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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 yneri zation reactors, in 10 which a gas
acconpBMRATUS FORyGENTENULYS BOLYMEBAZARION OFsOLEEIN,
reactor i s exchanged with another gas and then the

pol ymer MEGHOE FORaTRANSFERRING e POLYMEBRIROWDER y AND
continuously to a downstream reactor. The present

i nvent i MFTHEP JFRR GONDINGOUS NnROLYMERDZATIONNOFEOLERINA
pol ymer powder and a nethod for continuous 15

pol ynmeri zation of olefin(s) using the apparatus. 2.
DESCRI PTI ON OF THE RELATED ART In a fluidi zed-bed
reactor for gas- BPACXKGRpUNDNOF TaE CNvENTIONfi N(S) , a
fluidized bed has been fornmed in which a polyner 20
powWHZELD| ORSTHE TNVWEN@®ION a reaction gas stream Wen
the pol yner powder is drawn off fromthe reactor, it

necess@he! presen8cLAvPAbiod PElhbes @3ChhOBpgaT-atiisC For
has coexisted with the polyner powder. The reaction

gostinwhbab 1':61?138%9%&918@ &F Yord g1 esf Siﬂ@iﬂx%ﬁ% ads Blurality

may additionally contain a sub-raw nateri al _
beeseti A0l yCaus§hHged §§§prﬁQsQOkﬁﬂ%éﬁﬁtzh@.ﬂmﬁte@%%g?@rs, in

inal reactor. In sone cases, e supb-raw nmater

WRECHBYg e acebbhngingG bOLiMEr YWY PPo8hERE 1M 2 upstream
exanpl e, when hydrogen,

reactor is exchanged with another gas and then the polymer powder
canbe transferredintermittentlyor continuocusly toadownstream
reactor. The present invention relates also to a method for

transferring a polymer powder and a method for continuous

pPolymerization of olefin(s) using the apparatus.

2. DESCRIPTION OF THE RELATED ART

In a £fluidized-bed reactor for gas-phase polymerization
of olefin(s), a fluidized bed has been formed in which a polymer
powder flows by virtue of areaction gas stream. When the polymer
powder 1s drawn off from the reactor, it necessarlly 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 a polynmer with a desired

mol ecul ar wei ght and, accordingly, the range of the
’E‘BﬁﬁgEFt i OfF GTOMR|SARRS. oHt Qi ?f&ﬂ’éﬂ berigki gag. may be

For sol ving such probl ens, nethods for separating, as
oRRhractiye Lo thefodlewbnaatens-cr For exrample.owhean hydgogen,
a polynmer powder drawn off froma reactor have been

Yhibph segverds pmalerudarwe ighPregniakior 44 6$25e8%3 a sub-raw
di scl oses a nethod in which two polyner settling
nakeriahgasdinpuudtiirstpaesidiymertiz adficor appgastpbdseluding
pol ymeri zation reactor and a pol yner powder is

a ipdiradidrtan oforeact buk| and iif dydrogiencinasre| amamt amore than
nmet hod wusing two polyner settling vessels are
thaphseayiged fbr\a akactioa Yashehfied lpetipgesteptisoBontained
react or wherein apolynmer is separated in a first

drestds smwbmpaaysingy igack ,t d ta wdadobe comes dli fEddule Ro2Produce
the polyner separated is transferred to the foll ow ng

s popymearwitlva ausDfed o RAIVIES wespAladn@] a¥ddrei®ifYy, the
in the first vessel in the case of using the

rsrdeablfytith SRMmpoOsitwenyes TR 1mel Obtd9HAHIR MRy be Limited.

di scl oses an approach of causing the first vessel to

Foav 602 vasd BubhVhEEb Behd| Gfe BRSNS Nhf HegA%R M 49 alhRuch
pol ymer. 25 JP-A 3-153708 di scl oses a né{hod iﬁpwﬁicﬁuc as

plﬁ:fvsg{tf].' :l NE ¥95SFiw na a0V gde dac%&r[ib&?iﬁ% &r ?%lymer powder
g line and a pol yner "powder ‘settled I
adeh VEEeE iR hSaclidh i der TR ofla 925

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 aﬁd a method
using two polymer settling vessels are disposed serially after
agas-phasepolymarizationreactorwhereinapolymerisseparated
in a first vessel and transferred to a second vessel and then
thepolymerseparatedist:ansferredtothefollowingstep. 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 a3 conduit with a large opening for receiving the polymer,

JP-A 3-153708 discloses a method in which a settling vessel is

2



10

15

intermttently to the followi ng step. U S. Patent No.
5,928,612 discloses a nethod in which a draw ng-off
conduit froma 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

rate @t mﬁl£ 10 SUVWWARY OF THE | NVENTI ON The obj ect
RYOYHEefr BLER: &) preRsrnn 1evedipdoline: 2ad appatames powder

f or iontinuoys golynerization of olefin(s) including
FEhHedl 18 ydrcheraef| jogertheScdifhsapsmedl amount of gas

ol ynerization reactors, in which a gas acconpanying a
f}b %ﬁutﬁ@maerthﬁ fokloving sfepan UpSt Pehentdiet 5, 928,612

can be exchanged easily and at an arbitrary rate wth
rsegan ixvhith a drawing od&f condait,fromephsdphase
for transferring a polymer powder after exchanging a
ukyRerbRption vessied psldimsc piviownimandst e aupgtdetarmined
reactor 20 easily and at an arbitrary rate with
andlisher Hgarevean dtize setdppd-dawhdsheeqoirientios polymer gsettling
pol ymeri zation of olefin(s) wutilizing the nmethod for
viersaesi s mesplitimg diny ddffiendey. inl doatbhustsaspecktions or
the present invention provides an apparatus for

dGidftliouidys ol girmigiany it Gad | @ldidige rabe COETHLEL NG
a plurality of serially-disposed gas-phase 3

pol ymeri zation reactors which include a conbination of
an upstreamreactor and a downstream reactor, the

upstream and dovwssMMERR® OPABHRI INVENPRORD] acent to
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
powder drawn-off from an upstreamreactor can be exchanged easily
and at an arbitrary rate with another gas (fox example, fresh
olefin gas);

amethod for transferring apolymer powder after exchanging
a gas accompanying the polymer powder from the upstream reactor
easily and at an arbitrary rate with another gas: and

a method for the continuous polymerization of olefin(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 gerially-disposed gas-phase

3
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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

gas exchange vessel into an upper section and a | ower
pekynenizabionppeactecs i winlennpheiiag: adfomblifhtrivhi 68 an
is an opening of the first transfer conduit and

uie UoAm wheadit ar pahg e r dpeneitte s ofdesetor) the upstream and
upstream 15 reactor is transferred to the gas

dnaisingean eseabt ok | e D0y Nga jASEREPES1 84chYothéi ¥la a gas
gas fromthe upstreamreactor; a gas exchange chanber,

émwﬁﬂgﬁlvésﬁﬁlmtl@@“ﬁ%&reﬁhﬂ@é@iéﬁgeﬁh?rﬁf% ed upstream
upstream reactor is accurul ated tenmporarily and t he

df nate gRAmMYEdRk aSe 1968 | NEHO deiéﬂmlgéev&ﬁé%ie%ﬁlng

20 reactor together with the polyner powder an

cofirlctdd) td ‘Eﬁep@béfﬁﬁéaﬁoﬂpﬁét&f_ﬁxqqgag‘%q @Lﬁhgggg conduit

partly with a second gas ichis fed into the

2V RN Ghe/ ARVl s txAMh FefitdL by W ﬁhdrﬁd m%%:ggc&tduit .

the second transfer conduit and throug
whereey powder is discharged from 25 the gas exchange
chanber toward the downstreamreactor; and 4 the | ower

o ST AR AR AP AR s
whAbhopycese 1 BhE {18 imdeexggaggg das Se?:lc'hange 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 £rom 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 1s 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



I na 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 apparatus according to the first aspect of the

pr esenthe i Tment isect e bE hhehgasbitclangé Ve¥sel comprising
conprises steps of: introducing a polyner powder
Progasceotradubeionspoetn thectgh whieht RBela®condNyage is
chanber of the gas exchange vessel through the first

inensdeced ondtot thagghBeexvhbfigat vkgastL.a part 15 of
a first gas existing in the upstreamreactor;

| Nt r OdLIS Bk cOIEEOPEcE AT he Breddie F AYRAtS8aHVVides amethod
through the gas introduction port and further

£ rOsEL Mot HOLPméPezatBsn cEEhanae i AeTDeknENHRYHRA
the gas distributor plate, thereby exchanging at

t@asti 9 19meliS inig §ie oS ( £Xiis | | Y;
L LT Pl Sl 2081 B K8 b R Bacatyar

DRFeattdrst 68105 E8RELAACLE D PAIMGEL z9PY0R apparatus including
intermttently together wth the gas existing i1n the

D P WRL 1 DOYSE ééﬁ&iﬁ—%ﬁéggﬁ&é&@ngs-pﬁﬂeabﬁérﬂrﬂeﬁﬁauon

downstream reactor throu ond trans

SO Ls , e #h dtegie; ¢ ARG, es§ E?%?ﬂ%%i%fi%\ﬁe ng%%ratus isg

prpvidgs’a nmet or transf a polymer: p
L S LN 04 TS DRLNIEE! 684D prasen
BB AL G SIS 1V thePO8EHpri ¥BE CBLLYs of:
introducing a polymer powder produced 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 digtributor plate, thereby
exchangingat1eastaparfofthefirstgasexistinginthapolymer
powder in the gas exchange chamber by the second gas; and
transferring the polymer powder intermittently together
with the gas existing in the polymex 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 efin(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 nmethod conprises steps of:

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

?xchgnge vessel 10 through the first transfer conduit
BYetREPSHPTRIRE PeRSLYREFPOWISE ¥hichsdsygonduokatdn a
in %he upstreamreactor; introducing a second gas Into
FRBEILBHERS SRR YHRTLRABLGR 2PPargbus | inebadingod pUmsality of
and further introducing It into the as exchange

GRS nBBRSEIRAMITIE TiRE h BRaETPBa RO iRidacdLerioredy typically
exchangi ng at | east apart of the first gas existing in
4REipgRRRACe sRoliRRFonElnyoug po lamerimad isitoob ol efinf k3 using
second gas: and transferring the polyner powder

FRCRr ARt ePRAX§tusgevherehint thehecogtsneriust ppdymertization

pol ymer powder fromthe gas exchange chanber to the
FLRRSEERA ks Shetappameg Radeerdiegohnd theafsiiest a8fect of the
conduit. According to the present invention, In the

rEpFemtiolavepbionervheredn theohefhodsromprigeansteps of:
apparatus Including a plurality of serially-disposed

gas- phirtrediging | 2 polymer cpovdes, produsefioini bhe tpstream
exchange a gas acconpanyi ng a pol yner 25 powder

R amhe o fin tior tine ga sugsthaage ohaniber ¢AtHe/ gaskeihaigdvessel
arbitrary rate with another gas (typically, fresh

Qledigh ghe) fivetd tiches ferasaidii t togethetewipRVEEl eh8t @ part
downstreamreactor. Thus, it is possible to

it vea gD usdy «ealsyimyltine Offié NUPsiSream 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.

According to the present invention, in the continuous
polymerization of clefin(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 easily and at an
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gas- phase pol ynerization of olefin(s). 5 BRIEF

DESCRI PTION OF THE DRAWNGS Fig. | 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
exchange vessel and the first transfer conduit
tehhbrarngrate widdceoothed ghs (typitalhyonerestarglietin gas)
of the continuous pol ynerization apparatus of the

prdsden txansfidnthel foDFSER| Powdbir Cio THAdRRstRrDreactor .
EMBODI MENTS The present invention |Is described In

Trusi | ibeisvpossiblecfer edeantagdoasilggeartyJout &bawSnuous
an exanple of the relationship between a gas exchange
yassphasndpelgasrPhaseor loPOobYEEihzayi on react or

di sposed upstream of the gas exchange vessel in an
apparatus according to the present invention. A
fluidization grid Is is nounted with-in an upstream

reactor 1. TRRERF EscRDPTIONOPfThHBEpRERENQE. 2 0as
exchange vessel 2 is connected through a first

t r ansfrerg C 0k 44 geARPOSHHL A of ek idis BEftrﬂgEéhﬁtéﬁnship

and a connection conduit 4b. The gas exchange vesse

Bt QMRS gaeaBXERAR LA vasSb s p@é&%m@%ﬁq Q'featclr?:grr in a

gas exchange vessel are connected by a rans

d&ﬁ&%douépo'l@n{e%'gga%’i%ﬁpéﬁpa}:gﬁuée&f’ e Bﬁ'gﬁfeﬁrt invention.

conduit is provi
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
0f the continuous polymerization apparatus of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODTMENTS

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
pPolymerization 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 vesgsel 2 ig
connected through a first transfer conduit 4 composed of a

draw-off nozzle 4a and a connection conduit 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

conduit 4 and through which a polynmer powder produced
Vesddb anpsd r@ans i rebdtor P3P0 WownRe:33% of the
exchange vessel 2 while being acconpanied by a first

s ebrohiBridie vepa kL eare (et te P b8 LEdWN IS RChonduit
2b, in which a polynmer powder transferred fromthe
Sipstineahiiscasbaple,i $hacseauhal edaharbeRERALIY 18N frovided
the first gas which has been introduced from the

‘\!iﬂ'f;'ﬂ'. rf&fﬁa_[zﬁ@ﬁ:@fcdrﬂgﬂﬁe&aﬂ%é hSé.he 'ﬂg i gérwessel
which exists in the polynmer powder Is “exchanged "at
tygasdainey by #iddp wamca%ﬂ@fcat@'s&*aa Sah ;ﬂ%.h&}ag b*g%% wall.

gas exchange vessel 2, and an outlet Zc,
T%ﬁﬁﬁhﬁﬁd@:d&th§39ﬁageﬁrigsﬁﬁgtiggoﬁgﬁdﬂkta5%§9d istributor
e o]y

t hrough whi ch the pol yner po r 1s discharg
platedaa ex%E8389 LEPARYC 3Rt Q%&Hutfﬁm?&{ﬂ% 22. The
reactor 3. The | ower section 22 of the gas exchange

uppeEelaed tiom o dRA gall tdkdhaAite VUL Ao POL! 2€

for introducing the second gas 25 into the gas

exchapge ingatebq, Tnﬁiéﬁgfﬁ dag aégé%%n?g ?18# | Ve 8#1]%%?1% niézg%nsfer

gas) Introduced into t ower: n-tThrough
contld .a0a EbuhMBLLERY polifndd ndeder dFrodiced fa the
upbRtBanlre ARRLY R PYVHELnsferred to the gas exchange vessel
2while beingaccompaniedbyafirst gas fromthe upstreamreactor;

a gas exchange chamber 2b, in which a polymer powder
transferred from the upstream reactor 1 is accumulated
temporaxily 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 gsecond gas which is fed into the gas exchange vessel 2, and

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

The lowexr section 22 of the gas exchange vegsel 2 is provigded

with a gas introduction port 2e for introducing the second gas

into the gas exchange vessel. The second gas (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

chanber with the second gas 10 bl own through the gas

e rintredugedt tnteotheonlnyer pectitonr thredgpethed gat

gas exchange, the polyner powder is transferred to

I HerANPEIPR BAT E @ @ £ e dtTimm e Ll wer dntio threogas exchange
conduit 5 provided with the transfer control valve 5a.
chamher $hthrongh e gagdd samdbaterpete 2@t eri pblgnehpowder
as 15 hydrogen are fed into the upstreamreactor 1
digchapged daittel vhe £firet Hoamsfer eonduahi 9 fa6 the8pétream
and a sub-raw material feed line 8, respectively. The
AT 1 eatars thefdas dkzRany v ss@ll wHl 2biMuLPScE8fpanied
froma circulation gas line 9. In the upstream
hedbeofirshaen whichi Bap@yimdd ef t0e IE¥HGa reactor, and
pol ymer 20 powder. The pol yner powder produced in the

Whyest deamccontilated tefipsebaigedihnthet §8s988cRYAYBNERamber .
vessel 2 through the first transfer conduit 4. The

Thier $1r gagashhLbhidedbniRn Ganhaan:ik td A8 MeHolyiRe powder
the sub-raw material, is exchanged with the second
igagxchupiged iy ehef jaslekehih

di stributor 25 platg 2d and tﬁﬁﬂcﬁgﬁ?gggg%ggrggéb%%iond gas
bllowinh & hitRight ale gaGt A fi i er
condui t 4.bPh theggés ef@ﬁgﬁggﬁgﬁgﬂﬁggﬁébbgﬁhfhé%525
PeEaBRRININRYS Pbridd bEC ghls’ Sheciddigi Ghd [FVRHdLY dwilr is

the upstreamreactor |
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-raw material such ag
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
upstreamreactor, the olefin is polymerized to bProduce a polymex
powder. The polymer powder produced in the upstream 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 24 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

%rg@*lo the entire of the front side thereof, It is
OSRTHRER  BRe FHESt  eansferdeepduint 4-contact with

t he pouéner powder uniformy and efficiently
r egar dtibdhecgag pxghangechambelr 2bofstbengag@stcliange vessel

-introduced. As the gas distributor plate, a
ZDrordiss IBALs mmw@écgu flowedudn fropl ihesupstireamnyeactor 1
penetrating 15 small holes and sintered netal plates,

whiilg gicesmpanydag. the pdlymenipiciidrs anid egigtedis G dayer of

to have a differential pressure characteristic for
thehpodiymgrupowdem jasexiclsanged twbth ithd kR con®iads which was
direction of the gas distributor plate and not so as

ingroguced dhmsiughertheowsar it saBsct 160 4sdct hee 0a%d was
di stribution plate 20 Is advantageously enpl oyed. The

dsdaridudasl byt thdugas diitrihet gD 2WE BSHGhntEng the
through the gas Introduction port 2 e is typically

gRee S sEirdbiurt org ad a tEhe whilcho i ik aiitiirdfsddif that gas
second gas |Is desirably adjusted so as to be consuned

supppledet yom ithienre a2 adeDOL A PN aRe 25 H1dW'Eniformly from
upstreamreactor 1. A reaction gas nust be purged

thedentife Sofretipolaat saldeOtneeBdi!, i @8Sis! FosStfhle to bring
cases, the gas purged WII be disposed or recover ed.

thbt Yeaghd tdes At cottatewits +RE HODAYY: Woddir uniformly
pol ynmer powder drawn-off fromthe upstTeam

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 go 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 distribution plate
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
adjustedsoastobeconsumedcompletelyinthereactionoccurring

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

lo
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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 amount of

t he gas 10 acconpanyi ng the pol ymer powder. By
%%??Rﬂ#ﬂﬁgf%%t@&m%étm oft ot $Rclh CAFRFan Fhag@amPurged
af_ W ll, it is possible to control the properties of
Yhtl ke Gsp QEcRecPvered . « Al thownoh the amgnafenf the gas
the | oss of the reaction gas purged. The pol yner
Pecearanying thecrgbymert Rewdas dxewangé&f- fxomithe upstream
drawn-of f directly to the downstreamreactor 3 with
TR2F 9% depends; on theppressvte @ ifianance between the upstream
gas exchange vessel and the downstream reactor

¥ordtem 2 padopha/ddvwratngan aeastarf 3ththetdiamder or length
control valve 5a provided in the second transfer

@b secegndotranstdrieondelt Giveangothedrinds tdl thas polymer
exchange chanber 20 2b of the gas exchange vessel 2.
Pwdereaid thetdas sditf 48 padsitle tpobynErohovite lexdcliteige rate
In the gas exchange vessel is |lowered by the

aff dhengesompaaydngagesr at ngiyl tay pol jueti gy wiey rfati@vef the
Into the gas exchange vessel fromthe upstream

auutiorofl thentsenomdsigas iy triodudcedoftogthe amount bifgthe gas
2 shows the relationship between an upstream reactor

actoinpanyiasy dbehpolgmeessewder andGf dontSlo1idtF the exchange
conduit 4 connecting the reactor and the vessel in an

retenpEatlye EalotiRyaAding BasaPp FaAllLs 18f i s ¥ asato control
I nvention. 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 control valve 5a provided in 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 £lows into
the gas exchange vessel f£rom the upstream reactor 1 cont inuously
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.

S, is the magnitude (0) of an angle formed by a

hori zontal line and a slope Iine 40 of the inner
bottom of the first transfer conduit at the bottom Ic
of the joint of the first transfer conduit and the
vertical side wall of the upstreamreactor. Wen the
%nner bottomof 10 the first transfer conduit |eaves

h& GRS $XRARNLS YESRALI2 WA R Farstinansfiar eardei t difanmecting

ggéning ﬁ straight line at point 1c, the slope line
t hE9FhAEr 2BGt £Bf BESEAL LR/ &P pKemPlaryceedymerization

t he stLaight line defined by the inner bottom of the

PPPRITALYF R EhecBREGeRt ERVeRtiohper Inakls wexamphe, the

i nner bottomof 15 the f irst transfer conduit | eaves

TRt TerriReactadama| verticnl ids weddh Lbathooughiwhich the
formng a curved |line at point 1c, the slope line of

$iEst fansinT sansiuithepensst LnaRéfer 2cofduig thesmbhfaitude
tangent at point 1c of the curved line defined by the
("Mnet bot Boglel folrmell byt at harskentaandine 2$A aSsibpe line
magni tude 20 (') of an angle fornmed by a horizontal

49 A€ theiianer bwitdiom ¢f rhe fivrshitchnpfesesondelt ap ik bottom
of the joint of the first transfer conduit and the

i ef the ioiwmt f thef £iketutsanster reamedwi ¢ al the vertical
tangent to the Inner bottomof the first transfer
LHeledwall wif the upetresn meashtere tWRennthe BAhbeMbottom of
bands angl ewi ze or 25 roundly. The sign "d" is the
thenirdtamansfaf conddiiitr Jeatvesntievelticadsilie4rall of the
When Si. and S2 are determ ned so that the foll ow ng

upshressi pasctd) whild Zbrifitgsatld tfdfsht HinkeSaPRSidY ¢c, the
to cause the polyner powder to flow Into the gar

sdopealgfeVeFsehesiRNbE Yottom of the first transfer conduit
is 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 1lc, 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. Sz is the magnitude
(°) of an angle formed by a horizontal line and a straight line
44 which passes the top 14 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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fromthe upstreamreactor through the first transfer

conduit 5 only by virtue of gravity w thout pressure
difference. 0" :5 S, :5 900 (1) Ar !g S2 :g 90* (2)

Where A-r is an angle of repose (*) of the polyner

powder formed in the upstreamreactor. The angl e of

repose used herein is 10 that defined by F. A Zenz

and D. F. Ohmer -in "Fluidization and Fluid-Particle
Systens- published in "Reinhold Chem cal Engineering
Srdwst 4oy Whenhdl dnBudi aslel dgtEampnedt sorchadewh¥Ebllowing
(1960), pages 85 to 88. A preferable S2 varies

efprerl iopo( handn(2) abfamatdsfibd, diefiéppddislie to cause
transfer conduit even if the initial inclination of
thepblywertpendde tochihukiintéd the igas ¢2CHangae vidisel smoothly
vertical side wall Ib of the upstreamreactor 1, the

e thihen uplsdire sith ceactper thebugh het berkir efahbeasf 8bnauit
condui t bends downward anglew se or roundly, and the

cadgt dyatvidtush dfheydfdvisty tWoledef RSN 31 PEOHSHEE €
fixed. If, however, d is determ ned depending on Sl

and S°whi gh sajgesfy the exprgig-i ons (1) and (2)

menti oned above, it is possiblé to cause the pol yner

powdenrt @ iglow ggoothlyy,,"S, = On nmeans that the
first transtfer conduit |eaves the verti cal Si de wal |

WhlerleNRrUps td L ARG RAGE QeMé Zent lhe E\éig'ﬂlieeg—péﬁﬁﬁgfzﬁfomed

a case, however, it is possiblée to cau

 1ROwEer upetidah keWckBLQ (Pge gﬁﬁéfﬁg%ae(gé%ea herein is

snmoothly by virtue of gravity di anet er

RS PRk TR R A LN Pl fuon
and Fluid-Particle Systems~ published in “Reinhold Chemical
Engineering Series” by Reinhold Publishing Corporation, New York,
(1960), pages 85 to 88.

A preferable S; varies depending on the inner diameter
d of the f£irst 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 flow smoothly.
"S5; = 0" means that the first transfer conduit leaves the vertical
side wall of the upstream reactor horizontally. Ewven in such

a case, however, it is possible to cause the polymer powder to
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bends downward angl ew 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

the real volune of the polynmer powder and the vol une

Hiow datyathexdas iexghangeee pse ¥ suopiiviie by Whebtushef gravity
pol ymer powder Is transferred intermttently fromthe

o stheanamydivemtelr, dt 02 theuhirof tgasnster caml@ithand the
in the polynmer powder can be reduced by setting the
Bpbkiey Wienedhgainprrhbagtohbof henbefirdit kampesfer conduit
enough. The pol yner powder is continuously in contact
hinds (doyvrososhdngldewise be gasndighargedetanmened! fo that S,
t he di stance between the opening 2a of the first

st s ctheletpresuiidde{ Dpeni ng 2c of the second
transfer conduit in the gas exchange vessel is too

short The idagdid tgorifacthel igiis efcchiangeolcy@mbe20 28008CEkhe gas
with the second gas is too short, the first gas nay

ebtchangdentvesddl Ledendebiaanlg noendnbl1exrdthast the &pparent
the first gas in the polyner powder may be exchanged

Viclade iof ahiel yoliyrt powdeeC 6REngBercddl SnNBie! H5tbimittent
in increase in the anobunt of the first gas which

tramstdnos tHepoDymeat mardde 86t itHe dowR¥ t3ekl Feadbolt RS that
capacity of the gas exchange chanber 2b equal to or

igr eat ey 1 AHd1a0n 82 81 WHRA10VoLRCPOE WK poAHRr powder and
di scharged into the second transfer conduit 5 by one

thel 6 luink il thlRegasi i Hidd AnSERL PIMePSRAMTE 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 polymer 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 polymex
powder with the second gas is too short, the first gas may flow
into the sacond transfer conduit 5 directly, or the first gas
in the polymer powder may be exchanged insufficiently with the
second gas. This may result in incré.ase in the amount of the

£irst gas which flows into the downstream 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 which 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

throgﬁpout 10 the cross section of the gas exchange
ecvehume ofhthe podnmergrawier ididsdhazyedrinto the second

anount. The present |nvention Erovides, in the first

tRaRster ganddty by ohie Hrtermitient oPeration of transferring
_ﬁglénerization of olefin(s) as described above, and

rite RPdImer RowRr framthe gassnrhange vesssla mithiorpossible
for continuous polynerization of olefin(s) using the

L RFeNeRt the abpYemmentioned psrdesirablacphéneomena.
transferrin a pol ynmer powder from an upstream

r eact dtegaFr Hamhhet e dlsdxdbatomblahe 31 montted im the gas
process for continuous polynerization of olefin(s).
eXrhpngevesself 2y idoheidrmiratpls Loeselatt oneiWwhich produces
olefin(s) according to the second aspect of the
Hpressurienkensi ofi 0 2 &Panorhnore alqmrisg tthe @peiatilongf the
olefln(s) in the presence of a catalyst in reactors
apipagadust.i nBropeposghectzahi oh Appar dlstribdtondplgtd makes
plurality of serially-disposed reactors, wherein 25

itthpogsibileutasipotyitute dhiecosezppd ghSuhiféfmly throughout
apparatus 15 Previously described in detail, wherein

thieecreshoeduttdmher thengys exehangRsvaksel d¥adUE BHedsecond
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 alefin{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
@ polymer powder from an upstream reactor to a downstream reactor
which 1s conduct in a process for continuous polymerization of
olefin(s).

The method for continuous polymerization of olefin(sg)
according to the second aspect of the present invention is a
method comprising polymerizing olefin{s) in the presence of a
catalyst in reactors of a continuous polymerization apparatus

including a plurality of serially-disposed reactors, wherein

the continuous polymerization apparatus is an apparatus
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reactor into the gas exchange chanber of the gas
exchange vessel 5 through the first transfer conduit
together with at |east a part of a first gas existing
in the upstreamreactor; introducing a second gas into
the | ower seat-ion through the gas introduction port
and further introducing it into the gas exchange
chanber through the gas distributor plate, thereby 10.
exchangi ng at | east apart of the first gas existing in
IRV i ste rdeponideed | In t detgbhl, cwtdnair thanmethby Fhether
second gas; and traneferring the polyner powder
domprigds estdpys tafet her with the gas existing in the
pol ymer powder -from the gas exchange chanber to the

downstirsarodeziaigra (pomer (Pewdar gitodices! 26 tHE upstream
conduit. The nethod for transferring a pol yner powder

weesHial hgtotthd hastdidithigy ehamberi e thiec§edlexchange vessel
invention is a nethod which is carried out In a

Yhoorgds therf it tpraaySepQonmii @ dbigethelr wotRHit{ 8dst a part
conducted In a continuous pol ynerization apparatus 20

oind vy ayad wWaldtihPlirdathe ipPHrdanctOisStser i al |y
di sposed, wherein the continuous pol ynerization

appar dntToducihgAAaEabHA od WH 1Y ¥ 96w BeH+iBn through
detail, wherein the nethod further conprises the

thlecas0int+pa6E6YSH NS0 A RALY 'ﬁfrﬂ@@id%t%%lé&%%og? %?Eo the

upstream 25 reactor into the gas exchange cha

galgce BERaNYS RhREd et LbudR tHY §REM e Tdd&dr phakel %hereby

conduit together with at least a part O a first gas

o A B PR 8y AL A B L mer
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
conduii.

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(g) conducted in a continuous polymerization apparatus
including a plurality of gas-phase reactors serially disposed,
wherein the continuous polymerization apparatus ig an apparatus
pPreviously described in detail, wherein the method further
comprises the steps of:

introducing a polymer powder produced in the upgztream

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 pol yner powder
fromthe gas exchange 10 chanber to the downstream
TREReh ’ﬁh%r%ﬁﬂt transfes gaonduptrragethariwith at leest a part
easy to control the exchange rate of the first gas in

Phe potSskerIpsvREts b imethecapstyeamhyeadtarti ng

the ratio of the weight of the second gas introduced

t hr ougtP ¥ FRARRING 2 pAcPBdugasointorthedowar gecticvnrbhrough
to the weight of the polyner powder transferred from

the g8 1ptardigd ionanpst and Eurthex dmistadaringddt dnto the
3 per the unit tinme. By controlling the exchange rate

xS exehapgstchampemn thiroupbl tive wasodiietributoripdate, thereby
second gas, it is possible to adjust the concentration
Fchanging atvlgasia partlofi the fidrghgasexhet tnguatteapolymer
reactor to obtain a desired wuseful polymer. -It- Is
Rewdenine theatgashexmiangs i ctedntosr e stthis esécofidlegas; and
upstreamreactor | be maintained at a pressure from

0. 2 Mexansferrihg\/Phelpahater hawddicintbyiBtitdatl9 together
pressure in the downstream 25 reactor 3. In the

wirtkstine gasvexisting dAnprhy polypesteswdér ¥ okl B16 lgdls' &8change
together with a gas conposed nainly of the second gas

chiambecakbythe| @dwis grsam rathd iz thi@ugRs tAECHEB6RA transfer
vessel 2 by gas-assisted transport utilizing the
cpn@sddar.e difference

It ig 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
downsgtream reactor 3 per the unit time. By controlling the
exchange rate of the first gas in the polymexr powder with the
secondgas, itispossible toadjust the concentrationof a sub-raw
material in the gas in the downsgtream reactor to obtain a desired
useful polymer.

It is 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
downstream reactor is 10 preferred. However, because
AnsEITsd dogefhan Witicsugas compesed ity ek thie second
in a great difference in polynerization conditions
oo @W%W%ﬂlaﬁimmwom daXm thacgessexthange vessel
desirable that the polynerization pressure in the
2Byt granassiatedr transpont aitnidd ming three preseukeogifference
2 leato 1.0 MPa higher 15 than the pol ynerization
bheteean the gashexchamge veaselonul ¢the ddwnstSredb feactor. The
desirable to set the apparent volune of the polyner
Tansdier capasityrdependone thepmessend difiedaicedf the size
t he pol yner powder to the downstreamreactor 3, that
cfsthe trgnafer aendfit.hshecptopeoties of #He ppQkines! and gas
powder and the volunme of the gas existing 20 in the
tgobpndeapswwath,| ets.t Hemom hehe apbeipyint 6P of how to
exchange chanber 2b of the gas exchange vessel 2. In
tzansfeon thet podymdesposider,t @ guRplter Bresiid 3 Ference
into the gas exchange vessel at a rate such that the
bgiwednsthebupstrpbat eeaetopr afdCthe RAodmstr@an 8e2¥or is
0.2 kPa or nore. Furthernore, the polyner powder is 25
putfenredeouddwekep! becaosd oh dkéSebiCe3PCyPdataprboiure
a 18 sufficient time when the pol ymer powder is not
diffeséeceaqtaylureniit theai giteiy adiofetdigod NP b@lgﬁn%&tization
transfer operation. The present invention provides a
comdhhione betwdd§hkOupstream and downstream reactors, it is

desirable that the polymerization pPressure in the upstream

reactor be maintained at a pressure from 0.2 MPa to 1.0 MPa higher
than the polymerization pressure in the downstream reactor. It
ig also desirable to gset 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
atarate suchthat thegasdistributor platecanproduce apressure
loss of 0.2 kPa or more. Furthermore, the polymer powder is

advantagecusly Xept in contact with the s5econd gas for a

18
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conti nuous pol ynerization of olefin(s) and any ol efin
which can 5 be polynerized by the action of a

catal yst may be applied in the present invent-ion, C2
to C1O, especially C2 to C8, olefin such ethyl ene,
propyl ene, or a mxture of ethylene with a C3 to ClO
especially C, to Ca, olefin. f or exanple, propylene,
1- but ene, 1-hexene, 4-nethyl-1-pentene or 1l-octene is

10 In each reactor, gas-phase

d
%%%ﬁ%i%wm Wher, Ehe Pod TIeE RowAeELs Ratstraes Berged during

_ﬁggper sel ected catalyst and, If desired, a sub-raw
Teqk ofsthe nbrEeTmat tept ghransferaoperatihnas
hydrogn? and an inert gas such as nitrogen. Exanples
of thelhe argsent iinventdompiroyldespes techmigriel redad¢ing to
catal yst and 15 Ziegler-Natta catal ysts.
PR RIuR Prdimesigiationsof vdiefin ( sloagdmnyzalefin which can
pressure, polynerization tinme, polynerization

5 hemslymerizediy tthe agideanof ke catalys tomaguber applied in
materials may be appropriately chosen on the basis of
Wy Bixegpn hfinvegdd orski Ck et iQ) ot hespeatiallyaC, to C;. olefin
conti nuous pol ynerization apparatus 20 havi ng one or
sunte eddgiiensnalpoopacdienes, @asialeddthnrdlpE bR 1BNE with a C,
downstream reactors sandw chi ng a gas exchange vesse
o Stb pUstpeciiallyi bectd IT,Jelbdielfin,! £930Wxhn} &10tbpyLene,
that the structure of the additional reactors is

basiteald yl hexSaap 4amethell -k peht enésit L3t bARGIDpreferred.
but their specifications including the 25 capacity,

10 Twheaonnictir / gasFphasedpolfid2aesor NG LASrIbY Gut9n the
of Stirring may be chosen at will. EXAMPLES The
preanitie loIveiprtheiily A 8%d IRAhIyEtHfl deffidesired, a
sub-raw material such ag a molecular weight requlator such as
hydrogen and an inert gas such as nitrogen. Examples of the
catalyst include various types of metallocene catalyst and

15 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

20 having one or more additional reactors besides the upstream and
downstreamreactors sandwiching agas 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

25 capacity, the number of raw material feed lines and the style
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bel ow, but the exanples shoul d not be construed to
limt the 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 polynmer powder and the
as exchangi ng condition were checked. The gas

AHafgelne e bchaser 3% ivkkd cal form having an

-inner dianeter of 250 nm and a hei ght of 1000 nm The
inside of the vessel wasEZAMPLESoned into two

chanbers by a gas 15 distributor plate which was
capablT@ePregent fnvgniionewiddebe| degcoibedo2$nkarendetail
the operating state. The gas exchange vessel was
bedow.dbytwithe gxamplesdabondd pottbéororstimedetgatimit the
bel ow the gas distributor plate. It was al so provi ded

sgope, ofbdhe imvenddondi stributor plate, an inlet

(inner dianeter: a Inches) 20 for receiving a pol yner
Egai@de flrom t he upstreamreactor and an outlet (inner
dianmeter. | inches) fromthe gas exchange vessel '

t owar dnt pa appesatismineduding Ene upmiaeisy refadtver, a gas
portion from the gas distributor plate to the inlet
exgbangeuveasel i and e dodmstpean zaaendrdosnsalEgndisposed in
reactors of the sane type having 25 an inner volune
thils brdzmiBinbeemiit ot ¢dansfieal d §a pHlemeRShowder #ls carried
reactor was connected to the gas exchange vessel
ouhi camyd the dnmsscieirmiony lcondittiod ofPEhe NPoYhér Hbwder and

I nner dianeter of 8 inches |eaving horizontally the
ther gasakxchdrgiabl cohdihdornpwbireadhecked,

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 exbhibiting 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

nozzl e. The drawoff nozzle and the connection

conduit were 250 mmlong in total. The upstream

reactor formed with the nozzle and the connection

conduit angles St = 00, S2 = 390. The gas exchange

vessel and the downstream reactor were connected

through a transfer conduit 10 provided with a
Teagtar (van reemnegked cto Ttke | gas dexclhanpe vessetabhrough a
reactor was nmintained at a pressure of 1. 0 MPaG by
drayre Tl nazale witboen opeoiagiwi tdnan dairiexr dlameter of 8 inches
(hereinafter, H2/C 2 ratio) of 1/10 at 700C. Wthin

ey ins thasimontraldgt drthe avepot el spbdeleva hBVOAQERE upstream
average particle dianeter 15 of 1050 pm a volunetric
re@edich,.c agrda thomifzdh 3l gamesitian comdhtt ofi e @S Cinner
of 350 was fluidized fully by a gas f lowwth a
dijamediervef gdinchesf £l RAving ehe diaty-iofd tezvle! herhe draw-of£
downstream reactor was kept in a fluidized condition

ngy: zdiet pOge thgasonnebtienpeendute were. 25bFak dénd 00k total.
Then, the polymer powder was 20 transferred

Thet epatreantieadtmmidimadoRithathé aisd e bRd HBe connection
downstream reactor via the gas exchange vessel while
cbh@sfit ah@ykene, ga vag, fLdet arpat ?agfeé&gl%grvessel and
through a gas introduction port of The gas exchange
theskain s thivarn £ 88616 wei @ Ebih8568ithirlddgilh YFRHsBRM IS nduit

fromthe gas exchange vessel 25 include an open tine

pobvidedt wansf ar tgankrelr ¥wahteodl va1ec and 21 a
transfer interval of 3 0 sec. The ampbunt of the

pol ymehepoubede bf afted ij@ﬁiréé}n FEadfdL wad Wlintained at a
transfer operation was 4.4 kg. According to the

poaskyseoOh . 0IMPEa DY A J4¢ wiPH A HFHBISACtOlethylene ratio
(hereinafter, H./C'; ratio) of 1/10 at 70°C. Within the upstream
Treactor, a polymer powder having an average particle diameter
of 1050 um, a volumetric specific gravity of 0,37 g/cc and an
angle of repose of 35° was fluidized fully by a gas £low 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
Qownstream 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 vesgel. The transfer
conditions of the polymer powder from the gas exchange vessesl

include an open time of the transfer control valve of 3 sec and
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the "2/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 f [ow out 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 I 10 In this exanple, S, - 00, S2 = 390, and Ar

= 350; thus, the follow ng expressions (1) and (2)
airansfersineeirval of 30 ec. 5Th8(argdynt Af the IR igm@dOpowder
(2). Exanples 2 to 6i is Experinents were conducted

transfeste® impone rintsefimdinpdnt tramafient opbeatdodiwands 4 kg.
wer e changed as shown in Table 1. The experinental

o ding soatle tdmalypsid b€ the gasniarthie downstaizlam réactor,
Exanple 7 (conparative). 20 The transfer of a pol yner
Pronbe/ C psatavbrvas 00U5 /d0dewhithaeslfaral ehadi the asaéxchange
Exanpl e I except no ethylene was introduced through

irherhga gasn levetiatigeO rep@iell @ast Fa1739S ackebaRds VeASE8dition,

The anount of the powder transferred by one opening

OREE Abwobut Worldiet idrBET e pOIYIEE NEWAST WeStBe Galslexchange
According to the 25 analysis of the gas in the

Vg Waigod@it Orhet BRpélliheRtadt £6nd2t¥Bhslanl, the result
whi ch showed that the gas conposition in the

of0\Whe! ga8nand ERS1Orinahd dowhaiteddn bBAbtoR WBfe summarized’
upstreamreactor. The flow out condition of the

ikoImgmle powder to the gas exchange

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

0° = S, =< 90° (1)

Ar = S; 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 wag 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 H,/C’', ratio
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vessel was good. 5 Table 1 Exanple No. 1234567
Tenper at ure70707070707070 (O

Upst reanPressurel. 01. 01. 00. 50. 50. 51. 0 React or ( MPaQ
Gas Fl ow Rat e0. 220. 220. 220. 220. 220. 220. 22 (m sec)
H2/ C 2 Ratiol/101/101/101/101/101/101/10 Fresh

C 24010193019190 (kg/ hr) Open Tine

of 3. 03. 03. 03. 06. 03. 03. 0 Transfer GasContr ol

RN R L —

nsfer Downst r ea
1%% 3 6%‘37%03%22%&551”0 the upstream reactor. The

eact S r/lO/ 10/.10/1Q/10/ 1Q
ﬁ t con]EP‘/t:Lon 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
(°Cc)
Upstream Pressure 1.0/ 1.0/ 1.0 | 0.5 | 0.5 0.5} 1.0
Reactor (MPagG) '
Gas FlowRate | 0.22 | 0.22 ! 0.22 | 0.22 | 0.22 [ 0.22 0.22
(m/gec)

H;/C'; Ratio | 1/10 1/10 | 1/1041/10| 1/10 1/10 |1710
Fresh C', 40 10 19 30 19 19 0
(kg/hr)
Open Time of { 3.0 | 3.0 | 3.0 3.0 | 6.01{ 3.0 3.0
Transfer
Gas Control
Exchange Valve (sac)

Vessel Transfer e 14] 30 30 30 30 60 30
Interval

{sec)
Transfer 4.4 | 4,3 [ 4.3 | 3.0 4.4 | 2.8 4.3
Amount
{ka/transfer)

Downstream | H,/C", Ratio [ 0.15( 0.6 [0.76 | 0.15 | 0.58 | 0.20 1
Reactor /10 /10 /10 /10 /10 /10 /1
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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 adj acent to each other via a
gas exchange vessel and the upstreamreactor being

di sposed upstream of the downstreamreactor, the gas
Hahakgeclaimed being 10 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
19l at e AhePRpRatugtfiwthcpatinubusspe hpnéntzaltioh afthelgfistn(s),
exchange vessel into an 15 upper section and a | ower
COMRYIFLRG e Rippmalisky toH reanipl 1wt dispeded nga$ - phidisé h
is an opening of the first transfer conduit and

Podiyoei adtiicin reaudtomy winwderimp b et ¢ombiwation of an

upstream reactor is transferred to the gas exchange

upsdReamtricdastvgt rpd 20 dsartaEme ddyctod | Miie 0hSsEFr@dm and
the upstreamreactor; a gas exchange chanber, in which

dewpsityesm paaddorst bedsfeadihdemmid edyls it via a gas

reactor is accunul ated tenporarily and the first gas

exichen gleaee hesh andthhecdup et é am Helaltt di5é 1 £4 i spRREIAips trean
together with the polynmer powder and which exists in

oZ5 thire dpwhgitere apo weer tiox , e thieareed edichadfd wsHddl being
with a second 24

connected to the upstream 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 ingide of the gas exchange vessel into an
upper sectlion 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 polymexr powder
transferredfrumtheupstreamreactorisaccumulatedtemporarily
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 prartly with a secend
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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,

t hrough which the second gas is introduced into the

as change vessel, 2,. The apparatus according t
953, TEER BE 463 Thto Ttnd  Gaf BReRRbge, GFoREL” Jan
vertical side wall Iq%ou h which the first transf&r
condui?ncﬂ)Yé%tVWEH%ﬁ e | PRENIPE CF e FRBofiREPRY transfer
| eayes th vertical side wall_  of the upstreamreactor
HISER AR FREPUIR N Hhe BS YIMeT Pogdlet: 4F fscharged trom

ccording to claim?2, wherein the first transfer

AR %’5‘%1’%‘1‘19? NPRAMBRT  bewWdEAdJFRe dRunetFeamoreactor; and

r oundl at its intermediate portion, wherein the

foll ov‘v%ll'fﬂg loware sertion of)the @AY pxshangs vessed: comprising
S1 s 90 (1) 20 Ar s S2 s 90 (2) where Si is the

el tinferqduekion pert e thFrogh pyhichothe ofegpnd| gas 1s
and the inner bottomof the first transfer conduit at
Pinsitcest ntoithe gag rxqhange tye®seds conduit and

the vertical side wall of the upstreamreactor, S2 is

the magnitude () of an angle 25 forned by a horizontal

line and a straight |ine which passes 25 the top of

2-he j &hw apparpdusi aecording ftar cdodnul ¢ wherein the upstream
vertical side wall of the upstreamreactor and is '
ne@njon hag a vertical side wall through which the first transfer
conduit opens, wherein the first transfer conduit leaves the

vertical side wall of the upstream reactor hoxizontally or

downward.

3. The apparatus according to claim 2, wherein the first
transfer conduit has an inner bottombending anglewise or roundly
at its intermediate portion, wherein the following expressions
(1) and (2) are satisfied:

0° = S, s 90° (1)

Ar < S; s 90° (2)
vwhere 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

ially _djsposed, wherein the continuous

%g%yﬁé?i'i%t 1“3% Pk aphsthe LiRshppERRSHeTdePrhdudti and the
] wher ei he nmet hod conprises steps of;

‘%ﬁ%%%%is g‘f% ‘Eﬁr@}‘r’;rfbfr theng@s thes f8aqten pad, d&; teagent to
d r dnto the gas exchange chanber of the gas

e LEAEk Unn el of AefEnST REniEer condat bHithia the portion

Jﬁgﬁﬁlgﬂfthh at least a part of a first gas existing

't he T STRE mesor ends; AngdewiFen oFezonaddys andoAr is

section through the gas introduction port

t he | ower
aé‘nﬂ“?@?t‘?fe?’e?ﬂ??%*éhﬂ Paliymest Bovéer ppapaediothigapstrean

chanber through the gas distributor plate, thereby
Hﬁﬁég%ﬁj ng at least a part of the first gas existing

in the polynmer powder in the gas exchange chanber by

t he second gas; and transferring the polynmer powder
intermqittently together with the gas existing in the

501 yrr MEERAS £oro AremS Leay ine: R Ped YIRS @owdsar Which is

t he downstream reactor through the second transfer 26
ceaﬁ&&itesi in 3 GeRhbauews pelymeniratioh@ppazationimiluding
ol efin(s), the nethod conprising polynerizing

aoPiPFﬁ 4¥Yi ATt g@sprbesecpodiymerization reactors serially

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

introducing a polymer powder produced 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 farther introduecing it into the
gas exchange chamber through the gas distributor Pblate, thereby
exchangingatleastapartofthefirstgasaxistinginthepolymer
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

exchange chanmber of the gas exchange vessel through
adredditst transfer conduit together with at |east a

part of a first gas existing in the upstreamreactor:

i ntroduci ng a second gas into the | ower section

through 15 the gas introduction port and further

a3 nt r odumehpeid fonteontimuogss polghende athanbef dlefinls), the
the gas distributor plate, thereby exchanging at

megdetsid spenpiricfinghpollymerigdngeslefingsinihhthg @ngsnce of a
powder in the gas exchange chanber by the second gas;
caichysinginereactorbcopd viort ipwie polymefizatibnyapparatus
together 20 with the gas existing in the pol yner

ipwAneYi g Gin g Jaist e xaofh adeei a Thpdbdpd Hed Ngas -phase
downstream reactor through the second transfer

paeidrizdt icPe ABLHPE , il Ehé @onltdinicus YOEyRERization
the ratio of the 25 weight of the second gas

aptaretiedstdi apphrhbesIRSEiddd QduUet 4 O 12 WwReFd iR ¢he method

unit time to the weight of the polyner powder

furihere dahridamddupHase exchange vessel to the
downstreamreactor per the wunit tine is adjusted, so

that Hher@eidange o ver Movdd:S tprdfifcdd id'ehe upstream
pol ynmer 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 apart of the first gasexisting in the polymerxr
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,

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

welight of the second gas introduced through the gas introduction
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7. The nmethod 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

the downstreamreactor in one intermttent transfer
partepagnid bime &osthewaight afabhe poy.yolexipewdems transferred
exchange chanber 15 of; the gas exchange vessel. 9.

o Behgdsaesohangg vessslaibm Shewheweshreae ssootolc per the
gas is introduced into the gas exchange vessel under

wuktdittimen d swadriastelde soethat ethe sxolmamesl datd o ghe Firet
distributor plate is 0.2 20 kPa or nore. 28
gas in the polymer powder by the second gas is controlled.

7. Themethod accordingtoclaim$, 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 accord;ng 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 vesgel under conditions where

the pressure loss caused by the gas distributor plate is 0.2

kPa or more.
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