plurality of
serial l y-di sposed gas-phase pol yneri zation reactors,
wherei n the conti nuous pol ynerization apparatus is 10

t he aphar Abweraseotdongof dcliehgas egchangecvvesbelheomprising
present invention, wherein the nmethod further

& QEY 19T oS i (pordtf ridtkmidly whixh yties Pevoied gas is
produced in the upstreamreactor into the gas exchange

iGhadsiced 1M Gafe Ydd aigmattfsslesddir ough the first

transfer conduit together with at least a part 15 of

afir g'h H88cBrbHdJUE Nh D prdRehteAN PRI Pprovides amethod

i ntroducing a second gas into the [ower section

A4 g AUAIAD 141 E0eh (41 { e methoa

|°ntyt ro &gin%q}s?%?onltyg&e{ e gié’gpe%hé\nge C al;T‘oer ?h[?%ug%

the gas _distributor,.plate .there e '

dobRt B PR LR ERa R (LG g BERSENRR & 5 epratvst

20 omﬁer in the exchange chanber, by the_secaon

5T BagHar s 9h. Aore FTRGS BR ST DAL prParatis ncluding

interm ttently together wth the gas existi in the i

ALK 1% YRPaSES SRR PRARR R LTRE T AL Lon

downst ream r eact or through the second transfer

regsdoms. yhergin ther gorippupust Relpresinatinpcpppapatus is

provides a nmethod 5 for transferring a pol yner powder

the appasradesd dacarding tadihe filsiat poInary iokhtihm present

apparatus including a plurality of gas-phase

ipaieprrdionz awheredea dther eddrddalfur thiash canbrises ctens of:
introducing a polymer powder pfoduced-in the upstream

reactor into the gas exchange chamber of the gas exchange vessel

through the first transfer conduit together with at least a part

of a first gas existing in the upstream reactor;
introducing a second gas into the lower section through

the gas introduction port and further introducing it into the

gas exchange chamber through the gas distributor plate, thereby

exchanging at least apart of the first gas existing in the polymer

powder in the gas exchange chamber by the second gas: and
transferring the polymer powder intermittently together

with the gas existing in the polymer powder from the gas exchange

chamber to the downstream reactor through the second transfer

conduit.

In a third aspect, the present invention provides a method
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during a process for continuous pol ynerization of ol ef

in (s) using 5 such an apparatus, wherein the

conti nuous polynerization apparatus is the apparatus
according to the first aspect of the present

i nvention, wherein the nethod conprises steps of:

i ntroduci ng a pol yner powder produced in the upstream
reactor into the gas exchange chanber of the gas

far harayes fasssiolg 4 (palymegpewdes iwitich rdds¢endeohedi in a
together wwth at |east a part of a first gas existing
c¢ontireuos tpedamersiaE tdign iappreostaisnd neleddmyd agpduralldaty of
the | ower section through the gas introduction port

gk gHHd b 1ibiedHEei b ddadtirs s6L1aldg FPWWE, typically
chanber through the gas distributor plate, thereby 15

A1hafs b%cahslmo:&ﬂa&du@ﬁoiweﬂé 8t iSﬁ%fQ%léEimgs ) using
y

|n t he pol yner owder in the gas exchange chanb

g m , ?Jigpeﬁ]a&u§”%hé£@ﬂ§ftﬁ(é | Gih £ 150 AR Y§@iyﬂgf\ﬁ§5tion

together wth the gas eX|st|ng In the

#%Wf%%ﬁ%@?@;%%ﬁ%&%ﬁg%é?ﬁsﬁzﬁam BoERFR it of one
A
S TR 05, a({or@z. n%égné&eps ot

appar gt ys udi ng a urallt of se osed

gas- pﬁi&é"‘%ﬂﬁ i% c! %%'rs @ Ypstream
exchange a gas acconpan |ng a ner omde
TRSEHRIOLREP iR GRS FAA 9@8# %’%H‘P 2% gxspagge gessel
arbitrarz rate with another gtyplcal fresh ol ef
thropgh the finstehrapakerqon PUREREEFIER afolaast a part

downstreamreactor. Thus, it |s possible to

of v fidsdo g8y exrstingtin ghe Mpffrean reactor;

introducing a second gas into the lower section through
the gas introduction port and further introducing it into the
gas exchange chamber through the gas distributor plate, thereby
exchanging at least apart of the first gasexisting in the polymer
powder in the gas exchange chamber by the second gas; and

transferring the polymer powder intermittently together
with the gas existing in the polymer powder from the gas exchange
chamber to the downstream reactor through the second transfer
conduit.

According to the present invention, in the continuous
polymerization of olefin(s) using an apparatus including a
plurality of serially-disposed gas-phase polymerization
reactors, it is possible to exchange a gas accompanying a polymer

powder drawn-off from an upstream reactor easlily and at an
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gas- phase pol ynerization of olefin(s). 5 BRIEF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagram
showi ng one exanple of the relationship between the
gas exchange vessel and the upstreamreactor in a
conti nuous polynerization apparatus of the present
invention. 10 Fig. 2 is a diagram show ng the
rel ati onship between the upstreamreactor, the gas
azbditragy vessewithdandehdér igas (typdicallycohidash olefin gas)
connecting the reactor and the vessel in one exanple
adld thencopahspeystpe|poBmentpcnieaphar atdowndttéan reactor.
present invention. 15 DESCRI PTI ON OF THE PREFERRED
TRMBODH YENES phhig ipies &y danaiidqubuslyesafipentit continuous
detail belowwith reference to drawings. Fig. 1 shows

- Emkﬁg |l R i Id¥ 4f en a gas exchange
g%%é?é%E%L?OE gas-gﬁggéﬁgéﬁggﬁvﬁ%?ﬁ%ﬂfion react or
di sposed upstream of the gas exchange vessel in an
apparatus according to the present invention. A
fluidization id |l a.d oo ream
reactor 1. fzg’q:i c?\%eér&pfé%bﬁ%g}lm#ﬁerbr%a% or, a gas
exchange vessel IS __cqnnected throu a first
trans g‘ﬂ'c]of’rﬁLﬁ ?zﬁgfaﬂ‘p&' st °I§\e?§ag&’a\ﬁ%% :t hnoriez]raetjzl%nShip
and a connection conduit 4b. The exchange 7 i
bpdyeen SHE SRRCHFCRPRM YesarbANS Fhe, JDSATHAMEEPELAT 1 @
of the gas exchange vessel are conneg&gd by a second
coniAsueuscBAdYMerizatign; APRABILND|QE ﬁepgéﬁsﬂa invention.

transfer conduit is provided
Fig. 2 is a diagram showing the relationship between the

upstream reactor, the gas exchange vessel and the first transfer
conduit connecting the reactor and the vessel in one example
of the continuous polymerization apparatus of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is described in detail below with
reference to drawings. Fig. 1 shows an example of the
relationship between a gas exchange vessel and a gas-phase
polymerization reactor disposed upstream of the gas exchange
vessel in an apparatus according to the present invention. A
fluidization grid la is mounted within an upstream reactor 1.
To a lower portion of the reactor, a gas exchange vessel 2 is
connected through a first transfer conduit 4 composed of a

draw-off nozzle 4a and a connection conduilt 4b. The gas exchange
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with a transfer control valve 5a. The gas exchange
vessel 5 typically has a top wall, a vertical side
wal | and a base wall. The inside of the vessel is
partitioned by a gas distributor plate 2d into an
upper section 21 and a | ower section 22. The upper
section of the gas exchange vessel includes: an inlet
2a, which is an opening of the first transfer 10

veesdli hnd andowhserebmVhé &bt or PP! JISPHo PORIERSwPS boeaedof the
in the upstreamreactor 1 is transferred to the gas

%écé‘?é\gfnngﬁ%seﬁ aMal £6nheLPeaasy ATBdkbAd Pradsietdonduit

gas e upstreamreactor; a gas exchange chanber

st S S e A, ot dprovsce
f t which_h
438, ST PR HSTR LTl e,

which__.exists in the

er.i.s ex

tyRASELLArRey PR Waliec%f‘(&rgé{«%ﬁ&ﬂe. EFLIER B warr.

as exchange vessel 2, and an o whi ch i
gseﬁnﬁgdef $E Ehe cvonact  bharar L bboted ey (4 §%%dfisatrib“t°r
t hrough which the pol yner powder is dischar fro
Ptlﬁéeggé Bxeq ARy aPPeIBEFt 280t dheaRA t%éOa'aﬁngFPééﬁP The
reactor 3. The | ower section 22 of the S exchange
uppesckeztionpobyitied Jag eFchaggs Wﬁ#ﬁ%ﬂugt et 2e
for introducing the second gas 25 into the gas
exchaageiugssela, Theichcbadanaepe¢ning cof | the gt tpnsfer
gas) introduced into the | ower section through the gas
contuadudt And phroughawhitkea polymdd powdénwrodueed hen the
gas exchange chanber 2b through the gas distributor
upkttreardreAcpolyieis ptinarsferred to the gas exchange vessel

2whilebeing accompaniedbyafirst gas fromtheupstreamreactor:;

a gas exchange chamber 2b, in which a polymer powder
transferred from the upstream reactor 1 is accumulated
temporarily and the first gas which has been introduced from
the upstream reactor together with the polymer powder and which
exists in the polymer powder is exchanged at least partly with
a second gas whiéh is fed into the gas exchange vessel 2, and

an outlet 2c, which is an opening of the second transfer
conduit 5 and through which the polymer powder 1s discharged
from the gas exchange chamber 2b toward the downstream reactor
3.

The lower section 22 of the gas exchange vessel 2 isprovided
with a gas introduction port 2e for introducing the second gas

into the gas exchange vessel. The secondgas (typically, olefin
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di scharged into the first transfer conduit 4 fromthe
upstream 5 reactor 1 enters the gas exchange vesse
whi | e being acconpanied by the first gas which has
existed in the upstreamreactor, and then is

accumul ated tenporarily in the gas exchange chanber.
The first gas which acconpanies and exists in the

pol ymer powder is exchanged in the gas exchange

gebEit M ditdd eLses Oftte ghswerl Gsdittoven titiomggh t tiee ggas
di stributor plate. Follow ng a predeterm ned period of

1P R0 ¥EBE 10QMOES 15 D1 dwntist @ thedgdPexchange
ﬂﬁ&t ecgi‘uféo ¥ Ppo i &G g

wnstream reactor 3 through the second transfer

‘%P%’g‘% zétﬂk%bgﬁg}eﬁé@amer%saeaiglae@rﬁd ol A\’ﬁ’clilﬁﬁnéﬁpowder

yst, an gas and a sub-raw material ‘suc

s .15 hydr.ogen e [ .
Facstrresd SREE B0 e 1l WHebe'RE LBREDEFTL 'R Whe upgtrean
and a sub-raw erial feed line 8, r t
rRpo | otiRns FhSiaaH arBangy esedn (i FEE Re A doodiifantea
froma circulation gas |ine 9.4r1t€$ upstream & a
ke ibecf Lrehaas which Ras Hifhad 28419 Feactor. an
pol ymer 20 powder. The pol yner powder Eroduceg in the
then denpaeiilated Segponididdy 1nnthe; fasga¥chapagnghamber.
vessel 2 through the first transfer conduit 4. The
The £lirg§saawvhgﬁhi accompanteneadewtsts A8 brepalymgrpowder
the sub-raw material, is exchanged with the second
Imsxdhasiged [4n dihef igasgexchengenchambaghwikk §he second gas
distributor 25 plate 2d and then is transferred back
Hlowhet hipsigle arhe egad adisOributen platee Flalsiowing a
transfer conduit 4. In the gas exchange chanber 2b of
plreigesrmitddnger ved sef g&s dxehdngs! tes pdlpher powder is
flowed-in fromthe upstreamreactor 1
transferred to the downstream reactor 3 through the second

transfer conduit 5 provided with the transfer control valve 5a.
A catalyst, an olefin gas and a sub—raWJnatgrial such as
hydrogen are fed into the upstream reactor 1 through a catalyst
feed line 6. an olefin feed line 7 and a sub-raw material feed
line 8, respectively. The polymer powder is fluidized by a
circulation gas fed from a circulation gas line 9. In the
upstream reactor, the olefin is polymerized to produce a polymer
powder. The polymer powder produced in the upstiream reactor
is discharged into the gas exchange vessel 2 through the first
transfer conduit 4. The first gas, which is a gas containing
the olefin and the sub-rawmaterial, is exchanged with the second
gas, typically olefin gas, blown through the gas distributor

plate 2d and then is transferred back to the upstream reactor
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whi | e acconpanyi ng the pol ynmer powder and exists in a
| ayer of 5 the polyner powder is exchanged with the
second gas which was introduced through the gas

i ntroduction port 2e and was distributed by the gas
di stributor plate 2d. By nounting the gas distributor
pl ate, which has a structure such that gas supplied
fromthe rear side of the plate is blown uniformy

1f thmohight ktbheeftlrsd diransEefnr gondiiide 4-hereof, it is
possible to bring the second gas into contact with

t he pohytes gaenerchangbocidnbenrzd effiloe gaisl gxchange vessel
regardl ess of the rate at which the second gas is

2i,n"theddeedt 4asthRiEASELowEA L bt fFrofl i€, umstream reactor 1
porously structured plate such as plates with many

wﬂ&ﬂ‘étéé&bxﬂ an§u5.n§”ﬁ{é & at i WE@W&EW ShE&b i ©d 1R al Beyer of

IS typically Uuse ich is structured so as

th% E ?mérﬂ%é SEENE S Ay S1tH@haCkEEbak] §a§ Gfhich was
d ch Yorn1gas 'S t ution in the radius

t {
o i R e %;&gngig?ﬂh BB e St as

ribution plate 20..s nt.a e
alstshotad PrlHoh s %ﬂ‘ifa%d%% éﬁggpéii‘ﬁaf“gg‘?g the
t hrough the gas i ntroduct,i on rt 2 i s, typical
oPPcSRBSEAPULRT gi8ter %iﬁi’w @ 5?? &%ﬁ%{) Y hat gas
second gas is deS|rab usted SO as_.to be copsuned
suprpiedstyonm ﬁhﬁwﬁe?éa"égq% & Plakg g% tﬁlﬁ“%'éng&mnﬁf from
upstreamreactor 1. A reaction gas nust be pu
thedertire efnkhedinand iside dhexsedi-t Aonis H’?ﬁ%ﬂ%e to bring
cases, the gas purged wll be disposed or recovered.

thet beaghdt grs arfun(Casftadte vdah thecoabaneT RPVdRr uniformly

pol ynmer powder drawn-off fromthe upstream
and efficiently regardless of the rate at which the second gas

is introduced. As the gas distributor plate, a
porously-structured plate, such as plates with many penetrating
small holes and sintered metal plates, is typically used. A
plate which is structured so as to have a differential pressure
characteristic for achieving uniform gas distribution in the
radius direction of the gas distributor plate and not so as to
allow a polymer powder to pass through the gas distributionplate
is advantageously employed.

The second gas introduced into the gas exchange vessel
2 through the gas introduction port 2e is typically fresh olefin
gas. The introduction amount of the second gas is desirably
adjusted so as to be consumed completely in the reaction occurring

in the upstream reactor 1. A reaction gas must be purged under

10
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reactor depends on the pressure difference between the
upstream5 reactor 2 and the downstreamreactor 3, the
di aneter or length of the second transfer conduit 5,
and the kinds of the polyner powler and the gas, it
IS possible to control the exchange rate of the
acconpanying gas at will by adjusting the ratio of the
anmount of the second gas introduced to the anmount of

some prdsyyniedr imatoira opindg. tileaspol fregugbeases Byhe gas purged
controlling the exchange rate of the acconpanying gas

wil1 Wd ldispodesl ppsseddeetredcoIttioughdher epennitest dfhe gas
t he pol yner produced and, at the sane tinme, prevent

atbempLEFiRG the pedghéPNpgndepudgadn-tbE Pebynthe upstream
powder after undergoing the gas exchange is 15

r%%% AelpetidL6h thd ribsudaWistfdncEBetWeed thé lipstream

atiron of the pressure difference between the

r?%?tgqu%ﬁﬁetﬁgﬁﬂvn@f@eaﬁ hee LlOVAIS 3" eaAL I §B&h@fer or length

ough t'he open ose operation of the transfer
o Moo S RRaPRE bURELD S SRR B erine povmer
oSHESR I BB DR, 3 0 B0 06,03 B Sl mace
ofiroAf AP ade Ay e her s TR of e

into the gas exchange vessel fromthe upstrea
aRQURE FF (RORIRRAGSS MEIRFIGRA dro GHR, ARPULs 9F fhe gas

2 shows the rel ationship between_an upstream reactor
aggompanyhRg ke AAJyMAs PewdeTandBY ¢oRigotiindtdie exchange
conduit 4 connecting the reactor and the vessel in an
rakemfl 4hy aotympanying@es afpuidl ustoisipespible o control
invention. In this exanple, the
the properties of the polymer produced and, at the same time,

prevent the loss of the reaction gas purged.

The polymer powder after undergoing the gas exchange is
drawn-off directly to the downstream reactor 3 with utilization
of the pressure difference between the gas exchange vessel and
the downstream reactor through the open/close operation of the
transfer controlvalve 5aprovidedin the second transfer conduit
5 connected to the lower portion of the gas exchange chamber
2b of the gas exchange vessel 2. The level of the surface of
the polymer powder layer in the gas exchange vessel is lowered
by the drawing-off and, accordingly, a polymer powder flows into
the gas exchange vessel from the upstream reactor 1 continuously
by virtue of gravity.

Fig. 2 shows the relationship between an upstream reactor
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upstreamreactor has a vertical side wall |b through
which the 5 first transfer conduit opens. In Fig. 2,
Sl is the magnitude () of an angle fornmed by a
hori zontal line and a slope Iine 4c of the inner
bottomof the first transfer conduit at the bottom is
of the joint of the first transfer conduit and the
vertical side wall of the upstreamreactor. Wen the
1i, anas dxothangete ifel 2arfd a Sl rstdrsiaf eorerdeit d ppanecting
the vertical side wall of the wupstreamreactor while
ther pbagtérsanai ghe veseedt ipoant ekempllbhey podyeerization
of the inner bottomof the first transfer conduit is

?BS:‘&H@' 8Bt thingrdgbhiednb¥nthion.NNei €R1E08%QplBE the
Irst transfer ¢onduit. On the other hand, when the

u?ﬁ@féaﬂ%é éxla% eé?ié&ltémwnc QBdﬂhfohgﬁw&ﬁch the

e verti t he upstream react or

rifge @ﬁa@sg«%’ﬂ@%ﬂ@fh@#@' il g1t 8 tﬂﬂ%ﬂ%itude

I nher 0] ‘ hIrSt tran er COﬂ

d | f
Rl i o 5 a'agﬁdm: {8 Pl 2ene
LS50 L O R A 4 g rgoron

of the joint of the first transfer BP% a L tical
1gerf ithe Jeiad oA thefinst fFapsian FEB F 3R tf% Ver
tangent to the inner bottomof the first transfer £
stdndirll of tFhe UPRLERARI BRAGHRFe (HET & rh°tt°m 0
bends angl ewi ze or 25 roundly. The sign "d" |s
therkérst srensfesfcopduit r]ﬁa‘{qrsaﬁ§ﬁe73r¥2°%%rﬁi'tﬂq Well of the
Wien S1 and S2 are determned so that the follomnng
upspreanimractd) whdde( 29rming sustrpieht 1ine atpHpednk kc. the
to cause the polyner powder to flow into the gas
skaphabiee vef sklie sirogihibottom of the first transfer conduit
ig the straight line defined by the inner bottom of the first
transfer conduit. On the other hand, when the inner bottom of
the first transfer conduit leaves the vertical side wall of the
upstream reactor while forming a curved line at point lc, the
slope line of the inner bottom of the first transfer conduit
is the tangent at point lc of the curved line defined by the
inner bottom of the first transfer conduit. S; is the magnitude
(°) of an angle formed by a horizontal line and a straight line
44 which passes the top 1d of the joint of the first transfer
conduit and the vertical side wall of the upstream reactor and
is tangent to the inner bottom of the first transfer conduit

within the portion where the inner bottom bends anglewize or

roundly. Thesign "d” isthe inner diameter of the first transfer
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 Waere e dSsepeangteftht SPPRSE Lohtod F

fromthe upstreamreactor through the first transfer
conduit 5 only by virtue of gravity w thout pressure
difference. 00 s S1 s 90 (1) Ar s S2 s 900 (2) Were

Ar is an angle of repose () of the pol yner powder

formed in the upstreamreactor. The angle of repose

used herein is 10 that defined by F. A Zenz and D.

F. Ghner in "Fluidization and Fluid-Particle Systens”
couduithed WhenREi #ing §: Grardedlermgngidnger that Sdhe £dollowing
"by Rei nhol d Publishing Corporation, New York,

expBé83iopagel) @nd (238ard gatisibdd ¢ iS21sgpoesible to cause

depending on the inner diameter 15 d of the first

thé podiviercpodaet v elowlinte thei Jaskxchahigearéssel aimoothly
the first transfer conduit 4 at its joint to the

£¥6ht 18&| up St ECaniAtd ad tb Pt HFGuP HHee TN Air@inslEert ROnduit
position where the inner bottomof the first transfer

! ( y e
ogggdﬂytVP@E}CJ%hg?ﬁgﬁ?ygga{;}%ﬁ%&ep%srsaﬂe Y £ FaRdnicae

| e” at transfer 20 conduit bends are
fixed,olf howeyer, d is det i ned depending on Sl
and 9 hi%hss isfy the expr@gsni ons (1) and (2)
menti oned abov9 o 1T iS 2oossi ble to cause the pol yner
ponderT tD 1 cw ¥mot hi %) s = 0" neans that the

first transfer conduit | eaves,.the verti cal si de |1
o potymes ROH{FDFormed

a case, however, it is pqossible to cause the pol r

1B ohRRURBETaN (FRAFTOR o (TP QRIS GTaksR e dlfed Rerein is
snoothly by virtue of gravit i f_ the inner dianeter d
t'éﬂltt‘ﬁ%ff}-/‘l"? tbY rlandk erz%(ﬁ}?‘{ Dond -t REPMSESAR off ation

the inner bottomof the first transfer conduit .
and Fluid-Particle Systems” published in "Reinhold Chemical

Engineering Series” by Reinhold Publishing Corporation, NewYork,
(1960), pages 85 to 88. |

A preferable S; varies depending on the inner diameter
d of the first transfer conduit even if the initial inclination
of the first transfer conduit 4 at its joint to the vertical
side wall 1b of the upstream reactor 1, the position where the
inner bottom of the first transfer conduit bends downward
anglewise or roundly, and the angle at which the first transfer
conduit bends are fixed. If, however, d is determined depending
on S; and S; which satisfy the expressions (1) and (2) mentioned
above, it ispossible tocause the polymer powder to flowsmoothly.
'S, = 0" means that the first transfer conduit leaves the vertical
side wall of the upstream reactor horizontally. Even in such

a case, however, it is possible to cause the polymer powder to
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bends downward angl ewi se or roundly are determ ned so

that S2 5 satisfies the expression (2). The capacity

of the gas exchange chanber 2b of the gas exchange

vessel 2 is desirably not smaller than the apparent

vol ume of the polynmer powder transferred in one
intermttent transfer of the polyner powder to the
downstreamreactor 3, that 10 is to say, the sum of

fillosy Lrab thed gas ekchaegpotesssl powcedhlyndy wirtumppbfingravity
of the gas existing in the polynmer powder. Wen the
iFoltyeeinpewdeiansétét ad sd e rimad fintsar tirtaheelrycbndmithand the
gas exchange vessel, the anount of gas which remains

Do ISP PhEHFR! thBOYRREr G5¥t i 630 wied £y stet tangféheconduit
capacity of the gas exchange 15 chanber 2b | arge

b\%:?lt%gt ow;%rﬁoé}iﬁﬁﬁwﬂg\éﬂﬂ: +Sur@NY | AP0 UM termih&PHAthat S,

e second gas I n the gas exchange chanber. if

Statﬁs@f%isar&ee %ﬁ{p\%g%&fﬁ ﬁ_p)eni ng 2a of the first

trans cond e ‘openi ng 2c of the second

transter condui,t int g I Syt

shoLt FPPFﬁ&tgbﬁéaggetgﬁg gégpﬁgggoﬁgﬁgggioﬁBo§£the gas
Wi the second_gas i.s too.short, the.firs S

EFL .:qqﬂW? §%3§ngeFa5ﬁgi¥rnganﬁﬂP%Egrdﬁ?%gtF@?y%ﬁparent
the first gas 1in the polyner powder be excha d
voddener PFi £ poRTIRE: REVORE  bRRDSHSrTH 4 20R [ ULHFrhL e tent
in increase in the anount_of the first _gas which

toavE 908 WRDELYRSE ReNAe T Eerdte GOWRS tEEPM TRAGEOT e that
capacity of the gas exchange chanber 2b equal to or

igr SateaY . the M eficthe mend yplume 96| tha Podames, powder and
di scharged into the second transfer conduit 5 by one

tiet voliimeeoff thsegasierloting dmstherpoymen@oydesyer When the

powder fromthe gas exchange vessel 2, it is possible
polymer powder is transferred intermittently from the gas

exchange vessel, the amount of gas which remains in the polymer
powder can be reduced by setting the capacity of the gas exchange
chamber 2b large enough. The polymef powder is continuously
in contact with the second gas in the gas exchange chamber. If
the distance between the opening 2a of the first transfer conduit
and the opening 2c of the second transfer conduit in the gas
exchange vessel is too short or if the contact time of the polymer
powder with the second gas is too short, the first gas may flow
into tl_1e second transfer conduit 5 directly, or the first gas
in the polymer powder may be exchanged insufficiently with the
second gas. This may result in increase in the amount of the
first gas which flows into the downétream reactor 3. By setting

the capacity of the gas exchange chamber 2b equal to or greater
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to prevent the above-nentioned undesirabl e phenonena.

5 Regarding the gas distributor plate 2d nounted in

the gas exchange vessel 2, it is desirable to select

one whi ch produces a pressure loss of 0.2 kPa or nore
during the operation of the apparatus. Proper

selection of a gas distributor plate nakes it

possible to distribute the second gas unifornly

thiamotigg voillure ¢fid:her petymer piowdlesf diaehgnged ddHxh§he second
vessel even if the second gas is fed in a snal

tammsifier ddmdyt € Sdnt onaverterod tremt opasration bé frantferring
aspect, an apparatus for the continuous

thel peBFmeR powd e f b tha(fas axchadagervéese hRovEr ig8mbssible
it also provides, in the second aspect, 15 a nethod

o0 hredRhitN¥eidsS e Thiendan@d AnddsSfirddle) phdnindme.

apparatus and, in the third aspect, a nethod for

transgepbi-Agn ﬂ@'@ﬁ?&i@?ﬂﬁﬁt&f%% YRShESRERd in the gas

reactor "to a downstream reactor ch is conduct in a

e%rg?)%ﬁgi- n\%?%%%f | Elﬂof% .d%%li%lie]z@y%é)ét o‘ﬁlee%flﬂ&ﬁ)produces

for “conti nuous pol ymeri zati on o

agbgfglgﬁﬁf’”% n]\'/(g%%: ioc% niuﬂ% {acBat gl? n?o e? %r@.ﬁ'&e%&eogPépgtionnﬁf the

net hod conpri pot yeri zi

| ef i ipth f t ' t
2§PoZogHAt | nUBRESP TS er TSt 9 2R AL B6™PREF R RTg maes
8 58k ke AR SRS LahRAheh i LRGERLY didonghout

apparatus 15 previously described in detail, wherein
thecCheehGeqtifaher the gas sxshepggsversel mutuddéi He £econd

pol ymer powder produced in the upstream
gas is fed in a small amount.

The present invention provides, in the first aspect, an
apparatus for the continuous polymerization of olefin(s) as
described above, and it also provides, in the second aspect,
a method for continuous polymerization of olefin(s) using the
apparatus and,.in the third aspect, a method for transferring
a polymer powder froman upstream reactor to a downstreamreactor
which is conduct in a process for continuous polymerization of
olefin(s).

The method for continuous polymerization of olefin(s)
according to the second aspect of the present invention is a
method comprising polymerizing olefin(s) in the presehce of a
catalyst in reactors of a continuous polymerization apparatus
including a plurality of serially-disposed reactors, wherein

the continuous polymerization apparatus 1s an apparatus

15



10

15

20

25

reactor into the gas exchange chanber of the gas

exchange vessel 5 through the first transfer conduit
together with at least a part of a first gas existing:

in the upstreamreactor; introducing a second gas into
the | ower section through the gas introduction port

and further introducing it into the gas exchange

chanber through the gas distributor plate, thereby 10
pe%ehangilpy dekckedsd dnp@etadfl,t hthedetisi tdes neditsid nurther
in the polynmer powder in the gas exchange chanber by

cbﬁ?rggggngtg?g;oqu transferring the pol yner powder
infermttently together with the gas existing in the

p0|ynﬁﬁt98&H8EnprQ”P %%%E&nﬁ%odﬁﬁﬂﬁxihtﬂhé*&bstream

downstream r eac he second transfer

rgggqg intJ] %hgeghgg g:ﬁ:fc%r nyspec%"%%f &F @hQ gayé@iccﬂgﬁggrvessel

accor the sent
t hod_whi ch t
?—*?355 & Fissﬁ?fmfgi%%éc ERBREAE Wpk Bhogor  port
conducted in a c |n ner|zat|on appar.at us 20
ofne fdrsy 9261 6F P hﬁ?ﬁrﬁﬁﬂbfﬁ?gﬂééflally

di sposed, wherein the contlnuous Eolynerlza P th h
appar AREEOAYCIRTPRRCRRE 985 dRtouihe He¥eF |%"é‘5| :l'?tn roug
detail, wherein the nethod further conprises
theegas ointFodukieR RPEL FAd/ #ﬂrtbeméflt‘p?é&&éé‘@ Hﬁ jmeo the
upstream 25 reactor into the gas exchange chanber of
galeexpianoe bhagberceheough dhehgas gH stird i okt Plakfs fidiereby
conduit together with at |east a part of a first gas
egxhahghggiat 1éas tpgachof thect brst gasexdsdiing tn $heqwl ymer
gas into the | ower section through
powder in the gas exchange chamber by the second gas; and
transferring the polymer powder intermittently together
with the gas existing in the polymer powder from the gas exchange
chamber to the downstream reactor through the second transfer
conduit.

The method for transferring a polymer powder according
to the third aspect of the present invention is a method which
is carried out in a process for continuous polymerization of
olefin(s) conducted in a continuous polymerization apparatus
including a plurality of gas-phase reactors serially disposed,
wherein the continuous polymerization apparatus is an apparatus
previously described in detail, wherein the method further
comprises the steps of:

introducing a polymer powder produced in the upstream

reactor into the gas exchange chamber of the gas exchange vessel
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the gas introduction port and further introducing it

into the 5 gas exchange chanber through the gas

di stributor plate, thereby exchanging at |east a part

of the first gas existing in the polymer powder in

t he gas exchange chanber by the second gas; and
transferring the polyner powder intermttently

together with the gas existing in the polyner powder
YHERHN SDG-51 et READS T CEOCRMANbE LGS tHRE WARRSAT 48APT a part
reactor through the second transfer conduit. It is

¢hsy firsbrgaslexigting hbimgehe aapstreamereaetergas in

the pol yner powder with the second gas by adjusting

t he rdantrodifcing aveeghndofas hin e ddw lgaser sectdonethrough
t hrough the gas 15 introduction port 2e per unit tine

tie das Waitgbtueftibheppokyard ok intansfiesimy iftf Afto the
t he gas exchange chanber 2 to the downstream reactor

FaPekchBfigérdianit e thByuglNti® lghisNgl é L1 b6 P PG & ,atRereby
of the first gas in the polyner powder with the

GAPat 1kalst PPaSE Rt HOr 28k Had &1 SPNS§RNAld BBLymer
of a sub-taw 20 naterial in the gas in the downstream

g&@éélou[ﬁ oﬁﬁgﬁﬂ Al @%hém:{"lbf‘)éﬂgeéectl:ﬁ%g&as; and

desirabl e e polynerization pressure 1nt

02 B ehE, SRLPhEL BNl SRbERIER 1Y Fogether
TR Sl PP SRS EREMAV TR0 e 57k HiE g paghance
AT e R R T
ves§el.eZdP¥fg?:h§:sisted transport utilizing the

It is easy to control the exchange rate of the first gas
in the polymer powder with the second gas by adjusting the ratio
of the weight of the second gas introduced through the gas
introduction port 2e per unit time to the weight of the polymer
powder transferred from the gas exchange chamber 2 to the
downstream reactor 3 per the unit time. By controlling the
exchange rate of the first gas in the polymer powder with the
secondgas, it ispossible toadjust the concentrationof asub-raw
material in the gas in the downstream reactor to obtain a desired
useful polymer.

vais desirable that the polymerization pressure in the
upstream reactor 1 be maintained at a pressure from 0.2 MPa to
1.0MPahigher than the polymerization pressure in the downstream

reactor 3. In the present invention, a polymer powder is
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bet ween the gas exchange vessel and the downstream

reactor. The 5 transfer capacity depends on the

pressure difference, the size of the transfer

conduit, the properties of the polynmer and gas to be

dealt with, etc. Fromthe viewpoint of ease of how to
transfer the polyner powder, a greater pressure

di fference between the upstreamreactor and the
transferaed tegetberi with prageqoEposssPadnlypeéatie second
an excessively great pressure difference may result

dgas 4 typaemialdiyvf.f elefide gaspofgdeinkatthe gasekchange vessel
bet ween the upstream and downstreamreactors, it is

20p¢i gab! €shated herardpoet wtdiliizing ¢heupeessutaaiifference
upstream reactor be maintained at a pressure fromO. 2
bRveled dhé gifBaeXédiede ¥eskBamidehe@owiRitir&Rin pBactor. The

pressure in the downstreamreactor. It is also

t%%?&fg}@ ts?ggciﬁgr A5 RPP Ve Phe (e HBIAE diFE R@NGYEE! the size

nsfefred in one intermttent transfer of

o%@?g%gﬁ%ﬁgfvm{d {0, e g?%éfiﬁ@@éf%boi kRabnd gas

0 say e sumof the re vol une of the polymer
powder vol 0 e nSh | '
S nar S AT SUE%, REROMRE S ERpbARD o 4858T6E now co
exch e,.chamher 2b _of the gas e vV .
tfdl&isggig%n the qn(;g‘y"{?gs BRI % st p?éq;eq{] %Zress:si%ﬁéd (giafsﬂ[}:ence
into the_gas exchange vessel raje sych that the
b Ra R (b RS R & SRR o T A0S AT e desgior 1s
0.2 kPa or nore. Furthernore, the polyner powder is 25
DEeFaREAGeoULPYoRER, PROBBRPAEP REPRSPIESIZCGREGBEFGPUTe
a 18 sufficient tinme when the polymer powder is not :
diffeseaceenayuresylttin § mrela&aﬁiSfx-eFﬁeCPr&%rﬂﬂltm&izatim

transfer operation. The present invention provides a
coaciitiions bgtugpngthq) upstream and downstream reactors, it 1s

desirable that the polymerization pressure in the upstream

reactor be maintained at a pressure from 0.2 MPa to 1.0 MPa higher
than the polymerization pressure in the downstreamreactor. It
is also desirable to set the apparent volume of the polymer powder
transferred in one intermittent transfer of the polymer powder
to the downstream reactor 3, that is to say the sum of the real
volume of the polymer powder and the volume of the gas existing
in the polymer powder, less than the capacity of the gas exchange
chamber 2b of the gas exchange vessel 2. In addition, it is
desirable to supply the second gas into the gas exchange vessel
ataratesuchthat thegasdistributorplate canproduce apressure
loss of 0.2 kPa or more. Furthermore, the polymer powder is

advantageously kept in contact with the second gas for a
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conti nuous pol ynerization of olefin(s) and any olef in
which can 5 be polynerized by the action of a

catal yst may be applied in the present invention. C2
to Cl0, especially C2 to C5, olef in such ethylene,
propyl ene, or a mxture of ethylene with a C3 to C10,
especially C3to C8 olef in, for exanple, propylene,

SRSk F0S S s TR e el e 01 42061808 S aur1ng

onrrerlzatlonls carried out in the resence of a
fgﬂ%p’eﬂ el Rf cthe intesmibhhent | traesfesdorarasypnr aw

mat eri al such as a nol ecul ar wei ght regul ator such as

hydr odthe aresent davenfdsons povides e tgehnigugnpedeting to
of the catalyst include various types of netall ocene
ot @l medus poliheZiegltdionNaf tod efdndls)sasd any olefin which can
Pol yneri zati on conditions such as polynerization

1y qRelymeer XEd B ithal gyt i pokyitalysat may be applied in
tenperature, and the type and the anount of sub-raw

e Prieent MRWENE RPN ORL | €6 at.y , chese81801{he, hsicg, Oblefin
knowl edge of those skilled in fhe art. In a

SN | e WRIPZRIAON SPRATRKSred J?fa\éﬁ?ﬂn% @¥ith a Cj
nore additi onal reactors besi des the upstream and

tSfé"’&?%L%?ﬁ%ﬁé‘%%ﬂ B adé%m. DEo AR By Lene,
Iﬂtﬁftér{lf 8§éﬁ'é e 4oinet%1 't%'?l%l o ?L@SEQEﬁe :Itss O?referred.

aS| ca e Sarre as t t of feam reac

AR, oS0 45 RS o e
SREEIGE i &1&1”&?\/% elT B HhipIv T et dedired, o
sub-raw material such as a molecular weight regulator such as
hydrogen and an inert gas such as nitrogen. Examples of the
catalyst include various types of metallocene catalyst and
Ziegler-Natta catalysts. Polymerization conditions such as
polymerization pressure, polymerization time, polymerization
temperature, and the type and the amount of sub-raw materials
may be appropriately chosen on the basis of knowledge of those
skilled in the art. In a continuous polymerization apparatus
having one or more additional reactors besides the upstream and
downstreamreactors sandwiching a gas exchange vessel previously
described in detail, it should be noted that the structure of
the additional reactors is basically the same as that of the
upstream reactor, but their specifications including the

capacity, the number of raw material feed lines and the style
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bel ow, but the exanples should not be construed to
limt the 5 scope of the invention. Exanple 1: In an
apparatus including an upstreamreactor, a gas
exchange vessel and a downstreamreactor serially

di sposed in this order, intermttent transfer of a
pol ynmer powder was carried 10 out, and the
transferring condition of the golyner powder and the

WasS eI iRy RMdER9PR WRE eWthteked. The gas
exchange vessel was in a cylindrical formhaving an
i nner di aneter of 250 mm LES ght of 1000 nm The

inside of the vessel was partitioned into two

chanbdihe Ipresegdas ibfreditsiton witldr byel descmibeld wasmore detail
capabl e of exhibiting a pressure |oss of 0.25 kPa in
Hdlowpdnet ithg exampleEhahpad enoltabgecoastetued\da® limit the
provided with an introduction port for exchange gas

dipay off heasnlist1dbut or plate. It was al so provided
wi th, above the gas distributor plate, an inlet

E(ﬂe\.;\gﬂedj:aneter: 8 inches) 20 for receiving a pol yner
powder fromthe upstreamreactor and an outlet (inner

di anetgy anl ud HHB I GRS SN an 588 tor, a gas

toward the ddovvnstream reactor.” The capacity of the

eg&fl{d Jo e%g]elllt ?F\dgg}sd&un?é ﬂ‘ (]:"eégtgatre S%Q‘itallqgmﬁligbosed in

was a ers. An upstream an downstre

b Bog3 3 Tonh BB e L A DRSO Fcorrton
ol L PRI S50 el Lo ne
WA M TN

The gas exchange vessel was in a cylindrical form having
an inner diameter of 250 mm and a height of 1000 mm. The inside
of the vessel was partitioned into two chambers by a gas
distributor plate which was capable ¢of exhibiting a pressure
loss of 0.25 kPa in the operating state. The gas exchange vessel
was provided with an introduction port for exchange gas below
the gas distributor plate. It was also provided with, above
the gas distributor plate, an inlet (inner diameter: 8 inches)
for receiving a polymer powder from the upstream reactor and.
an outlet (inner diameter: 1 inches) from the gas exchange vessel
toward the downstream reactor. The capacity of the portion from
the gas distributor plate to the inlet was about 25 litters.

An upstream and downstreamreactors of the same type having

an inner volume of 1.2 m® were disposed serially. The upstream
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reactor, and a horizontal connection conduit wth an

inner 5 dianmeter of 8 inches follow ng the draw off

nozzle. The draw off nozzle and the connection

conduit were 250 mmlong in total. The upstream

reactor formed with the nozzle and the connection

conduit angles Si = 0, 52 = 39. The gas exchange

vessel and the downstream reactor were connected

RERhRM %S reprrertednkri the 1925 ¥re94 Yasgel through a
transfer control valve. The inside of the_upstream
drapetff nasziaivwitdl arepraniag wids apdangr digmefecos)8 dnches
gas with a hydrogen-to-ethylene ratio (hereinafter,

Y Qg rharigorgfalllyl Othee VX 1441 hé hde eallpsof etine upstream
reactor, a polymer powder having an average particle
riamiey ghbd o HASzahital acombedreion ccopdnif i with aant ynner
of 0.37 g/cc and an angle of repose of 35 was

dilanieti zedlf Bulr Shddf &1L Dewihd eWell dw - o4 hé2ale Ve Md d¥aw-of £
of 0.22 msec. The inside of the downstream reactor

% e Rind An fclo‘ﬂh@'cl:@.@nc@:%@'ﬂdh'i‘%n wa¥eN26bORAN18A§ Yhitotal.
a pressure of 0.2 G at 70C. Then, the polyner

'ﬂ@"qﬁﬁt%&nzgeaéﬁaffﬁfn% WAk Fhbt l%‘iii’e faan!“thEe onnection

upstrean1reactor to dOMﬂSth&ﬂ]fE&CtOf Vi a e

Sy cgge gﬁg}%r g e f1gsh aglhyleng, S?gfgsvésg?l ana

at da rate roug a gas “rntro on por

t%fe c@%@n&’ e%%@%@ z efrocr:nopﬁré%téda%xf n § V) Bgonduit

yner € gas exch ge VEeSSe

P§°§’&g’%§na’q"’3’?en t oRATRERE TRESAN Y0 seo. The

ter e andicBant EhebRBREreal RASCEOR Xgs mALELARRg at a
p}%s‘s*&%eag%" Y% %p%fc 7% 933 with A nyarogencio-ethyions ratio
(hereinafter, H;/C'; ratio) of 1/10 at 70°C. Within the upstream
reactor, a polymer powder having an average particle diameter
of 1050 pum, a volumetric specilfic gravity of 0.37 g/cc and an
angle of repose of 35° was fluidized fully by a gas flow with

a linear velocity of 0.22 m/sec. The inside of the downstream
reactor was kept in a fluidized condition by nitrogen gas with
a pressure of 0.2 MPaG at 70°C. Then, the polymer powder was
transferred intermittently from the upstream reactor to the
downstream reactor via.the gas exchange vessel while fresh
ethylene gas was fed at a rate of 40 kg/hr through a gas
introduction port of the gas exchange vessel. The transfer
conditions of the polymer powder from the gas exchange vessel

include an open time of the transfer control valve of 3 sec and
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the H2/C 2 ratio was 0.15/10, which showed that the

gas exchange 5 in the gas exchange vessel was fully
achieved. In addition, the flowout condition of the

pol ymer powder to the gas exchange vessel was good.

The experinmental conditions and the result of the gas
analysis in the downstreamreactor were summari zed in
Table 1. 10 In this exanple, S1 = 00, S2 = 39, and Ar
at3gmsfendatervied ¢5130akAg She eavumtsof thegpglymer powder
were satisfied: 0 s S1 590 (1) Ar s S2 5 900 (2).
tEaasferzed in e 1ntErpdtitentt trans EeroniRratkbn washé. 4 kg.
same manner as Exanple 1 except the conditions were
Acbargedgatso dhevanalysabkl @f thelTgas iaxphe dewhatream reactor,
conditions and the results are summarized in Table 1.

tEsanyice , 4 €0RARAD | ¥8) 10 2Ghiluh Bhoweteth#f thepghy change
powder was carried out under the sane conditions as

iEXeHB! §ad 8%ERRhgROvELLYL ePgs WBS11 Pt 4ORLEREA. t NP WHALtion,
the gas |ntroduc?|on port of the gas exchange vessel.

B AP W g%npﬁ% 1BAVELE L Hier ﬁé@oﬁlrﬁ%]{‘ edwae 0P8 t@féeghﬁ &xchange

operati on e transfer val ve was 5.

A85RECHEE bRaAT" A BBl il WREE1 0l g e wosune
jch sh d.th h it] '
A

iupitﬁga reactor. The flowout condition of the
Bol'#ReP powder to the gas exchange

In this example, S; = 0°, S, = 39°, and Ar = 35°; thus,
the following expressions (1) and (2) were satisfied:

0° < S; = 90° (1)

Ar < S; < 90° (2).

Examples 2 to 6:

Experiments were conducted in the same manner as Example
1 except the conditions were changed as shown in Table 1. The
experimental conditions and the results are summarized in Table
1.

Example 7 (comparative):

The transfer of a polymer powder was carried out under
the same conditions as Example 1 except no ethylene was introduced
through the gas introduction port of the gas exchange vessel.
The amount of the powder transferred by one opening operation
of the transfer control valve was 5.0 kg. According to the

analysis of the gas in the downstream reactor, the Hy/C'; ratio
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vessel was good. 5 Table 1 Exanple No. 1 2 345 6 7
Tenperature 70 70 70 70 70 70 70 (O Upstream

Pressure 1.0 1.0 1.0 0.5 0.5 0.5 1.0 Reactor (MPaQ

Gas Flow Rate 0.22 0.22 0.22 0.22 0.22 0.22 0.22

(msec) H2/C 2 Ratio 1/10 1/10 1/10 1/10 1/10 1/10

1/10 Fresh C'2 40 10 19 30 19 19 0 (kg/hr) Open Tine

: 33 3.0 3.0 Transfer Gas Control

‘B% 4hge W%Stﬂgﬂe? R%fssheﬂaaﬁﬁ?rem%t Bon 3@ tiee dowpg tream
30 Interval (sec) Transfer 4.4 4.3 4.3 3.0 4.4 2.8
veactomoig e/ samesder thabolpstheanpsitreap Reactor. The
0.15 0.6 0.76 0.15 0.58 0.20 1.0 Reactor /10 /10 /10
#how/awk /genditgion of the polymer powder to the gas exchange

vessel was good.

Table 1
Example No.
1 2 3 4 5 6 7
Temperature 70 70 70 70 70 70 70
(°C)

Upstream Pressure 1.0 1.0 1.0 0.5 0.5 0.5 1.0

Reactor (MPaG)
Gas FlowRate | 0.22 [ 0.22 ] 0.22 1 0.22]0.22(0.22 |0.22

{m/sec)

.H2/C’; Ratio | 1/10)1/10(1/10|1/10)1/10 1/10|{1/10

Fresh C', 40 10 19 30 19 19 - 0
(kg/hr)
Open Time of [ 3.0 { 3.0 | 3.0 | 3.0 | 6.0 | 3.0 | 3.0
Transfer
Gas Control
Exchange Valve (sec)
Vessel Transfer 30 30 30 30 30 60 30
Interval
(gec)
Transfer 4.4 | 4.3 | 4.3 )] 3.0) 4.4} 2.8 | 4.3
Amount
(kg/transfer)

Downstream | H,/C’, Ratio | 0.15{ 0.6 0.76 1 0.15 | 0.5810.20| 1.0
Reactor /10 /10 /10 /10 /10 /10 /10
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23 What is clainmed is: 1. An apparatus for continuous
pol yneri zation of olefin(s), conprising a plurality
of serially-disposed gas-phase 5 polynerization
reactors which include a conbination of an upstream
reactor and a downstreamreactor, the upstream and
downstream reactors bei ng adjacent to each other via a

gﬁ; exchange vessel and the upstream reactor being
?ﬁo&gdcgﬁgﬁpgaﬁ§°of the downstream reactor, the gas
exchange vessel being 10 connected to the upstream

reactor by a first transfer conduit and to the

downstream reactor by a second transfer conduit,

wher ei Antarpapatus Epaneen vineeus pad yamegdgatiisir oBwletin(s),
plate therein, which partitions the inside of the gas
eropahgéngessplurnidtygnoflSenppdilysddisiposedn das -phakie
section, the upper section conprising: an inlet, which
belgmeppeaimgnokrehbeorsr #hithanatendeoaddbinbiad®ion of an

t hrough whi ch a pol yner powder produced in the

upstream regaeber ah8 hr aBehetiedmt echbeodas tB%¥CRPRYTeam and
vessel while being 20 acconpanied by a first gas from

46RnYPELARAPLABRELE be@ngaad§4EeBARIRoCBARRCHENER YALCH gas
a polynmer powder transf erréd fromthe upstream

RS54 | AT S48y UTDICE, o288 0L ShoBfbacrean

whi ch has been 1 ntroduce stre

Sgoekedaihibeil SOk, PONE Lo St YoPhy Besns
t%ﬁﬁ‘e@té& & QheZlAipstream reactor by a first transfer conduit
and to the downstream reactor by a second transfer conduit,
wherein

the gas exchange vessel has a gas distributor plate therein,
which partitions the inside of the gas exchange vessel into an
upper section and a lower section,

the upper section comprising:

an inlet, which is an opening of the first transfer conduit
and through which a polymer powder produced in the upstream
reactor is transferred to the gas exchange vessel while being
accompanied by a first gas from the upstream reactor;

a gas exchange chamber, in which a polymer powder
transferredfromtheupstreamreactorisaccumulatedtemporarily
and the first gas which has been introduced from the upstream

reactor together with the polymer powder and which exists in

the polymer powder is exchanged at least partly with a second
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gas which is fed into the gas exchange vessel, and an
outlet, which is an opening of the second transfer
conduit and through which the pol yner powder is

di scharged from the gas exchange chanber toward the
downstreamreactor; and 5 the |ower section of the gas

exchange vessel conprising a gas introduction port,
gas is introduced into the

hrou ,ch_t he, second
é ggﬁgh 58@5éPtOZth?hgaﬁpﬁﬁPﬁﬁﬁgeagééﬁeﬂngaﬂé
cla|n11 mhereln the upstream 10 reactor has a
verticd® QuBkehal YRishodghanhepaning pEr thet saaohdr transfer
conduit opens, wherein the first transfer conduit :
FRRFekt @nd thepupbatbi¢hishacpolyher lpowdest | saht sctantqsd £rom
hori zontally or downward. 15 3. The apparatus
e gag ngxtvlmangau oh2nbehetewvardhehéi dewnstraamnf teactor: and
conduit has an inner bottom bendi ng angl ewi se or

roundltshe dtowelrs siettdiofe Of atife L4 IedbhadiRy %%sbﬂecomprising
followi ng expressions (1) and (2) are satisfied: 00 s

Blgas Ahfdgdudbich o2, stFough WHEEE el Seb l?d as is

magni tude () of an angle formed by a horizonta ne
mamemr@rwqﬁ@g@é é%éﬁ#étvéé fef Condu't at
bottom of a joint of the fir trans conduit and

the vertical side wall of the upstrean1reactor, S2 is
the magnitude () of an angle 25 forned by a horizontal

d.ine aqd Qpésﬁ:ﬁitg?taéé d négg)r gg%?}. aillt w%#&%%%geo&pstream

t'he joint o irst tra

r\é%rctt'o‘iai]xaé Lafe P La PE 1 HGA &S£ﬁ§gﬁng SN ¢ n%irst transfer

t angent
conduit opens, wherein the first transfer conduit leaves the

vertical side wall of the upstream reactor horizontally or

downward.

3. The apparatus according to claim 2, wherein the first
transferconduithasaninnerbottombendinganglewiseorroundly
at its intermediate portion, wherein the following expressions
(1) and (2) are satisfied:

0° = S; s 90° (1)

Ar < S§; s 90° (2)
where S; is the magnitude (°) of an angle formed by a horizontal
line and the inner bottom of the first transfer conduit at bottom
of a joint of the first transfer conduit and the vertical side
wall of the upstream reactor, S, is the magnitude (°} of an angle

formed by a horizontal line and a straight line which passes
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the inner bottomof the first transfer conduit within

the portion where the inner bottom bends angl ew ze or
roundly, and Ar is 5 an angle of repose of the pol yner
powder produced in the upstream reactor. 4. A nethod

for transferring a polynmer powder which is conducted

in a continuous polynerization apparatus including 10

a plurality of gas-phase polynerization reactors

the itap il skaintvef cthe tficsoritransfisr conduit and the
pol ymeri zation apparatus ts an apparatus defined in
vetiimall, silder eiallt o€ hehagstoapmi seacterepadois tangent to
i ntroduci ng a pol yner powder produced in the upstream

the iwRet b titdintot RReghisrLX ehangfet aNarL tofithen 3% portion
exchange vessel through the first transfer conduit

wHaae! itle WnhBrabokeafmt banhar Eng@éw@zé' b3t r988a 8y ShhARr is
| n the upstreamreactor; introducing a second gas into

ik %;P&‘%E PEGLLORFARE ggﬁw},‘%ﬁ) &?(Tﬁeef B%gﬁ%%h' ap tﬂgrﬁep stream

urther ‘i ntroduci n gas exchan
£elyer, through the gas distributor plate, thereby
exchangi ng at | east a part of the first gas existing
in the polynmer powder in the gas exchange chanber by
the second gas and transferring the polynmer powder

|nter tt y toget her Mﬁt t he eX|st|n in e

poly r M5 g&ﬂ fPFb%F PRELEET 3§bﬁa§§ Qﬂ}ch is
wg;trean1reactor t hrough t he second transfer

085‘ Fied 18, @ CoRtHIMO S PR AR O I 3RRATHHHS oirp%lfuding

oleflné , the nmethod conprising polynerizing

a5 pduira gfylﬁftH@Sppgggﬁcgq&ymgrization reactors serially

disposed, wherein the continuous polymerization apparatus is
an apparatus defined in claim 1, wherein the method comprises
steps of:

introducing a polymer powder prodﬁced in the upstream
reactor into the gas exchange chamber of the gas exchange vessel
through the first transfer conduit together with at least a part
of a first gas existing in the upstream reactor;

introducing a second gas into the lower section through
the gas introduction port and further introducing it into the
gas exchange chamber through the gas distributor plate, thereby
exchangingat least apartof the first gasexisting in the polymer
powder in the gas exchange chamber by the second gas; and

transferring the polymer powder intermittently together
with the gas existing in the polymer powder £rom the gas exchange

chamber to the downstream reactor through the second transfer
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5 catalyst in reactors of a continuous pol ynerization
apparatus including a plurality of serially-disposed
gas- phase polynerization reactors, wherein the
conti nuous polynerization apparatus is an apparatus
defined in claim1, wherein the nethod further
conprises steps of: 10 introducing a pol yner powder
produced in the upstream reactor into the gas
audhditge chanber of the gas exchange vessel through
the first transfer conduit together wwth at |east a
part of a first gas existing in the upstreamreactor;
i ntroduci ng a second gas into the | ower section

5t.hr oughme $Roll o1 @B nitAhRAECHb OPmELL £a 86n fd¥ bhGEiIn(s), the
introducing it into the gas exchange chanber through

et 0P S oMb et i Rt ﬁ& l?i{nék?zihﬁ%f@f inBXfhaD9H0pRksence of a
| east a part of 'the Tirst gaS existing in the polyner

it :
e B o S A O IRN00E DY PR E R e M aratus
. r ' S J St i n the | r
h83SNG o Ballral a3l R 3 b qeFy R Bilase
downst r.eam.react or_t hrough _t he second transfer .
P AR SRS AR HDGEAI 0% GOBELPTPRS Apfrasrization
the ratio, of the 25 weight, of_ the second gas
SPREF G O BORATE RIS L 1RGSR IINL - AReRR4N e method
unit tinme to the weight of the pol ynmer powder
furthere COBRTisesmsitedSyLE ‘exchange vessel to the
downstream reactor per the wunit tine is adjusted, so
t hat tRETEAURAAGear RPAYBRT: PoWers Proguseid, imhdhe upstream

pol ymer powder by the second gas is controlled. 5
reactor into the gas exchange chamber of the gas exchange vessel

through the first transfer conduit together with at least a part
of a first gas existing in the upstream reactor;
introducing a second gas into the lower section through
the gas introduction port and further introducing it into the
gas exchange chamber through the gas distributor plate, thereby
exchangingat least a part of the first gasexistingin the polymer
powder in the gas exchange chamber by the second gas; and
transferring the polymer powder intermittently together
with the gas existing in thg polymer powder £rom the gas exchange
chamber to the downstream reactor through the second transfer

conduit.

6. The method according to claim 5, wherein the ratio of the

weight of the second gas introduced through the gas introduction
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7. The method according to claimb5, wherein the

pol yneri zation pressure in the upstreamreactor is

mai ntai ned at a pressure from0.2 MPato 1.0 MPa

hi gher than the polynerization pressure in the
downstreamreactor. 10 8. The nethod according to

claimb5, wherein the apparent volune of the pol yner

powder transferred fromthe gas exchange vessel to

piolre: pEmnstitaaineg eadcherwe gt e fi thepoilymentpawdest ransferred
is equal to or less than the capacity of the gas

feprhengegas aiiandsd vels sidle tgathe xddiaingierefs $@actdr per the
The nethod according to claim5, wherein the second

w3t thmel msrséyﬁséeant@otﬂeaﬂat&leemmimevgg&@ o¥NERE first
condltlons where the pressure |oss caused by the gas

AisSti BHOL AR ipowlcr P 1R Mol GaLlls controlled.

7. Themethod accordingtoclaim5b, wherein the polymerization
pressure in the upstream reactor is maintained at a pressure
from 0.2 MPa to 1.0 MPa higher than the polymerization pressure

in the downstream reactor.

8. The method according to claim 5, wherein the apparent
volume of the polymer powder transferred from the gas exchange
vessel to the downstream reactor in one intermittent transfer
is equal to or less than the capacity of the gas exchange chamber

of the gas exchange vessel.

9. The method according to claim 5, wherein the second gas
isintroduced into the gas exchange vessel under conditions where
the pressure loss caused by the gas distributor plate is 0.2

kPa or more.
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