TI TLE OF THE | NVENTI ON POADER. TRANSFER DEVI CE AND POLYOLEF1N
PRODUCTI ON PROCESS BACKGROUND OF THE | NVENTION Field of the Invention
[ 00011The present invention relates to a powder transfer device, and
to a process for producing polyolefins using such a device. Related
Background Art [0002] A tube called a "downconer™" that conmunicates
bet ween 10 an upper stage and a | ower stage has hitherto been known
as a neans for transferring powder froman upper stage to a | ower
stage in an FPMAROISTHECINGENATVR tical nul tistage fluidized bed
reactor (see, for exanple, U S Patent No, 5235009). [0003]Wth the
use of such POWIDERTERANSFERDEVIGE ANPEPOLS O #FeNWRODIEITON
dropped into a downcorner froman opening in the top end of the

downconer falAROGESS tationally through the downconer and is
di scharged froman opening at the bottomend of the downconer,
t her eby enablBAg R INDAO ANMEINTEQN r om t he upper stage to the

| ower stage, %3! 0004‘1: gwever in prior-art downconers, the powder
transfer ratél rolled as desired. That is, the rate of
powder transf s determ ned i mar. |y ch nmechanj cal

factors as th Qéq]arret fﬁ%ﬂ’r‘fsﬁﬁ P%‘Fﬁj q ﬁep‘b‘ﬁg &1t r%‘?’ﬁ:,fe’bgeYW@ t op
and bottom e gmi er transfer
rate has bee%gg tQ%I cuﬁsg?mﬂg 51§£1h%§%8gr@3§ 6 provi de a
mechani cal vRYfe@BdcRerdawcqmer for the purpose of controlling the

flow rate of powder
[0002] A tube called a “downcomer” that communicates between

10 an upper stage and a lower stage has hitherto been known as a means for
transferring powder from an upper stage to a lower stage in an apparatus
such as a vertical multistage fluidized bed reactor (see, for example, U.S.
Patent No. 5235009).

[0003] With the use of such a downcomer, powder in an upper

15 stage which has dropped into a downcomer from an opening in the top
end of the downcomer falls gravitationally through the downcomer and
is discharged from an opening at the bottom end of the downcomer,
thereby enabling powder to be transferred from the upper stage to the
lower stage.

20 [0004] However, in prior-art downcomers, the powder transfer rate
cannot be controlled as desired. That is, the rate of powder transfer is
determined primarily by such mechanical shape factors as the diameter
of the downcomer and the positions of the top and bottom ends of the
downcomer. Controlling the powder transfer rate has been difficult.

25 [0005] While it is conceivable to provide a mechanical valve on

the downcomer for the purpose of controlling the flow rate of powder



t hrough the downcomer, installing a nechanical valve having a
conplicated structure wthin the device is undesirable because it

w Il cause various problenms. SUVMARY OF THE I NVENTION [0006]It is
therefore an object of the present invention to provide a powder
transfer device which has a sinple construction, yet enables the
powder discharge rate to be easily controlled. Mther object of the
invention is to provide a pol yol ef m powder production process which
uses such a dawiuph. tBO[ A8RKEIMEr, Pdvwigiling I anshethadlfl CealasC ORI 4 O
one aspect of the present invention includes a downwardly extending
downconer ancomgastel stectumhimvdthin sheidewateers tedesirablee beeause airewill The
gas slider has, on a side thereof facing an opening at a bottom end
of the domccﬂﬁﬁiﬂeV@‘lwrbemﬂr si on plate in which a plurality of gas
outlets are fQrnmed. [ dvantage of this invention is that
when gas i s BHRAIMARGQEdHL ----!J on pI ate in the gas slider so

and of the duN@rer ?ﬁﬁ%ﬁ%ﬁéa@?@ﬁg 31 Bl e IO dhatoviRves
with o eat eg)e@«fﬂepq!r 30 B IRAThIok Y AGRHIE BafIBYSd A SLaLlabaYBL the

surface of t gas sperS|on er i

fall downwar oWdéFldlﬁﬁ)a??eg?at@ftot be aisy Loarslsd. OnAHbﬁiteF é)bl-&ﬁar Al ' Sh

t he powder ich has f n down, additional powder is

onto the gasigiemensison phaide hrslyblefinoRARHAYpASdLLtEn hebtam RRTtHOf

t he downconer; that is, powder transfer takes place. Increasing the
anount of gaasd&ﬂsmﬂla‘alme he gas di spersion plate enables the powder
transfer rate to be increased. [0009] Conversely, when the anmount of
gas bl@wn frWAHe gasThe gpwider sinnsfepidaviseiascoting4e oskiaspecti of the
decreased or set to zer,0, thereby hol ding _down the f|uidized state of
the powder bETSHEBh IHYFEliBBiNEldEnd downperdip wdentias darmaomesrgard

ﬂ'of;‘h’fe i 3?22'5%51?«?% wiigh 35 Sited Rilod ?Eéﬁv'qc% gge T «rsslhléig%ﬁaspfgt e
the ‘edge of ??ﬁ@%@%%%%ﬂ% onrf%l@?ea“tahtﬁo%iisﬁﬁi 3 Symeapl ek
results in '?ﬁ?ﬁe tu até)r?f\ﬁﬂlcﬁ }glﬁ?e{l gﬁ?ﬁhﬂ@@ a?é’ at the

bottom end o ont o rsion plate ccor di ngly,

the ponder t[Eos]er r%ﬁa@@&nﬁ?edﬂ’cﬁlﬁaﬁ%nnéﬂh@%&]&}ﬂ@n § idibipgRS! on

plate may includé a facing portion that directly faces the opening at
the bottom efidnothetdis dispursionyiatednchagpeslidehes ak te didroaghly fhlidize
surrounds a perineter of theﬂ?im ng portion at a width %hz\hen O
represents thewdegthat of presgpn betwesn thedoptomlend afithe dovepresardmn] thee

di stance between the bottom end of the downconer and.
gas dispersion plate, the powder moves with great ease and can be

readily induced to move laterally over the surface of the gas dispersion
20 plate so that the powder is made to fall downward from the edge of the

gas dispersion plate. To replenish the powder which has fallen down,

additional powder is discharged onto the gas dispersion plate from the

opening at the bottom end of the downcomer; that is, powder transfer

takes place. Increasing the amount of gas blown from the gas dispersion
25 plate enables the powder transfer rate to be increased.

[0009] Conversely, when the amount of gas blown from the gas



15 the gas dispersion plate, the wwdth Wof the peripheral portion
satisfies the condition WL.cot (O) at all points on the perineter
of the facing portion. [0011]In this arrangenent, by stopping the
flow of gas from the gas outlets, a pile of powder in a
non-fl ui di zed state having an angle of 20 slope equal to or |ess than
the angle of repose O is formed on the gas dispersion plate and the
powder ceases to fall down fromthe edge of the gas dispersion plate.

|t is possibldgsheRsibhi lakteih i ShORIBOMEE HeblicaSiR 08 &ep b ekbetiaashby
di spersion plate fromthe opening at the bottom end of the

downcor ner, éoidihg dietn theeflpidivtel sthteasfstherpovede isdwzer the boRdZ] dfie

ol efin polymerization reactor according to another aspect of the

i nvention i nofubesdewptemet iang e gay disperdign apletwy ofl thp giagnelideradi on
stages, and the above-described powder transfer device of the

i nventi on whiPéaring e paveenal §amarilwdpsiadatepihes pawdenmayes gyer the

R, A BRI S0 Ser i
v o Bl AP iy b, P01 U, POV ER S e
transferring ja.RakyoLafi B ?eéuﬁ't?tin s g)ro%s?tfé?tbe- %ﬁ@(\:/mﬁg?ﬁ&g ﬁreom the

pol ynmeri zation stagé to a |ower polyneriZation st

above- descri Bgenipgvaiethd bafsheend i e Rbet fifol iMkepdd aidpedMPGldkThe
f oregoi ng aspects of the invention nmake it possible to Control at

wi Il the tramdgicerdinglys tlef pawd@akataifefrate @ovibtededredssien stages, thus
enabl i ng stabl e operation to be achieved. In particular, the presence
of mol@ ng paf@®@l®uch alke gasrdidparsiomiplataimay inclodefifacipgl gortionzhai on
tends to invite problens such as the sticking ofdﬁol mer, but the

above- | 5de8uerthedagaswiieronening pbtheibottea erd of VAFOpaTt endirid i s

thus highly peripheral portion that surrounds a perimeter of the facing portion at a
width W. When Or represents the angle of repose for the powder and L
represents the distance between the bottom end of the downcomer and

15 the gas dispersion plate, the width W of the peripheral portion satisfies
the condition W 2 L-cot (Or) at all points on the perimeter of the facing
portion.

[0011] In this arrangement, by stopping the flow of gas from the
gas outlets, a pile of powder in a non-fluidized state having an angle of

20 slope equal to or less than the angle of repose Or is formed on the gas
dispersion plate and the powder ceases to fall down from the edge of the
gas dispersion plate. It is possible in this way to stop powder discharge
onto the gas dispersion plate from the opening at the bottom end of the
downcomer, and to set the powder transfer rate to zero.

25 [0012] The olefin polymerization reactor according to another

aspect of the invention includes a plurality of vertically arrayed



desirable. [0015] The present invention provides a powder transfer
devi ce of sinple construction which enables the discharge rate of a
powder to be easily controlled. The invention al so provides a

pol yol cf m 20pol yneri zati on reactor and process which use such a

devi ce. BRI EF DESCRI PTION OF THE DRAWNCI S, [0138]FIG | is a
schematic sectional view of a powder transfer device according to an
enbodi nent of the present invention; FIG 2 is a

partial ly fragiopeedaRen %Ea%%&,i X6 YheE Wb He-HE& ribefl stk derOfrakstb Qe R

di spersion plate 6 in Fla FIG 3 is a schematic sectional view
showi ng a st afethahigkenti@s witsch ME&r@E@%I@ﬁ pofvdeR Hreseye ef ahr@’ﬁﬁefrer

device of FIG 1, FIG 4 is a schematic structural, view show ng
an enbodi nentpaimerizpdly stagé tma powednpoliyarersptivrstagei ch i ncl udes
powder transfer devices of the type showmn in FIG 1; Ma 5 is an

enl arged schd®fiBt sectlihemwlyalew pypdadtonoprsicess pesioydingi toatet another

reactor. 10A shown in FI.G 4, . . .
5 aspect of the ncliventlon includes the step of, in an olefin polymerization

reactor having a plurality of vertically arrayed polymerization stages,
transferring a polyolefin powder that is present in an upper
polymerization stage to a lower polymerization stage with the above-
described powder transfer device of the invention.

10 [0014] The foregoing aspects of the invention make it possible to
control at will the transfer rate of an polyolefin powder between stages,
thus enabling stable operation to be achieved. In particular, the presence
of moving parts such as a mechanical valve in olefin polymerization

tends to invite problems such as the sticking of polymer, but the above-

15 described powder transfer device has no moving parts and is thus highly
desirable.
[0015] The present invention provides a powder transfer device of

simple construction whjch enables the discharge rate of a powder to be

easily controlled. The invention also provides a polyolefin
20 polymerization reactor and process which use such a device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0138] FIG. 1 is a schematic sectional view of a powder transfer

device according to an embodiment of the present invention;

FIG. 2 is a partially fragmented perspective view of the vicinity of

25 the gas dispersion plate 6 in FIG. 1;

FIG. 3 is a schematic sectional view showing a state where gas is



FIG 6 is a schematic structural view show ng anot her enbodi nent of a
pol yol efin producti on system whi ch. includes powder transfer devices
of the type showmn in FIG 1; and 10FIG 7 is a graph showi ng the
results obtained in the exanples of the invention and the conparative
exanpl es descri bed herein. DESCRI PTI ON OF Tl | E PREFERRED ENMBODI MENTS
[ 0016] Preferred enbodi nents of the invention are described in detail
below while referring to the attached diagrans. In the descriptions

150f the di agfe%i%bhl%ﬂ{ ouﬁhltawgow&st@hsﬁrabh@é oflFeCENL S are
referenced by |ike symbols and duplicate explanations’ are avoi ded,

Al'so, relative di FGs#dna soherhett virastusdlanewishotvigg dh%ﬁﬂﬂﬂﬁm@ﬁt/oﬂgt

be true to scale, fL‘0017] Powder Transfer Device The :
powder tr ansfrelyae hroductmdsysterh ovhikk ipcladempowdbntiansfiet d2Oiceslofides
primarily a downconer 2 and a gas slider 4, [0018] The downconer 2 is
a tube whicht b@(ﬁm%ﬁélo“ﬁlmmsﬁanti ally vertical direction, and which

OISt S AED S8 A ool RS i et °
IR 1OTE SRRk a0, 00 AREIERS, B2t 0,0, dodon o tor
of gas outlets 6Cp{@ Bl QW NP @dRmatic structural view showing another
embodiment of a polyolefin production system which includes powder
transfer devices of the type shown in FIG. 1; and
10 FIG. 7 is a graph showing the results obtained in the examples of
the invention and the comparative examples described herein.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0016] Preferred embodiments of the invention are described in
detail below while referring to the attached diagrams. In the descriptions
15 of the diagrams that follow, like or similar elements are referenced by
like symbols and duplicate explanations are avoided. Also, relative
dimensions of features shown in the diagrams may not be true to scale.
[0017] Powder Transfer Device
The powder transfer device according to the present embodiment
20 includes primarily a downcomer 2 and a gas slider 4.
[0018] The downcomer 2 is a tube which extends in a substantially
vertical direction, and which communicates at a top end thereof with the
inside of a wall 30d of a vessel that holds a powder.
[0019] The gas slider 4 has a chamber 5 which forms a space, and
25 a gas dispersion plate 6 provided on a top side of the chamber 5. The gas

dispersion plate 6 has a large number of gas outlets 6¢ for blowing gas



that is present within the chanber 5 upward, The form of the gas

di spersion plate 6 is not subject to any particular limtation, and
is exenplified by perforated plates (e.g., a punched plate screen),
meshes and porous plates. Protective. coverings such as bubbl e caps
(not shown) maybe provided over the gas outlets 6¢c in order to
prevent powders fromfalling in the gas outlets, The material naking
up the gas dispersion plate 6 is exenplified by, but not particularly

limted to, nBheks prekeRt Wshint BlentRsabst SelipRAL. C TR BN S fh@Sas

silica or alum na. [0020] The size of the openings in the gas outlets

6¢c, al t hough digperdidnsphited id moanyubjpet ttoc wharpdrticulaatliraiatiory and is

preferably smaller than the average particle %i ze of the powder to be

transferred. eXesypliffadohy m&omtadqvgab@(e.gf, aipihched ylatd sweeny), oueshgas

from each gas outl et Gf in the gas dispersion plate 6, it is

Ior ef er aEI e f cﬂndﬂ??é’oﬁ}&@ o | oseq etqngaogs §1&*’Faﬁj@§i?§lé i‘éPSS ﬁmshgﬁ@)

w thi noa T angBege PEPISSLARIGI EmONBG0 O aarT (R HGTHS ¢ o

several mlli erSi:..LO The g tl [.e; pr.et.erahl y,.,arranged

gt [s ggztz ia_rll_th i aiﬁiyg1 Efqltl}gél gl_zi%%c%é ?ﬁ‘[lgt?va?fﬁ? ﬁ'ﬁ?ﬁ%ﬁ]g jﬂg%&‘ﬁgpips A gafat o
. e P . re . :

t he 205urface(ﬁt ér ggfﬁ{aﬁé %g}fzgéﬁgﬁﬁb?o%s?%g g?s é@g%gfsﬁgﬁegrg)t’e 6

i s positionegngals ARR stAfRsa8teOPAT dardicsiuch RQAL@B MR, Of the
downconer 2. Mre specifically, as shown in Fig. 2, the gas

di spersi on pl[@0206 hasTaefsiei ofthpwpenompsGa thbigeb odilesadd, vlthaagh ride
open! Tg 20 atsu{)jr::%t Eoogrg)? Bqaxiir;glaiellin?iftatgoqle, is preferably smaller than the average
particle size of the powder to be transferred. Also, from the standpoint
of uniformly blowing out gas from each gas outlet 6¢c in the gas
dispersion plate 6, it is preferable for the gas outlets 6c to have some
degree of pressure loss. The size of the openings in the gas outlets 6¢
15 may be set within a range of, for example, from about several tens of
microns to several millimeters.
[0021] The gas outlets 6¢ are preferably arranged at substantially
equally spaced intervals in the gas dispersion plate 6.
[0022] The gas dispersion plate 6 is preferably disposed so that the
20 surface thereof is horizontal.
[0023] The gas dispersion plate 6 is positioned so as to face an
opening 2b at a bottom end 2a of the downcomer 2. More specifically,
as shown in Fig. 2, the gas dispersion plate 6 has a facing portion 6a
which directly faces the opening 2b at the bottom end 2a of the

25 downcomer 2 and has the same diameter as the opening 2b, and a

peripheral portion 6b which surrounds a perimeter of the facing portion



25downconer 2 and has the sane dianeter as the opening 2b, and a

peri pheral portion 6b which surrounds a perineter of the facing
portion 6a at a wwdth W Here, the wwdth Wis the distance fromthe
perimeter of the facing portion. 6a to the edge of the gas dispersion
plate 6 in a direction perpendicular to the perineter of the facing
portion 6a, as seen froma direction perpendicular to the surface of
the gas dispersion plate 6. [0024] Here, letting the distance between

the bottom engh £3 Ridthhy. dpUBCHRRYIGA aNGk iReisRRcAFOREIR RBRLRL SO
be L, it is preferable for th.e width Wof the peripheral” portion 6b

to satisfy thhecfbditigt boRiod 68t e adde pFithe Sgandishersiet iplaees iaf at he
facing portion 6a. The synbol O represents the angle of repose for
t he powder t ditsetipngrsperdia@dar tbhthelpedimetagbf thef facapppartion dad)asrsern mum
angl e of slope at which a powder, when piled up, has a talus slope
that is stablfeommadigemsionnsrpersliculpsto thesariaagioé thy gasedispersion pletes.

powdor Sbed, 16838 The. Fiits detiaBalie (evcitss BioweRs o AREBROMG I Githe
ot TSubleely i SOPCIA T Bl ARLARHLSRS sh3nd, ApRAGALE B3 he
1 1 P 96 RO o ROBRLIE AT CARGGES SHS 1o
chamber 5 in BPEatIAP pSintdI6h the perimeter of the facing portion 6a. The symbol
Or represents the angle of repose for the powder to be transferred. The
10 angle of repose is the maximum angle of slope at which a powder, when
piled up, has a talus slope that is stable and does not collapse. The angle
of repose Or is a value that is measured in a state where gas does not flow
through the powder bed.
[0025] The inside diameter Dd of the downcomer 2, while not
15 subject to any particular limitation so long as particles can drop down
through the interior of the tube, is preferably at least ten times the
particle size of the powder.
[0026] Returning to FIG. 1, a gas source 8 is connected through a
line L1 and a valve 7 to the chamber 5 in the gas slider 4.
20 [0027] No particular limitation is imposed on the type of gas from

the gas source 8. Illustrative examples include air, monomer and

nitrogen.
[0028] Next, the operation of such a powder transfer device 1 is
described.

25 The particle size and material making up the powder used in this

embodiment are not subject to any particular limitations. Illustrative



20[ 0027] No particular Iimtation is inposed on the type of gas from
the gas source 8. Illustrative exanples include air, nononer and

ni trogen. [0028] Next, the operation of such a powder transfer device
1 is described. The particle size and material making up the
powder used in this enbodi nent are not subject to any particul ar
limtations. Illustrative exanples of the material include

pol yol efin powders such a.s pol ypropyl ene, and ceram ¢ powders such

as silica. T i C | .Z che; e f u ver al
tens of mcr roé%saﬂg%ééab%ﬁtﬁisee\eltgrg%?llafoé%(g?%?r?tewgﬂ%h \%ﬁ?ﬂﬁg&ﬁgléa?l%t he

valve 7 is clpsgsopplehbabndasra@@sp@ters! iehoa siliehouThe thaetidlassize
outlets 6¢c in the gas (flspersmn plate 6. Next, when a powder P is

fed into the mesbelfoBekampleyroni abtnet eeeckter® aimpsonotmnabidutsegéral he
downconer 2, subsequently being discharged fromthe opening 2b at the
bottom end 2anidfimetess.downconer 2 and 10transported onto the gas

di spersion plate 6, where it forns, a_pile Mof powder P with a peak
at t he>openi 18029, [ ooBiw§tags §L@\Mﬁ innFig &, the valye iyielosod sp thak gas

peri pher al IO?iroteis fi0t flow out through the gas outlets 6¢ in the gas dispersion plate 6.
Next, when a powder P is fed into the vessel 30d, some of the powder P
drops down through the downcomer 2, subsequently being discharged
from the opening 2b at the bottom end 2a of the downcomer 2 and

10 transported onto the gas dispersion plate 6, where it forms a pile M of
powder P with a peak at the opening 2b.
[0030] As shown in FIG. 2, the width W of the peripheral portion
6b of the gas dispersion plate 6 is set so as to satisfy the condition W >
L-cot (Or) at all points on the perimeter of the facing portion 6a. The
15 slope angle 0 at the foot of the pile M in FIG. 1, i.e., the angle 0 that the
talus slope of the pile M forms with the gas dispersion plate 6, generally
does not exceed the angle of repose Or of the powder.
[0031] Therefore, because the pile M is maintained on the gas
dispersion plate 6 without collapsing and no dropping of the powder P
20 off the edge of the gas dispersion plate 6 arises, the powder P ceases to
discharge onto the gas dispersion plate 6 from the opening 2b at the
bottom end 2a of the downcomer 2.
[0032] Next, as shown in FIG. 3, the valve 7 is opened a given
amount and gas is blown out through the gas outlets 6¢c of the gas
25 dispersion plate 6. When the superficial velocity of the gas blown out

from the gas dispersion plate 6 exceeds the minimum fluidization



6b of the gas dispersion plate 6 is set so as to satisfy the
condition Wl/cot (O) at all points on the perineter of the facing
portion 6a. The 15 slope angle 0 at the foot of the pile Min FIG 1
i.e., the angle 0 that the talus slope of the pile Mforms with the
gas dispersion plate 6, generally does not exceed the angle of repose
O of the powder. [0031] Therefore, because the pile Mis naintained
on the gas dispersion plate 6 without collapsing and no droppi ng of

the powder P gQogity of e poadePP, tHep@RdedP TRBASES ol S nfiVedfsht
t he powder P ceases to discharge onto the gas dispersion plate rom

t he openi ng 24f tht gdveddr@. t bithen epedafiadtionh Eswmaficiatrwelodityl 0982 Nelxk,
as showmn in FIG 3, the valve 7 is opened a given anount and gas is
bl own out t hrehiginedhby gdividong | thesflow wdtet e ggasbldinspensifoomplla gab.
When the superficial velocity of the gas blown out fromthe gas

di spersi on pl@iseersioaplaedsby He saricaansa oiithgicaadispersioeplase by of the

wd , th fluildi , facili i f wd
b n o s op0DRHT cat i o e Sierds: Loam vLFLG! By he Bover Fumakime up
bt ai ned b Ly e t fl . f bl t. f th
oo et by 8 AT U RAaP I L S e o
0033] In thi s I i
biTo Mon t hets 2 igRriontiaich i Ematte G ERURFH Honaho Rabibrul
over the gas ghssflghéition plhil 6 6riaNgowBeePtia WhfRudewy fbd Al ke gd9e

of the gas dispersion plate 6. The powder P is continhuously fed-over
the gas di spalispesionl plat: 6 froamthd@pepeni P @bthet bétiemberd @@ sndh@a
of the 10 downconer 2 so as to replenish the powder P that has fallen
of f tA8 gas dlosyeosnar? pd as ¢o Geplenishshppssidet € that his lleayoff dhe gas
transfer the powder P through the downconer 2, £0034] When t he
superficial VESRSESED Riptet @eqlga% pessille Buthis vy théransfer the powder P

through the downcomer 2.

[0034] When the superficial velocity of the gas blown out from the

gas dispersion plate 6 is varied within a range at or greater than the
15 minimum fluidization velocity of the powder, the ease of flow by the

fluidized powder varies in response. That is, the higher the value to

which the superficial velocity is set, the more easily the fluidized powder

flows and, in turn, the more easily the powder P falls from the edge of

the gas dispersion plate 6. Hence, the transfer rate of the powder P can
20 be controlled by controlling the superficial velocity.

[0035] The invention is not limited to the above embodiment.

Various other embodiments may be contemplated.

[0036] For example, in the above-described embodiment, the width

W of the peripheral portion 6b of the gas dispersion plate 6 is provided in
25 such a way as to satisfy the condition W = L-cot (Or) at all points on the

perimeter of the facing portion 6a. However, the present invention may



gas dispersion plate 6 is varied within a range at or greater than
the 15 mninmum fluidization velocity of the powder, the ease of flow
by the fluidized powder varies in response. That is, the higher the
value to which the superficial velocity is set, the nore easily the
fluidized. powder flows and, in turn, the nore easily the powder P
fails fromthe edge of the gas dispersion plate 6. Hence, the
transfer rate of the powder P can 20be controlled by controlling the

superficial vBkagdkéd eveR3IBINENEondIMBRTWaR Ti-8otN@F) I SHtisEddtdvel pIpROVe
enbodi ment. Various ot her enbodi nents nay be contenpl ated, [0036] For

exanpl e, in tpertmmovEtidepaimbied ofithedhcmgtportibe 64 dt fevih of Whe L-cot
peri pheral portion 6b of the gas dispersion plate 6 is provided in
such a way as(Ardisnowbese sariefiednlil siddna vaseaeven doe stade where ghs ispodtnt s
on the perinmeter, of the facing, port.i 6a. wevey, the present
i nvention mayMade tRAHREdtheVRAWET vl Blb gy SAmvplacenty Wi L-cot
satisfied ove nl rtion of t. erinmeter of the facin ortion
6a, or 52ven i{erg\laflécigt‘%?@()’t Bes pﬂﬁﬂﬂ@r@ &{Eﬁgmo ,eritﬁargsgghraég(tﬁsz@,ro.
even in a sta ‘M\j\ﬁe- [ t t t i1l . fall
down from pl afélg)s érlég\@/\aL'r%ngcP)it p?%?@eat%d%‘&%v}\}el Pg‘ﬁvg? F‘g%h%%é'gsﬂ%q gyt o]
set the po"‘de{/aﬂlh?%:ﬁfe%asrsﬁ ErflclZRIRityHownever, it will remain

t

possi ble to vary e powder transfer rate by varying the gas

superficial vEosg)ty. [1R3ddWheomericas®t ndt haed detodiaeetiénal shape
cross-sectional shape that is circular, and may instead be

rect angul ar othahay ecizmia, endemaiOirstdatlabé erectangslas emt havalsosteapeher
Moreover, the external shape of the gas dispersion plate 6, i.e., the
pl anarlGshape, suitablerassseeteenal shapei Meoreaves Kbp exteanal shape of the gas

alternatively_ be rectangular or have sone other suitabl e shape
[0038] The dotfBeistm at%e@d-end[ieﬁﬁar@rslaa@m nefrlisnited ép ewiclse sbape, end

o e ot P b D TR B e gt P
direction, anﬂ)ogg}/ | NS gt Rend iy 1% Aot ﬁfb@éﬁ“t, b?o&igéad Hl%rlgc;t{:o?rll'
end extends downwardly. For example, the tube may be curved. Also,
15 the downcomer 2 need not necessary extend downward in a vertical
direction, and may instead be inclined at an angle to the vertical.
[0039] Also, the gas blown out from the gas dispersion plate 6 may
be a pulsating flow.
[0040] Polyolefin Production Unit
20 Next, examples of a polyolefin production unit and a production
process which use the above-described powder transfer device 1 are
described. Here, a polyolefin production system and process which use
an olefin polymerization unit wherein the above-described powder
transfer device 1 transfers a polyolefin powder that is present in an upper
25 stage reactor of a gas phase spouted bed-type multistage polymerization

reactor to a lower stage reactor are described.
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[ 0039] Al so, the gas bl own out fromthe gas dispersion plate 6 my be
a pulsating flow, [0040]Polyolefin Production Unit 20Next, exanples
of a polyolefin production unit and a production process which use
t he above-descri bed powder transfer device 1 are described. Here, a
pol yol etin production system and process which use an olefin

pol yneri zation unit wherein the above-descri bed powder transfer
device | transfers a polyolefin powder that is present in an upper

stage reactor[0ofilp gasPphaseisPidetdoRSysteype nmul ti st age
pol ynmeri zation reactor to a | ower stage reactor are described. [00

] Pol yol ef i n Produ¢iGod shestempolyolefih @roductioomsyséermpol G0 khetdnding to
production system 100A according to the present enbodi ment. This
producti on sytbe arnesancmbedigens. adhi @f@cglcﬁp@pﬁlmr 1604 | isgludsscamr
9, and an ol efin polynerization reactor 10A qulgch is connected as a
subsequent stoAgdn PEERIBMErigation Eﬁa&%lgg i 3 Plefl pelysesizagon reactor
[0042] O efin Prepol,yr,neri zati on_ React or The ol efi
pr epol yrneri ng‘Ar owlﬁghcfsorc@mﬁfﬁ neri zaessﬁsg‘ﬂ‘ileﬁlti ﬁpatgﬁe tBr éﬁ%n@éefg? an
ol efin poly ré%@&%n%ﬁz ﬁ&?}‘éa{ctér@ forma pol.yolefin 10powder.

| €s e ole )

[ 0043] Exanp I n prepolynerization reactor 9 include, but
are not partgggh@]rl y | Uﬁﬂﬁpré}@éyrﬁbﬂiéﬁbméydﬁ&ri zation reactors, bulk
e

pol ymeri zati on reactors, stir tank-type gas phase pol ynerization
reactors, and fl uiftezsidfingstepolpencgiratiohasgctooPypEyvaizbodldfRa Shis. A
presence of an olefin polymerization catalyst to form a polyolefin
10 powder.
[0043] Examples of the olefin prepolymerization reactor 9 include,
but are not particularly limited to, slurry polymerization reactors, bulk
polymerization reactors, stirred tank-type gas phase polymerization
reactors, and fluidized bed-type gas phase polymerization reactors. A
15 single reactor, a plurality of reactors of the same type, or a combination
of two or more such reactors of differing types may be used.
[0044] Slurry polymerization reactors that may be used include
known polymerization reactors, such as the stirred tank-type reactors and
loop-type reactors described in Japanese Patent Publication No. S 41-
20 12916, Japanese Patent Publication No. S 46-11670 and Japanese Patent
Publication No. S 47-42379. Slurry polymerization is a process in which
a polymerization solvent is prepared by adding an olefin monomer such
as propylene or butene to an inert solvent such as an aliphatic
hydrocarbon (e.g., propane, butane, isobutane, pentane, hexane, heptane,
25 octane) or an alicyclic hydrocarbon (e.g., cyclopentane, cyclohexane), an

olefin polymerization catalyst is dispersed in the polymerization solvent
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1 5single reactor, a plurality of reactors of the sane type, or a
conbi nation. of two or nore such reactors of differing types may be
used. [0044] Slurry polynerization reactors that may be used i ncl ude
known pol ynmeri zation reactors, such as the stintd tank-type reactors
and | oop-type reactors described in Japanese Patent Publication No. S
41- 20 12916, Japanese Patent Publication No. S 46-11.670 and
Japanese Patent Publication No, S 47-42379, Slurry polynerization is

a process in wWigkh & sRety,Ed galyhRiizaAby ¢ atrfedb@PRT £ty vtk NHe an
ol efin monomer such as propylené or butene to an inert solvent such

as an al i phatpelyhedtieatas formée dges npt dissolee ihuthampelymedmiiansylvent.
pentane, hexane, heptane, 25octane) or an alicyclic hydrocarbon
(e.qg., cycl opRolyareeizatige livbaxizde)ut ahn tomperatursodndprassurei aswhigh dhg st
is dispersed in the polynerization ,solvent to forma slurry, and
pol yner i zat i opelymesigptier splyent g madpiained ined élcmg siee phe rthe ipalymer

formed _does not dissolve jin th ol yneri zati on sol.vent.

Pol yneri zat i ofat & %??idfosatﬂogtﬁéﬁ%%%ﬁﬁm YRRHZBIUE SaMeke The ch
t he pol yneri zati on .sol-vent_ i i.nt ai j i qui at d

pol yrprer yt hat EOQY?ISF%%O%IO egn;iea@%aél] sgolrk%ge}alily?h%&%oljén'e%i zlg)tO?gh 5&?
sol vent. The i i a i 0C,
and prefer abllgl}Q @%@&5%8%9%@@% g&éipr%ﬁngg'? ?ﬂ(i)d;]ﬁ reeé;s{slﬁﬂes3$e:sﬂe?al
general I'y fromys!adpid phissseUos ot 0PhG, Mhd Gre fFublp iRing 0adleyS MRAGO. 3
to 5 MPaG [0045] Bul k polymerization reactors that nmay be used

include 10 kn@ous5pol ynBullz asdlpmerieaisonsactoric thats nidye bst usedednclude
tank-type reactors and | oop-type reactors described in Japanese

Pat entlOPubl i datdvampdlymesization T2aders, Sughaascibe statedranipiyne weactoshamd, S
46- 11670 and Japanese Patent Publication No. S 4742379., Bul k

pol ymeri zat i daopdype peastessdesarifpd dn JaparsserPatenoRublicatipncNoas 41-

ELEE?Lﬁ??af’ra&ééELi%%s% S%ni‘%pb@%t&?éﬁgﬁﬁ%ﬁi%iﬁé Spar Bk Bbns
(. P PSR Sy, S WUAT: SR A0GncheRIE 1y ERRYARE S SpjATe)
olefin pol yiey 28baennfbftStuls 4 6B | 8 iRl ¥TBLE A e

, pol'ymerization is carri t Tna state 20 ere the

pol yngg thalt f@ﬁﬁfi%ﬁ%ﬁeﬂ@m fHesstlsvmitial abbiicR A fYiRF 6bd8 such

sol vent. Po lzatron 1s carried out at a tenperature and pressure

at whi ch the doLlgftic atiamasne(s.g) sorophnd,abmade) isadutdnayipbnine] e
and the polyner that is fornmed does not dissolve in the

pol yreri zat i diexanéMespitanel hetane) we ralizatliohy decpeoas (e.g.,i cyclmratame] y
from30 to 100C, and preferably from 50 to 80C. The pol ynerizati on
pressure is goukhekage) ram cetndpelynmrizationecatalyst ivadispensed in the
preferably from0.5 to 5 MPaa [00Q46] Stirred tank-ty,pg gas. phase
pol yneri zat i diwlymgazaiien t5ehyent, and polymerization 1s carfied out in a state

20 where the polymer that is formed does not dissolve in the polymerization
solvent. Polymerization is carried out at a temperature and pressure at
which the polymerization solvent is maintained in a liquid state and the
polymer that is formed does not dissolve in the polymerization solvent.
The polymerization temperature is generally from 30 to 100°C, and

25 preferably from 50 to 80°C. The polymerization pressure is generally
from standard pressure to 10 MPaG, and preferably from 0.5 to 5 MPaG.

12



may be used include known pol ynerization reactors, such as the
reactors described in Japanese Patent Application Laid-open No. S
46. - 31696 and Japanese Patent Application No. S 59-21321. Stirred
tank-type gas phase polynerization is a process in which a nononer in
a gaseous state is used as the nedium and, while maintaining an

ol efin polynerization catalyst and olefin polyner in a flow ng state
within the nmedium by neans of an agitator, the nononer in the gaseous
state is pol {jzed. b alak Oph4RMBERAdH AR BRBRITAI thiit
fromb50 to 1%%6%] and %ﬁ?g?@é‘r abi))/ 1‘agrag?nﬂé0 {Tg 00C. The

pol yneri zat i emaypbessad mchiiaititbvae polyngeriniga rahctoty, shch hethelrehitorean
be present as a vapor phase within the stirred tank-tyge gas phase
pol yneri zat i deserdsect ior Japanebei Bateetndpali dagiofr loandsipendse oS goeslanbeartd 5
NT. Pa(1l, and preferably fromO05 to 3 MPaG 112',[510047] Fl ui di zed bed-type
gas phase polgpancsedfatort Aawdicatien tiet S189rdp20e Rited Hnkoekgdsn
react ogs, sucg?ges the reactors described,i nggéanese Pat ent

Appl i cation PARYR BRYMaUFANEN 582 PEA%HD 1N WANIhR SIS AP iRk

AR TR R e
process i n WihGhy@ RN hOiyindAREAUToRHY Siak vithiHSRE ASIRAR by

medi um and, e malntarning-primarily a I n polyneriza

cat al yst and ,ola8kidF RPhYiPRbr, tHe Indhothéll FLtheS§ALBuYsiabd 1k pAIGnERTEM by
the flow of the medium “the 'nononmer in the gaseous state i§S

pol yneri zed, Tha polEn«ré8€Esn @MmEGatued 45 deseadlBo fipnovitied 11®°O); cret e
fluidization. The polynerization tenperature is generally fromO to
251200) pr ef erafbiraply fiomm 30 tool WOQC, Tan golhmmerizatwheprabdure Shomd4®: ino
100C. The pol yneri zation pressure should be in a range at which the
ol efin can be pngeehtwhish he plefin saade piesentas haapp phrseewitbaythey pe
reactor, and is 8ener ally frgm stapdard pressure t

o 10 MPaG,
preferably fS6Fesanistypergasehass @oRBRe I FALONCEBI0) M%ge@.ewlkyofrmae
0048] Conbi i f diff Idfi |
o | StanPaR oSt 18 SR OE A PesTe iy ORI o T s 2 P i 1
t ed, b |_wi_di -
ooy ¢ oo IO v oAty HeB0She Ral il SRhBeANGP aRbAE A

gg:og "pg1 2 gt | By B840 ind108 UL ARIIY Bhuth 4 e R BRI in
Japanese Patent Application Laid-open No. S 58-201802, Japanese

Patent Application Laid-open No. S 59-126406 and Japanese Patent

Application Laid-open No. H 2-233708. Fluidized bed-type gas phase

polymerization is a process in which a monomer in a gaseous state is

20 used as the medium and, while maintaining primarily an olefin
polymerization catalyst and olefin polymer in a fluidized state within the

medium by the flow of the medium, the monomer in the gaseous state is

polymerized. In some cases, an agitator is also provided to promote

fluidization. The polymerization temperature is generally from 0 to

25 120°C, preferably from 20 to 100°C, and more preferably from 40 to

100°C. The polymerization pressure should be in a range at which the
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10 ol efin or polynerization solvent fromolefin polynmer powder may
generally be provided between a slurry pol ynerization reactor or a
bul k pol yneri zation reactor and, connected thereto as the subsequent
stage, a gas phase pol ynerization reactor such as a fluidized
bed-type gas phase polynerization reactor, a. stirred tank-type gas
phase pol ynerization 15 reactor or the subsequently described olefin
pol yneri zati on reactor 10A. However, the installation of a flushing

tank is not S i i I
ab 1oaY POl 18ent DE! gﬁg@togrmsls WRhed ZRidiR8d rRactype

and a gas phase polynerization. connected thereafter.

[0050] A ef i n jRattoieind &t garrdfBagbal stafdird resdurd to AP, diréferably
reactor 10A is a reactor which carries out, in a substantially gas

phase state, faomod).2ftb8 Payiyand nadrieqme feeatdy ifom @nS to fplvlBaél.ef i rt
powder forned by the ol efin prepolynerization reactor 9. [_0051]b
Referring to [B048] 4, t Konbiaptions o ydisierenst feaators e crxempiified by a

conposed primarily of a vertically extending cyljnder 12, a plurality
of def Pect or sSI‘QUYﬁ?OngGEHaW%W?@thHE %g\‘ﬁ?ﬂgb’"@{mﬁﬂ@ TeAGtpL rtgl"?l?‘?ilof

tubul ar baffl.es (decyeasi di anet er nbers) 3 vi,ded inside the

cylinder 128 eﬁ@f @é{}gf’ ssu%éecﬂ’}‘?ﬂ?tt%?f’[ﬁﬁ & hg&:ﬁg&&i}@%}’g@ S5 ﬂmase

't i s pr of or At e ropalh g hE SrEFidEeRk bef ek T Eptiphs”
30 to be di s%ﬁa?r.coaxi ally with the center axis of the cylinder 12.
[0052] In die olefin polynerization reactor 10A, five polynerization

stages 25 areohgoyed i Mlgerd@ivdlgala Thshingsitgek tfe eypdraier dideaftagh
pol ymeri zati on stage 25 is a region encl osed by the outside surface
of a tl0bul ar diefifil er 3thlymeizationi d®leentf foen aflefihepolymdrapobyaes | mag0
directly below, and the inside surface of the portion of the cylinder
12 10 bet weergenesally bewprovided detwednf 4 sbirgopolymecrizgpippgeactor or a bulk
pol ymeri zation stage 25 is a regjon enclosed by the inside surface of
the cyl i nder polymerizadon thcpreq;rggppnp%eq? HRGTEE 2y seAuenh staggbal ar

e or e o5t 6 AP L
15[ 0053] Wt hi i i . j.n- .9

1 b u]pmg? d'pzqﬁé‘l%mzéﬁoﬁé?ﬁé@.%ﬁ;bﬁélgﬁéaz‘qérgé%fpna%ﬁﬁ#.@cé&%fek@aﬂgg “a
bed ofpol yorgpdior Bid HbteAAal), ihyibhd dictl BRKmAZKRY RSP YDA

pol yrmeri zat i oqfok38e & jtARELACHPTa HishmgdtA/ROSE ol aldyap9SiehitBd

that |ies above the tubular baffle 30 and taces the gas inlet
orifice. The yedlveeRfa blilk gsiyheeizatio?Feacot @n@raeg&mphmoﬂbtblymerization

pol yol efin powder fromscattering. This nakes it possible to shorten
t he freeboar deactoe cormaited thigreaftergh vol unme efficiency to be achieved.
[0050] Olefin Polymerization Reactor
20 The olefin polymerization reactor 10A is a reactor which carries
out, in a substantially gas phase state, an olefin polymerization reaction
on a polyolefin powder formed by the olefin prepolymerization reactor 9.
[0051] Referring to FIG. 4, the olefin polymerization reactor 10A
is composed primarily of a vertically extending cylinder 12, a plurality of

25 deflectors 20 provided inside the cylinder 12, and a plurality of tubular

baffles (decreasing diameter members) 30 provided inside the cylinder
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[ 0055] The defl ector 20 has a conical shape with a top end 20a that is
cl osed, an outside dianeter which increases progressively downward,
and a bottomend 20h that is spaced apart fromthe inside wall of the
cylinder 12. As a result, powder that has been bl own upward colli des
with the inside surface of the deflector 20 and is taken up into the
annul ar structure of the spouted bed. At the sane tine, gases

circul ate upward by passi ng between the bottom end. 20b of the

def | ector 20 @NdTHhBRIHBEREs 98lahddlibhiae b%yﬂwsi@rarelalteﬂl%w}dmed in
tubul ar baffle 30 1s a tapered cylinder which has an inside dianeter

that progresshyekial didectss e the cyliedgolhwaylso,dt isptdfanbleafud tuwh thet op
end 30a that is contiguous with the inside wall of the 10 cyli nder

12. Such an aleflentesr@Atand| thewbujaskeatfles 360itode disposegwarsiallyowith the
circular gas inlet orifice at a bottomend 30b of the tubular baffle

30, but does mnter@mmfthn@yga sl 0 circul ate upward between the top
bot t on eﬁgdsﬁﬁmﬂl B 1 808 Bl e HRgr S TP SRR abBAehofs so
[1ow Govamnar SOPGUGH Churgiee] AR GRCLOR ARG B OTRReT L,
[0057] As. iﬁﬁdﬁhfﬁq%"?yﬁéﬁgﬁnegﬂage ovmcor’réi%tnl FrsEAbP thedylide

to pass throughreaqi a0hiblike theud 3Upﬂﬁr1n%i&%@1ﬁfac@i\fffth@%b'iﬁaﬂ‘b£fﬂé"3® he

20 cylinder 12, and a bottom downconer is provided in th
| ower nost t utaiie@tl tedldwe ag@ thé\ igide shrfdeé of thé pobhteort ¢ﬁﬂ1¢1eyﬁndé1eﬁz

above is provided beI ow each upper downcomer 2; the upper downconer 2
and th@ gas dlebeeen these gwoltebulamkafilep %eThbmmwwiymadzmMHage
transfer device I. As shown in FIG 5, a gas source i S _connected
t hrough a valbeis? I@gwraenqln@dlby thetisideesugtase of tmeylmderd?-taﬁtbe top

cuppl | 6a 1 hr QRO G made SHHRLIE h lq?ib@%ri SRS sbpion co.

Lo L e, 95 A S Rer ﬁﬁ@ﬁ?e’ s s Poioni B 3alinder 12, .
fower  pol ymer zahlafkef! 20e 25.

15 [0053] Within each polymerization stage 25, an olefin-containing

gas flows upward at a high velocity from a gas inlet orifice formed at a
bottom end 30b of the tubular baffle 30, thereby forming a spouted bed
of polyolefin powder.
[0054] As shown in FIG. 5, in each polymerization stage 25, a
20 deflector 20 is disposed at a position that lies above the tubular baffle 30
and faces the gas inlet orifice. The role of the deflector 20 is to prevent
spouted polyolefin powder from scattering. This makes it possible to
shorten the freeboard zone, enabling a high volume efficiency to be
achieved.
25 [0055] The deflector 20 has a conical shape with a top end 20a that

is closed, an outside diameter which increases progressively downward,
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[0058] Returning to FIG 4, the purpose of the bottom downeoner 36 is
to renove poi:void-1n powder fromthe | owernost pol ynerization stage
and di scharge the powder outside of the cylinder 12. Two val ves V71
and V72 are arranged in series with the bottom downconer 36. The

pol yol ef i n powder can. be discharged. in a subsequent step by
successi vely opening and cl osing these valves V71 and V72. 10[ 0059] To
forma stable spouted bed in each polynerization stage 25, it is

desirabl e t h%n%ﬁ?%tﬁoﬁﬁ‘éhﬁ@d@ﬁ%t §s %gaééf bsdry g thelih@wkngall of the

condi tions. ratio MB between t he di aneter dA of the gas

inlet orificecdindehg2bopkancntt, detvdef thdiehdsubuenablobal iibeafd calltlieshe
inside dianetér dB of the cylinder 12 is preferably 0.35 or |ess.

Al so, the angighlheoinsidecbunfadd ofi thd0daffectdre2 uind av tdleif bp BBoithe
FIG 2, Le., the angle of the inside surface of the tubular baffle 30
with the horiaondal stricsureraff theaipoytest bedbadyt thasamedimeogasespoealater

t he polyol efin powder present within the cyli r ) ang of

i nclination a¥pvare %Péssﬁi&gémthﬁtbqt@%leng%%aﬁé&’@ ‘g%fetcé‘ﬁoéé agdd
at least the angle at ch the polyol efin powder can 20be conpl etely
di schar ged gr'§§' %3 P*@Telwrf’t“ﬁiegll y, smooth downward novenent of

bt ormag usi P8 en aFReRibAFbartc SO0L AL R nde bRl A"
therein inst qggidef di%ﬁ&g?%étrp ds8/eBD dedreh &G RHRNRIeh AR BRVCRN,

does not fluidize w arise off such a flat plate near the inside

surface of thmdyhi AdRp drd 388 that 85 Wohtigdoes WathPaw ihedd watlnpfahei n
this region, the powder may fuse into a mass. To avoid such a

si tuatiDon, i tcyldeht3. $eshraabirearigentdné atlotvalgasestaf ditoedatd dipticard dscen an
angl e of inclination a30 which, as noted above, is at |east a given
angl e. [0061]4 tircwlapges$ énlabbrfiteat aheotthon leadt Hisob the bplas, bafledhave
an angle of inclination_ a20, i.e., the ?ngl e fo&ged betﬂeen th&

outsi de sur f de dops nbaliew|the gasesto ciisylathapward Penresn thafer And 30at

cyt i nder 12, i Doy RS Lol 6w WS oamelet diohalpe gad 308
e an angl o B PafbeRbebéd HiFed LR VA& tnot SRRERT S Uik Bl ybIBA "
15 powder within the polymerization stage 25 does not flow downward

through the gas inlet orifice at such times as startup or temporary
shutdown of the olefin polymerization reactor 10A.
[0057] As shown in FIG. 4, four upper downcomers 2 are provided
so as to pass through each of the four upper tubular baffles 30 within the
20 cylinder 12, and a bottom downcomer 36 is provided in the lowermost
tubular baffle 30. A gas slider 4 of the type described above is provided
below each upper downcomer 2; the upper downcomer 2 and the gas
slider 4 together make up the above-described powder transfer device 1.
As shown in FIG. 5, a gas source 8 is connected through a valve 7 and a
25 line L1 to the gas slider 4. In this embodiment, gases such as olefin

monomer of the same type as that supplied through line L30, hydrogen
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10f rom about 350 to about 50 The angles of inclination a30 and a20
are both preferably al |east 55, [0063] The deflectors 20 and tubul ar
baffl es 30 are each attached to the cylinder 12 by supports (not
shown). The supports have substantially no influence on gas flow and
polyolefin flow The material 15 of the cylinder 12, the deflector 20
and the tubul ar baffle 30 can be, for exanple, carbon steels, SUS304
and SUS3161... The SUS304 and SUS316L are standards of stainless
steel definedj4n; e I assgte SThertRUsdskleri S
pref erabl e \Ahddgln n(J?at ?Sk% a@i@nsgpﬁgéa c%?rtgg%% g(ggponent (fgr

exanpl e, hal qu&om@@qt an@wglthelml??& siadpow0a64] Asll sfromnan nufpet
4, an ol efin nononer gas feeding nozzle 40 is provided at the bottom
of the cylindmiyherizatich gagedfiso alleWenpolynmrinatios sfagt 2% t he bottom
of the cylinder 12 by way of a line L30 and a caonpressor 54. In

addi tion to t[B858hks feBQNfQHW@zF they pyreasE 1 S,Beb@ﬂ@nb dOWHEOBEBWN)

?EAEE\IO%SOSZPQ{’&' z}n?%ﬁ%]éfei‘séﬁei‘% | 3%21@?%40% RES okerRatonoReTEgiiThaer
1

at thes2ndLstraeggS%fdo@sﬁg%E‘é%ﬂ%@%waq‘% kot STt S T (RS O
Goes not i nt or oAl At Mk B o EerBis iR B BoychnRRBiniodter 1 Ehe, o
provi ded at tcﬂzﬁélgﬂno g%r%hhn%f digeh Vhi h Qidseqb&RN st %’. o

t hrough t he I's discharged to the exterior through a
L40, and gas-spptdsaivedd %hnd%lds@rﬁ@tl&@ebﬁlv@ﬁ\bﬂtammmy provi ded
cyclone 62. The gas asses hrough a first heat exchanger 63, a
conpr ¢ésor 640089k econ’d‘okfeaﬂn ﬂ@tabwspmnqébeéﬁn@adh polyrsetirationstage

separator 66, then is introduced to line L30 via another |ine L35 and
recycl ed, 25, it is desirable that each tubular baffle 30 satisfy the following

conditions. Namely, the ratio da/ds between the diameter da of the gas
inlet orifice at the bottom end 30b of the tubular baffle 30 and the inside
diameter dp of the cylinder 12 is preferably 0.35 or less. Also, the angle
15 of inclination a30 of the tubular baffle 30 in FIG. 2, i.e., the angle of the
inside surface of the tubular baffle 30 with the horizontal, is preferably at
least the angle of repose for the polyolefin powder present within the
cylinder 12. The angle of inclination a.30 is more preferably at least the
angle of repose and at least the angle at which the polyolefin powder can
20 be completely discharged gravitationally. In this way, smooth
downward movement of the polyolefin powder is achieved.
[0060] Although a spouted bed can be formed using even a flat
plate with a gas inlet orifice formed therein instead of a tubular baffle 30,
a region where the powder does not fluidize will arise on such a flat plate
25 near the inside surface of the cylinder 12. As a result, due to poor heat

removal in this region, the powder may fuse into a mass. To avoid such
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[ 0066] The cylinder 12 is also provided with a liquid feed nozzle 50
whi ch feeds, fromoutside the cylinder 12 to a given pol ynerization
stage 25, liquid olefin that has been separated by the gas-liquid
separator 15 66. Specifically, as showmn in FIG 4, a liquid feed
nozzle 50 is situated near the gas inlet orifice of the second
tubul ar baffle 30 fromthe top so as to inject liquid olefin toward
the spout. A punp 52 and a line L20 for feeding the liquefied olefin

. 52 and ; i i
0. 20[ 0067] A SaRHgHPfEF B/ ALEERT IR Bibuha SlBe) padbas are Al ©

provided in pErihkigsioal a3 ehecH, a8 defedlabdvacisng 1&4xea @iNéi agplsur f aces
of the tubular baffles 30. Mire speC|f|caIfy, as showmn in FIG 4, a

gas di schar g§006rk! e 60 issprpfevabldefir ithe tde€lepors 20ninoFIGHhe toyhaveden 12
facing the outside surffice of the second tubular baffle 30 from the
top. This gasngisoffangbnatioey 08060.4.s throanglet fermesl betwed thdyyouszige of

a line L41. The anount of gas discharged fromthe gas djscharge
nozzl e§ 60 | SuE@ae Pslthedeflscienidan it{)%ﬁOVEP%TL V&Plcgtlﬁ@; ieﬁé’é aglas

From tho 11 qdePeRaioRreiSE) BRHGosr S L BRCIrger dzent™ HHen
i Quid feed RESEEROCTp RaPRGERY bt A Biuply ey il R sECRROTHE, |

cylinder 12 i&gfﬁ@%trs gbstantially constant in the vertical direction.
The liquid feed nozzl'e 50, while not linited to being disposed in the

above-i ndi Cat[edéﬂgsi ti PBlyol&fiP peivaerBhy afll apes of Reposi o faasxmaphsi ty
regi on, such as t’he abové-nentioned spouting area, .Alternatively, in

cases]phere grélafdbent 05° BDabsutF@SyiTedanglehef incinationh esd dtha2dlage 50
may be di sposed bel ow the deflector 20, [0068]1In addition, a line L5
i s connect ed both arefemably atleast ¥8e cyl i nder 12 which is higher than

t he topnost tubul ar baffle 30, and pol yol efin pgwder cont ajni ng
ol efin pol ymdP063k i on Ihcaieﬁwogwpoaqs%m@ﬂan fﬁé%i 30rts rgRhiatiashed ne

or esent  enbodbniit CYANNG-12: S SHEPJRGrh SRt op NG SOLGCURy
e ror 10 a7 sHRMaKfIE, 5 A B Shs fo®Uhd fiyBIeRh oWt PHE kAR O
15 of the cylinder 12, the deflector 20 and the tubular baffle 30 can be, for
example, carbon steels, SUS304 and SUS316L. The SUS304 and
SUS316L are standards of stainless steel defined in JIS (Japanese
Industrial Standards). The SUS316L is preferable when catalyst having
much corrosive component (for example, halogen component as Cl) is
20 used.
[0064] As shown in FIG. 4, an olefin monomer gas feeding nozzle
40 is provided at the bottom of the cylinder 12, and gaseous olefin
monomer is fed to the bottom of the cylinder 12 by way of a line L30
and a compressor 54. In addition to the gas feeding nozzle 40, a

25 discharge nozzle (not shown) which is capable of discharging polyolefin

particles at the end of reactor operation may also be provided at the

18



prepol yneri zation reactor 5 effects the polynerization and growth of
20 polyolefin particles, creating relatively |arge polyoletin
particles having a particle size of preferably at |east 500 um nore
preferably at |east 700 p.m and even nore preferably at |east 850
pm thereby enabling the formation of a nore stable spouted bed.
However, it is also possible to have the polynerization step be
conposed of a single stage that does not include an ol efin

brepol ymer ! 2abdigiin! SEALTCyfinddi 1661 SIEGSEy 18a8@l b GHANESYS iffwder

ol efin ponrrenza%ion or prepol’ymri Zation cat st 1s fe

directly to thgphibiiAside! hBBEAcaE bOthd &aLbOeddddy opardtiohehh Anterior
polynerization is carried out. Alternatively, one or nore additional
ol ef i n pol ymemhembet intheahapebf as invertesl amedhef shovatapay Yegroratedan
reactor 9 or an olefin polynerization reactor 10A, nay be provided
subsequent t ca positioh shich do¢symurinteaferowithegastlow10A so as to achi eve
a polynerization step conposed of three or nore stages [[0070] A efin,

Pol yol éti n an®0631 al ys& gas disqhaxge nogeed s rP,ro]b‘éile _(ﬂte entory of I9_st
the of ef1 n' pOPJRERT ok ofas cuBiiar HaspBrbl b DAt [ GHTPb kb and
et T pol yme e 1o 1B S on P Sugi e A, ot 48 Sihipad sBwler, o

i ed t I i i f fi
(horopol yner (S Rea, BThL FRHOBRG Rt cBofe B2 ' The o periss 15

nmay be used itﬁrét{ﬁ%ﬁ al AYRNhéRNetdtahpele 68t hy kenpreRoe oY, enesecdhd bhdagne,
y

1- pentene, 4-ne | -1-pentene, 5-met hyf -1 - hexene, 14hexene,

14i eptiene andexthaei@nes ah@0y 2hOlieuat separatoof6d, hbae iolintrodscadnto Hae
used. Alternatively, the olefin used may be changed in each

pol yrer i zat i do3G vimnoltierdasds3 P andwenyeledol yreri zation is carried out

tage. When (GGG mor Sheicetier 4pas AlBIPIGRPAD SN tel ol |
conb nat| ons et R he STBloyecht el e pr 9BV cnel et LEh s on
oL enel | e A0 IR B oSl B R R et |
g edsent S thnsRRifbARY, s Wl FIG! 4 RALMRER ADRIPBO'Y Rlidted
near the gas inlet orifice of the second tubular baffle 30 from the top so
as to inject liquid olefin toward the spout. A pump 52 and a line L20 for
feeding the liquefied olefin monomer in case of necessity are connected
to the liquid feed nozzle 50.

20 [0067] Also, a plurality of gas discharge nozzles 60 are provided in
portions of the cylinder 12 facing the outside surfaces of the tubular
baffles 30. More specifically, as shown in FIG. 4, a gas discharge nozzle
60 is provided in the portion of the cylinder 12 facing the outside surface
of the second tubular baffle 30 from the top. This gas discharge nozzle

25 60 is connected to line L40 by way of a line L41. The amount of gas

discharged from the gas discharge nozzles 60 is controlled by respective
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propyl ene honopol yners, propyl ene/ et hyl ene copol yners, propyl ene/ 1-
hut ene copol yners and propyl enel et hyl ene/ 1-buterie copol yners may be
advant ageousl y produced. in the present invention. The production of
ol efin polymers obtained by nmultistage polynerization in which the
proportions of the nononmer units serving as the polyner ingredients
differ in the respective stages is especially preferred. For exanple,
it is possible to forma nultistage-polynerized ol efin copol yner by

feeding one t i i i { 5
and an-ol of i n'Re pofie piteh? s3is 8 B SbAABR SR 4 HpnOBA% fhas

honmopol yner  peat itlsebeerofed dpofryie ther ilig@id Heed inosizleolef it Wapbriged.
smal | anmount of another olefin to formrandom copol yner particles,
then feedi ng, Thereforsybsenqwemn Htjagfked Dlefiromaonmneert gebeat fad edtonthieo
t hese polyner particles in an additional olefin polynerization

reactor such eglingderdi2eviarthg dispod yeerknozae iSon theesunesticieb veBegy efthe

ol efin polynerization reactor 10A, This results in a narrow residence
Cime diStri buBROMSIGE MHocyind n12§b‘-1 ii?@d%i%ﬁﬁye%ﬁﬂmfm,emmé i t

hi i o | . hinth |
ar i ol co.  ThHCespt oLehiRRCRE ARy CABIA YT o BRI AR ng
def ect s. 20Exmeesa;%fo%gﬁﬁﬁﬁhéé@‘*@ﬁbiﬁ?)hy‘1@ preferably placed in a high gas
propyl ene- pr opyl ener et iyl enepol ymer's,

propyl ene- p”py+168i%f' etrE%ioﬁ’,‘e's ERPYas! e/ ehbtnleembRBhdd™®sPouting  area.
propyl ene/ et hyl ene- propyl éne/ et hyl ene pol yners and

pr opy! ene- pr opyteaneivelshyhaaséslwhbts gniefleeloy P0r is. proefded, ehaldghid( feed)

i ndi cates the boundary between polynmers, and a slash ("/") indicates
that tMb or nmozzlobetmnasbadsposmbbsloerthe ddflectohi2f. t he pol ymer. O
these, the production of nultistage-polynerized propyl ene-based
copol ynmers whil®68hr e pdhyadstigomawnilms 5ot$yp@m§®%cgé@ arpesiion oniths,

it 5 -5 ol el Gl o i ol AT o
ol yrer | SeqoRbTOISE. HBTGRT SOMRIRG: e RO BEA DL dattiyst soid
Pl st age pobotas Saenanroth s REaaT € g oAt R Rion stuge

honmopqlsypr opyyene segments or random copol ymer segnents obtai ned by
copol yreri zing ‘a small anount of an 10 ol efin other than propyl ene,

with amor phOUl;D_O%QPbe_r m%?dﬁlglﬁoﬁplﬂﬁ@ﬁ)kés‘éﬁtféﬂﬁb@ifrﬁeﬂter@,t%-@ﬁgbene
and, as an optional ingredient, an olefin other than ethylene an

propyl ene, i npélpmepizetienerpds athievedbpeaké dledinaepoBmseriZation raactor 9
copolyner has an intrinsic viscosity, as neasured in

1, 2, 3, 4-i et r adnyd tlo apdéfih p A pmesizati &b Geacthi dA.s pr dhier sy thé dlefim
range of fromOA to 100 di/g. This nultistage pol ynerized

pol ypr opy! enepispskyinesizasionnsactoasd extests et pakyarerizatiost andt growthyiodi t y
and inpact resistance, and can therefare be used, i utonptive .
conporént s suRHYa Flesqpgatigrolatively arge DAYPIfnpart hayiing

containers Suy Ea.x%scler s%tzg gf%?elfgrgb?)? gt Ee%gtkﬁ% HI%, %&Ieapirgﬁerrgbly at least 700
um, and even more preferably at least 850 pm, thereby enabling the
formation of a more stable spouted bed. However, it is also possible to
have the polymerization step be composed of a single stage that does not

25 include an olefin prepolymerization reactor 9. In this case, a solid

catalyst for olefin polymerization or a prepolymerization catalyst is fed

20



20[ 0074] Moreover, in the olefin polynerization reactor and pol yolefin
production process of the invention, to broaden the nol ecul ar wei ght
distribution of the olefin polyner, the olefin polynmer conponents
produced in respective polynerization steps nmay be given different

nol ecul ar wei ghts. The present invention is al so advantageous for
produci ng ol efin polynmers having a broad nol ecul ar wei ght
distribution. For exanple, the intrinsic viscosity obtained by

measur enent 8<ﬁre_c¢1§/8%i baf ablers meylheﬁzﬁ%ryrr%ac@wwgm af@t ajlegd i n
the pol ynerization step that produces the highest nol ecul ar wei ght

pol yner conpossiinetisation ds randed afut.pr Afterredtively,r ome @rSmioee Hdditibiiag,
more preferably from1l to 50 dlig, and even nore preferably from2 to
20 & g. This o¢lafini pelymnerizatiosi tgactar, asucheast afii okefini peepalymerizationsi c
viscosity of the pal yner component obtajned in the polynerizatign
step that pro€aees 3 ifs AbWein RelEBENIZHIGRe fEsto d DPwePaX: difpBFeYided The

o i e sHECO S R PSRl e 8 A el
. . e 10 ) .

ol yrer - compaminebeti fepABpTRNETBote; Bt BBSE SRy the ol'et n

pol yner. [00;@92"@2 ol eﬁl@ﬁ%ﬁ’c%ﬂ. oeiﬁﬁ .dc@atﬁ al yst used in the

invention ma known a n polymeri Zation catal yst used in

ol efin pol ymeri zatN&ga, iHel slstihapbyBlefamat@pstidnel ottler AilsedrRes Li¥d¢ in
solid 15 catal ysts formed by confacting a solid catal yst conponent
cont ai ni ng timniawystejmgfw@ésuﬂbe@. hal ogen and an el ectron donor
(referred to below as "catal yst conponent A") with an organoal um num
conpoufid cond662h} andlmthe bbaftr polydumimationpastentpolsal¢fin production
nmet al | ocene-type solid catal ysts prepared by supporting a netal] ocene
conpound and Rrog@scst pplyste @bp&d%éﬁ@n sustenyphHE Hrveatipp; pelyolefin--

G e o eSS 13 o A 25 b OB b,
be used as caf alc%xsrtlecf OgRe ng}g tihe eggiy%)feer?zaiti%h of one or more olefin
(homopolymerization or copolymerization). Examples of olefins that
15 may be used in this invention include ethylene, propylene, 1-butene, 1-
pentene, 4-methyl-1-pentene, 5-methyl-1-hexene, 1-hexene, 1-heptene
and l-octene.
[0072] One or more of these olefins may be used. Alternatively,
the olefin used may be changed in each polymerization step. In cases
20 where polymerization is carried out as a multistage process, a different
olefin may be used in each stage. When two or more olefins are used,
examples of suitable olefin combinations that may be employed include
propylene/ethylene, propylene/l-butene, propylene/ethylene/1-butene,
ethylene/1-butene, ethylene/1-hexene and ethylene/1-octene. In addition
25 to olefins, it is also possible to use at the same time various copolymeric

ingredients such as dienes.
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the preparation of a Ziegler-twe solid catalyst. This conposite
catal yst 25may be obtai ned by contacting a titani um conpound, a
magnesi um conpound and an el ectron donor such as the follow ng.

[ 0077] Ti t ani um conpounds that may be used to prepare catal yst
conmponent A are exenplified by titani um conpounds having the general
formula Ti (OR5, X4. _a (where RI is a hydrocarbon group of | to 20
carbons, X is a halogen atom and the letter a is a nunber such that

0a 4, |lepysptivemxanpbenmas! uslmbsslaial ogepababt) aiohuras

conpounds such as titaniumt achloride; tri hal ogenate
al koxyti t ani usfopolspeuisifosslomess ppoplent/etiaiénsmredpileinens,iptepylede/1-

hut oxylitaniumtrichl ori de; di hal ogenated di al koxytitani um conpounds
such as di et Hoxyné tapolymeds ahd propdermriethsdnef lokytene anpolymats ehaypbede;
nmonohal ogenated 1.0tri al koxytitani um conpounds such a .
triethoxytit safvantageruslyderogrnerd in b HXSAENt ARYUMHHOBNI Iﬂfslp deodggféon of

|_k i i d h . Li ' d
Lot r abdt oxyt i AHNURPIVAIES SHAER: Dhn BB EERRO NPT Rl SiHigh yihe:
nbi nat i f.t th : 8 '
E‘ﬁaf"m'y”ﬁe' e aotipny op I il ks seE TP JRR R Rs
magnesi um g . n mgngd e
m);gnegi um hydﬁgﬁgg%&l%%h@%ﬂ@ég%&rsre%ggﬁﬁgy?ﬁl :htt:ég and r?gig%lg’s}tl}%

conpounds  whi ks & o Fofr BURIuNEtARI-pbly¥nerlZed USIERA OBl yRXETHY €Sedthg
magnesi um conpounds whi ch have a TeduCing ability include

dt hl kyl magnessnenyperafoslefis ts ualoleln prepolymerization reactor 5 and an olefin

10 polymerization reactor 10A so as to form homopolymer particles, or

copolymerizing the first olefin with a small amount of another olefin to

form random copolymer particles, then feeding, in a subsequent stage,

two or more types of olefin to these polymer particles in an additional

olefin polymerization reactor such as an olefin prepolymerization reactor

15 5 or an olefin polymerization reactor 10A. This results in a narrow

residence time distribution in the olefin polymerization reactor 10A,

making it easy to achieve a fixed compositional ratio within the polymer

particles. This approach is especially effective for reducing molding

defects.

20 Examples of such polymers include
propylene—propylene/ethylene polymers,
propylene—propylene/ethylene—propylene/ethylene polymers,
propylene/ethylene—propylene/ethylene polymers and

propylene—propylene/ethylene/1-butene polymers. Here, a dash (“-")
25 indicates the boundary between polymers, and a slash (“/””) indicates that

two or more olefins are copolymerized within the polymer. Of these, the
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20 di net hyl magnesi tun, di et hyl magnesi um di but yl magnesi um and

but yl et hyl magnesi um al kyl magnesi um hal i des such as bt 41lnagnesi um
chloride; & cy |al koxymagnesi urn conpounds such as butyl et hoxym
agues ium; and al kyl nagnesium hydrides such as butyl mapesi um

hydri de. These nmagnesi um conpounds having a 25reducing ability may

al so be used in the formof a conplex conmpound with an organoal um num
conpound. [0079]Illustrative exanples of magnesi um conpounds whi ch

wich 3o moned P UGl A0RRE) S RARLACY AR e
hut oxyrmgnes: G Ehior PR A P E PRONCal o coraonnde. S g called
di et hoxymgneshighiaiihet| BLOKFFIBASS] (IR Ripn TRERES|AUNAIIGNY Eallee

such as magnesi um | aurate and.  ‘magnesium s al -ate. These magnesi um

conpounds whi ¢ollypripyertee blwskn gopdlyhidry” reando dace npgstallimenpnsbylene
synt hesi zed, either in advance or at the tinme of catal yst conponent A

prepar dtion, based lpotymemnetegoents amda ameepbsils npropyleoedusedy pakynaer
reducing ability. [0080] El ectron donors that may be used to prepare
catal yst conp@EsRents i dratesredxy gln dHEEERI PolyBIEEed oRrRYIItesbaseen

as al cohol s, g{?e ol s, kegones, g(:igeh des, .car boxg‘hi fa%aci (fs, esters of
organic or in HINET 580 g8 Prerared 8 tae Loty RS MY HFage; RP TR dRIOfs -
ni trogen contai ni ng ectron S, such ni ] ne nigrites
and isocyanatB’s:anﬁn(ar%JSF’gg ity si%l? h ?rflﬁgg%%@%éesge%ﬁ%g%{gr §% YBB@ s,
the use of in j i t el i e 2 r [.$ 4l.S
preforred, [ ODHLTeF arpagfit (iifimel EbGIRRICAR & rAltnBlELE o
conpouds haviRgnt hehgenetal P, Revith ( @Rk fhodswhei®eR2 skSments
hydr ocarbon group of I to 20 carbons or a hydrogen atom R is a
hydLOC ﬁr b08 géWyﬁlfz)riked @ro2f) etleylbad)Spropilinehad, at taaroptional ingrediegt,
such t hat s; n < ,

|11 ustrativeexanitsiothen diedretetladeherapsi proygdenes Hasthee preaaeech ofythie

| ane, t et raet hoxysi | aneandt et r abut oxysi | an. e; o .

al kyl t ri al koxsespectiues palyimearsei Siych gi eonalyi@ry dias|anantrinsic viscosity, as

thyltrineth i | , butyltripmetb ' , 95 ¢
ieso%ut ;: {r? i rrg%%géwgaﬁg,{@%Xl-te‘irlaﬂ%ro%%ﬁ{ha.\e%geat 135°C, which is preferably

15 in a range of from 0.1 to 100 dl/g. This multistage polymerized
polypropylene-based copolymer has excellent heat resistance, rigidity
and impact resistance, and can therefore be used in automotive
components such as bumpers and door trim, and in various packaging
containers such as retortable food packaging containers.

20 [0074] Moreover, in the olefin polymerization reactor and
polyolefin production process of the invention, to broaden the molecular
weight distribution of the olefin polymer, the olefin polymer components
produced in respective polymerization steps may be given different
molecular weights. The present invention is also advantageous for

25 producing olefin polymers having a broad molecular weight distribution.

For example, the intrinsic viscosity obtained by measurement as
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t-butyltrinmethoxysilnme, inethy-Iltriethoxysilane,
ethyltriethoxysilane, butyltriethoxysilane, isobutyltiethoxy-silane
and t-butyltriethoxysilane; anddi al kyl di al koxy. si | anes suchas

cl i met hyl di met hoxysi | ane,

di et hyl di met hoxsi | ane, di but yl di met hoxysi | ane,

di | sobut yl di net hoxysi | ane, di -t-buty Idirnethoxysil ane,

but yl et hyl di net hoxysi | ane, but yl et hyl di met hoxysilarie,t-

but yI ni et hyl gicagthary shbane s Melehyhaly gl 0Xshdddcn®. obtained in the
di et hyl di et hoxysi | ane, di butyl di et hoxysi | ane,

di i sobut yl di ¢Jdi@mysizatésiestep that produces the highest molecular weight polymer
di -t-butyl di et hoxysi |l ane, but yl net hyl di et hoxysi | ane,

10but yl et hy| dioetpumeysiit anea aratge - ot tpyd feesththy | ot Bk yei 1@(hell/g, more
[ 0082] Preferred organic acid esters include nonofunc,tional and
pol yf unct i onaqrefcaatﬁw@nmd tacitidiégtandsevesupareapresgraplyarom Ztr Bodyiei ¢
.acid esters, alicycljc .carboxyli (f aci d est erﬁ1 and.ar.omati C,
[

carboxylic acitis éfigsis Vipeasiiytis At {¢ast Evsripnes MentiiRric FCASY Edhat e,
t hyl tate, t hyl i t hyl i th but te,
othyl var er adR1TRer fomPaBPyt Bplfedt i fhe, P GRAALA G, H6 thar B GHS
hyl b | . |
o et o ecf W nOEPHRP RigTi N inet SoBbRent® HC pleSithCen R
gbutyl mal on%hﬂad%ﬁ{agwuél gﬂaa@@é &n o‘l’éf%‘hg}yg?%l ﬁch}ﬂg%E é}}lﬁbunt of

i taconate, dibutyl 1tacona di et hyl pht i-n--

pht hal at e andhgdli ;bcﬂ?ﬁm Yéorapbialt abbtairdde e r the dpeyamariasiohnstep d@hich
unsaturated aliphatic carboxylic acid esters such as inethacrylic
aci d &8ters, ppbdinasithe higlesertdecilarawdightipelyanaceadnpsenent sccqmith dbi ¢
acid diesters are nore preferred 0083]illustrative exanpl es of

et hers i ncl udeondilal kyB0 setierod theielefmspolymer.

[0075] The olefin polymerization catalyst used in the invention
may be a known addition polymerization catalyst used in olefin
polymerization.  Illustrative examples include Ziegler-type solid
15 catalysts formed by contacting a solid catalyst component containing
titanium, magnesium, a halogen and an electron donor (referred to below
as ‘“catalyst component A”) with an organoaluminum compound
component and an electron donor component; and metallocene-type
solid catalysts prepared by supporting a metallocene compound and a
20 cocatalyst component on a granular carrier. Combinations of these
catalysts may also be used.
[0076] What is commonly referred to as a titanium/magnesium
composite catalyst may be used as catalyst component A employed in
the preparation of a Ziegler-type solid catalyst. This composite catalyst
25 may be obtained by contacting a titanium compound, a magnesium

compound and an electron donor such as the following.
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25di et hyl ether, dibutyl ether, diisobutyl ether, diarnyl ether,
ciiisoanmyl ether, nethyl butyl ether, nethyl isoarnyi ether and et hyl
i sobutyl ether. Preferred exanples include &butyl ether and

di i soanyl ether, [0084]Illustrative exanples of organic acid halides
i ncl ude nono- and pol yfunctional carboxylic acid halides, such as

al i phatic carboxylic acid halides, alicyclic carboxylic acid halides
and aromatic carboxylic acid halides. Illustrative exanples include

acetyl chlori r opi -ehl nl}, Fg&m Qb€ pYSDHE Whkalvst
chl ori de, acre@gg chl g@?ggé&ﬁrr%r acr ﬁgt?/]ix{ E&La]yg?él de, hegz%i chlo ?de,
tol uoyl chl origlgpordits0¥te SEnoslifke] by tieaiinm coatp@irdichavirgd tid ydneral
chloride, maleyi chloride, itaconyl chloride and phthal oyt chloride.

Preferred exafmhﬁﬁaiﬁcORdﬁm qivdteire Ebdardndzy;ﬂdoarbuﬁ groip afi deto 20ch
as benzoyl chloride, toluoyi chloride and phthal oyl chloride.

Pht hal oyl chl carbdes,iX ies pelvigah lajorpy efié thecldtte] @88 nERbepisaeh diatfet hods
for preparing catalyst conponent A include the foéA aw ng. (1)

Reacti g a | i§di)dIhagrasivesreamsonsindedetrabalogenaisd B fPrapounsls o
magnesi um conpound and. an_el ectron dopar, Wt recipitating agent,
han 1 eat | ngh Rl GAPICR RIS SamB e tee kR AR CounitliG
and an el ectrgn,donor - (2) Tr { a i 4 ,
or a conpl ex %‘bcrl?poal‘?n(?tmx%n%é?l{nd t?rrlgglnde}glieu n%ﬁl ?o ﬁ%&%ﬁgﬁlﬁn&g@éﬁ@%n
donor, with ajhi [ Zﬁﬂgmg;f ; ' Ltaphu an
el ectron donog]&lla%(%éhgggctg I ng {e%}qlgfrld\@r?a n@gpﬁ mﬁ{él’gn%ﬁ‘ﬁgﬂ%?ﬁ@%
liquid titani gighkpimounshd n dibatdxieisaniam of diehlogidest r aiondhalsgenard

i nducing the precipitation of a solid titani um conpl ex,

10 trialkoxytitanium compounds such as triethoxytitanium chloride and
tributoxytitanium chloride; and tetraalkoxytitanium compounds such as
tetraethoxytitanium and tetrabutoxytitanium. These titanium compounds
may be used singly or as combinations of two or more thereof.

[0078] Magnesium compounds that may be used to prepare

15 catalyst component A are exemplified by magnesium compounds which
have a magnesium-carbon bond or a magnesium-hydrogen bond and
have a reducing ability, and magnesium compounds which lack a
reducing ability. Illustrative examples of magnesium compounds which
have a reducing ability include dialkylmagnesium compounds such as

20 dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butylethylmagnesium; alkylmagnesium halides such as butylmagnesium
chloride; alkylalkoxymagnesium compounds such as
butylethoxymagnesium; and alkylmagnesium hydrides such as
butylmagnesium hydride. These magnesium compounds having a

25 reducing ability may also be used in the form of a complex compound

with an organoaluminum compound.
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(4) Further treating the reaction product obtained in nmethod (I ),
(2) or (3) above with a titaniumconpound, or with an el ectron donor
and a titanium conpound. (5) A nethod in which a solid product

obt ai ned by reducing an al koxytitani um conpound with an

or ganot nag, nesi um conmpound such as a Gig,nard. reagent in the
presence of an organosilicon conmpound having a Si-0 bond is treated
with an ester conpound, an ether conpound and titaniumtetrachl oride.

(6) A nethod 'Lbcqu]hi ch @sabdigh Bﬁﬁﬂgfegodggg%rn%ﬁnmeohgwﬁugg@cgi [h@gpi um

conpound wi th an “or ganonagnesi um conp the préesence o n

organosi | i cog &Hﬁaﬁgré@ilﬁfy iASludE 4RRAIS e 6D nepMpsiundcam@oand e stel as
conpound is treated by adding, in order, a mxture of an ether 10

conpound and nidgnagiuain t eictdetiler i delkokpinhgnesiudny alalodegani suckci das
hal i de conpound, and the treated solid is subsequently treated with a
m xture of amathtreymagmgsound ahdbride, anicthnxysragaehivsr i dehboride ni sadir e
of an et her conpound, titani um,tetraﬂgl oride and an ester conpound.
(7) A ‘et hod butpxpmagnesive hdenide; dtalkereymagnostim ceRmpPeands such Awt al

15 ide, dih i i hal - t ai ni | hol
'S cont act ed AR RORAIIS T on Sano e SR O AR O HeRESRAE,
foll i t t 1th | aal i 1.« h

oL o g RSOl A RIS BO T el e a R Thge
magnesi um 20 {Ihasgg{egiuﬂi BOmbAAM Cwail Plckamh ?‘féﬂ%%{%%ﬁﬁt}“”}ﬂaﬁerbe

contacted w n electro onor and a titaniumc ound,” eit

following tr %6&@%&“&1{101@ ah@lsQaeRalZeag cAlgaNin advatickhquit teCtime of
treatnment. (9) Treating the cohpound obtained in any of methods (1)

to (8)0 above catalyst hcampshagenh ardmiratgmn dbgnpodnuver metlaydnfoic a
hydrocarbon. [0086] O the above nmethods for preparing catalyst
conponent A, nmegniesidsn ¢dmpoond Bpvisge detiograbilityThese met hods of
preparation are generally all carried out in an(inert gas

at mosphere, $0@30]as niklesljen denensgdipt may be used to prepare catalyst

component A include oxygen-containing electron donors such as
alcohols, phenols, ketones, aldehydes, carboxylic acids, esters of organic
15 or inorganic acids, ethers, acid amides and acid anhydrides; nitrogen-
containing electron donors such as ammonia, amines, nitriles and
isocyanates; and organic acid halides. Of these electron donors, the use
of inorganic acid esters, organic acid esters and ethers is preferred.
[0081] Preferred inorganic acid esters include silicon compounds
20 having the general formula R%,Si(OR%)4.. (where R? is a hydrocarbon
group of 1 to 20 carbons or a hydrogen atom, R’ is a hydrocarbon group
of 1 to 20 carbons, and the letter n is a number such that 0 < n < 4).
Illustrative  examples  include  tetraalkoxysilanes  such  as
tetramethoxysilane, tetraethoxysilane and tetrabutoxysilane;
25 alkyltrialkoxysilanes such as methyltrimethoxysilane,

ethyltrimethoxysilane, butyltrimethoxysilane, isobutyltrimethoxysilane,
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[0087] I n the preparation of catalyst conmponent A the titanium
conpound, organosilicon conpound and ester conpound are preferably
used after dissolution or dilution in a suitable solvent.
Il'lustrative exanples of such solvents include aliphatic hydrocarbons
such as hexane, heptane, octane and. &cane; aronatic hydrocarbons
such as toluene and xylem alicyclic hydrocarbons such as

cycl ohexane, nethyl cycl ohexane and decal i m and et her conpounds such

as diethyl et ' r, ' E.r?é?ﬁ&}‘dt i er trieth i
t et r ahydr of uﬁgbgﬁylf%gﬁo%ksﬁ%&e&pr Iel%egl(rii%t ion fSﬂ?%?’al yegltmc%%pg)r%}e’%l%an&
the tenperat ‘Huﬁ{lﬁiethgﬁrs‘il%ﬂé,c igtbut A asdthtysitahe Nrds ebudyltriethoxysilane;

or ganomagnesi um conpound I's generally from-50 to +70C. Fromthe

st andpoi nt ofangat aliykyldslioxysijareed cosh, tbe tdmednddimethdzysilane,
preferably from-30 to +50C, and nore 15 preferably from-25 to +35C.
The dr opwi se dietlildimetitaxeBadgr t he or ganomagnesi dibEddiaethaxysitinee
not subject to any quti cular limtation, is ggneéoal I é.fr m ahout 30
mnutes to ambisobutyldimetkoxysdenowi ng conpl et i oR-EPUEAZIRAOXY Hipne,

1 om 20 to” 12001 TEpORBOT TN cpar apateiay aeBiySeElponent A
the reduci ti b ied out in th :

mater 8l sk Ran i BREIReS B o or an or gant Briary s DRs/SRAED
Il ow the sol j 0. e i al; h
allowthe so cfﬁlg%ﬁ%ﬁé%% _%.y'e”p&%ﬂﬁf}&i%tﬂdk&@ilw BPASObisy [HERD 11an§%1c

porous materi have & pore volumé at a pore radius o

from20 to 200 L gagt, 0.3 nlig and armayehedoldiathbkesitans] ze
of fromb5 to%é?@lﬂe@?ﬁpl es of porous inor galﬁ?lc ox?des i ngl ude

Si 02, 1 203, pMaethlil@thokyRarenghd wbughatthgldixihorysildrer eof . Exanpl es
of porous polyners include polystyrene-based porous polynmers such_as
pol ystyrene 40082}t yr enBrifeirey|drgazereid estery ieelvde ppppalingtiana- saded
porous polyners such as polyethyl aciyiate, nethyl acrylate-divinyl
benzene copolppieactiprslyeasbonylidreeidestsisasichant aﬁﬁh@ﬂﬁ carboxylic aci

pol yrror & uciestess, pORSIELRy PR BF 140 britseis M HRPPUEccHOIRYare and
| | Ot t S
S vy ener di vi Rtz SETERG SRarErS, upd: divls! LsEiBodercett
[ um t I ti f
2 0q1 55 sol | dheBrL ISP ra PP aR e, HUSICERRTEE ABYE yoferate,
mol ecul e and mRy f YRIAZe! YtV GcRMfteOimdth§l hddthawyhde 96051 Benzoate,

f or mul as.

butyl benzoate, methyl toluate, ethyl toluate, ethyl anisate, diethyl
succinate, dibutyl succinate, diethyl malonate, dibutyl malonate,
dimethy] maleate, dibutyl maleate, diethyl itaconate, dibutyl itaconate,
20 diethyl phthalate, di-n-butyl phthalate and diisobutyl phthalate.
Preferred examples include unsaturated aliphatic carboxylic acid esters
such as methacrylic acid esters, phthalic acid esters, and maleic acid
esters. Phthalic acid diesters are more preferred.
[0083] Ilustrative examples of ethers include dialkyl ethers such as
25 diethyl ether, dibutyl ether, diisobutyl ether, diamyl ether, diisoamyl
ether, methyl butyl ether, methyl isoamyl ether and ethyl isobutyl ether.
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15R5R6A1--0--AIR7R8 In the above formulas, R4 to R8 are each

hydr ocar bon groups having froml| to 8 carbons, and Y is a hal ogen
atom hydrogen or an al koxy group. R4 to Rs nmay each be the sane or
different. Also, the letter mis a nunber such that 2 mS. 3.

20[ 0091] Il lustrati ve exanpl es of the organoal urni num conpound
conponent include trial kylalum nuns such as triethylal um numand tri
i sobutyl al um num ; di al kyl al um nunmhydri dessuchas

di et hvl al uri . L . T | al uri
nal 1 des such AOHFAERT BN S B FhBL Y e Ry S
chloride; m xjogsgs of Iﬂu&t&éﬂé‘é’iﬁhﬁl@b RETDr¥AiB a8idihatidesl iabhdenHBho-
hal i de, such"as m xture of triethylahinfnumwth

di et hyl al um prdglolefuhéeteoral darb eyl avidhalitles suchas dlgihaaetdayboxylic
I alurrioxan e and tetrabutyl di al unoxane. O these organoal um num
conpounds, t heidulsalidek, alicycla kabakyhi moid halidéscand erematic carboxylic
LAl ey e, THustrative examples inclide atetyl chioRde, propionyl
chloride, butyryl chloride, valeroyl chloride, acryloyl chloride,
methacryloyl chloride, benzoyl chloride, toluoyl chloride, anisoyl
chloride, succinyl chloride, malonyl chloride, maleyl chloride, itaconyl
chloride and phthaloy! chloride. Preferred examples include aromatic
10 carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and
phthaloyl chloride. Phthaloyl chloride is especially preferred.

[0085] Examples of methods for preparing catalyst component A

include the following.

(1) Reacting a liquid magnesium compound, or a complex compound of

15 a magnesium compound and an electron donor, with a precipitating
agent, then treating with a titanium compound or with a titanium
compound and an electron donor.

(2) Treating a solid magnesium compound, or a complex compound of a
solid magnesium compound and an electron donor, with a titanium

20 compound or with a titanium compound and an electron donor.

(3) Reacting a liquid magnesium compound with a liquid titanium
compound in the presence of an electron donor, and inducing the
precipitation of a solid titanium complex.

(4) Further treating the reaction product obtained in method (1), (2) or

25 (3) above with a titanium compound, or with an electron donor and a

titanium compound.
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5al kyl al unoxane is preferred. The use of triethylal um nurn,
triisobtitylal um num am xtureof triethylal um numand di et hyl al um nurn
chloride, or tetraethyldialunoxane is nore preferred. [0092] Exanpl es
of the electron donor conponent used in the preparation of a Ziegler
solid catalyst include the follow ng comonly 10 used el ectron
donors: oxygen-containing el ectron donors such as al cohols, phenols,
ket ones, al dehydes, carboxylic adds, the esters of organic or

| norgani ¢ ac'(@?’Ae e('fxéd i‘ﬁC'vﬂg@lm Qes%li?lnﬂ)rgﬂ:d& 8BtaysHd qﬁf?re@ﬁkqn% an
ni t rogen-cont'ai ning el ectron donors such as ammoni a, arines, rafftles
and i socyanat es,|iSkyfifagRfn @beHouAR WASSH o junh BefP@ahd sach d
15esters and ethers are preferred, [0093]Preferred i norganic acid
esters include & &iGém2e0TPatundsn ofie pregenef ah drgamsilicdROSHHPRIHD 4,
(where .R9 is a hydrocarbon group of 1 to 20 carbons or a hydrogen
atom R 1 is a lydngcarddd bpmlps dfeated witto apaessonsompegnthanl 9‘3169r
is such that 0 sr n < 4). Illustrative 20exanpl es include

t et r abt oxysi | apempownd ang fifpsiwetgsachdedde.t ert - hutyi - n- propyl d
e ﬂggsgi S A o e a S b A PO AR A Y rSRE 2 Hieiuim @

n

compound with an organomagnesium compound in the presence of
an organosilicon compound or an organosilicon compound and an
ester compound is treated by adding, in order, a mixture of an ether
10 compound and titanium tetrachloride, followed by an organic acid
halide compound, and the treated solid is subsequently treated with a
mixture of an ether compound and titanium tetrachloride or a mixture
of an ether compound, titanium tetrachloride and an ester compound.
(7) A method in which the product of the contact catalysis of a metal
15 oxide, dihydrocarvyl magnesium and a halogen-containing alcohol is
contacted with an electron donor and a titanium compound, either
following treatment with a halogenating agent or without such
treatment.
(8) A method in which a magnesium compound such as the magnesium
20 salt of an organic acid or an alkoxymagnesium is contacted with an
electron donor and a titanium compound, either following treatment
with a halogenating agent or without such treatment.
(9) Treating the compound obtained in any of methods (1) to (8) above
with a halogen, a halogen compound or an aromatic hydrocarbon.
25 [0086] Of the above methods for preparing catalyst component A,

methods (1) to (6) are preferred. These methods of preparation are
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[ 0094] Preferred ethers include dialkyl ethers, and diether conpounds
of the general fornmula 25[C1 ] R' R'OCH -C CH2-OR' R' In the above
formula, R " toare each independently a linear or branched al kyl,
alicyclic hydrocarbon, aryl or aral kyl group of I to 20 carbons,

al though R* or R* may be a hydrogen atom Il lustrative exanples

i ncl ude di butyl ether, dianmyl ether, 2,2-thisobutyl-1, 3-

di m et hoxypropane and 2, 2-di cycl opentyl -1, 3-di net hoxyproparie. [0095]

O these elect oner ts,: I LCO : he
general f or micRC RS baf RARRIR, dtyir R BLOBRRDLLAC B eR FP A A of "0
a hydrocar borarégrpup of 3 to 20 carbons in which the carbon 10 atons
nei ghbonng the®si'licon are secondary or tertiary. Illustrative

exanpl es i ncljpgg7br ancheehe padparaidk vl @fdyfscaupbn@s Aol afthium
sec-butyl, tert-butyl and tert-anyl; cycloal kyl groups such as

cycl opentyl aonthpeyedpbegaylosilicyn lcoaljcemyi ang est@isceampbung are preferably
cyclopentenyl; and aryl groups such as phenyl and tolyl. In this
formul &, R16 used afterddisselubon gr cllption 16 2 suidatle selvbrins, [lustrative
illustrative exggi)l es_of whjch inc]Jude straight chaiii alﬁyl r oups
such as met hykamg{ena! sushsgiventsigelpde BlnPyrogss é‘Plb%P{an

cycl oal ﬁ;f:gﬁa@g?{a@tﬁxgg\@fﬁﬁﬁgﬁﬁ%ﬂ%ﬁﬁ5Y5§%¥%h§é]§fﬁ°%%ﬁ>ﬁérkﬁeﬁ%ﬁ
Pol vl . 20 A &5 BRENICHY o BROnT S¥tngl BYBRELER, HoBlRlo e |
to 20 carbongy,qapdalif; Rh§'e é?'bé&g?ﬁoﬁﬁéﬂré?fcﬁrﬁoﬂi%}ﬂuaheﬂ dibt91 2ther,

carbons, illustrative exanples organosi | i con conpounds that may be
used ag such dgg@ﬁhyp&h@pgﬁu t&ﬁﬁp@ﬂﬁﬁigﬁ,i ncl ude tert-butyl -n-

propyl di met hoxysi | ane, di cyclopenty d inethoxysil ancand
[0088] In the preparation of catalyst component A, the temperature
of the reducing reaction which uses an organomagnesium compound is
generally from -50 to +70°C. From the standpoint of catalyst activity
and cost, the temperature is preferably from -30 to +50°C, and more

15 preferably from -25 to +35°C. The dropwise addition time for the
organomagnesium compound, while not subject to any particular
limitation, is generally from about 30 minutes to about 12 hours.
Following completion of the reducing reaction, subsequent reactions
may be carried out at a temperature of from 20 to 120°C.

20 [0089] In the preparation of catalyst component A, the reducing
reaction may be carried out in the presence of a porous material such as
an inorganic oxide or an organic polymer so as to allow the solid product
to impregnate into the porous material. Such porous materials preferably
have a pore volume at a pore radius of from 20 to 200 nm of at least 0.3

25 ml/g and an average particle size of from 5 to 300 pm. Examples of
porous inorganic oxides include SiO,, Al;O3, MgO, TiO,, ZrO, and
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eycl ohexyl et hyl di met hoxysi | ane. [0096] I n the preparation of a Ziegler
solid catal yst, the orgarioal um num conpound conponent is used in an
anount, per nole of titaniumatons in catal yst conponent A of
generally froml to 1,000 noles, and preferably fromb5 to 800 nol es.
The el ectron donor conponent is used in an anmount, per nole of
titaniumatons in catal yst conponent A, of generally fromO,1 to
2,000 noles, preferably fromO03 to 1,000 noles, and nore preferably

f 0,5 to 800 noles. 9 | t :
or ganoat unt rOMEBHEo a0 bRl Rl SRR RE "Byt BBy, include
conmponent mé(@ﬁsetgfe%%%ed RoMmERN RN abe}f)(q? i and eglyteiet he

mul tistage p I zati1on reactor, or may be separafely fed to the

mul ti stage quiyﬂ?_me;ﬁbﬁ@aopj(ﬁ ] %poﬂwylawbﬁ@dtmﬂomi pbliymdrbeuch as
reactor. Alternafively, any two of these conponents may first be

contacted wi tgolpethhl onbiglateanthetlind rempiats-diyicypberaene 1 5mpodpnesyt | y
brought into contact, or the respective conponents nmay he brought
into mitual gquiymethyiln methhenryiatet yandf aiethyde dneibacyydats-divinylbenzene

[ 0098] Exanpl es of netal |l ocene, c ounds t hat be ed t repar e
the netal | oeéW@DI}SIP@S?s@P‘I) BOIYQIE‘JOIY;B@S‘? rGH%PPI'I’E%%r?tSP aﬁ.pp&e%lﬁgne,
conpounds of t follown neral fornula. 201 .MIn the fo a,. M
is a transi ti%ﬁﬁﬁﬁ?ﬁ’?‘?tﬁ&l %&%aﬁuﬁﬁg‘?lymfﬁ h tFICgYI’ré)?yIIWg' at QﬁIJ ngeSe

I f th it I I 14 h
{ransi b on miapié AbREs SIcE 07 A vishe iR BA: EGRRuicty ¢

cycl opent adi ea?é‘{préf% gton. [0099] The transition netal N4 is
preferably an atomfromgroups 3 to 6 of the Periodic Table of the

El emenps (1 LI[BOGH] 1989 he adrdafBil@minum compound component used in the
preparation of a Ziegler solid catalyst has at least one aluminum-carbon
bond on the molecule and may typically have one of the following
general formulas.

R'mAlY3m

15 R’R°AI-O-AIR'R?

In the above formulas, R* to R® are each hydrocarbon groups having
from 1 to 8 carbons, and Y is a halogen atom, hydrogen or an alkoxy
group. R’ to R® may each be the same or different. Also, the letter m is
a number such that 2 <m < 3.

20 [0091] Illustrative examples of the organoaluminum compound
component include trialkylaluminums such as triethylaluminum and
triisobutylaluminum; dialkylaluminum hydrides such as
diethylaluminum  hydride and  diisobutylaluminum  hydride;
dialkylaluminum halides such as diethylaluminum chloride and

25 diisobutylaluminum chloride; mixtures of a trialkylaluminum with a

dialkylaluminum halide, such as a mixture of triethylaluminum with
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preferably titanium zirconiumor hafnium [0100]Ligancls L having a
cyc, lopentatlienyl skeleton are exenplified by (substituted)

cycl opent adi enyl groups, (substituted) indenyl groups and
(substituted) fluorenyl groups. Illustrative exanpl es

i ncl udecycl openMli enyl , met hyl cycl opent adi enyl , t ea-

but yl cycl opent adi enyl , di met hyl cycl opent adi enyi , tert-butyl -

nmet hyl cycl operitttdi enyl, net hyl -i sopropyl cycl opent adi enyl ,

trimethylcyc i t et i qo® yl c op 1 ?ﬁt}‘%

pent anet hyl c@%@%@%@gﬂ%yl _,crl ndae%yl Xr%l 5, %@%ﬁfg%lt r aa?g? oi nséll(e:%lyi 1as2_
10 net hyli nd?&?‘éetheyaldia{]%@x&ﬁé‘deﬁiﬁ ,_thtraBhYdibRAemE, Of these
5-net hyl i ndenyl, 6- nethylindenyl, 7.-nmethylindenyl,

2-tert-butyl igagamalumaden teobionhiscthenyse, ofta tteialicybaltininurde ayrhixture
S5-tert-butylincCienyl, 6-tert-butylindenyl, 7-tertbutylindenyi,

2, 3-di et hyi ndeyd , tdalRyiureiniyd | ndényi, diakkytaluminumet alidendemy | gn
2-met hyl - 4-i sopropyl i ndenyl, 4,5-benzi ndenyl, ) )
15met h§l - 4, 5a|liedaﬁmvwle, is- ppEigTechdenyThe 2-uset hof - tighslammiaen: v |
2- met hyl -4-phenylindenyl, 2-nethyl-4-naplithylinden fluorertyl,
di met . hyl f 1 uélf@ﬁg}lt,yl UL ea3put JIEMEST en aﬁdectgﬁ%iqm{%d ind
versions of th ve. 1In S where ther. i

T gands: havi S BRI pEnEERT Ooy b kar iy e Pidielel Hidkubtdefied.
mutual ly lik unl i k 0 | GRS e
havi ng a cycﬁggéeztadi eﬁﬁlﬁgkeél éfé%e Ef"rle exer‘r%h??iqé) oyl/lteﬂﬁrhsw% the

o oo " RSP gl O A0 L s
10 used electron donors: oxygen-containing electron donors such as
alcohols, phenols, ketones, aldehydes, carboxylic acids, the esters of
organic or inorganic acids, ethers, acid amides and acid anhydrides; and
nitrogen-containing electron donors such as ammonia, amines, nitriles
and isocyanates. Of these electron donor components, inorganic acid
15 esters and ethers are preferred.
[0093] Preferred inorganic acid esters include silicon compounds
of the general formula R’ Si(OR'),., (where R is a hydrocarbon group
of 1 to 20 carbons or a hydrogen atom, R' is a hydrocarbon group of 1
to 20 carbons, and the letter n is such that 0 < n < 4). Illustrative
20 examples include tetrabutoxysilane, butyltrimethoxysilane, tert-butyl-n-
propyldimethoxysilane, dicyclopentyldimethoxysilane and
cyclohexylethyldimethoxysilane.
[0094] Preferred ethers include dialkyl ethers, and diether

compounds of the general formula

25 [C 1]
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[ 0102] Exanpl es of the heteroatomin the hetercatom bearing group

i ncl ude oxygen, sulfur, nitrogen and phosphorus atons. Such groups
are exenplified by a.l koxy groups, aryloxy groups, thioal koxy
groups, thloaryloxy groups, alkylam no groups, arylamrto groups,

i dhyl phospbi no groups, aryl phosphi no groups, and aromatic or

al i phatic heterocyclic groups having on the ring at | east one atom
sel ected from anong oxygen, sulfur, nitrogen and phosphorus atons.
Illustrative exanpl es:of the hal ogen atons include fluorine,

chl orine, brom ne and iodine atons. The hydrocarbon groups are
exenplified byrabla ~c-ataldeyl , aryl and al kenyl groups. [0103] Two or
nore ligands L nay bg directly linked to each other or may be I|inked
t hrough a residue contai ning at | east one type of atom 10 sel ected
from anong carbon, silicon, nitrogen, oxygen, sulfur and phosphorus
atons. |l ustinatheveb@xafmiada oR's e R Y esiedemh intspandendlykpl Bneargooups
such as nethyl ene, ethylene and propyl ene; substituted al kyl ene
groups such asanéhest #liryhedicytlenbydrasepraparyldenasaligddgroup of 1 to 20

di phenyl net hyl ene; silylene groups; substituied silylene groups.such
as 15 di ni etoaybans, alhpugh cﬁgt%%ziz |f9ﬁ)éfk? adfl G AP e?@,‘ls rative

oL ooEn” gt Sl B Rl 0 Rl SRR 5"
oty ene, SN AL SR 11 SRR IED R T ene.

di met hoxysi | ﬁQ?gﬂ are ggparkal LicRbs! ﬁéﬁ&d-co &) 1dd usbaRddiNeon

exanpl es of ocene conpounds I nclude bis(Ccycl opentadienypzirconi

ur ndi chl or i deonihSnEs ik G¥abap fsttadh @I P 81O, Usreshiectl r pdgerred.
bi sende Dzirconi'umdi chloride, hi s(4,5,6,7-tetrahydroi nd

em | ) zi r coni Uiieties RI"otsi ey dretarpbrebiys of Bderdfi jarboroin whivl thisl carbate,

10 atoms neighboring the silicon are secondary or tertiary. Illustrative

examples include branched chain alkyl groups such as isopropyl, sec-
butyl, tert-butyl and tert-amyl; cycloalkyl groups such as cyclopentyl and
cyclohexyl; cycloalkenyl groups such as cyclopentenyl; and aryl groups
such as phenyl and tolyl. In this formula, R'® is a hydrocarbon group of
15 1 to 20 carbons, illustrative examples of which include straight chain
alkyl groups such as methyl, ethyl, propyl, butyl and pentyl; branched
alkyl groups such as isopropyl, sec-butyl, tert-butyl and tert-amyl;
cycloalkyl groups such as cyclopentyl and cyclohexyl; cycloalkenyl
groups such as cyclopentenyl; and aryl groups such as phenyl and tolyl.
20 Also, in the above formula, RY is a hydrocarbon group of 1 to 20
carbons, and is preferably a hydrocarbon group of 1 to 5 carbons.
Ilustrative examples of organosilicon compounds that may be used as
such  electron  donor  components include  tert-butyl-n-

propyldimethoxysilane, dicyclopentyldimethoxysilane and
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dime thy Isilylenebis(trinmethyleyclopentadi enyQzircon.iurndichloride,
ciirnethylsilyl enebi s(indenypzirconiundichl ori deand

di met hyl sily1l(tetranet hyl cycl opent adi enyl ) (3, 5-di-tert-hutyl-2-
phenoxy)titani um di chl ori de. Additional exanples include compounds in
whi ch the dichloride has been substituted wi th di net hoxi de or

di phenoxi de groups, [0105] Cocatal yst conponents that may be used in
the preparation of netallocene-type solid catal ysts

i torganoal um f oal wat i num conpounds and boron
conmpounds. [O%W%ﬁéﬁgﬁlﬁggl%é%%%%s of the organoal unm nur noxy
conpounds i ncg(m% tetrageihy! ?fe?a%ﬁﬂdip?(@f‘ea_ eddiaet il dli ahdgspox@ae,
10t et r abut yl dr al um noxane, tetrahexyl di al um noxane,

net hyl ahm i nog@agoal@hdidludueam colpbiérl ismisedirna @andunt, per mole
bexyl al um noxane. [0107]1llustrative exanples of organoal um num
conpounds i ncofmdiantum medrhy iakatahish componenteA hgf génaralydyom 1 to 1,000
tri-n-butylalumnum triisobutylalum numand tri-n-hexyl al um norn.
15[ 0108] | 1 | usmokes, vandepasfsraddy ofropbrorio c8dpauates. i nEhagdectron donor

component is used in an amount, per mole of titanium atoms in catalyst
component A, of generally from 0.1 to 2,000 moles, preferably from 0.3
to 1,000 moles, and more preferably from 0.5 to 800 moles.
[0097] Catalyst component A, the organoaluminum compound
10 component and the electron donor component may be brought into
mutual contact before being fed to the multistage polymerization reactor,
or may be separately fed to the multistage polymerization reactor, then
contacted within the reactor. Alternatively, any two of these components
may first be contacted with each other, and the remaining component
15 subsequently brought into contact, or the respective components may be
brought into mutual contact in a plurality of divided portions.
[0098] Examples of metallocene compounds that may be used to
prepare the metallocene-type solid catalyst include transition metal
compounds of the following general formula.
20 LM
In the formula, M is a transition metal, x is a number which satisfies the
atomic valence of the transition metal M, and L is a ligand attached to
the transition metal. At least one occurrence of L is a ligand having a
cyclopentadienyl! skeleton.
25 [0099] The transition metal M is preferably an atom from groups 3
to 6 of the Periodic Table of the Elements (IUPAC, 1989), and more
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tris(pentalluorophenyl)horane, triphenyl carberdum

tetral ci s(pentafl uorophenyl ) borate, tri (n-butyparnnoni uni

t et raki s(pent af | uor ophenyl ) bor at eandN, N- di net hyl ani | i ni um

t etraki s(pent afl uorophenyl) borate. 20[0109] The granul ar carrier that
may be used in the preparation of netall ocene solid catalysts is
preferably a porous substance, illustrative exanples of which include
i norgani ¢ oxides such as 3i02, Al 203, MO Zr02, Ti 02, B203, CaQ

ZnO, BaO and ]tyg@&'bl %S Rim, Ao BhflismSuUch as srnectite,
montmorillonite, %e torite, Taponite and saponite; and 25organic

pol yners suchpagopol yetliyieRe, L pHavid@pyl edel@nstadisidnesketétsh nyire
benzene copolyner. [0110] Metal |l ocene-type solid catalysts that nmay
be used i ncl ugenpifiel nent (sobstituted) tyclopzatapieay] Jgmampss &(s@Pasdtented)
Application Laid-open No. S 60-35006, Japanese Patent Application

Lai d- open No.indemsyl-@390py 3nd 4prastsgedatloptenpbgraupat ildnstrative openplks. S
60- 35008, Japanese Patent Appligation Laid-open No. 61-108610,
Japanege Pat dReludspl i ca‘fﬁctlf?PeEléﬂ‘ﬁe@Hen Nomeéahs%w@%%gghe@a anesdert-

Dot D RS, S SRS RRORAC ! St
5505006, TAARKOL R 8RRl L E ot PLisabr o iR, o7
et al Tocend. Ty aaricPRREARUPIL T S hed | n o arE RS SopRadEh "
cocatal yst coimeaasthyidielopratatiesganaRhylli M6, 7-tetrahydroindenyl, 2-

10 methylindenyl, 3-methylindenyl, 4-methylindenyl, 5-methylindenyl, 6-
methylindenyl, 7-methylindenyl, 2-tert-butylindenyl, 3-tert-butylindenyl,
4-tert-butylindenyl, 5-tert-butylindenyl, 6-tert-butylindenyl, 7-tert-
butylindenyl, 2,3-dimethyindeyl, 4,7-dimethylindenyl,  2,4,7-
trimethylindenyl, 2-methyl-4-isopropylindenyl, 4,5-benzindenyl, 2-

15 methyl-4,5-benzindenyl, 4-phenylindenyl, 2-methyl-5-phenylindenyl, 2-
methyl-4-phenylindenyl, 2-methyl-4-naphthylindenyl, fluorenyl, 2,7-
dimethylfluorenyl, 2,7-di-tert-butylfluorenyl and substituted versions of
the above. In cases where there are a plurality of ligands having a
cyclopentadienyl skeleton, these ligands may be mutually like or unlike.

20 [0101] Ligands L other than those having a cyclopentadienyl
skeleton are exemplified by heteroatom-bearing groups, halogen atoms
and hydrocarbon groups (excluding groups having a cyclopentadiene-
type anion skeleton).

[0102] Examples of the heteroatom in the heteroatom-bearing

25 group include oxygen, sulfur, nitrogen and phosphorus atoms. Such

groups are exemplified by alkoxy groups, aryloxy groups, thioalkoxy
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conpound or a boron compound nmay be used together if necessary. In.
15 such cases, the netallocerie-type solid catalyst and the
cocat al yst conponent may be brought into nutual contact prior to
being fed into the polynerization reactor, or may be separately fed
into the polynerization reactor and contacted within the reactor.

Al ternatively, the respective conponents may be brought into nutua
contact in a 20plurality of divided portions. The mass nean

ticle di f i yst | ef i s
o yirer | zat ; oppsg hidAEYIBRYY Brofis, BRGLBINS otlips?! fvldmino groups,
pol yrer i zat i ofyBAekAinb EBaps, #{lpRbsphifo SHBRPE SR dtdiSmReat drealipHhtief

particles to thé reactor exterior, the catalyst has a mass nean

particle di amestefocotlippebgssbbyington gasting it Ueast and atomesglecte riadihy
at least 15 pm The polynerization catalyst in the present enbodi nent
may include addhgiwegenyculfis, aitrdgandiandt poesphbdisantbms ahiustativiec
additive. Together with the polynerization catalyst of the present

enbodi Pent . coraepics Mtthedelogep aipsy keludgddueindg chletine thrapine and
agent such as, hydrogen fqr th urpose of requl ati t.he ecul a
oo gt of "t heiosie B ey FREAEP B AL A O P AR gty
be a so-called ﬁﬁig@(lr‘?énrrl zation catal yst which first induces

pol yreri zat i o?fy} V1 B9 tnt of ol efin Exanpl es of ol efins that

ey be used b ienol VARG 6AYIY 1oARY b BeOtRkIOTiRA o TR Bieis o

in the above descCri bed neriza hi's case, a single type of

ol efin may beoxlﬁfé?% th@é’t?thr@ﬁ%l& WareSiduBR0RtaHhihE &t e8dst Oneftips ofavorhe
used together. [0113] Methods Tor producing the prepol ynerization

cat al Yot i ncl slested Ufromy enidiig |dabdrg dsilieons Initro gery obyygeeri, zadlfian aadd
gas phase pol ynerization. O these, slurry polynerization is
preferred. Thehasphonfs tabems.at tIHnstrativer edtaniplen of sswdmetsidees include
econom cal | y advant ageous. 1.5Production nay be carried out using a
bat ch syst em alkykasigrauphsegipas syathyener cthyleoatandusepylepst sghstituted

e AR SO e
mass 20mean pUPPPEYENERUREReHTIEND etat e st G ST BPS Sheh 46 o
prefenably dimethylsilylene, diethylsilylene, diphenylsilylene, tetramethyldisilylene
and dimethoxysilylene; and heteroatoms such as nitrogen, oxygen, sulfur
and phosphorus. Of these, methylene, ethylene, dimethylmethylene
(isopropylidene), diphenylmethylene, dimethylsilylene, diethylsilylene,
diphenylsilylene and dimethoxysilylene are especially preferred.
20 [0104] Illustrative examples of metallocene compounds include
bis(cyclopentadienyl)zirconium dichloride,
bis(methylcyclopentadienyl)zirconium dichloride, bis(indenyl)zirconium

dichloride, bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride,

ethylenebis(indenyl)zirconium dichloride,
25 dimethylsilylenebis(trimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylenebis(indenyl)zirconium dichloride and
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at least 15 inn. Mreover, it is desirable for the amount of

prepol yneri zation catal yst having a particle dianmeter of |ess than 20
prn, and especially less than 10 pm to be |low. [0114] The

pol ymeri zation catal yst may be introduced into the 25reactor as a
suspension in a hydrocarbon solvent or the like. Introduction by
entrai nment with nononer gas or an inert gas such as nitrogen is also
possi bl e [0115] Next, the process of producing a polyolefin using
such a syst erm;i T j iefvl i eddthupaveder

cont ai ni ng arq:lgté; yilim tgﬁpglgggﬁﬁéﬁﬂg tigrﬁ%dlaﬁ%ggﬁﬁeri zat iug%1 activity is
formed in thelehekynitaiiapoliciistidat iAdlitiesd teXantbles imdude cotglounds
pol yneri zati on catal yst prepared by a known nethod. [0117] Separately
from the aboue, wlicholthe miivhtwoider hgasbeen fsabistiuted iwigh Lddnéthoxideher

ol efin polynerization reactor 10A fromthe nozzle 10 40, the pressure
i s raised to dipeensiigmgioupat i on pressure, and the interior of the

cylinder 12 i ted _The polynerizatio ressure, which nmay be an
p)r/essuge Wi t r{ﬁﬂmggla r ange058ta F%ﬁmméew ?'ﬁm% a'ﬂﬁ%lllgtgfepﬁ ggtion y
resent in the rea r as.a ga ase, .l nar.al l ard
Br e:sur eI to fg Wﬁ&ﬁﬁ’ﬁ?%‘%@pfgl 501%081%&‘&1}'2&? g?%a}\@éayorg%ﬁdgrlr@é“gﬂgnoxy
referably fr 5 t I ! e bel ow
gt andard );;r escggilrléoimt ’eorgrg%(g%{ﬁﬁlﬁl?y cmyﬁglél?rgggg@&ﬁe?ﬁ@%gtﬁﬁ%r hand,
at a reacti Or[OII’()@PrSW eraRe48v40 Wgﬁplf%qui@mqhecoﬁrgaﬁmuﬁlmrﬁwt or

may becone high he pol ynerization tenperature varieés according to
the type of YIRS tihelute terahathyldibiintinokarid)aepacttiyklialandnotdiel

factors, although a
10 tetrabutyldialuminoxane, tetrahexyldialuminoxane, methylaluminoxane,
ethylaluminoxane, butylaluminoxane and hexylaluminoxane.
[0107] Illustrative examples of organoaluminum compounds
include trimethylaluminum, triethylaluminum, tri-n-butylaluminum,

triisobutylaluminum and tri-n-hexylaluminum.

15 [0108] Illustrative examples of boron compounds include
tris(pentafluorophenyl)borane, triphenylcarbenium
tetrakis(pentafluorophenyl) borate, tri(n-butyl)Jammonium

tetrakis(pentafluorophenyl)  borate and  N,N-dimethylanilinium
tetrakis(pentafluorophenyl) borate.

20 [0109] The granular carrier that may be used in the preparation of
metallocene solid catalysts is preferably a porous substance, illustrative
examples of which include inorganic oxides such as SiO,, Al,O;, MgO,
Zr0,, TiO,, B,0s, CaO, ZnO, BaO and ThO,; clays or clayey minerals
such as smectite, montmorillonite, hectorite, laponite and saponite; and

25 organic polymers such as polyethylene, polypropylene and styrene-

divinyl benzene copolymer.
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20 tenperature below the nelting point of the olefin polyner, and
preferably at |east 10C |l ower than the nelting point, is desirable.
Specifically, the tenperature is preferably fromO to 120C, and nore
preferably from20 to 100C, still nore preferably from40 to 100C, it
is preferable to early out polynerization in an environnment which is
substantially free of noisture. The presence of noisture may | ower
the polynerization activity of the polynerization catalyst. Al so, the
presence of oxy i . OX] Mt hin
Phe pol yrer | 20010k readtt aHSGTRATRTNANY, SRaRbisrBan Bk bOLAT il
activity, [O : volof | [ ' ibglT& 8l ter
of from abou'g’&1 g%és\ﬁ-frég%oﬁgﬁ )ggofﬁ b%an%ﬁ L;rCt’nJ eiﬁ%ﬁgﬁ’gségﬁggj nﬁ%t)l?gil%é%u@%
separately byNa. & ®Ouss00Y, Tashrike Phest Applidetici Liahdeped Nd. Iy 601313087,
feed line (not shown) connected to line L5, The polyolefin particles
are nost of t ehappacsei Rdtest Applidatibo Innt-apentlonS 60c2: @08, Japarmsp Sasmit
havi ng a pol ynerization activity, alt hougé;l the presence within the

parti cles of Applieadical etd-eperpdyent HalP¥lGa Jsprpeasr Patsnt prdisetiont y
S speentai e ot v llehn porie |3, (6 01 e e o
i i ,

in Fl 5, f l.yol ef i i s, f At b h
ol yirer i 2at § o edr 0RO FaigendBe; Hated A BPREHCTL LR RBGT Noves $2:895 0
P o et ori g . . it .

cont oraxi s oFPEReCTeidH AIPUBRISI T ARNGRE, 1. B, 1 250700.°95p00t8s
spout is formpd,kRe il sbullﬂewd%tpjﬂc%n URArld SoUsiduRl MinhRedeN Patids-

At the same time, an annul ar structure of powder falfing in the

mannen gof a fay RéhtReOL siddgsent 6. HE-B396502 andl Jap@idist Patent fAgiplidtiah

t he periphery ereof; giving rise to the 20circul atory novenent of
powder wi t hi r_dideopealNoei72224 106.st age 25. [0120] Once a spouted bed
has been forned within each pol ynerization stage 25, the polyolefin
powder cont ai[filihd)] a caVéhscta owtadbovene-type isalid acasalygings uged il rplefin
activity that was forned in the prepolynerization reactor 5 is, fed
fromline LS polywerigation| pnersatalystacompengit sith @gt @ seganaalyminusa

t her eby conmenci ng steady-state operati on.of t

ol yimer i 34t GTBRERLT 2SRTORGOTRRURA TREPELssH 1T et Binesespinadn
withi Aoea raﬁgﬁ%bﬁ%ﬁe%afﬁﬁgﬁ%@ RBE e SR YAFAYFS R dothbatyd ;OW
ol yror | zat | oGS 5EAP be (SuBRENRS hEGAPLERACERHEE J KBl [ Bup 1
bot t om downegpgr ﬁgﬁfméﬁéﬁw&ﬁ%} Cor PRy Ue teDafltlli Fed info the

nonomner - cont ai ni gas forns a spout and Sweeps past the powder bed,
whil e the rergilpgiefizefion heacg@sant totiseted withid Hee paictdronAdkrabieely,

powder bed having an annul ar structure. In this way, the
ol ef i n- cont aithe ngspasivendompengauk ymbefba brought into mutual contact in a
20 plurality of divided portions.

The mass mean particle diameter of the above solid catalyst for
olefin polymerization is generally from 5 to 150 pm. In a gas phase
polymerization reactor in particular, to suppress the scattering of
particles to the reactor exterior, the catalyst has a mass mean particle

25 diameter of preferably at least 10 um, and more preferably at least 15 pm.

The polymerization catalyst in the present embodiment may include
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10powder undergo solid-gas contact and the action of the catalyst

wi thin the polyolefin powler causes the olefin polynerization
reaction to proceed, resulting in growh of the particles of

pol yol efin powder. [0122] For a stable spouted bed to formin each
pol ymeri zation stage 25, it is preferable that the foll ow ng
operating condition be 15 satisfied; Le., that the gas superficial
vel ocity Uo be equal to or greater than the m ni mum gas superfici al
vel ocity Urns,ad:+ ;W : i bl.e: of.: 1:09.

2 1 on 10 R SiLifad RINHARAOSH o1 pRaRACURISRIC M0, Tkether
handl ed, the withithePobaseszRinf dailght ofthe prédentembotiinédts Bohdtrhitamced
by the shape of the polynerization reactor. Various 20formnul as have
been proposedudeomay alsubamanlg dffechdinitrmsfey agestupmhf dschyadrogenh dori the
Uns. One exanple is formula (1) below [El] in
this formul a, pyrppse ef ragallasing theneolgralae wisightof the polysngsar ticl e
25density, po_i he g density ynder, the pressure and tenperature
condi t ions of [Qlﬁéi r eacts nokfﬁb,P Yagrizalion cafalish yasproeaiar sgriadled

roomtenperature conditi.ons nd Ls.is.the height, of the spouted hed.
[0123] The. spobieBaDaaIEA RS Wiichits! MetEes phistrolaio B geals
is equal to o e I spqut d i i whi ch
a spouted bedgqlé&zgp%égfdgegﬁ' fI)rrﬁg(waﬂ%,ﬁ%SanogfJ Oﬁgﬁ}rﬁ%tthtsaﬁbjg{e}l t kaeovgs%@ 1
particul ar |ign %,In%} : [ jol +H I nith i
maxi mum spoutISngb g d h}ail&g?# %%ﬁl\/}gf tﬂ\i?;regtk}g t%] %fr)ﬁyagefs%s Ht}% téltgl g.?(l)‘{’]eg
the maxi mum swuiibed etightions Ithib assse beethdlé apes € ol&fe nddy BRI ch
is formula (2) below. Fromthe standpoint of volune efficiency  and
10 used alone, or two or more different olefins may be used together.

[0113] Methods for producing the prepolymerization catalyst
include, but are not limited to, slurry polymerization and gas phase
polymerization. Of these, slurry polymerization is preferred. The use of
the latter in production is sometimes economically advantageous.

15 Production may be carried out using a batch system, a semibatch-type
system or a continuous system.

The mass mean particle diameter of the prepolymerization catalyst
is from 5 to 1,000 um. In a gas phase polymerization reactor in
particular, to minimize scatter to the exterior of the reactor, the mass

20 mean particle diameter is preferably at least 10 um, and more preferably
at least 15 um. Moreover, it is desirable for the amount of
prepolymerization catalyst having a particle diameter of less than 20 um,
and especially less than 10 um, to be low.

[0114] The polymerization catalyst may be introduced into the

25 reactor as a suspension in a hydrocarbon solvent or the like. Introduction

by entrainment with monomer gas or an inert gas such as nitrogen is also
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10 enabling the thrmati on of a nore stable spouted bed,

it is

preferable for the tower limt in the spouted bed height Ls to be
hi gher than the tubular battle 30. [E 2] LsdO.005;, 10.218 t- Al3 &
it cif 1.5In this forrmula, tit is the termnal velocity of the

particles, and u. is the mninmumfluidization velocity.

[ 0124] As

shown in FIG 4, liquid nonomer fromthe nozzle 50 may be fed to an

internedi ate stage of the cylinder 12. This enables the olefin

nononer consugﬁgi ¥ the polynerization reaction to be 20 repl enished,
e

I n additi on,

n the liquid ol efin nonomer vaporizes within the

cylinder 12, F(HdtS]rerTD\NéxtI HepidiRsP O RbehER p@%ﬁ’oléﬁn&isﬁi% Rasidl e
a (0]

ow ng to the

tent heat of vaporization. In the plurality

pol yneri zat i osysseragedesibatdt hi n the cylinder 12, on account of the
heat of reaction, the tenperature of a polynerization stage 25 tends
to be 25hi ghelOOIRE f ur thhiest, aipolyeéefpopoweer zantabning taacpsalgst ¢amponented

W t hi néthe cylinder 12, resulting in a.tenperature difference with
0

| ower
fr a nozzle 5

liquid olefin_nmonpner.is. fed
i nt er medi at e gr[egalglr%qnzﬁsgé)ncﬁq
t enperat ure dﬂgeﬁgfeﬁrﬁ‘}?akﬁo&ﬁrﬂgthgd:[ 0 a m ni num

| yer P3ARE ond st BY¥IerZation n RS edtiallopmed heltt ether aolgfia,
i ded.at . an

ie?” ¥EIN BB, BlsfeROlYTRkZAtians catalyst

[0117] Separately from the above, an olefin monomer gas is fed

via line L30 into the olefin polymerization reactor 10A from the nozzle

10 40, the pressure is raised to the polymerization pressure, and the interior

of the cylinder 12 is heated. The polymerization pressure, which may be

any pressure within a range at which the olefin is capable of being

present in the reactor as a gas phase, is generally from standard pressure

to 10 MPaG, preferably from 0.2 to 8 MPaG, and more preferably from

15 0.5 to 5SMPaG. At a polymerization pressure below standard pressure,

the productivity may decrease. On the other hand, at a reaction pressure

above 10 MPaG, equipment costs for the reactor may become high. The

polymerization temperature varies according to the type of monomer, the

molecular weight of the product and other factors, although a

20 temperature below the melting point of the olefin polymer, and

preferably at least 10°C lower than the melting point, is desirable.

Specifically, the temperature is preferably from 0 to 120°C, and more
preferably from 20 to 100°C, still more preferably from 40 to 100°C. It

is preferable to carry out polymerization in an environment which is

25 substantially free of moisture. The presence of moisture may lower the

polymerization activity of the polymerization catalyst.

40
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[01251Wth the ol efin polynerization reactor 10A according to the
present enbodi nent, nultiple spouted beds are forned within the
cylinder 12, enabling the powder residence tine distribution to be
narrowed. Accordingly, in the continuous production of olefin
polymer, 10 it is possible to produce ol efin polyner having an
excell ent structural uniformty. Moreover, when the production
conditions are to be changed, because ponoIefIn powder polynerized

i toth i
E;: i():\de? ] 2e %g&g%o%ﬁn?f&ggl }(Pgsriem Ica ‘?‘g%‘%%(é’guwgﬁg%n ses as a

result can hepgup o{?@nﬁ‘liﬁdﬁ%h' ¢eRMonl aysted eBay AlGPer Ae ayhfaﬁmlon
deflectors 20 to suppress the scattefing of spout ed powder

freeboard zongesgivign be shortened, enabling a high volune effl CI ency
to be achi eved. Furthernore, because t he above

-descri bed pdfdéB] t r andext, geljiodefin pastigesviaadg 4 herticlandiaeretentad of
pol yol efin powder froma higher stage to a | ower stage can be easily
20adj ust ed. Airew, abn@ta(béem@ae ief ahovt g0 pamtlswhéﬂp ave hessp ghtaimedns

.Sﬁﬁgm ?Egt .Zg oA yl(é% ¥ efﬁwgkﬂferr gt?ﬂgéﬁﬁ% Pg@%%ﬁa#g&? i he
epouted beds Te(BnaR RorR i BURE Fon T PERBlefi RAIDL B Host
descri bed. Hoyg r?agtmgs Wﬂgﬁrd& o?p&lﬁttzﬁﬁpm(%?algft B8pbh&it Aving a

five, and may even be one From the stan
polymerization activity, although the presence within the particles of a

10 catalyst component having a polymerization activity is acceptable.
[0119] When polyolefin powder is fed into the cylinder 12 while
feeding an olefin monomer gas from the nozzle 40, as shown in FIG. 5, a
spouted bed of polyolefin powder is formed within the polymerization
stage 25. That is, under the action of the gas from the gas inlet orifice,
15 the powder concentration thins near the center axis of the cylinder 12 in
the polymerization stage 25 and a spout is formed in which powder
flows upward together with the gas. At the same time, an annular
structure of powder falling in the manner of a moving bed under the
influence of gravity is formed at the periphery thereof, giving rise to the
20 circulatory movement of powder within the polymerization stage 25.
[0120] Once a spouted bed has been formed within each
polymerization stage 25, the polyolefin powder containing a catalyst
component having a polymerization activity that was formed in the
prepolymerization reactor 5 is fed from line L5 into the cylinder 12 at a
25 constant rate per unit time, thereby commencing steady-state operation

of the olefin polymerization reactor 10A. As the particles of polyolefin
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achieving a sufficient plug flow effect, the nunber of spouted beds
is preferably at |east three, and nore preferably at |east six.
Moreover, the piurality of spouted beds need. not necessarily he
formed in the vertical direction. For exanple, a plurality of
reactors within each of which a single spouted bed is fornmed at the
interior may be arranged in a horizontal direction and coupled in
series. Also, at the tine of reactor design and operation control, it

e e s oA, LI Sl e SR AL

t he pol yol efi -up or'res nce time i a way as

narrow t he r eﬁtm réwMeyighist éééhugio%eﬁgatﬁfn tdigp P Sy OltRf ipdlyolefin

particles and t e the anount of pol yolefin produced at "edch stage

of the polymesdweddr Qiecessdeds Salls theduh te povederl ehnsfeipderiot Mneid #abi on
reactor 5) nmore uniform [0127] Moreover; 1n the above enbodi nent, a
case was deschelpetymerizdticistagd 25 beldw, end isexattealy disshaigeddseat thear
the gas inlet orifice of 15 the second tubular baffle 30 fromthe
top. Héwever ,batteun gesincomes 3&nd nunber of 1iquid feed nozzles 50 may

pr oduced. | ForlO8Abhpl e, Marehiler st G e Slghn: RoTPEEBEOHAB e 2861 on
25 lized b it t._ he.

fecessary to 1rBs e g SRy rsh HrRduasobed v 4BF beifgindsr of

necessaty o _ ! ! 1y t

cach of the tbHS SLLFRY i (B HEGHEE AL PiFadiSed Bapingh chffiaf

downcot ners Zn3@y@enth ofed w4y, the ﬁ@ﬂﬁ%oﬁ@ﬁﬁig?%&é Snldaue: gglﬁneﬁﬂd

that 'protrudes above a tubul ar baffle 30, and e powder ["d-up in

each pol yner igavdanusdeage seHd-gae cvasidt andSthegidtiabest the catalyst ofithife
hei ght of the top end. I'n cases where the pol yolefin powler is

i npeded fr omthe opélygldiat weerder heausas sthdeoktfinf pobanentatidneseaction to
downconers 2, 36 and the inside surface of the cylinder 12 or the

i nsi de surf agwecesd, rerailtingin grovshfofitke paticlasid mﬁy@l@ﬁm@r- 36 may
be constructed so as ni)_,t to p{)otrude ove the inside surfaces of the
respective tUBLPAl baf FPes seblesspayied, bedcle forandi caghpplymerization

aount of pouter, LEanat ST Lt ERTIAN MRPEIRFLYTRLLEA LR SR 0 1°
transhgr dews%ﬁstgred;ci%?,t i ¢RI gﬁ?guﬁ)&mﬁfl \Jé%cquuﬁoib% &Gt to or greater
than the minimum gas superficial velocity Ums at which a spouted bed is
capable of forming. In addition to the physical properties of the powder
and gases being handled, the minimum gas superficial velocity Ums is
also influenced by the shape of the polymerization reactor. Various
20 formulas have been proposed for calculating the minimum gas
superficial velocity Ums. One example is formula (1) below.

[E 1]

13 02
U’m___ff_[fig_J ngLs'(ps“pa)x(pGJ - (1)

dy\d, Pe P arr
In this formula, dp is the particle diameter, ps is the particle

25 density, pg is the gas density under the pressure and temperature
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[0129]in the above-described enbodi nents, a powder transfer

device 1 is provided in each polynerization stage" Alternatively, it
is of 10course possible to provide a powder transfer device | only in
desired areas. [0130] Also, in the above enbodi nents, a spouted bed
was formed in each polynerization stage 25. However, as shown in FlIG
6, it is also acceptable to forma fluidized bed in each

pol yneri zati on stage 25. In 15such a case, aside from using gas

G Sher ot o0 DL e TR A Bl By Ay AR Bl 66
above. descr | RefooplRl GAROMLL 801 RSA Ao BAYES) bed31) Exarml o

| 20The flow ra owder "trans er transfer device
1 of the typgoshgmn i nTheGpohteasedielght B vathidahy polyseweitidciabe
velocities for a gas supplied froma gas dispersion plate 6 in an
open at nosphé¥%®is @il 2dHar kess then thesieidiameparteddedthdiglet beifiomo end
of the 25downconer 2 was set to 20 mm the dianmeter of the gas
di sper §i on plwhiche wpeutedtbadoisseapable offarming, iandersvedt suljegtiseany he
gas di spersi onrtpl ate 6

1

particular limitation provided it is equal to or less than the maximum
spouted bed height Lsyax. Various formulas for calculating the
maximum spouted bed height Lsyax have been proposed, one of which

is formula (2) below. From the standpoint of volume efficiency and

10 enabling the formation of a more stable spouted bed, it is preferable for
the lower limit in the spouted bed height L to be higher than the tubular
baffle 30.
[E 2]
ﬂw:d—"{ozlmo‘oos(ps"p‘;)gd"} c e (2)
dig d, Pl
15 In this formula, u; is the terminal velocity of the particles, and uy¢

is the minimum fluidization velocity.
[0124] As shown in FIG. 4, liquid monomer from the nozzle 50
may be fed to an intermediate stage of the cylinder 12. This enables the
olefin monomer consumed by the polymerization reaction to be
20 replenished. In addition, when the liquid olefin monomer vaporizes
within the cylinder 12, heat removal from the polyolefin powder is also
possible owing to the latent heat of vaporization. In the plurality of
polymerization stages 25 within the cylinder 12, on account of the heat
of reaction, the temperature of a polymerization stage 25 tends to be

25 higher the further up the polymerization stage 25 is located within the
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and the downcomer 2 was set to 12 nm A netal screen having a nesh
size of 60 was used as the gas dispersion plate 6. Air was used as
the gas, [0133] The powder used was pol ypropyl ene powder having an
average particle size of 900 inn. The mninmum fl uidizati on velocity
as about 20 cm's. [0134] The gas superficial velocity was set to 8.5,
17,0, 21.2 or 30.8 crnis by -varying the air flow rate. The powder
transfer rate was neasured three tines at each velocity, and the

average of the ithree asur enent st o[ Q. anpl.e 2

Asi de from set¥iH§Tt g?i ﬁ?%ﬁ@%@ in\tla\%t v&ggﬁ%?%uelgega@&%?é%r 2?)(1)1%1 P’ e 6

and t he downc . ane s i t |54 it

fo 20,2, 25, 7Pgometizgot MABEES SHERLET AR 0% (U REHTITile, mage, Y

Exanpl e 1. 15pRE36Hexdmes3fed from AShéeld FONpERidddat taheintdthesdiale L
bet ween the gas dispersion plate 6 and the downconer 2 to 8 nm and

setting the gasagsufelid cylivdervid, aherely teaabling thistampeftursadiffeprmoeddur e
was carried out as in Exanple 1. [0137] The results are shown in Table
1 and Bl G 7.b2bdldtbe hiniPomaler transfer rate 2 (kg/min) (kg/ mn)

[0125] With the olefin polymerization reactor 10A according to the
present embodiment, multiple spouted beds are formed within the
cylinder 12, enabling the powder residence time distribution to be
narrowed. Accordingly, in the continuous production of olefin polymer,
10 it is possible to produce olefin polymer having an excellent structural
uniformity. Moreover, when the production conditions are to be
changed, because polyolefin powder polymerized prior to the change in
conditions can be easily discharged from the cylinder 12, the amount of
off-specification product that arises as a result can be cut to a sufficient
15 degree. Also, by providing deflectors 20 to suppress the scattering of
spouted powder, the freeboard zones can be shortened, enabling a high
volume efficiency to be achieved. Furthermore, because the above-
described powder transfer device 1 is provided, the transfer rate of
polyolefin powder from a higher stage to a lower stage can be easily
20 adjusted. Also, the absence of moving parts helps to keep problems such
as the sticking of polyolefin from occurring.
[0126] The present invention is not limited to the above
embodiment. For example, in the above embodiment, an olefin
polymerization reactor in which five spouted beds are formed in the
25 vertical direction has been described. However, the number of spouted

beds is not limited to five, and may even be one. From the standpoint of
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Powder Average transfer powder rate 3 transfer (kg/mn) rate
(kglimn) 00 O 0,6900,674 1.4161.430 0 0.1260, 128 0.3480. 334

0.1710A86

10

15

20

25

achieving a sufficient plug flow effect, the number of spouted beds is
preferably at least three, and more preferably at least six. Moreover, the
plurality of spouted beds need not necessarily be formed in the vertical
direction. For example, a plurality of reactors within each of which a
single spouted bed is formed at the interior may be arranged in a
horizontal direction and coupled in series. Also, at the time of reactor
design and operation control, it is preferable to design the volume of
each reactor stage and control the polyolefin particle hold-up or
residence time in such a way as to narrow the residence time distribution
of the polyolefin particles and to make the amount of polyolefin
produced at each stage of the polymerization process (including the
olefin prepolymerization reactor 5) more uniform.

[0127] Moreover, in the above embodiment, a case was described
in which a liquid feed nozzle 50 is disposed near the gas inlet orifice of
the second tubular baffle 30 from the top. However, the positions and
number of liquid feed nozzles 50 may be suitably set according to the
type of polyolefin particles to be produced. For example, if the
temperatures of the respective reaction zones 25 can be equalized by
some other means, it may not be necessary to provide liquid feed nozzles
50. Alternatively, a liquid feed nozzle 50 may be provided near the gas
inlet orifice at each of the tubular baffles 30.

[0128] In addition, each of the downcomers 2, 36 mentioned in the
above embodiments have a top end that protrudes above a tubular baffle
30, and the powder hold-up in each polymerization stage can be easily
regulated by means of the height of the top end. In cases where the

polyolefin powder is impeded from flowing between the outside surfaces
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As is apparent fromTable 1 and FIG 7, it was confirmed that at

bel ow the fluidization onset velocity, the powler transfer rate can
be set to zero, and that at the fluidization onset velocity and
above, the transfer rate can be controlled by the gas velocity. WHAT
IS CLAIMED I'S: 1. A powder transfer device conprising: downconer which
ext ends downward; and a gas slider situated bel ow the downconer,
wherein the gas slider has, on a side thereof facing an opening at a

bottom end of ¢ he d AbALLs 223§ ddégﬁgﬁgiﬁg gﬂaﬂggég& thd Cg'j&g\&pf%toé

plurality of gas outlets are ?brrre ; sal I sper

has an edge t fiatioah QUFrBAYGEhe! ML MO0, RAluttofikEs 31 3BahAY On

pl ate edge. 10 ) The powder transfer device of claiml, whereint

gas di sper si dfe pbaitentedRbi &EL8otd gebti@dPabbi®hé hadiddisieitéy of ahes
t he opening at the bottom end of the downconer, and a peripheral
portion that eepecivedsbalapbaiibet 80. dvenha fuahiangasepbecase dhe anmwiwit h
W and 15 wherein when O represents the angle of repose for the
powder Sand L ¢leprwdentransfereed iionaan aipper pebimarivationt degn 2hdo eflovise

downconer and the gas.di spersion platg, th | dt h of th eri pheral
portion sati AU} 8o e LS FANDE 2 B%teégyﬁ%spom e fgn s dgmiceHe

perimeter of éor}l%ofl %(fltﬂ]egpgv%érl lgoqd-u%ois easy.
[0129] In the above-described embodiments, a powder transfer

device 1 is provided in each polymerization stage. Alternatively, it is of

10 course possible to provide a powder transfer device | only in desired
areas.
[0130] Also, in the above embodiments, a spouted bed was formed

in each polymerization stage 25. However, as shown in FIG. 6, it is also
acceptable to form a fluidized bed in each polymerization stage 25. In
15 such a case, aside from using gas dispersion plates 32 instead of tubular
baffles 30, the polyolefin production system has substantially the same
arrangement as the above-described polyolefin production system.
EXAMPLES
[0131] Example 1
20 The flow rate of a powder transferred by a powder transfer device
1 of the type shown in FIG. 1 was measured at varying superficial
velocities for a gas supplied from a gas dispersion plate 6 in an open
atmosphere.
[0132] Here, the inside diameter Dd at the bottom end of the
25 downcomer 2 was set to 20 mm, the diameter of the gas dispersion plate

6 was set to 55 mm, and the interval L between the gas dispersion plate 6
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An ol efin. poly-mediation reactor conprising: a plurality of
vertically arrayed pol ynerizati on ages; and a powder
transfer device conprising a dowconer 25whi ch extends downward and a
gas slider situated bel ow the down conmer, wherein the gas slider has,
on a side thereof facing an opening at a bottomend of the
downconer, a gas dispersion plate in which a plurality of gas outlets
are fornmed; and the powder transfer device transfers a polyolefin

pol yrer i zat i GReRtEgBu G YRRSH: 8713 Bt /R SR ShadEnddng 4 B19)

the step of, gn gp6(§>k,&fsg$e£9§ I}f%dszcﬁéﬂé?gioﬁzﬂﬁk%( AU %R dRlsthelght y

of vertically arrayed polymer lon stages, transferring a
pol yol efin pqpeigs] t hat The pswa@ntséd vy pBBYroPEbNEBIoWdS:! bavisbage t o

a | ower polymerization stage 10w th a powder transfer device
conpri sing a aewpeareticletsiahoftdepds Thevmianmuantuidizgtsn sielazty was
si tuat ed bel ow t he downconer,
5 about 20 cm/s.
[0134] The gas superficial velocity was set to 8.5, 17.0, 21.2 or
30.8 cm/s by varying the air flow rate. The powder transfer rate was
measured three times at each velocity, and the average of the three
measurements was taken.
10 [0135] Example 2
Aside from setting the interval L between the gas dispersion plate
6 and the downcomer 2 to 10 mm and setting the gas superficial velocity
to 20.2, 28.7 or 35.0 cm/s, the same procedure was carried out as in
Example 1.
15 [0136] Example 3
Aside from setting the interval L between the gas dispersion plate
6 and the downcomer 2 to 8 mm and setting the gas superficial velocity
to 35.0 crn/s, the same procedure was carried out as in Example 1. |

[0137] The results are shown in Table 1 and FIG. 7.
20 Table 1
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wherein the gas slider has,
bottom end of the downconer,

on a side thereof facing an opening at a
a gas dispersion plate in which a

plurality of gas outlets are fow ed, An olefin polynerization reactor

conpri si ng:

and

transfers a 20pol yol efi n powder t hat
pol yneri zation stage to a | ower pol ynerization stage.
production process conprising the step of,

pol yner i
pol yner i
pr esent

stage with the pc

3

in an olefin

whi ch

a plurality of vertical I y arrayed pol ynerization stages;
t he powder transfer device of claim]l
is present at an upper
6. A polyolefin

;a{u on rfactor tavi n? a pl ur al i t?/ of ¥ert' cal | vtﬁrraved B
z 1 ON , ran rrirn I
e e (At
(mm) jraie o (cmfs) Elitge/rilin) Zlaj;/riin) Elitg/iin) e
(L/min) (kg/min)
Example | 12 8 8.5 0 0 0 0
]iEl;(lample 12 16 17.0 0 0 0 0
f);(zample 12 20 212 0.696 [0.636 |[0.690 |0.674
lli;zample 12 29 30.8 1458 | 1.416 |1.416 |[1.430 |
]23;(lample 10 19 20.2 0 0 0 0
E-xzémple 10 27 28.7 0.132 |0.126 |0.126 [0.128
Izi;éample 10 33 35.0 0318 0336 [0348 |0334
?]?;{lample 8 33 35.0 0201 |0.186 [0.171 |0.186 |

As is apparent from Table 1 and FIG. 7, it was confirmed that at

below the fluidization onset velocity, the powder transfer rate can be set

to zero, and that at the fluidization onset velocity and above, the transfer

rate can be controlled by the gas velocity.
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WHAT IS CLAIMED IS:

1. A powder transfer device comprising;:
a downcomer which extends downward; and
a gas slider situated below the downcomer,
wherein the gas slider has, on a side thereof facing an
opening at a bottom end of the downcomer, a gas dispersion plate in
which a plurality of gas outlets are formed; and said gas dispersion plate
has an edge that allows powder to drop down from said gas dispersion

plate edge.

2, The powder transfer device of claim 1, wherein the gas
dispersion plate comprises a facing portion that directly faces the
opening at the bottom end of the downcomer, and a peripheral portion
that surrounds a perimeter of the facing portion at a width W, and
wherein when Or represents the angle of repose for the powder and L
represents the distance between the bottom end of the downcomer and
the gas dispersion plate, the width W of the peripheral portion satisfies
the condition W>L-cot (0r) at all points on the perimeter of the facing

portion.

81, An olefin polymerization reactor comprising:
a plurality of vertically arrayed polymerization stages;
and
a powder transfer device comprising a downcomer
which extends downward and a gas slider situated below the
downcomer,

wherein the gas slider has, on a side thereof facing an
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opening at a bottom end of the downcomer, a gas dispersion plate in
which a plurality of gas outlets are formed; and the powder transfer
device transfers a polyolefin powder that is present at an upper

polymerization stage to a lower polymerization stage.

4. A polyolefin production process comprising the step of,
in an olefin polymerization reactor having a plurality of vertically
arrayed polymerization stages, transferring a polyolefin powder that is
present at an upper polymerization stage to a lower polymerization stage
with a powder transfer device comprising a downcomer which extends
downward and a gas slider situated below the downcomer,

wherein the gas slider has, on a side thereof facing an
opening at a bottom end of the downcomer, a gas dispersion plate in

which a plurality of gas outlets are formed.

5. An olefin polymerization reactor comprising:
a plurality of vertically arrayed polymerization stages;
and
the powder transfer device of claim 1 which transfers a
polyolefin powder that is present at an upper polymerization stage to a

lower polymerization stage.

6. A polyolefin production process comprising the step of]
in an olefin polymerization reactor having a plurality of vertically
arrayed polymerization stages, transferring a polyolefin powder that is
present at an upper polymerization stage to a lower polymerization stage

with the powder transfer device of claim 1.
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