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TI TLE OF THE | NVENTI ON POADER TRANSFER DEVI CE AND
POLYOLEFI N PRODUCTI ON PROCESS BACKGROUND OF THE
INVENTION 5 Field of the Invention [0001] The present
invention relates to a powder transfer device, and to
a process for producing polyolefns using such a

‘devi ce. Rel ated Background Art [0002] A tube called a

"“downconer" that comruni cates between 10 an upper
smgm\i;@wmq-eﬁas hitherto been known as a

g powder from an upper stage to
3 ¢ , . ‘
rrgltlst]gige H ui gl ze% Eed r@éEaJ\ct-or i@é’:ﬁ or ‘exanp QUCTION

UWRocRaient No. 5235009). [0003] Wth the use of such
a downconer, powder in an upper 15 stage which has

dBAPREGR IIND RPFRONCPENi ng in the top
end o &

OWNC ationally through the

dpiM8 ¥The IAdentidn di Scharged from an opening at the
bottom end of the downconer, thereby enabling powder

0]
; pmﬁ]t r ansgg%aﬁsl%séﬁp Mvdiftion Pelatey &899 gawrd% tral:f&‘f@x{ device,

age.” 20 | However, In prior-art downconers,

PAYAIRS alpr8BedsCfort b&ucigl%;}gt?lsroﬁﬁ'n‘fsoﬁéihgsdlﬁg Pdevies! r ed.

That is, the rate of p transter et er m ned
mémd[_ag@l@wmchani cal shape factors as the

laneter o e downconer and the positions of the
t[@002)d bot pomiendalled at “"Gowreuneahat EoMHMRhicats bBRveen
powder transfer rate has been difficult. 25 [0005]

i bgﬁét stapeceicelywbr Stage Hustvitlit6 beBs havihs ¥anb8ns for
on e downconer for the purpose of controlling the

fravsfenisg povaivsdeom 4n 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

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.

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

the downcomer for the purpose of controlling the flow rate of powder
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t hrough the downconer, installing a nechanical valve
having a conplicated structure within the device is
undesirabl e because it will cause various probl ens.
SUMVARY OF THE I NVENTION 5 [0006] It is therefore an
object of the present invention to provide a powder
transfer device which has a sinple construction, yet
enabl es the powder- discharge rate to be easily

c@ﬂrbu%hl the dovhivomen) stalling he mevlemi¢dln vaAlvéOhaving a
provi de a pol yol efin powder production process which
usenpdicateda sttavture. withih (e 7devibe isoundesitdtdesb&tause it will
devi ce according to one aspect of the present

i catsetvarivusstobdemsa downwar dl y ext endi ng downconer

and a gas slider which is situated bel ow the
doMdMARY e THdE INVENTION, on a side thereof

facing an opening at a bottomend of the downconer, a
g{&K)OGSi sper Kiisthedefore am obfdot nfahe presdrittiyvedtigaso provide a
outlets are forned. 15 [0008] An advantage of this

i ponsder transfertdeaticevvenichdwas a simpleconstonctiomeyegtamnables the
di spersion plate in the gas slider so as to thoroughly ,
fpawder eisghargerratédo bs easily econthelied e nAnbthdroobject of the
end of the downconer and the gas dispersion plate,
tingeptadeis tooprevidet & pplyalefina poveder productionr pratiesy which
i nduced_to _nove laterally over the surface of the gas
disepesuchandedcpl ate so that the powder is nade to fall
downward from the edge of the gas dispersion plate.
TO00EP! eni shhe powdemtransifier devies aceotding dovene aspect of the
addi ti opal powder is discharged onto the gas
dresentsisiengiont tacludes ahdowopearihy extendingbdewogomer and a
of the downcomer; that is, powder transfer takes
Basadider vehichds syuates b@l@mﬁmodowgagomwwﬁ[ha gas sliderchas, on
di sper si on 5 plate enabl es the powder transfer rate
taosige thexeof facing aroopeningata-beltom end of the:dowmeomerpn gas

s blown fromt as, 2.,
¢ spersion plate in wtﬁcl% a plurality of gas outlets are formed.

[0008] An advantage of this invention is that when gas is blown
from the gas dispersion plate in the gas slider so as to thoroughly fluidize
powder that is present between the bottom end of the downcomer and the
gas dispersion plate, the powder moves with great ease and can be
readily induced to move laterally over the surface of the gas dispersion
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
plate enables the powder transfer rate to be increased.

[0009] Conversely, when the amount of gas blown from the gas
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di spersion plate in the gas slider is decreased or set
to zero, thereby holding down the fluidized state of
t he powder between the bottomend of the downconer
and the gas dispersion plate of the gas slider or

pl aci ng the powder in a non-fluidized state, the
powder noves over the 5 gas dispersion plate with
greater difficulty. The anount of powder which falls

ddgpefsion plag: @ﬂ@l_heogaé Riidepds diegreasdPdrsedt ® LBHS, thereby

decreases, which in Turn results in | ess powder being

dhsldiveg diesvii thenfllidizedrstaienaf e poevdiat haameendthef béthém end

tube onto the gas dispersion plate. Accordingly, the

noivillee downsbeier’ id thenghe digperehsie platkl of OEOpadhslider or

gas dispersion plate may include a facing portion that
vlacitig thd poesleriia @penkfigidized beatbothHeopvader ghovée over the

ownconer, and a peripheral portion that surrounds a

peas didpersion phete§ adthngreatet i diffienltp.  Fhd hnWuMhef $dwder
represents the angle of repose for the powder and L
rwhictsdfalls doevidi oanchebetigecof tihe kpeist dispapsioal plite thus
downcorer and 15 the gas dispersion plate, the width W
dedréasesewhitk inltupprdsutts indessspowler boing dischaiged ot the
L-cot (O) at all points on the perinmeter of the
fopemng gtothe dottohdCerd ofnthiehtubeniontogheegas digpersion plate.
stopping the flow of gas fromthe gas outlets, a pile

A cpandieglyi, the povrder transferadts can betdedreagedn angl e of

20 sl ope equal to or less than the angle of repose O
i[0010] ned o e@sgﬁspeﬁsmnphtennayaim?wdﬁjatﬁaeh@poeﬂion that
ceases to fall down fromthe edge of the gas

dlisgsshys ifacespther opening at thes bottiom iemd: of shevalowncamen and a
powder discharge onto the gas dispersion plate from
tperipheral portion tthat sanrounds adperimeter of she dacing partibn at a
to set th wder transfer rate to zero. 25 [0012] The

ovishth WWpoNWhen fr aeprasentsaitiecangle i tipoge for i pberder and L
\?';Bxeqcstgag ;l;cgslijg%&n %Jiggnr;eeiar[] %lxg %%?to?n pelnlg glf itlgg d%cwncomer and
the gas dispersion plate, the width W of the peripheral portion satisfies
the condition W 2 L-cot (Br) 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
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.

[0012] The olefin polymerization reactor according to another

aspect of the invention includes a plurality of vertically arrayed
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pol yneri zati on stages, and the above-described powder
transfer device of the invention which transfers
pol yol ef i n powder present in an upper polymerization
stage to a | ower polynerization stage. [0013] The
pol yol ef i n producti on process according to yet another
5 aspect of the invention includes the step of, in an
ol efin polynerization reactor having a plurality of
VBblyfatiztion fs%’ﬁ, Rl IR 1aBaYEUkseHBEA powder fe i
t?ar‘?}sr{‘ier ring a yol efFl%r powder tﬁat ??%regerﬁm}sneraﬁewce
UgPEhe IRCEMIEH WisichORafsfess pobydlefitVBowedel Wresdmai

i be V\gr traﬁjsfg Afl upper

stage wth the above- descr d powd er device

obiftefiBioN seare B [0érpolShReriitisipigeaspect s of

e’i nvention e it possible to contr at will the

t
: L(H]‘l%‘]ef r a%e%olgbléﬂlh yebahétion g)‘f*g@éssb&idé‘?&ﬁlgs {986 another

us énabling stable opéeration t e achieved.” In

pagpdct Wiahe ibeniioasaBhRiesothendtep i, mfaiﬁol%@ﬁﬁggla{rgeﬁzaﬁon

mechani cal valve in olefin polynerization ten

| Fedcter havhig asphitalitpof bertiddikknftyel dg@lyﬂi&ﬁzaﬂ%'ﬁ stages,

t he above 15 descri bed powder transfer vice has no

npahsfertagt s apalyclefinuspboindety thaesiy apresent 0GAS] ad h@ipper

present invention provides a powder transfer device of

S%’Glgvlr@eﬁmtidﬁ wedgeoto hilowee il areridation sweiper adth #he above-
0

a powder to be easily controlled. The Invention

adeserivedvpoiedentransfesideivice 3D thoinwemtionat i on r eact or
and process which use such a device. BRI EF DESCRI PTI ON

o014 DRAVITheSorégcitl #dpactsl of the invéstion imake it possible to
view of a powder transfer device according to an
ecdntoolnztnwilifthe eansferseate ofhare polyolefinl gowder between stages,
partially fragnented perspective view of the vicinity
dhus Zhablinggstabli operationrtobeaschiéved. Fh@articularGhe3priesence
a schematic sectional view showing a state where gas

iaf moving parts such as a mechanical valve in olefin polymerization
tends to invite problems such as the sticking of polymer, but the above-
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 which enables the discharge rate of a powder to be
easily controlled. = The invention also provides a polyolefin
polymerization reactor and process which use such a device.

B N 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

the gas dispersion plate 6 in FIG. 1;

FIG. 3 is a schematic sectional view showing a state where gas is
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bei ng bl own out in the powder transfer device of FIG
1; FIG 4 is a schematic structural view show ng an
enbodi ment of a polyolefin production system which

i ncl udes powder transfer devices of the type shown in
FIG 1; 5 FIG 5 is an enlarged schematic secti onal
view of the olefin polynerization reactor 10A shown
in FIG 4; FIG 6 is a schematic structural view

sheiie sloWiPbliein ﬂ@c}ﬁ@dzﬂeﬁﬁtansferaiméy Bf &G 19r oduct i on

syst eém whi ch i ncl udes powder transfer devicés of the

type sPIWN4iis aldcherdati@studrl Gew shéw%% RARMBOAIMESt of a

the results obtained in the exanples of he 1 nvention

@ﬂ]&%@ﬁﬁ duofion & eighdehid wdegittansfer devices of
I PTI CF THE PREFERRED ENMBODI S [0016]

tgpe@ﬁowﬁ)gplﬂ@nq? of the invention are described
in detail below while referring to the attached
di agr aREG. |5 it hen deslargad ischemaltie sbctibgaldiviewans theavlefin
foI low, like or simlar elenents are referenced by

| pdgnsstidetion seattoiu D Acskosvie ip FiGau; ons are avoi ded.

| so, relative dinensions of features shown in the
di agr afEGeY nst #e schematie sstabeturall 00k’ Rbovdhg another
Transfer Device The powder transfer device according
tembbdiments ofita pobmlefmnprodi@tioncsysiemn whichrintludes powder
downcorer 2 and a gas slider 4. [0018] The downconer 2
i tsansferidevioks of the typeishownandilist Brandhl |y  verti cal
di recti on, and which conmuni cates at a top end thereof
wi t h tRKS. 7nsiadgraph showirng Gtdresilts obtaied irhtite éxdmples of
a powder. [0019] The gas slider 4 has a chanmber 5
vhe dhvéntion andthe cempardtive examyples descpmlveﬂ hergihate 6
provi ded on a top side of the chanber 5. The gas

ADF ER@_E{REB lEihﬁ}OBII\@NBS:t lets

6¢c for blow ng gas

[0016] Preterred embodlments of the invention are described in

detail below while referring to the attached diagrams. In the descriptions
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
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
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
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that is present wthin the chanber 5 upward. The form

of the gas dispersion plate 6 is not subject to any
particular limtation, and is exenplified by

perforated plates (e.g., a punched pl ate screen),

meshes and porous plates. Protective coverings such

as bubbl e caps (not shown) 5 may be provided over the

gas outlets 6¢c in order to prevent powders from

f @lat | ROptdsenbowithin QHE! Hdnbdh S ward| TBEI font!ft i gas
gas dispersion plate 6 is exenplified by, but not
P@ispefsibAr platé | 61 ikedot Gubjedt! &) arsUPardsulat Alinliggion, and is
steel and ceram cs such as silicaof alum na. [0026]
Téaeerblified by ?ﬁrﬁﬁﬁf&d‘ ?iﬁté@ (the, a3suritiddepkat® Gereen), meshes
al t hough not™ 10 subject to any particular Iimtation,

| gnd E@f@msiplatw. nRibtective @bvbﬁﬁga\s&th% bulssleiczipe (Abt shown)
of the powder to be transferred. Al so, fromthe

stnaydbe ispmvidéd Wik ahel gadbutlets) 6euin @zderf tompreseht pasvders
outlet 6c in the gas dispersion plate 6, it is

pfrefrer 2abling f o1 mbe%aasow@éﬂset sThe hiatbrxk mak'mghdqgrthe gas
of pressure |oss. The size of the openings in the gas
odispetsioBcplife rayis bexeamplifietinby, dutange paiticdlarly limited to,
exanpl e, from about several tens of mcrons to

seeals Isuch ldsi stainbess . stédl @Rit] ceThmigs such ak silicabor alumina.
preferably arranged at substantially equally spaced

i [020}al s | Thetsizeef the openmgmimtle gas oufleta¢, altkoough not
gas dispersion plate 6 is preferably disposed so that
tsubje@Otosany partidular Enfitatiorhas preferably Jraller thenghgaverage
di spersion plate 6 is positioned so as to face an

quexrtiichey size of the powdemtorbe transfertddk dhlang froen the standpoint
specifically, as shown in Fig. 2, the gas dispersion
pofatmiformaly dlowing gowtorgasofrota eadh cgasdioutlet | §c fimcehe gas
the opening 2b at the bottomend 2a of the 25

ahispersienm platend, iais preferable forthet gas astletse6ogenharge some
2b, and a peripheral portion 6b which surrounds a
pdagraetofy prassareelasaci Re size pfrihe @penings in the gas outlets 6¢

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

peripheral portion 6b which surrounds a perimeter of the facing portion
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6a at a wwdth W Here, the width Wis the distance
fromthe perinmeter of the facing portion 6a to the
edge of the gas dispersion plate 6 in a direction
per pendi cul ar to the perinmeter of the facing portion
6a, as seen froma direction perpendicular to the
surface of the gas dispersion plate 6. 5 [0024] Here,
letting the distance between the bottomend 2a of the

dgyvac areidtE WndHERS thesvidils Wis ithe ditanee &roe the P\e &ter of
preferable for the wdth Wof the peripheral tion

Gihet Gaciagi ?61;1:161{1 actichei edgdVof the Plas brsibnablate 6 ina

poi nts on the perineter of the faC|ng portion 6a. The

sdiréetion Gerpentiesiaptts thd peitaerr Of thelfiﬁﬁﬁlg portidi€ 6a, as seen

powder to be transferred. The 10 angle of Tepose is

t frormmaxdirsctionngdrpendicilapw tie whfade of fiw\gey dispasion plate 6.

piled up, has a talus slope that is stable and does

n@02dd! | apsHerd,Hettang tlee dixtanepbetvén tise dottahvent 4 of the
is neasured in a state where gas does not flow

tdowngbnien € andudke gas dispetidhi plte 6 beilqdt i§ preferablOdor the

of the downcomer 2, while not 15 subject to any

paidthcW of the penphe:ai portioangb ¢s sptisfyi tHeesomditiotr G = L-cot

down through the interior of the tube, is preferably

d0r) atall peinty brehetperimptertoftihe ficheg gortibr Gaowdke. symbol
[0026] Returning to FIG 1, a gas source 8 is

dimrepresents ithe apigle of Irepese. far tvelpewderte be transfigred. The
chanber 5 in the gas slider 4. 20 {mfp 27] No particul ar

langle afireposs is theowarironm hngleyof slopegatswhicina povedeyashen

source 8. Illustrative exanpl es include air, nononer

piled up; hasya talus hoys; thassis stable andadesas not adllapseh Fhe angle
powder transfer device 1 is described. 25 The
mfirepose Osiis 8 vahae that és measured inya statewherevgsrdaesanot flow
in this_ enbodi nent are not subject to any particul ar
threugh thenpowder bedr ative 7
[0025] The inside diameter Dd of the downcomer 2, while not
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.
[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.

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

embodiment are not subject to any particular limitations. Illustrative
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exanpl es of the material include polyolefin powlers
such as pol ypropyl ene, and ceram c powders such as
silica. The particle size may be, for exanple, from
about several tens of microns to about severa
mllimeters. 5 [0029] First, as shown in Fig. 1, the
valve 7 is closed so that gas does not flow out
through the gas outlets 6¢c in the gas dispersion plate

xa:ﬁ% dhethe Rewessl Pinduded ¢ }rﬁléﬁ}? &érs?’oéhch as
some t 0

he powder P drops dovvn ugh t downcormer

ggol?ﬁpégﬁkéﬁat bﬁd@érﬁﬁn@'maé&egucﬁ ra@.n%ﬂlaﬁ om Bartidle size

tom end 2a of downconer 2 and
tﬁlﬁ?rsslﬁo it g éxé?xﬁ HPSmoaBowt seRetsl tefis @f@hﬁ:r@ns ‘ﬁB abdut everal
a pil off powder P with a peak at the opening
ZBilin&3es. As shown in FIG 2, the wwdth Wof the
peripheral portion 6b of the gas dispersion plate 6

@0291] so aBirkt asadHAlN ih"Bigt dndhei wlviV7 i€ eloded 3o ahat gas
all points on f he perlrreter of the facing portion 6a.

Tdtﬁesh’ibtsﬂ@weomrmk@u h¢ oidlets 6¢ irt bee phs didparsion %(ﬂate 6.
1, i.e., the angle tha the talus slope of the pi

I\Ném Wwhen hipdwdeRds dtd et tlenvedsel 80d, sgereofithe/powder P
does not exceed the angle of repose O of the powder.
[diops]dowarthiongh thecdowacoherpl, subdeqaentlynbeingediseharged
the gas dispersion plate 6 wi t hout co | apsi ng and no
diroppithie opfenitie 3o wtethePboRbnpiehd: Ba efl gee dowheomes 2 and
di spersion plate 6 arises, the powder P ceases to
diamspatrpd ontoothegag ahsphrsmr plate §lwheresitf formg hepile M of
openi ng 2b at the bottomend 2a of the downconer 2.
[pi‘ﬁﬂﬁér agpeakhatheiopehing 2B, the valve 7 is opened

a given anmount and gas is blown out through the gas
qd00B6] s 6c AS§ shbwrgis FIG5 2jithpewrithiWpbhithe @eripheraltpertion
superficial velocity of the gas blown out fromthe gas
b pEitlse gas dispersidneplate dsist et soi as toisatisfyi thezeonditionSW >

L-cot (Br) at all points on the perimeter of the facing portion 6a. The
slope angle O at the foot of the pile M in FIG. 1, i.e., the angle O 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
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
dispersion plate 6. When the superficial velocity of the gas blown out

from the gas dispersion plate 6 exceeds the minimum fluidization
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velocity of the powder P, the powder P fluidizes,
facilitating novenent of the powder P. In this

speci fication, "superficial velocity" is the value

obtai ned by dividing the flow rate of gas bl own out
fromthe gas dispersion plate 6 by the surface area

of the gas dispersion plate 6. 5 [0033] In this way,

as shown in FIG 3, the powder P nmaking up the pile M
ovelobity asftHé E@ﬁzﬂ‘ér ) theRvéer PeRuidifes, thcllRagAg h¥vement
noved over the gas élsper3|on plate 6 and made To

do Othedpawder B I ehiedgecificdtivn, “sapedicinbyelgvity? isthe value

6. The powder P is continuously fed over the gas

dolstpfriea] By rdiaicﬁng theofldweratpeot ngas?bledvnt bat btbhothe gas

end 2a of the 10 downconer 2 so as to replenish the
ndiggersih plate Gy the shefacebied dPtiungas dispprion patel 61t ¢

6. It is possible in this way to transfer the powder P
t[D033§h t helmdvscowaypy a@ shp0aB#H] RGeS, tthe povwdef Ichedking up
velocity of the gas blown out fromthe gas dispersion
pthatpilesM snvtheiged dispérsioraplate §e(see RIG. dndsteasily meoved over
the 15 m ninmum fl uidization velocity of the powder, '
tthe gessdispbrdionwplate 6 andf naidéi toedrqpoddem fim ¢heiedge of the
response. That is, the higher the value to which the
sggsedispersion vplhtec 6t yThe poavdert Reisncontimenisly feleover the gas
fluidized powder flows and, in turn, the nore easily
tdispersiate pliter & froni rthe openingg@boat théidbajtom end 2a of the
di spersion plate 6. Hence, the transfer rate of the
phowipeomer 2nso 26 thaeplemisto theepoissderdh thatl hasfallemeoff the gas
superficial velocity. [0035] The invention is not
|dispersibn plateeb.ablsvis possiblenienthis way itoutransfieerthe powder P
enbodi nents may be contenpl ated. [0036] For exanple,
ithraugh theodewneemertdad enmbodi ment, the width Wof the
peri pher al gorti on 6b of the gas dispersion plate i's

1P83ddied in thecnperfieial ¥elaaitys of the gas blown 't?f‘rm the
ot s a3 e 45l i
9minimum 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
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

such a way as to satisfy the condition W = L-cot (Br) at all points on the

perimeter of the facing portion 6a. However, the present invention may
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be worked even if the condition W>_ L-cot (O) is
satisfied over only a portion of the perineter of the
facing portion 6a, or even if W>_ Lcot (O) is

nowhere satisfied. In such a case, even in a state

where gas is not nmmde to flow, the powder will fall

down from places where W< Lcot 5 (O) and it wll not

be possible to set the powder transfer rate to zero.
Hbeewerked even lif the eohditios Wk 4.-cot Y@F)yist ftisfieddever only a
transfer rate by varying the gas superficial

vpbetton Yof theOsdimeber dp s fasing2poreion 6af oh@venaif W > L-cot

cross-sectional shape that is circular, and may

i (Bit) e choweherecsatisfiet arlnwucheay easqeventined statd wharkgilsds not

cross-sectional shape. Mreover, the external shape of

t hadgato fiospethel powdentvellofall dewn fivan places werpeW sL-cot
not limted to a circular shape, and may

a(B8ramd itvelill het beqossthleao sot thevpowdee trardsder rate to zero.
sui tabl e shape. [0038] The downconer 2 need not be
sHoaverar, ibrwill demaimgadssiblerto wary ¢he grolwdentransiet yate by
For exanple, the tube may be curved. Also, 15 the

dvarnyngdhe gaseuperfitiaheelocityiry extend downward in a
vertical direction, and may instead be inclined at an
aff}¥F )t o t hdheedowmeomegrod 3sgedainod, haviee agerosstseationat shape
fromthe gas dispersion plate 6 may be a pulsating

f tha, is[ oiyeularpangdo maymimstead cbe aectanigul@o onehaye some other
examl es of a polyolefin production unit and a

pswitahlei arass-seeiional shapeh Muareower,dbeextamal rshape of the gas
powder transfer device 1 are described. Here, a
pdispersion plafe i b6 plesarshaped ipnot imitedhiaa cirsularshape,
ol efin po] yner| ziati on unit wherein the above-descri bed

pandimay alternetivelybe reetangulaspsthave some piluresuitable shape.
5 oh T et B e e o
' rd extends gmlvgaearrdlsyt. For %?{ggp {3, 6 tu %Sgaiybgg 'cml'\?ed. Also,
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

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

stage reactor of a gas phase spouted bed-type multistage polymerization

reactor to a lower stage reactor are described.
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[0041] Pol yol efin Production System FIG 4 shows a
pol yol efin production system 100A according to the
present enbodi ment. This production system 100A

i ncludes an olefin prepolynerization reactor 9, and

an olefin polynerization reactor 5 10A which is

connected as a subsequent stage to the olefin

prepol yneri zation reactor 9. [0042] defin

A0S y rer | PelyidlefiRdrodactidohSyst@hi n prepol yneri zation
reactor 9 polynerizes olefin in the presence of an

ol ef i nNFJ®) retiowsita p@ly@&fmhﬁbduoﬁbnrsfysmmol G0A eddoording to
10 powder. [0043] Exanples of the olefin

nhepptesent ierabodimestact This9 produotibn systemai @0Aoincludes an
particularly limted to, slurry polynerization
ralefinoprepobyierizatiby meactoat9,cand eaalefin, pellymerezhtion reactor
tank-type gas phase pol ynerization reactors, and

f10A diwhithbetd t guenayded plasse pslhseguientt stager etact thes. olefin
A 15 single reactor, a plurality of reactors of the

gaepoiwmerization reactbt Bati on of two or nore such

reactors of differing types may be used. [0044] Slurry
dO0yagr i zat Obefin PrepalymerizatiornRebetonsed i ncl ude

known pol ynerization reactors, such as the stirred

t ank-t olefintprepolymierization trepetor i polymerizes alefd in the
in Japanese Patent Publication No. S 41 20 12916,
Jupsencee afananolefiml pelymenization Satalyst 60 farm a polyolefin
Japanese Patent Publication No. S 47-42379. Slurry
rpﬂ\yd@r-i zation is a process in which a polynerization
solvent is prepared bé‘l addi ng an ol efin nmononmer such

d8043bpy| eréxampler ehthe olefin prepolymerizetionggastozd melude,
s barpenet PRRIRAARY Riede(s, B B0 lymetiation Feastoss, bulk
%ﬂlif%f?[éjﬂgﬂg}/ld rrgggti)g‘ggﬁéi% ' i@%&? E%s? nlgl'aﬁsm pelymerization
%gggrss,egné %&iﬁfze%olt% -t;rlinez agtaisoghgs%l Egpj}merji%ation reactors. A
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-
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,
octane) or an alicyclic hydrocarbon (e.g., cyclopentane, cyclohexane), an

olefin polymerization catalyst is dispersed in the polymerization solvent
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to forma slurry, and polynerization is carried out in
a state where the polyner that is forned does not
di ssolve in the polynerization solvent.
Pol ymeri zation is carried out at a tenperature and
pressure at which the polynerization solvent is
mai ntained in aliquid state and the polyner 5 that is
formed does not dissolve in the polynerization
st fomh .a dhery,pad pelymeatizationdsmeareiedreut m gestatealvhere the
from30 to 100C, and preferably from50 to 80C. The
peblyeer thaitiis fopmedsdoas net disseha lry thd polymerizdtion solvent.
pressure to 10 MPaG, and preferably fromO0.3 to 5
efi 84461 iBchkrigabbytat hzetiparatrecrd preskate atywhieh the
used include 10 known pol ynmerization reactors, such as
t pelyshérizatibn sokventps maintained imd ligoisbstapp andethe polymer
escri bed in Japanese Patent Publication No. S 41-
1that ds frapretk doePanatndiRobre datthenptlymeriastion 6tdventd The
Japanese Patent Publication No. S 47-42379. Bulk
poolymerization ntemperapursc diss gememwtlly hfroam 30efio nthRiEr and
such as propylene or butene is used as the 15 .
poteferably £omn S8 diov80TCi nThagolymarigation pressure és @enerally
inert solvents such as aliphatic h¥drocar bon%nie. g
piropastanderd pressutestsn L0 MBaG andpreferahbx fiom O po 3 MPaG.
octane) and_alicyclic hydrocarbons (e.g., .
29454 ent anBulk cpelysmenization reactersfthal ppaynbei naed onclude
catal yst is dispersed in the_  polynerizatiaqn solvent,
derpwolpolpmertgation reactors, sush avthe stimed tanketype raasters and
t he polyner that .is formed does not dissolve ip the
riaiezeaactors desoribed irdpparese, Ratepd FublicationnNou$ 41-
at_a tenperature an ressure at  which_t he
pbiQHurlapaness Patans %hc@tm NoaSritér1i1679 and,Japansgse Ratent
and the, polyner th (s fqrmeq does not dissolve iin .
TReblieation N & HarA2b1d, Rulk Polumsaiaahen 5:a pespess it which
tenperature is generally from30 to 100C, and 25
(b YIONgREs0 Spghs e P’T‘Pﬁ)ﬁEBPyﬁﬁr uteneods pised jae the
i s genegal fro .
gp@%@qﬁﬂa}tﬁ} 8 vg_glg?r{a ?;Hgar 5 r%ﬁi%‘hﬁeﬁé’e %9 ggfat%olsgrgts such

as aliphatic hydrocarbons (e.g., propane, butane, isobutane, pentane,
hexane, heptane, octane) and alicyclic hydrocarbons (e.g., cyclopentane,
cyclohexane), an olefin polymerization catalyst is dispersed in the
polymerization solvent, and polymerization is carried out in a state
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 soivent.
The polymerization temperature is generally from 30 to 100°C, and
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.
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[0046] Stirred tank-type gas phase pol ynmerization
reactors that nay be used include known

pol ymeri zation reactors, such as the reactors

descri bed in Japanese Patent Application Laid-open No.

S 46- 31696 and Japanese Patent Application No. S
59-21321. Stirred tank-type gas 5 phase pol ynerization

is a process in which a nononmer in a gaseous state is
feed6ps t heStireed Utinkrtipenigak ephade tpdlyinegizationl e¢adtors that
pol yneri zation catalyst and olefin polymer in a

mhaybemisedaheludd khownhsolyatrization reseenrs, shiclaas the reactors
agitator, the nononer i'n the gaseous state is

dekutibed 46 Japaiéve Palenvepplivation Leidbepen We. §316-31696 and
generally from50 to 110C, and 10 preferably from 60

TapdAéye Phbentp@ippliationt Nm 8r 69s2132 khoBtidrese tank-tgpe gas
range at which the olefin can be present as a vapor

phase polyinierization is tai proedss aniwhigipa masopiersa a gaseous state
pol yneri zation reactor, and is generally from

$¢ asddrad theesedivmt and, Whil€, maintamiagears olefif pmiymesization
to 3 MPaG [0047] Fluidized bed-type gas phase .
catalystr andt olefirr patymes inhatflowingreyateewithen thecimedeumn by
known reactors, such as the reactors described in )
agmrseof aRaagitatorynhiei menomerlin theogasedus. ststes s polysoarized.
Japanese Patent Application Laid-open No. S 59-126406
dilee  poppmesizatianetempegapiitec is igemetdﬁ)yﬂ-&psh 5k toH 10°C, and
2-233708. Fluidized bed-type gas phase polynerizatjon
ipseferpblycBom 60 tonl @6°G. rﬁmpe}ymmza@m gvessuze sheuldbe in

20 used as the nedium and, while nmaintaining primarily
anragigef ahwhich ytherdlefini can batpresent aha vapan phassl within the
ina fluidized state within the, mediumby the flow of
stisredetankstypergasrphasespolymerizatipnseaactors anddsigenerally from
pol ynmeri zed. In sone cases, an agitator is also

stasiad pressupe bortMPaGuand peaferably Tram s gad MBaGon
te&p;rature Is.generally fromQ to 25 120C, preferably
{0047b0 t o Fluslized hed-bipe gasmhase polymsrizagionoreaptors. that
The pol ynerization pressure shoul % be jn a range at, )
wax et used include known reactors, such as the reactors described 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
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
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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ol efin can be present as a vapor phase within the
fluidized bed-type reactor, and is generally from
standard pressure to 10 MPaG preferably from0.2 to
8 MPaG and nore preferably fromO0.5 to 5MPaG [ 0048]
Combi nations of different reactors are exenplified by
a 5 slurry polynerization reactor or a bulk

pol ynmeri zation reactor, to which is connected, as the

REROEEAL bég;%%entaaé | diivipae I’ Witlinogfe Phidized bed-type

pol ymeri zat | reactor or a irred tank-type gas

Naasord ahdB! detRAlOy fromaghndard PRASIreNd ¢0NINAG) referably

flushihg tankK” for separating unreacted 10 ol efin ‘or

pﬁ‘biﬁ‘ﬁﬁ “BIMIPaER avdvnoké prefekablynfron §5efo SMRIEE. may

generally be provided between a Slurry pol ynmerization

reRaR]r or &dmbinatibak Yo differémin ré/A6iarénskemplified by a
conneCted thereto as the subsequent stage, a gas

Plafe pelynefizatién efadtenor @ belkcpoBanerikationireactor, to which

bed- {ype "gas phase polynerization reactor, a stirred

tiankofindted 2as thassubseuent istfid, an flfidizsl bed-tgpet fas phase

subsequent |y descri bed ol efin pol yneri zati on reactor
ymeémagicat reddior iorsd atireed tanlotype idassphiase pelymeérization

not “al ways required between a bulk polynerization

reaetqat and a gas phase pol ynerization reactor

connected thereafter. [0050] A efin Polynerization

HOO493r 20 Alternatively, pal flushinmttank fencsepardtig i anreacted

reactor which carries out, in a substantially gas
pdlefian wrapelymerizhtibnnselveptefromat oledirr grolyimer powder may
pol yol efin powder formed by the olefin

ngermrhilyebe provided hedeeen Oslurfy pblymerization mgactor RirG bulk
4, the olefin polynerization reactor 1 QA is conposed
polymeétization eeactor and) conmected thergte psithe snbsaquent stage, a
plurality of 25 deflectors 20 provided inside the _
cgds phiase pélymexizatin veadtor guch asub fluidizeddfed-tepe gas phase
(decreasing di ameter menbers) 30 provided inside the,
polymimnization reactor, a stirred tank-type gas phase polymerization
reactor or the subsequently described olefin polymerization reactor 10A.
However, the installation of a flushing tank is not always required
between a bulk polymerization reactor and a gas phase polymerization
reactor connected thereafter.

[0050] Olefin Polymerization Reactor

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

baffles (decreasing diameter members) 30 provided inside the cylinder

14



10

15

20

25

12. The deflectors 20 and tubul ar baffles 30 are
alternately disposed in the axial direction of the
cylinder 12. Also, it is preferable for both the
defl ectors 20 and the tubular baffles 30 to be

di sposed coaxially with the center axis of the
cylinder 12. 5 [0052] In the olefin polynerization
reactor 1 OA, five polynerization stages 25 are

flor. "qthe defledtBid 20aind AYlES bAETENS OCate ﬂﬁ@ﬁaté?-dggpé%d in
y

pol yneri zation stage 25 is a region enclosed by t

QHE Bxdg diysEfies ©fhe ayliflldralr2 b fkbeit3R, prefi@rabhs feeboth the

surface of the tubular baffle 30 directly bel ow, and

tdefldciGistr0 aHd fthe eulsilat baffies 800w 16é disposed|doastéillyl vith the

10 between these two tubular baffles 30. The topnost

Rehyereixis aifithe cylinder 125 is a region enclosed by the
i nside surface of the cylinder 12 at the top thereof,

qbes52psi de kur fthee olefihe pobymerizatibhl e réfctorr edOly, five
bel ow the top of the cylinder 12, and the inside

?meﬁfeﬁzaﬁohma 25 qire dorinkd inyd vertival 18w inside the cylinder
her ebet ween. 15 [0053] Wthin each pol ynerization
SagERS pelymestation stdgs A5n{s agegidn enslasedaby the eutside
hi gh velocity froma gas inlet orifice forned at a

arfaee eihg tGbblastbaffie 3y the dnsidef suréaOof thee tidiyar baffle 30
form ng a spouted bed of polyolefmpowder. [0054] As
dlirewtly belovi; and the inside sunifyeeof zheiporti ts cylinder 12
20 deflector 20 is disposed at a position that |ies
dHetweeh Hhesaibub qubnlaf baffle 30anthe sepmoshpobyasetization stage
orifice. The role of the deflector 20 is to prevent

Soist & egiohyaricddsed y thie indide susfaeetafithegylindes 12natethe top
it possible to shorten the freeboard zone, enabling a
theteofptheninside sutfece pf the bebulae haffle 80 de¢tip Dejownthe top
def| ector 20 has a conical shape with a top end 20a

tafahe dydindend 2dand the insidd sunfagewifdhe portionofdhe syéinder 12
progressively dowward, 15

therebetween.

[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
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.

[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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and a bottomend 20b that is spaced apart fromthe
inside wall of the cylinder 12. As a result, powder
that has been bl own upward collides wth the inside
surface of the deflector 20 and is taken up into the
annul ar structure of the spouted bed. At the sane
time, gases circulate 5 upward by passing between the
bottom end 20b of the deflector 20 and the inner wall

ofnd Rebeitbinead 16b theP¥$kphesd apultufrem hhé finsid¥dwdll af the

tapered cylinder which has an inside dianmeter that

PEFidSST T el As@@éﬁﬁﬁ,e?oﬁrﬂef hkatdhag beed Mbmu'mvard collides
e

and has a top end 30a that is contiguous with

| wethd ehevihbidef stffcd of Yhé ndiflectdr 2P eindais askemagydnto the

all ows gases to circulate upward from a circul ar gas

| Ahifilapstricageddf thebgpdwtedebetd. 30 tife tdnettivhe] gases circulate

baffl e 30, but does not allow the gases to circul ate

uppaacd %v)min between ¢he ftomanmt 20b afythendefledter 20 and
The gasb?tn et ogrifi ce forned at the bottom end 30b

nihe inaee vdilbobrdeylimderol2.a check val ve (not shown) so
that polyolefin 15 powder within the polynerization

sf$®]25 doEachaubilavbaifled6ris a thperedhcylimdeyawhich dias an
orifice at such tines as startup or t.ernrggrary o
simsidtodinmeéter thabpedgressivejyrdecreases i thacdownward direction,
[0057] As shown in FIG 4, four upper downconers 2 are
pardildisda tep ewd t30apdkat ishcontipuens with theeiristde wplieof the
tubular baffles 30 within the 20 cylinder 12, and a
beylinderdivn Suchram@rasgement ddawisrgasks to civenlatetupward from
tubular baffle 30. A gas slider 4 of the type

oz sircubmdgah inlet psiffnecat adwttdmiend 3@brofuiheetubular baffle 30,

downconer 2; the upper downconer 2 and the gas_ slider
fbutodmesmot athdw the gases tb circulise upward besween thedopfend 30a
device 1. As shown in FIG 5, a gas source 8.is

camhéhe oylindenldh Bhe gas dnlet arifice formedat the bettome end 30b

O nhistmasd ey e v oy e
Lsgévdgly Owlrfrio i%n thé ()i)olymerization 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
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
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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and i nert gases can be supplied fromthe gas source 8.
The powder transfer device 1 allows the polyolefin
powder to fall from an upper polynerization stage 25
to a |l ower polynerization stage 25. [0058] Returning
to FIG 4, the purpose of the bottom downconer 5 36
is to renove pol yolefin powder fromthe | owernost

pol ynmeri zati on stage and di scharge the powder outside

%ind ReertVgdsedetanl Be Juisplied eom el gandsdtidea8e The powder

arranged Tn series wth the bottom downconer 36. The

rednstee idevige idaliovan the pdlgokedfing pdwderates fal efroantan upper

step by successively opéning and cl osing these val ves

Wdlzﬂfsﬁz)ﬁfbnétﬁ € 0359 a lewéppolyanetiaitien stapet 25l bed in
pol %

eac ymeri zation stage 25, it is desirable that

6[@0'58? ubul aRehahingt@FIcat4, thy moﬁe) bf dhé bgttom downcomer

conditions. Nanely, the ratio B between the
diGieterefiovel pbhwlefin powdet fromftheeloarernhestbpolymerization
end 30b of the tubular baffle 30 and the inside .
ditagenad discldrgerthecydwidee puiside ofthefaylatder 12.39wo valves
| ess. Also, the angle 15 of inclination a30 of the
tViBlland VaRfdre adtngedhinGerizs with.the hiottomn glosvndombe 36. The
i nside surface of the tubular baffle 30 with the
hsolyolefial powslepr efaey albe y dischargadt in ha aulisequent step by
repose for the polyolefin powder present within the
aylccessively2opeiting amgl closing these valvesnVZ3@andsVirzk e
preferably at |east the angle of repose and at | east '
t[0858hgl e alovibrmha tshablpaippiited bedpoverch palymerigation stage

conpl etely discharged gravitationally. In this way .
Afpoithis ai;mimblej thet eacht tultulancbaffley 30esatisfoher fallowing

achi eved. [0060] Although a spouted bed can be forned
ueondjtiensn elyt, theiratie di/dp betweenithediameter da of the gas
formed therein jnstead of a tubular baffle 30 a ..
rnlgtorifice at thebogentend ddbsohthe tubulan batfle B0 and the inside
on such a flat plate 25 near the jnside surface of the
olinmeter dg of the cylinden 2 isqwe qrabioroeﬁih%fess'»r oMspathe angle
this region, the powder may fuse intgo a mass. To avpid
afdnclipation a.30 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 &30 is more preferably at least the
angle of repose and at least the angle at which the polyolefin powder can
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
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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a situation, it is thus desirable for the tubul ar
baffles 30 to have an angle of inclination 00 which,
as noted above, is at |least a given angle. [0061] It
is preferable for the deflectors 20 in FIG 5 to have
an angle of inclination a20, i.e., the angle forned
between the outside 5 surface of the deflector 20 and
the horizontal, which is at |east the angle of repose

‘;aﬁéittli’ﬁdidﬁ’,' f#fis hdedratledoe fhe thbilar bafles 80 todeive én ahgle

nI's ‘way, polyolefin powder can be adequately

%ﬁgp&?ﬂoﬁrﬁﬂ Hisk] AnbRd dBoved 9§ heTdast & fg@?n LRBR?]

I'n powder has an angle of repose of, for

ie[ﬁ)glﬁ}lge’ IR i&rrRraRels 8P the ddilusto020 TheFIGY!5eto tave an

ation 00 'and a20 are both preferably at |east

%gléogpﬁclﬂﬂﬁi&?fdt%} Pes #He andlé Yopmad bafweas B outside

each attached to thée cylinder 12 by supports (not

ar
shefite of i delactbi 20nand the hbgizentdlawWhichds abléastnhe angle

on gas flow and polyolefin flow The material 15 of
tdierépdsb%?rpol%oldﬂiﬁpdﬁfde?qileseﬂﬂ\m'ﬂﬂntthe dylindear12. In this
baffl'e 30 can be, for exanple, carbon steels, SUS304
apdly SHERbRfin ‘p'bevc&\ﬂS:Wb@ade?&iS prevented feom atidking to the

stainl eSs steel defined in JIS (Japanese |ndustri al
JAefletrods). The SUS316L is preferabl e when catal yst
having rmuch corrosive conponent (for exanple, hal ogen

0dpaihent aRolgolefiis podidershas ahOffpdt Ffrepusero, foFle@ample,
, an ol efin nononmer gas feeding nozzle 40 is
droni glecutad3 st treabout 58%.0THehangles iofdrclidftioriod (hané o0 are

olefin mononer is fed to the bottomof the cylinder

Tibthypreferably at leaste5330 and a conpressor 54. In

addition to the gas feeding nozzle 40, a 25 discharge
{006B% ( not Thé defdectdrsc2) andchbatbirebafflet 30 rmegach attached
pol yol efm particles at the end of reactor operation

rtay thé soylimder d¥ dwd suppdrts (bt shown). The supports have
substantially no influence on gas flow and polyolefin flow. The material
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
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
discharge nozzle (not shown) which is capable of discharging polyolefin-

particles at the end of reactor operation may also be provided at the
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bottom of the cylinder 12. Al so, to reduce the anount

of powder renmaining inside the reactor at the end of
reactor operation, an interior nmenber in the shape of

an inverted cone (not shown) nmay be provided at a

posi tion which does not interfere wwth gas flow 5

[ 0065] A gas discharge nozzle 61 is provided at the

top of the «cylinder 12. Gas which has risen up

tlﬁﬂt@é&ﬁh ofeCwyiiRder 12 i Alséli s hatued the bcownt ofi powder
through a 't ne”L40, and gas-entrained powder is

f&ﬁ?&iﬁﬁa@hﬁ&e ahbirepatdryatPiheventd dfavatteopératibie apanterior

passes hrough a first heat exchanger 63,  a

GRBR{IRFSAthE Shape HFeAEIvReRY cohepob8hoan)Ghagrist provided at

gas-liquid separator 66, then is introduced to |i'ne

L@Ppéﬂti@n&ﬂﬁidlﬁdoéé net interfersiwittcysd A6w.[ 0066] The
cy

inder 12 is also provided with a |liquid feed nozzle
00650 ch f eadgas fdischageshaezlehel dgl protdded 2att the tolﬁ of the
gi ven pol ynerization stage 25, liquid olefin that has
hedihdegparat eCiaby wihieh ghas | tispri dus ethavaghr thid Gfinder 12 is

Specifically, as shown in FIG 4, a liquid feed nozzle

Sisthargetiuatthe extesior themgdsa ililecL40) ahd ggaseéntriimed powder
second tubular baffle 30 fromthe top so as to inject

lisaterdove@ by doveptibridily srovidedAcyolumesb2andThel gas passes

L20 for feeding the liquefied olefin nmononer in case
cthr saifigst dientc oxciearigey 68p a wempressar 6 da nseconel heat
50. 20 [0067] Also, a plurality of gas discharge )
rexzhaaget ®Sannd | cgabdkgﬁdnsepmamcﬁé thfent fee intydduckst to line
12 facing the outside surfaces of the tubular baffles
3030 Mia enstherilinecbB 5 yndaecytledn in FIG 4, a gas
di scharge nozzle 60 is provided in the portion of the
dpo66der 17Theylimdend Dbis alsdeprovided avithfa liquid deed mozzle
tubul ar baffle 30 fromthe top. This gas discharge |
r0 svhich Feeds,i fonpountside dhe cylinder 120thg giargnqrolymerigation
L41. The anmount of gas discharged fromthe gas |
ditagsh 26 g gnik olefin ttatihasdwen sapasated\by thepgas-liguid separator
66. Specifically, as shown in FIG. 4, a liquid feed nozzle 50 is situated
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 nozzie 50.
[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
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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val ves or other means so as to be substantially equa

to the anobunt of gas that has been fed in fromthe

liquid feed nozzl e 50 and vapori zed. Therefore, even

when |iquefied ol efin nononer has been fed into the
cylinder 12 via the liquid feed nozzle 50, the

superficial velocity of the 5 gas inside the cylinder

12 is kept substantially constant in the vertica

AReS iR bthdhtheahd Woths| ok felsthetially egbil & ¥ amount of gas
limted to being disposed in the above-indicated

POt thay bebfi feckfiar flony thealigdid fead harrlgaso med ovipotized.
regi on, such as the above-nenti oned spouting area.
AThefdfotd, Véleh whiere disprefiedeslefin asdn@atphadObéen fed into the
provided, the liquid Teed 10 nozzle 50 may be

deyliederd] Detigwhe Nrpddffeed tiyzz26€ 50] @H@&hﬁbfﬁ@i@ﬂ ivelauity of the
line L5 is connected to a position on the cylinder 12
whis indide ftheheylindean] 2 His kepprovisstantiuilsacohstaht én3te vertical
and polyol efin powder containing olefin

pdiryetion.z Theokiquick fledstozzie 50, winleinot limitedito beimggdisposed
this line L5 to the topnost polynerization stage 15

2 the0sSjverinndicatedy Iposition,t e preferably epihodd nanta ligh gas
two-stage polynerization step is achieved by the
ovelbeitypr eggibgrersuzht i a5 thect above-mentidries olspbuting  area.
pol ymeri zation reactor 10A. In this way, the olefin
pAdteratineelyz i icases wderera deflédtort2d isnpropadedpthe liguid feed
and growt h of 20 polyolefin particles, creating

rebzele 56 may beydispobed belaw thedeflectes Hhvi ng  a

particle size of preferably at |east 500 m nore

pl06&] abl y Bt addigon,7@olinen Lanid commectodetprepesitisiny on the
at least 850 m thereby enabling the formation of a
neylindarab? ewhichitiechigher thenether topmost tubular pbafflen 39, and
to have the polynerization step be conmposed of a )
spolyptefin apowdest cpmtaining okefimcpoljanerization gatalyst solid
prepol ynerization reactor 9. In this case, a solid,
cpewtesis fed thraghhthisilineLiS5-tar thentapmast polymerization stage

Fggpolynerization catalyst is fed 20

[0069] Accordingly, in the present embodiment, a two-stage
polymerization step is achieved by the olefin prepolymerization reactor 9
and the olefin polymerization reactor 10A. In this way, the olefin
prepolymerization reactor 5 effects the polymerization and growth of
polyolefin particles, creating relatively large polyolefin particles having
a particle size of preferably at least 500 pm, more preferably at least 700
pm, and even more preferably at least 850 um, 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
include an olefin prepolymerization reactor 9. In this case, a solid

catalyst for olefin polymerization or a prepolymerization catalyst is fed
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directly to the olefin polynerization reactor 10A, and
olefin polynerization is carried out. Alternatively,
one or nore additional olefin polynerization reactor,
such as an olefin prepolynerization reactor 9 or an
ol ef m pol yneri zati on reactor 10A, may be provided 5
subsequent to the olefin polynerization reactor 10A so
as to achieve a polynerization step conposed of three
odire@tly soaohe. OREO] P wherizaffohy aleattor abdACataidysblefin
hbxt the ol efm polyolefin, catalyst and other

iotsdsl ¢arrieduotit.a A)lflstm'wly, chasec irbetbre 18dditional

OO In the ol efin polynerization reactor,
m‘lbﬁﬂl giolpmerieition qeactorpcrich asd amololefiaf |p1repolymerization
production system of the invention, polyolefin-- i.e.

aleatfor Poby reer o(leﬂ'mfpmiyhmnxmimeactoremm&, may be prov1ded
copol ymer)--production is carried out by the

mibseguentato dne olefinpalymenizationeféactor 10A so as to achieve a
(honopol yneri zati on or copol ynerization). Exanpl es of
qpadfimerizdtin Siﬁpmmpmaab@ﬁthme Dhinsorenstages.on i ncl ude

et hyl ene, propyl ene, but ene, 1- pentene,
40060hy! - | @&ﬁmﬁoy@l B;ld-@atabméne 1- hexene,

1-heptene and 1-octene. %ng72 One or nore of these

ol ef i ¥entytheeolafing polyalerinacatalyst, and wéhen sihstangasdused in

nay be changed in each polymerization step. In cases
ohitesysten] greedescabedn is carried out as a multistage

process a different olefin may be used in_each stage.
l{wo orImthe olgfin ipedymerization, reastormpobyolefin production

sui tabl e ol efin_conbinati pns that nay, be enpl oyed

iprocasreand polyplafsr preguetion sysstspwé%bmmyanaa@, polyolefin--

propyl ene/ et hyl ene/ 1- but ene, . ethyle e/l byt ene

diery Dlefe poljanen éolsﬁa kemgppekaner,sdetinecopalymen)-pmsduction

25 to oleflns it is alsq possible to use at the sane

tis mecapded o LRULc o |>th@r. polymegizationnt of sgBE or gmares. olefin

(%wmopolymenzatmn or copolymerization). Examples of olefins that
may be used in this invention include ethylene, propylene, 1-butene, 1-
pentene, 4-methyl-1-pentene, 5-methyl-1-hexene, 1-hexene, I-heptene
and 1-octene.

[0072] One or more of these olefins may be used. Alternatively,
the olefin used may be changed in each polymerization step. In cases
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/I-butene,
ethylene/1-butene, ethylene/1-hexene and ethylene/l-octene. In addition
to olefins, it is also possible to use at the same time various copolymeric

ingredients such as dienes.
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[0073] Aefin polyners (honopol yners, copolyners) such
as propyl ene honopol yners, propyl ene/ et hyl ene
copol ynmers, propyl ene/ 1- butene copol yners and

propyl ene/ et hyl ene/ 1- but ene copol yners may be
advant ageously produced in the present invention. The
production of 5 olefin polyners obtained by nultistage

pol ynmeri zation in which the proportions of the
B[Wrzr}r uni Olefigr yolgmess t(lwmopylyemets) gcegblgmsrs) such as

iffer in the respective stages is especially

¢1esl hohwopelyarark.epropylese/eflodehel copobydersn propylene/1-

nmul ti stage-polyneri zed ol efin copol ynmer by feeding
dnetehy popolymees and tpropylemesithylqed pdiuteme copolymers may be
reactor 5 and an olefin 10 pol ymerization reactor 10A
suhemtagedusiy produped vinethepprdsent énvention. The production of
copolymerizing the first olefin with a snall anmount of
alefine pobyiekis dbdainedr byr endtistageppblymerigation ciresvhich the
then feeding, in a subsequent stage, two or nore )
tprpgertions| off the neondmer tsy servipgras the pdlymer ingredients
addi tional olefin polynerization reactor such as an
adiffer inpthepeispective stages is eapeciallypreferredin Foregxample, it is
pol ymeri zation reactor 10A. This results in a narrow
messiblede forme adiniltistageipodyinerized oleém eopolymer by feeding
pol ymeri zation reactor 10A, nmking it easy to achieve
o11e Rype ob oefin 0 anaolefint prepalymenizatiengeagioerS and an olefin
particles. This approach is especially effective for
el ymerizationreacton QA 130 asotoefarml bemspolyrer particles, or
pol yners jnclude _propyl ene-propyl ene/ et hyl ene
seppipmerizing the first oléfin with a small amount of another olefin to

propyl ene- propyl.ene/ et hyl ene- propyl ene/ et hyl epe
@m@ﬁommmm/m&f@n éﬁga odings/int hpubsequent stage,
pol ymers and propyl epe- propyl ene/ et hyl ene/ 1- but ene, _, .
(WO, BB 1BOTELYRES @ to -tﬁPS@POEMFE aaéec(eﬁembm dditjonal
bet ween polypmers, and a slash ("/?).indicates {hat
tqjaﬁeérpqmaém@aaw P AS,Ht plefiny prgnalymerization reactor

olymer. O, these, the, 22 . ]
"o an olefin pofymex%zatlon 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.

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 (“-")
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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production of nultistage-pol ynerized propyl ene-based
copol yners which are pol yners havi ng propyl ene-based
nmononmer units, are called "high-inpact pol ypropyl ene”
(in Japan, also customarily called "polypropyl ene

bl ock copol yners"), and have crystalline propylene 5
based pol yner segnents and anor phous propyl ene-based
pol ymer segnents, is preferred. A multistage

OIRHEE  oF | IR RE RO Aneriod LBy feR bivedl cedpdtymers
i, WS SR s cle
ST ity o i e ety
arPEb By RAECBIES RRBIYMES", Hd X SRaainR? propylene-
PHESRD C[}S‘(ﬁl??l?éﬂ“ SeghR§R§Chhd© aﬁf&q&gggg ] Pgtgi@jflr?ﬁe%@ﬂy Bilymer

has an nsi c-viscosity, as

1 { efs! fpytrRrEPhiahelgsagel ¥Hz6@ pfopylene-based
psregréfabsl’ yfsl ?{n a range of f%o%eo.ﬁég{% 100 d%g.pyTﬁig ©

E%%S;Sﬂ)l RPb¥ ?éﬂvaﬁ%ﬁ_ by ey %ﬂ@ﬁﬁ@@ﬁnﬁﬁﬁiﬁg@ﬁﬁﬂﬁﬂ&izaﬁon,

excel |l ent heat” resistance, rigidity i mpact

r 85 iahiya bfder, 26 cepstalliiy ¢tlophepdyprspdlens Sepments ve random

conmponents Such as bunpers and door trim and in

Véspélyindiaségaaens olstairiel bgggogolzgqa&ingta) straldl amicved of an
r

packagi ng containers. 20 | eover, in the
opRifirh pthetTethianat peapyleast owitind anpsrphotief inabber segments

production process of the invention, to broaden the

rebysslyhaérizet fith othylerichptopylent ditts | af wptiomiingredient,
e o0

efin polyner conponents produced in respective

pan yolefinz athan tisdre pthylnebendi propyledd,eirenthe prdsence af the

wei ghts. The present Invention is al so advant ageous

rpssine iy Sech g Seputyne i e s, o
i measorediny | 2cddi-teprahlydeomeghthplemeaat i3l twhich i8Preferably
in a range of from 0.1 to 100 dlg. 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.

[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

producing olefin polymers having a broad molecular weight distribution.

For example, the intrinsic viscosity obtained by measurement as

23



10

15

20

25

descri bed above for the polynmer conponent obtained in

the polynerization step that produces the highest

nol ecul ar wei ght polymer conponent is in a range of
preferably from0.5 to 100 dug, nore preferably from

1 to 50 dug, and even nore preferably from2 to 20

dug. 5 This intrinsic viscosity is at least five tines

the intrinsic viscosity of the polyner conponent

Riseiibed 1abdvie Bot YR | FslyAierst @inbbabnr obutined tie the
| owest nol ecul ar wei ght polymer conponent. The present

I ?ﬁ{dﬁmﬁoﬁaﬂeﬁwpm'theﬂﬁgﬁémaﬂﬁ weight polymer
olyner in which the anount of he pol yner conponent

oeeht i tiheapringeeofzptdferasiyefromhi 05 10 POOAdlES more
t he 'hi ghest nol ecul ar wei ght pol ynmer conponent

preferably from 1110050 A/, baddent mire préfeealslyefiom 2 to 20 dl/g.
pol ymer.” [ 0075] The olefin polynerization catal yst

R ihtrifidie visooity dnat least Heedikeswhe dntirsiowiscosity of the
pol ynmeri zation catal yst used in olefin
lyneri carhponent bbteihedtinvtheepohphesizatioh wiep that produces

iegler-type solid 15 catal ysts formed by contacting a
shé lodwest aiolstulapsyeightipobanencompenent.t diieupresent invention
magnesi um a hal ogen and an el ectron donor (referred
tcanbad vantageousip tprogate amplefan polyeniit hwhich the amount of
or ganoal um num conpound conponent and an el ectron
dheopobunmo vamponent whtainedc énethey pelymetizdtiont sieps tvghich
prepared by supporting a netallocene conpound and a 20
produeds/the highesthamleculaa weight pelymar cosaponent accounts for
Combi nations of these catalysts nmay al so be used.

[fommd). 1 W80 g % afithalojefinpalymerti o as a

titani um magnesi um conposite catalyst nmay be used as
aoasyst c rdefinApelymerizatiom catalyspruspdr it ithe invention
Ziegler-type solid catalyst. This conposite catalyst
mayrmbebe d&imoavmeaddigionomalymerization teatalyst cusedouind olefin
a magnesi um conpound and an el ectron_donor such as .
podymerizationg. 2Ulustrative examples include Ziegler-type solid
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
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
may be obtained by contacting a titanium compound, a magnesium

compound and an electron donor such as the following.
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[0077] Titani um conpounds that nmay be used to prepare
catal yst conponent A are exenplified by titanium
conmpounds havi ng the general formula Ti (OR )aX4a
(where R is a hydrocarbon group of 1 to 20 carbons,
X is a halogen atom and the letter a is a nunber such
that 0 < a 5 < 4). Illustrative exanpl es include

t et rahal ogenated titani um conpounds such as titanium

tgjquh' Or i 4%anflimnéd dgcthat ey et Asdd! 6 GrEparendatalyst
suc

s etoxytitanium trichl oride and butoxytitani um

té&@ﬁ?@é’ fa aréjéibihgﬁﬁéattgdtiﬂdrﬁhhpwﬁiﬁo@mﬂ@ hakAAg ehe general

suc I et hoxytitanium “di chl ori de and

dfihesy Tid@RM UK, Ji Goherd & ismnHyairocaibonegréGp of 1 to 20

trial koxytitan um conpounds such as triethoxytitani um

C, nde T t i ; i : <
tée%%?”aa Xeixth hhldgent s, drahitienetter ar fsdeaumier such that 0 < a

koxyti tani-um conpounds such as

t e qieivativt dxatiplag dné l@lﬂé&@ﬂ'hh&wg]bhafﬁdlmanﬁﬂmsﬁ)mpounds

titani um conpounds = may be used singly or as

cael aatitadanviettavhlorideptrthdlbgensted dIROXHitakigmesompounds

conmpounds that may be used to prepare 15 catal yst

caualp gt ethoxyeitandan! ticlddride raghebutoxytivanioundsrichloride;
whi ch have a magnesi um car bon bond or a

nditadegetiatbd ddiadieoxytitadivand cohporimisr sdelri axy disihioxyyitanium
and magnesi um conpounds whi ch lack a reducing

aftichidnide | | langk r adibutorextitapien of dichjordé;um momohahogenated

whi ch have a reducing ability include )
dtrad.lkak?ﬁmanu reongpundsl suchc s aiethoxytitanium chloride and
di net hyl magnesi um di et hyl magnesi um_ di butyl ragnesi um
atributbuytitatitgl chiprids;and sétkgalkeyytitanivwmh eoimpesmsiscsuch as
as butyl magnesi um chloride; al kyl al koxynagnesi um

i andtetnabetoxyytanims | Tingsednanium compounds
al kyl magnesi um hydri des such as butyl magnesi um
hoiryi beusékh singlyrag as siombinatipns od$wioeott mgra thereof.
reducing ability may al so be used in the formof a

c[0878x conplagnesiwht coanpoudn othiatinimaym bonpssdhdto Jprepare
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
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
reducing ability may also be used in the form of a complex compound

with an organoaluminum compound.
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[0079] Illustrative exanples of magnesi um conpounds
which lack a reducing ability include dihal ogenated
magnesi um conpounds such as magnesi um di chl ori de;

al koxymagnesi um hal i des such as net hoxynmagnesi um

chl ori de, ethoxymagnesi um chloride and 5

but oxynmagnesi um chl ori de; di et hoxymagnesi um conpounds
such as di et hoxymagnesi um and di but oxymagnesi um and

um S j
TEOTST, o RGBSR B o aBaTREn U aUa e A lck
I - Cor Gt E WBieS@ids such
SRhRIBEIAGIrchde HihdBYchRed BARALILn COLAE such as
‘ 0 idd; pr embﬁgmap R KnRatideet haghch

?rﬁg%{]gﬁhr?agm%%hggﬁpound having a reduci ng abil i t;/:. as
[ Qﬁﬂi}gﬁ: dsiiimdonghloridiit  NétoRPmiasfdsiuen Pr &ildofide  and
ggtaly t ﬁ%%nponent A include oxygen-contai ni ng
hRekyAAgHeSmS ENBHES didlkeRphBgnebieme! Sompoiudides such as
al dehydeS, carboxylic acids, esters of organic 15 or
idi Vinfagfdsiism etded s, dﬂ@lt@x?fﬂeﬁ?@sﬁﬁﬂ; achfld magnesium
anhydrides; nitrogen- containing electron donors such
FarboxPlates, sl aemaghidshimdaurdid andspagassiues steurdte. These
organic acid halides. O these electron donors, the
ihggn&fiuimocampoundsi dwhidler fackor ganedueioigd sbilitys mag be
ethérs is preferred. [0081] Preferred inorganic acid

sundg wdtdeh sarei saithesizpdyeither 20 divancg ¢that the time of
general formula R2" Si(OR3)q.,, (where R2 is a
featialgsar dompopent pAof prepacatitth,c dyooms kaovwar hythodn from a
atom R3 is a hydrocarbon group of 1 to 20 carbons,
andghéstuhetompoondshavingmedusinghabibigy. 0 _< n < 4).
[I'lustrative exanples include tetraal koxysil anes such
é[@OSOﬁt r aneleottpri Idoners t that astdyoxysiusede tangrepare catalyst
tetrabut oxysil ane; 25 al kyltri al koxysi |l anes such as

dnentmeA hinglaideamxygenttortriniingt leteofrorl adenors such as
butyl trinmethoxysilane, isobutyltrinethoxysilane, 26 .
alcohols, phenols, ketones, aldehydes, carboxylic acids, esters of organic

D

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
having 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 a number such that 0 < n < 4).
IMustrative  examples  include  tetraalkoxysilanes such  as
tetramethoxysilane, tetracthoxysilane and tetrabutoxysilane;
alkyltrialkoxysilanes such as methyltrimethoxysilane,
ethyltrimethoxysilane, butyltrimethoxysilane, isobutyltrimethoxysilane,
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t-butyl trimethoxysilane, nethyltriethoxysilane,
ethyltriethoxysilane, butyltriethoxysilane,

i sobutyltriethoxysilane and t-butyltriethoxysilane;
and di al kyl di al koxysi | anes such as

di met hyl di met hoxysi | ane, di et hyl di met hoxsi | ane, ‘
di but yl di et hoxysi |l ane, 5 dii sobutyl di net hoxysil ane,
di -t - but yl di net hoxysi | ane,

TSR b L Al
SO, SO st s

% nﬁ;% a'n@@e éﬂ:ﬁ as dunethyldlmethoxysﬂane
yl et I et hox SI ane an
tdlgg{ l‘lﬂﬁéﬂiﬂ}&ilﬁh@oxys' | ane. [0082] Pr edl%tfwlﬁfeﬂ%ﬁfsllane

acrd-esters | nclude nonofunctional and polyfunctionra

gﬂ??ﬂf! &S, such as aliphgfi-® @ﬂ&ﬂiéﬂhd) 1
@ i u ®ysilane,

allcycllc carboxylic acid esters and

%&g%ﬁb&ﬂ&ﬁﬁ@ﬁd MRilased  est putyletilylifhedidnsilane, t-
exanhpl

es "I ncl ude thyl” acetate,” etlyl acetat’e,

t?l&heﬂ{y‘l&hﬁgﬂkﬁ;%gﬁ‘aﬁw pr opi onat e, et&MeMPﬂlM&ysﬂane

[ val“er at thyl” acrylate, ethyl acrylate

b disthdeedildm, e dibityidictitnaailate, Slitobutyddiedadeysilane,
nmet hyl tol uate, et hyl t ol uate, "ethyl anisate, diethyl

dicchngll dietlibppsildnes ucci nat e, di et hy bubglmethiytdiethoxysilane,
di butyl" mal onat e, di et hyl mal eate, dibutyl naleate,

ldia&@k%ﬂ diabdttybutylmethyddiethaRysiiaay|
Iﬁz - Nn- bg?yl pht ha ateﬂgﬁd dlﬁg%butyl

@osau at ‘. Pl%fefredr ethemic eid esters| indtuds sadnofiretional and

i phatic carboxylic acid esters such as nethacrylic

golgfasitiorml gerborylic avid dstersessch asdaliphatic cachakylic acid

esters. Phthalic acid diesters are nore preferred.

[€2068) dlidyeticr ahrbcagdrca meid estérsehhdr aromaticdeardioxiykig! acid
et hers such as i ethyl ether, dibutyl ether,

distersbut Hlustrtatiore, ediamples eirtvdnde ohmﬁqdnyﬂcetaéeh eathyl acetate,
nmet hyl butyl ether, nethyl isoanyl ether and et hyl

irnethyll y prepionate, Eihyl propionate, ethyl butyrate, ethyl valerate,
methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl benzoate,

butyl benzoate, methyl toluate, ethyl toluate, ethyl anisate, diethyl
succinate, dibutyl succinate, diethyl malonate, dibutyl malonate,
dimethyl maleate, dibutyl maleate, diethyl itaconate, dibutyl itaconate,
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] Illustrative examples of ethers include dialkyl ethers such as
diethyl ether, dibutyl ether, diisobutyl ether, diamyl ether, diisoamyl
ether, methyl butyl ether, methyl isoamyl ether and ethyl isobutyl ether.
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Preferred exanpl es include di butyl ether and
diisoarnyl ether. [0084] Illustrative exanpl es of
organi c acid halides include nono- and pol yfuncti onal
carboxylic acid halides, such as aliphatic carboxylic
acid halides, alicyclic carboxylic acid halides and
aromati c carboxylic 5 acid halides. Illustrative
exanpl es i nclude acetyl chloride, propionyl chloride,

¥ SR indl e M TR ARL RS Pt

- JRPEN o IR RRiples oL Bl aPKE alldls Include mono-

ﬁ#ﬁgggﬁgﬁl@ﬂoﬁ‘&f E@lge%ﬁgrl%héap! Klidey %@Pfﬁj aﬁgﬁaﬁ)& Rarboxylic

omat1 c oxyl'ic aci d chlorides suc

. | .i < t . | . N v .
R S e

[R98 fﬂalfd@,vpllﬁasﬁatwst&eﬁﬁgregr i8S ddegyc shRifiéd, propionyl

conponent A 1nclude the followng. (1) Reacting a

adgﬂaﬁﬂe,”a%ﬂ hAgm &Hﬂﬁ%ﬂd,va@éroﬁ}'lC%Iﬂbﬁﬂe?”ﬁé?}%ﬂr_l?{}ch&oride,

a magnesium conpound and an”el ectron donor’, W

RhefHaR kA NEhlGE@a)! bRl t thRiridg wWolibyl tdHleritem anisoyl

conmpound Oor with a'titani Um conpound and an el ectron

defideS sdedihhichidride, Shlaléhyinahkedonmalayd widoride, &aconyl

conpl ex” conpound of a  solid nagnesi um conpound and an

Qli6tife D phthaley! Rhdotie anPesterred examplaimsluge tdromatic

titani um coimmpound”and an el ectron donor. (3) Reacting

akbeiey o meih ehlordsosmuad benwby behlatide] tohioylidhfuride and

conmpound in the presence of an electron donor, and
iphikgioyd chiwrider Pattilogt chiorite i3 espetially prefersed.
conpl ex. (4) Further treating the reaction product

0, | Exmwpis o ey epuh g cmponen

tintRudeuthie folipoving, 28

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

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

titanium compound.
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(5) A nmethod in which a solid product obtained by
reduci ng an al koxytitani um conpound with an

or ganomagnesi um conpound such as a Gignard reagent
in the presence of an organosilicon conpound having a
Si-Obond is treated with an ester conpound, an ether
5 conpound and titaniumtetrachloride. (6) A nethod in
whi ch a solid product obtained by reducing a titanium

BT R helhd i o\&ggczﬁsé*r@;gcﬁpg@%ggggs@w bPereducing an
iy 8%!‘9%*%@&%?%9%#@%?3% FREREnERTRUIA dompoyyd such

orgam ¢ g% @%‘%?ﬁ%@gﬁeﬁ%gﬁ%ﬁ éeate Eég@‘ibénpound
t f
compaURE o, SRR 10 A AP AORAST n ethe

Raniuint 8CH-ALRI achl oride and an ester

con‘pomjhﬁsdo ”E g method 1 n vvhlbgltﬁiét he product of the

ﬁ@gt Rcﬁ‘le%diléﬂ SWElcPf a 3ol O@Odula’é obraified lS*j' RYdiEingr ¥ Yitanium
tai ni ng al cohol

nesi um an ogen-cC IS

con
Cor Sl A AU e presnce of

elt

hal gg eB%dﬂiﬁﬂ?&ﬁi‘tc (Wiﬂd"ﬁi‘t aﬁl{ﬁ%anbkﬂﬁiﬂieﬂbmﬁo%m&and an

nmet hod whi ch eS| um corrpound such as th
Mg RefrWBmpBuAdlis thiatéd anistdef, ;meture of an ether

al koxymagnesiumis contactfed with an el ’ectron donor

and canipdaid widc tirmtiunt tetachleridep! fotloiwngl byeah nergianic acid

wi th a "hal ogenati ng agent or without such treatnent.

( 9) hhlidatdoia gbﬁﬁd e thie treaticbboléd is subsaquentlyetrbael with a
a

to (8) ove wth a hal ogen, a hal ogen conpound

Or m:@ﬁﬁ@f hf eibvélr eorapband aad fikeseh tetrachboridove a mixture

net hods for preparing catal yst conponent A  nethods

(1) o&“@m&heﬁb@nmcﬁﬁﬂg titahiufo esteacidotide andfarpesterceatripound.

are
(7Y A method in which the product of the contact catalysis of a metal

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
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.

[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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generally all carried out in an inert gas atnosphere,
such as nitrogen or argon. [0087] In the preparation
of catal yst conponent A, the titanium conpound,
organosi |l i con conpound and ester conpound are
preferably 5 used after dissolution or dilution in a
suitable solvent. Illustrative exanples of such

sol vents include aliphatic hydrocarbons such as

hexan tane, 0 n : ' :
raebaLy sl Eaafia, ofE b AR BE: 55 30G0nBHEE shEh as nifrogen or
hydr ocar bons such as cycl ohexane, nethyl cycl ohexane
é%EOHECaIin; and et her conpounds such as di et hyl

TE08h,oY n€ Shamch, B AV, i@, he fgniom
FAPRROGHL St DRYLARTEL DA i Sy PR RS by
S, e iRl ARG E S SUBALE, Ty

Me§ %%ucﬁ&&lﬁ}gtﬁ i ?l#gég(l)@%ﬁdhid&%f%é SuchPathexane,

OpW <e -a € “or ganonagnesi um
| g _ .
SRARHE et e St e
o ) o .
?ggg{le, gh&g%lgczhgdfdﬂa!rﬁ%é‘ Sucl?'aR cﬁ;&)ﬂ/&g%)%claetr, 'r?ﬁee e lgtﬁexane

r’on, eguent reactions
u a}@b 130G agi 1 ether,
%Ffé‘eﬁgrgg |o’n5§?lc{tg§1;?ys c%ﬂﬁ'gonent a%cﬁ%ﬁgﬁ?&etgsig,l %igﬁty etier,
rfal aﬁ¥r9ﬁd%ﬂi'§ﬁhﬂﬁﬁﬂin the presence of a
porous terial such-as an inorganic oxide or an
q08881C POl yiEie ti¢h 8f bﬂmyét%cﬁﬁgbﬂeﬂtf Adld terhBerature
impregnate into porous material. Such porous

"Bt @e ﬁi@oﬁ%&éé@c%xy whHieM Quses il ergaim siBnPebmpound is

radius o m 20 to 200 nmof at Teast 0.3 25 nug and

RS TR0 o RO, S St iyt v
T codt, Weftinpaature is preferably from -30 to +50°C, and more
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.

[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

ml/g and an average particle size of from 5 to 300 um. Examples of

porous inorganic oxides include SiO;, Al;Os, MgO, TiO, ZrO; and
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conposite oxi des thereof. Exanples of porous polyners
i ncl ude polystyrene-based porous polynmers such as
pol ystyrene and styrene- divinyl benzene copol yners;
pol yacryl at e- based porous polynmers such as pol yet hyl
acryl ate, nmethyl acryl ate-divinyl benzene copol yners,
5 pol ynet hyl nethacryl ate and net hyl

nmet hacryl at e- di vi nyl benzene copol yners; and

p e e R L
Lol aa0ar SRR, BBETRFy TR &Y 2vE0lene pnd styrenc.
e e I e o
BOSH ALYTRRLTRRET qdMe i gL eiolymers
e B e
SRS, o PRI et d ot RIS ShEh ABffUlygRene,
PRV RREely T rork Py | FOkvaiiesS and pepAopyife,! NOF these
?é%ﬁwgﬁs su’g %l(gft@ffiﬂ et hy ﬁ-gﬂiﬁg%e%ne copolymers
géfgit%?%ﬁ.gaal um num di al kyl al um num hydri des such as

uni num hydri de and dii sobutyl al um num

Fertiiede. Lk . y 1
0 etgr% . TREKYE 1 b@ﬁ?cﬁh@ c@inponent used in the

m num chl ori de and 25 i sobut yl'al um num

gﬁ;‘ k4tfon OFPd Zie?e@&ol@d icatalyyhad uienstonet dlutninum-carbon
afkyl al um num hal i de, such®as a m xture of
thosd Motk aheMnsieetet ind Jhay typically have one of the following
general formulas.

R4mA1Y3-m

R’R°AI-0-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,

[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
diisobutyléluminum chloride; mixtures of a trialkylaluminum with a

dialkylaluminum halide, such as a mixture of triethylaluminum with
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di et hyl al um num chl ori de; and al kyl al unbxanes such as
t etraet hyl di al unoxane and tetrabutyl di al unoxane. O

t hese organoal um num conpounds, the use of a
trialkylalumnum a mxture of a trialkylalum num
with a dial kyl al um num halide, or an 5 al kyl al unoxane
is preferred. The use of triethylal um num
triisobutylalumnum a mxture of tri ethyl al um num and

AE By ™ %“é&fﬁ* e o G
SEFIBISH GRS, S EFRBATGly e =, 0 © e
Sy o end%t b R AL s micre
;oggsxyﬁa}ilgﬁ? ac:l%l‘ﬂam es and m%%dggaﬁgém or an

'H]ques torehl I es ”g)rgfe?i“etd on dqp@r s ygalCho@s tH aﬁlmmum

I socyanates. O these elecCtron

I NQr gapighael d 5 e aAehigther s
are pr errggﬁﬁ’?’do of> SEIdhS] and

Preferred inorganic acid esters

éﬂ%@ﬁ@[ﬁhﬁi\{ﬂ tm@ﬂg‘lﬂﬁlﬁﬁﬁﬁhﬁb i§ ficve preRired.
where RS 1's a hydrocarbon group of 1 to
00921 bons pLampiediofogie Al&tromidondr dofpsbmeadrisd in the

roupof 1 to 20 carbons, and the letter 'n is such

tﬂl@?aﬁauﬁ)ﬂ‘ of #*Viedlkt §§Ilﬂ addtaly st nelodenthesfol lmsbingecommonly

toxysil ane; butyl trinméthoxysil ane,

- @l'éét}oﬂ doneRY! do® géﬂéwx"itémil@g electron donors such as

|cyc opent yl di met hoxysiT'ane and

%%%Xﬁhﬁﬂé dkafeoneex uiddhydes, dadb@dlidraeids,r b esters of

ethers | ude “di al kyl" et hers, and di et her conmpounds

Wrghfit 82 Medr@anioadidsaettiert, Gclil s3Rides. and acid anhydrides; and

nitrogen-containing electron donors such as ammonia, amines, nitriles

and isocyanates. Of these electron donor components, inorganic acid
esters and ethers are preferred.

[0093] Preferred inorganic acid esters include silicon compounds
of 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 such that 0 < n < 4). Illustrative
examples include tetrabutoxysilane, butyltrimethoxysilane, tert-butyl-n-
propyldimethoxysilane, dicyclopentyldimethoxysilane and
cyclohexylethyldimethoxysilane.

[0094] Preferred ethers include dialkyl ethers, and diether
compounds of the general formula

[C1]
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R'OCH -CCH-OR' all In the above fornula, R11 to R14
are each i ndependently a |inear or branched al kyl,
alicyclic hydrocarbon, aryl or aral kyl group of 1 to
20 carbons, although R11 or R12 may be a hydrogen
atom Illustrative 5 exanples include dibutyl ether,

di anyl ether, 2,2-diisobutyl-1,3- dinmethoxypropane and
2, 2-dicycl opentyl -1, 3-di met hoxypropane. [0095] O

t hese el eat:ron donor conponents, an organosilicon
conpound of the general fornula RI5R16SI (OR 7)2 is
espoplak)-xRugf@nred. Here, R15 is a hydrocarbon
group of 3 to 20 carbons in which the carbon 10 atons
nei ghborigg the silicon are secondary or tertiary.
Illustrative exanples i ncl ude branched chai n al kyl

Jho e r%ﬁﬁ%cy &]%rp@py{o E’écareb%ﬁﬁ , inld@ én@éﬁﬂ’j/ aa'lﬂlear or

cyl groups such as cy I'opentyl and

Oé%hgﬁg l:?p% c?%héh as paeny éﬁg tolyl. I%ﬁﬁ;ﬁi@f)’ﬂ to 20

Car Elg aﬁ?:ﬁugﬁ RIhygr REarmgy 88 O&JFh ogén ]atbﬁl 20]1lustrative

trative exanpl'es of ch™i ncl ude

ygi&& dae afiiby pregm Sdiin aweaylzzeamdb 1-1,3-
prop buty

and penty br’anche al kyl” grioups suc

cyc P&W&mﬁ%&@@ﬂl gbﬁiﬁerﬁyl-)ﬂB ~difettidypa Hﬁexyl

roups stich as cycl opentyl and cycl o

gp@g@i' kenyOf Heaepelédtidh aéoW'dmﬁpéﬁémb @ﬂdo@anbsﬂlcon
ou such as phenyl and tolg } 20 Also, 1 n the above

rﬁgbﬁnd RBfthe ?eﬁeﬁl Fopealdar 6@1@05.1”)% ig @sp'&lally )1:>referred.
carb to

and i S preferably a hydrocarbon group of

HER, Msis 2 Ky drechfiin grogxafiBl ws2@afiamniaswhiclothe carbon

compounds that may be Used as such el ectron donor
CRBR eRighbdiing/dhet silicohutid -secondary or tertiary. Illustrative

propyl di met hoxysi | ane, dlcyclopentyldlnEthoxyS|Iane

aihmpRscinehale brargshed chaiet Atkel sglowps. 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
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.
Also, in the above formula, R'7 is a hydrocarbon group of 1 to 20
carbons, and is preferably a hydrocarbon group of 1 to 5 carbons.
[Hustrative examples of organosilicon compounds that may be used as

such  electron donor  components include  tert-butyl-n-

propyldimethoxysilane, dicyclopentyldimethoxysilane and
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[0096] In the preparation of a Ziegler solid catal yst,
the organoal um num conpound conponent is used in an
anmount, per nole of titaniumatons in catal yst
conmponent A, of generally from1l to 1,000 5 noles, and
preferably from5 to 800 noles. The el ectron donor
conponent is used in an anount, per nole of titanium
atons in catalyst conponent A, of generally fromO.1

SR R L1 2 o T 000 s
Bilatcr, o R prrdaBioh 36608, ZicBIeh PUIREVshtalylh,  the
ARy B Ao [ nbind o ol

bt

E or nma

°5E81 Sy 8 by L RS, RS Bty o 1 10 1,00
SRRty Y B0t ek donor
RIS IS B LA Sl Sy
CHRiBFheht 2 8 4Gk aty Rinfo esonnrbts prif8Bly fom 03
PEPSD B A BREBR Iy o 53 omclcg] U

L@U@’)‘] a. 2 OC'atayg’knﬂo gbro‘naﬁ?xféﬁitmﬂ,? thd/ bfgaﬁohhﬁﬂﬁﬂrho kompound

tal x is an satisfies the atomc

V&Bxﬁ?ﬁggﬂ{ oa&iaethé aélé&:ﬁbﬁndaﬁbﬁlcol%p%mllmasy bd igatght into

atta the transition netal. east” one

REAISIASE pefohs beird BRNCh hilidage yel peeriaadoanishctor

0 : . L
R 0 S B oy e
PEGHtaEREl Withid € Hefictdr, r AbRimutivaly "y twoof these components

may first be contacted with each other, and the remaining component

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.

LM
In the formulé, 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.
[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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[0100] Ligands L having a cycl opent adi enyl skel eton
are exenplified by (substituted) cycl opentadi enyl
groups, (substituted) indenyl groups and
(substituted) fluorenyl groups. Illustrative exanples
5 include cycl opent adi enyl, nethyl cycl opent adi enyl,
tert- butyl cycl opentadi enyl, dinethylcycl opentadi enyl,
tert-butyl- methylcycl opentadi enyl,

TRy RORTR A aF b,

A ey 1 oy il
4 t i , : \ TN -
ﬁ’ﬁeentqﬁﬁﬁ.%ﬁd é@?%’“ﬁ*ﬂ@?‘ﬁ%’?. egelt F@Ed-iﬁ%%w Sy fSubgtituted)

PR B I T camples

; but yld dﬁﬂﬁﬁrt-bu ' Hgmﬂ -
gﬂ%ﬁéidenyﬁ% 2, -é?net yﬁndeyﬁ%h2?7-di%%?ﬂ???ﬁgghyl, tert

; ' xadenyl , ' | i nde -
ey dlbpematieny L0 SRyl cldpermaticayl, | nereert-butyl

t diegylyet hyl - 5- phepyihytd dcyclopentadienyl,
TmRfieflebERARANAdieRYITEN NV - o DL ety dsotopydcyclopentadieny

fﬁiiﬁéﬁﬁ%ycl&g@nta@ié@lbw fluorenyl, tetramethylcyclppentadfienyl,

2,7-di “tert-oputyl fl dorenyl and substituted versions o

théh Icelspraradiengl,e ﬁia@nyl,ar¢,5§6,mmwo‘@fdenyl, 2-

I'i gands having a cyclopentadi enyl skeleton, these

| ingeoplindeay1ps-methiplihdenylk ol-iethylindenyl2 65-ieddiylindenyl, 6-

Li gands L other than those having a cycl opent adi enyl

sietleplondeaand, Pxaetlylindenyby2-hetdnagtindehypl3-tat-butrisdenyl,

hal ogen atons and hydrocar bon groups (excl uding

ot-temsotglindanyl, cySitortebitydindenyl,t Beteat:baty liridelnsd on)7-tert-
[0102] anpl es of the heteroatomin the

Hsutgtindenyt,bear2,dalinkithygindeylj nc! dFedime@atindenylur, 2,4,7-

nitrogen and phosphorus atoms. Such groups are

S T B I T T
anetlpd-4,5¢yérmindenyds duphenylindenyl, 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.
[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

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

groups are exemplified by alkoxy groups, aryloxy groups, thioalkoxy
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al kyl phosphi no groups, aryl phosphi no groups, and
aromatic or aliphatic heterocyclic groups having on
the ring at | east one atom sel ected from anong
oxygen, sulfur, nitrogen and phosphorus atons.
Illustrative 5 exanples of the hal ogen atons incl ude
fluorine, chlorine, bromne and iodine atons. The
hydr ocarbon groups are exenplified by al kyl, aral kyl,

et g Fy b, Ik GHmMNG SrodBR! CaryIBAfiiG, groups,
R R
T o BT e i s s
Z%r%ﬁ %?@%tﬁm t%ﬁ% %6%*%% aborBs! | thRtative

(bR ?@svbg@ﬁa %l@%éh _a%rpﬁeimsma'é MiosRR; chiléith€ Bromine and
groups; substituted silylene groups such as 15
o oS! . ! ; as

idHhE h%alk(yjilgﬁblew&&a%ﬁ Igrairlgg fre SkANPHed Ib% ?gfyq; aralkyl,

t et r amet ene and™di net hoxysi |yl ene;

h f A _nitrogen, oxygen, sulfur and
pﬁ%@éﬁ%ﬁus. gygﬁﬂgng met hyl ene, ethyl ene,

d[mﬁﬁgyl et Iyl6 oe méf_eSﬁgle HayDe dirscﬂ% linked to each other
dr phenyl net hyl ene, di nethyl silyl éne, diet

yl silyl ene,

dbp eayy be link&D thronghth F&idas wonkaihbie aplease dpectypl! of atom
preferred. 20 [0104] Illustrative exanpl es of

Ngdjatiedc §PemC anien dearbodl, Usiticon, nitrogen, oxygen, sulfur and
e

bi s(cycl opent adi enyl ) zi rconi um di chl or1 de,

bpRésptidink C drirmp.ent Mlliserayive exaniplesn of ahichr irdsidues include

bl s(i ndenyl)zirconium dichloride,

bakdylere graupﬁtﬁ@mﬂrrﬁéﬂg&mé,) ethytee amd @irggymi'e;i gubstituted

et hyl enebi s(i ndenyl ) zi rconi um di chl ori de,

o BPOh o1 PHn T Gt byl o1yl aReb (s naemy 3 2 Peom m?
T r s T ey B bpant aci anyl) (B s2g Pear i 2
- dithgthysilylene, diethylsilylene, diphenylsilylene, tetramethyldisilylene
and dimethoxysilylene; and heteroatoms such as nitrogen, oxygen, sulfur
and phosphorus. Of these, methylene, ethylene, dimethylmethylene
(isopropylidene), diphenylmethylene, dimethyisilylene, diethylsilylene,
diphenylsilylene and dimethoxysilylene are especially preferred.
[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,
dimethylsilylenebis(trimethylcyclopentadienyl)zirconium dichloride,

dimethylsilylenebis(indenyl)zirconium dichloride and

36



10

15

20

25

phenoxy)titani umdichloride. Additional exanples

i ncl ude conpounds in which the dichloride has been
substituted with di net hoxi de or diphenoxide groups. 5
[0105] Cocat al yst conponents that may be used in the
preparation of netallocene-type solid catalysts

i ncl ude organoal um nunoxy conpounds, organoal um num
conpounds and boron conpounds. [0106] Illustrative

t etr anzﬁﬁm@j&ﬁ O@ﬂd&rﬂbﬂi@ﬁ%ﬁl)(g Sughestehutplpude

Ialumn t et raet hyl di al um noxane, 10

t . '
r@éﬂﬁ@{g{)tﬁeﬁhﬁhﬂ ﬂlcﬂﬂbﬁ@l@ IAQIdiﬁbﬁéé]y egaipled dex{ade. compounds

um noxane, eth y al um noxane, utyI al um noxane

3ad viteieh! ghendiebiaride hAd OFden | dubstinaedy evigh adithetha¥ide or

or ganoal um num conpounds i nclude trinmethylal um num
tleﬁgﬁyj{ﬁ\i tri-n-butylal urni num

I sobut ylal um num and tri-n-hexyl al um num 15 [0108]

folesyrati v€oe teforapoheits thapmegube useddnuie preparation
tr| s(pent af | uor ophenyl ) borane, tri phenyl carbeni um
tefl r adatalloeanrieatypeor aobidny batabystat dnclude or%anoalummumoxy
tri(n-butyl)ammoni um tetrakis(pentafluorophenyl)
hmapeunds] dighhdalmbinim eohpounds drel befon compounds.
i s(pent af | uorophenyl) borate. 20 [0109] The granul ar
qen06$r t halllusmative usexhrpleshe of epthat | engarioaluminumoxy
net al  ocene solid catalysts is preferably a porous
udmpeneds indludsttetraimethyklialuhieexahetdtraethyldiakieninoxane,
I norgani c oxides such as Si 2, A1203, MyO  Zr 02,
Te@adbuBAdlutithxaine) temheaybthihnm:lmdams mct}r;ﬁlalymyanoxane,
m nerals such as snectite, nontnorillonite,
rethytalimnénox aye mnyaAMmam ared hexyl ai&nmgmm:
pol yners such as pol yet hyl ene, Eglypropylene and
JO0@he- dilliustrativenzexamplgsol gireorgarodloiiohm compounds
Met al | ocene-type solid catal ysts that may be used
iincludee trimethylaluminum, triethylaluminum,  tri-n-butylaluminum,

triisobutylaluminum and tri-n-hexylaluminum.

[0108] Ilustrative 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.

[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,O3, MgO,
Zr0,, Ti0,, B;0;, Ca0, Zn0, BaO and ThO,; clays or clayey minerals
such as smectite, montmorillonite, hectorite, laponite and saponite; and
organic polymers such as polyethylene, polypropylene and styrene-

divinyl benzene copolymer.
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those nmentioned in, for exanple, Japanese Patent
Application Laid-open No. S 60-35006, Japanese Patent
Application Laid-open No. S 60-35007, Japanese Patent
Application Laid-open No. S 60-35008, Japanese Patent
5 Application Laid-open No. S 61-108610, Japanese
Pat ent Application Laid-open No. S 61-276805,
Japanese Patent Application Laid-open No. S
6 008, M58 SoffaPbataffdt® thhf nthw bR irtlude
6@% 05, apangégn at'ent App{:?c d|on Lalh‘%)gpen No. H
EF-@% idAEAHESfo éﬁﬁﬂ@ea‘lh Ahéde 'cﬁEnf\@ﬂi it LAR-open
éégg%%é Japa’nesre Patent 1% Appll;ﬁ)cati 0 IﬁLai d- open P
. N 6033, 1apanerPaRae ATHIRH: oPPhid8peA™No. S 60-35007
Eﬁﬁ%iﬁ‘én N CS s L L e p ’

gﬁ&b@& %ﬂﬂﬁﬁgﬁ@hﬁgn Taidlofsen No. $560-35008, i nese Patent

yneri zati on, cocat al yst “conponent such as

OAgagﬁ@ﬁ{iBﬁ" DHIE-0peAPNBNE &1-2086101 T4 enBatdhy Application
us together 1f necessary. In 15 such cases, the

NEARI-bPEE WMo ! S 161 -396805 CRipaingsé Patehtt ApplieaionllvHd-open No.

conmponent may be brought into nutual contact prior to

b §10-206008N Tapahdie PateriveA ppHtaton Tesidiopen Mo By6H89505,

separately fed into the pol ymeri zati on reactor and

CRipapieb€ APt Applivatonc tlaiid-dpdrer Wal | F13-234700, Japanese
respecti ve conponents nmay be brought into nutual :

CPrimtation of E@Ibl.%zpplibztti/omdei VHI 515020060 Fapahbse Patent

mass nean particle dianeter of the above solid
gAPpli)tatioﬁdtaidOdalﬁﬂ N d 836302 iand Japagese Patdnt Applitation
0

150 m In a gas phase polynerization reactor In

pBaid-opérniNo.tH 5003166s the scattering of particles
to the reactor exterior, the catal yst has a mass nean

@111 e 25Wihenet enetailopend-¢ypd|spliak chtadyst 0 used dndolefin
nore preferably at least 15 m The pol ynerization
opolynyerizdtion,ha cocatalyst axdmponent: suely as cnudegaridluminum
additives such as a fluidization aid and an antistatic
acbstnpound ofog dxoren compound may be used together if necessary. In
such cases, the metallocene-type solid catalyst and the cocatalyst
component may be brought into mutual contact prior to being fed into
the polymerization reactor, or may be separately fed into the
polymerization reactor and contacted within the reactor. Alternatively,
the respective components may be brought into mutual contact in a
plurality of divided portions.

The mass mean particle diameter of the above solid catalyst for
olefin polymerization is generally from 5 to 150 um. 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
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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with the polynerization catal yst of the present

enbodi nent, concomtant use may al so be nmade of a
chain transfer agent such as hydrogen for the purpose
of regulating the nol ecul ar wei ght of the polyner. 5
[0112] The olefin polynerization catalyst may be a
so-cal led prepolynerization catalyst which first

i nduces polynerization in a small anount of ol efin.

o I ) i 1 . - *, .
SRS Prchoah Mo Bid BRAUBP AntiBiatic additive. Together
i 'ﬂ{‘ﬁ]egﬁﬂ ﬁ?ﬁ(f 2GR OFTRE irrad hest S8RBomitan
aﬁgl ng tépeeo oﬂe in ir?gy beé p%ggélﬁurbslggaguﬂ;%lzt,’ or%'Dml t

E%‘%élg‘{a}"v‘g!t'sﬁo%% RIESE a?hﬁiﬂ tan %iezﬁ%ﬁ@hta% ‘?}?ﬁen for the

_ or produci ng the prepolymeriz
HoLl . Ty
ﬁ%?%gg?gg% aﬁ% gaso%%gggpﬁgg yﬁgfggég?%ﬁﬁéﬁ}

tlﬁﬂgﬁg S| Urﬁhep@ﬂéﬁrPéﬁﬁh@ﬁmﬁoﬂT@é@!ﬁQdma_ dise §-called
the latter in productton is sonetines ‘econoriically
aphepol psiepivatiohTAAIEL WHiER iy idduced polgthatiation iPaadmall
batch system a senibatch-type systemof a continuous
sambaft ofe olefs. MeExamplesclof blafivkerthaf be used in
prepol ynerization catalyst is from5 to 1,000 m In a

bhreripativieirictade ehe rslafingrthiad magrbé ¢igbd'in tiee above-
m nimze scatter to the exterior of the reactor, the
ndeseribednpelymerizatide. dnatiis @asesamigghy ajey ofitolefiisthay be
10 m and nore preferably at |east 15 m Mreover, it
i lisemiedbnaﬁbpt\&orortrhereaﬁtfﬁéltenpblefhi usedhtogether.
catal yst having a particle dianeter of |less than 20 m
qidd 183peci aMethbdss fthapraducing t theeptrepulyirRiikaiiohheatalyst
pol yneri zation catalyst may be introduced into the 25
rinehide, bt ars usgtetistited ito, ahinygr pohrherizatddry earid @as phase
the like. Introduction by entrainnment with nononer
qaﬂy_mbeirimﬁorer Ofdhese; shinrgpolynrergationsisgreferré® The use of
possi bl e.
the latter in production is sometimes economically advantageous.

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 pm. In a gas phase polymerization reactor in
particular, to minimize scatter to the exterior of the reactor, the mass
mean particle diameter is preferably at least 10 pm, and more preferably
at least 15 pum. Moreover, it is desirable for the amount of
prepolymerization catalyst having a particle diameter of less than 20 um,
and especially less than 10 pm, to be low.

[0114] The polymerization catalyst may be introduced into the
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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[0115] Next, the process of producing a polyolefin
using such a systemis described. [0016] First, a
pol yol ef i n powder containing a catalyst conponent 5
havi ng a pol ynerization activity is forned in the
olefin prepolynerization reactor 9 using an olefin
pol yneri zati on catal yst prepared by a known nethod.
[0117] Separately fromthe above, an ol efi n nononer
g@ dtlﬁlefed via line L30 into the ol efm pol ynmerization
or | OA fromthe nozzle 10 40, the pressure is

t t .
L, NP TS B 3B} A using such o
p%%éﬁlri'schésbﬁﬁeﬂr essure which may be any pressure

range at which the olefin is capable of being

PSR €06, e BB oSt mponen

8 AVPa{a ’ lyofr 0.
5'\%@ A a poﬁr@ﬁ@aﬁ gr?%%?:i—:‘ su%ig bel ow st aﬁnldar ¢ olefin
ﬁg&g&%at erizhlIBnPDROAGH |9 hdingRUndoReRAS %@eﬁ%ﬂ "Bltalyst

reacti on pressure ove equl pnent

dPb tdﬂﬁléﬁﬁ%eﬂ—ldﬂiy becone hi gh The

neriz t|on tenperature varies according to the

7;]f ”Unsg?ﬁratél Befrof®hRE WiRjvelaird blefit thﬁﬁgﬁfe? 1s fed
and 0 C

her factors, “al t hough a 20 t enperat ure
Reat ling 1130 fritothet dlefidl b zmﬁ@im refRer IBA@ﬁQﬁﬁlthE nozzle
at least 10C | ower than t melting point, iIs
4G, th@ ressurePi8rafsedaol the polsmaiBic pr&sufe, and the interior
pre erably fromO to 120C,~ ahd nore preferably rom
26 the dflidderst? id hemed. MRS poBPharizaon pledstrd,G0Rich fay be
is preferable to carry out polynerization in an
ey pressire Wilhih 4 Tadfe satbsitioh | thel vldfheds Oéapable of being
moi sture. The presence of noisture may |ower the
Rereyemt irztis macttds/a ?as phakbeispgenetally fbémostandard pressure
catal yst. Al so, the resence of excess oxygen,

dor L MPaGh >p'rdferab1}{?ﬁt)hmﬂ 2iite>8 MPaG] hnd more preferably from

0.5 to 5MPaG. 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
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
substantially free of moisture. The presence of moisture may lower the

polymerization activity of the polymerization catalyst. Also, the
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t he polynerization reaction systemmay | ower the

pol ynmeri zation activity. [0118] Next, polyolefin
particles having a particle dianeter of 5 from about
0.5 mmto about 5.0 nmm which have been obtai ned
separately by a known nethod are fed to the cylinder
12 through a feed line (not shown) connected to |ine
L5. The polyolefin particles are nost often particles

%e%gngé) olfoéxc‘éggto?){%e? ‘éﬁl’lﬁcﬁ $hofiGERRGF Lalil ?@ogﬁle within
YIErY zat1 on act Py Uy, al though the presence W thin
oBE AR b Raeh GeaclofMtienial SRIPABKIY, ' filtnerization

fin powder is fed into the cylinder 12 while
feediMg an ol efin nononer gas fromthe nozzle 40, as

in Fl , t 0 | ef,l owele
f@?@ med V\ﬁeﬁan pt6 Pgﬂ%o y?egﬁ‘?gts [ %%Mg/ z%g M?IET%E{]&“ of
i t h O e S oK i :
Fopt R o e S0°nACTAE Hagel kel obiained

, : : , Con
st de tggx gﬁdé)gnggglu?y%tgag gerre]%ditg t\?\lﬁi Aﬁi&)%ng fl g\i/\asa feed
Uy

Fﬁbtt SHRVAPEotthédted 16 IHRSLSAThE potydlefin Paitichds are most

annular structure of powder falling in the manner of

: [ i c V,

R s, Wil Shonot cbhuince, elalja (apGohorihs o

. : L ) )
TSIt ReaURy, ahongyte pistute it e paile of a

hatalyee BoinpoiRfit Watitiga pabimeriohti 6B Hctigitlyds attapRbld.

the polyol éfin powder” contai ning a catal yst conponent
8110y a poWhe pahiolefingsewdet ¥s fBdtintmshé eyliader 12 while

the prepolynerization reactor 5is fed fromline L5

i fabdirighan ojefim desndmenzad fithm ¢he siozzle 404 & sieswhihFIG. 5, a

time, thereby commenci ng steady-state operation of

tspoutedbed ob poiyslefiat powdeeds tformédAwithén tthe polymerization

particles of polyolefin 41 powder containing a

aagd 25t Thavixemidehake agtionpof theegag fiomrthe gas inlet orifice,

v

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
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 LS into the cylinder 12 at a
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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activity grow within each polynerization stage 25, the
pol yol efin powder successively falls through the
powder transfer device 1 and into the polynmerization
stage 25 below, and is eventually discharged fromthe
5 bottom downconer 36. [0121] Meanwhile, part of the
ol efi n nononer-containing gas forns a spout and
sweeps past the powder bed, while the renalnder of

t j it p e
H@@Wﬂgﬁaﬁbéﬁ% rEpQ%F% ﬁrgbﬁﬁﬁﬁ% s may Wﬁ ﬁoﬁﬁﬁenzanon
| g n e 1 o] r
ﬁi 0 \?d&gggnc%ﬁtcgcﬁoghge?%gﬁg%t |§o eo% 5ItO e polyolefin
g@é%&ﬁ*su&és@i\fél y ifiHs RRt Wﬁé?rtré‘rﬁféle&eﬂ&% 1 and into
efin polynerization reac o proceed, resulting

' t'hegi rﬂfatidi!ﬁsta%é QIqueq&“p falmlsweﬁmaﬂl)p amh@rged from the
2] “For a stabl

[01 spout ed ’bed to formin each

PebLIOR déwhtetherSéage 25, it is preferable that the
foll ow ng operating condition be 15 satisfied; i.e.,

taRi]he gaMeamviile,Cipait \of diee tolefid hRoRaHRr-dontaining gas

greater than the mni mum gas superficial velocity Uns

aforly &Rpaus pad! sdediphst theapewder Pedf evhille the IrBmainder of
addition to the physical properties of the powder and

aheegad diffosdaidbethe porion wif ndhen %@Wt det (hrexdf hav an annular

velocity Unms is also |an uenced he shape o t he

psthyotare. zaln ahis &gy, othe \édeﬁmmxﬁﬂnmg ngdsaandattes redpolefin

proposed for cal culating the m ninumgas superficia
vdwdet yindergo GoHdep wtacs ahdrthel act{dn dfethevcathlyst]within
)1 /3 O 2 Urs=drl 2gLs s - PcPc) (1) e aPc | PAM

Ithet piobydlefinu Ip@wdbr causése ther olefire pblgmerezations reaction to
the particle 25 density, po is the gas density under
tprecpedsesuktimnih growth of theepartizles of polyolefin powder.

[0122] For a stable spouted bed to form in each polymerization
stage 25, it is preferable that the following operating condition be
satisfied; i.e., that the gas superficial velocity Up be equal 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
formulas have been proposed for calculating the minimum gas
superficial velocity Ums. One example is formula (1) below.

[E 1]

113 02
Ums_dl’[d.d] ngLS(ps_pG)x( Pg ) e e (1)
dy\d, Pe P am

In this formula, dp is the particle diameter, ps is the particle

density, pg is the gas density under the pressure and temperature
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conditions of the reaction zone, pAmis the density of
air under room tenperature conditions, and Ls is the
hei ght of the spouted bed. [0123] The spouted bed

hei ght Ls within the pol ynerization stage 25 is equa
to or less than the maxi num spouted bed hei ght LsMax
to 5 which a spouted bed is capable of form ng, and
|s not subject to any particular limtation provided

ﬂéﬁﬁﬁ%%ﬁ &%a%%lﬁ@f%?ﬁgn the caIrHcédﬂrr’ltgl ng%ﬁﬂ“%gr room
SRt e RS AR ls. ﬁlh BitorfRRaed e, 07
2, 'e?@g;égpu@aﬁbéﬁ S5 e it s
tzﬁé chH] gt e A %%FE“% 4Poyed bEd JReiBhB NS to
i éi’]? ﬁﬂcﬁ.ﬂe&’@&?ﬁ %ﬁgable( éf )fOfﬂﬁlgAaﬁ@Lfs Lx?\bt]ﬂﬂﬁebf‘ to any

termna ‘ocity o
I
PR toRle B Rroddes IR o e, R pancmum

Ss{pg;gté& eb;ékﬁZﬁb 0 sf beyiaeibsO faﬁnumse rfpdialctilating the

2. This enables the olefin

n ofew,
20 repl eni q:l,ér}ygg ttrlgéhhﬁ?\;\;}%ﬁ@ﬁ?gﬂ Ifrg'g:égé%’ ?eﬁ]@n hich

T8 "fffTuly rlbéléﬁv VFrbEhh thehstafdpbitdest i'%lul’ﬁ@aéffimency and

removal fr t he polyolefin powder is also possib

QM ablin rhiitRN of@ahofé siahle shoatddbed, 1t ik |1ﬁ"eferable for

plural ity of polynerization stages 25 within the
alikilBfes 1imit iArthaGpoutéd bed Heeghel! to bk highet tham, theh@ibular
tenperature of a polynerization stage 25 tends to be
Huffleder the further up the polynmerization stage 25

is located within the 43

[E2]

Lsyr _dy 0_218_]_0-005(93“96)3“'4 - - (2)
dB A pGulumf

In this formula, u, is the terminal velocity of the particles, and u,r
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
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

higher the further up the polymerization stage 25 is located within the
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cylinder 12, resulting in a tenperature difference
with [ower polynerization stages 25. Hence, to
equal i ze the tenperature, liquid olefin nononer is

“fed froma nozzle 50 provided at an internediate

stage of the cylinder 12, thereby enabling this
tenperature difference to 5 be held to a m ni num
[0125] Wth the olefin polynerization reactor | OA

SEIAHIOI5?, ORIFRC SR RAHRREe LI R dover

(RSB A 05, TR N0 BB She BhRIRHLTe liquid
PRI A mordGmet is STRP T & ﬁ%ﬂé ot R0 GidRl abbraﬂ Yi¥efmediate

having ‘an excelTent Structur uni formty. reover,

ﬁ%‘@gsgiﬁg%{%@érgmﬁgﬁgéﬁ% %F?'%E?? Zﬂé% Renp&radneedifference to

[ pri‘or to the

C ' ifd.ons can be easily discharged from
R y o schar

the amount of off-specification

p t tha i t i
SIPR ent TR DlSAn pol st Ezatiat, rocttl | (P adeording fo the

{ Bre3Ror GboliifieRLAHMAtpld Houtsdobbadl Aendsrmehovithin the |

eeboard zones can be Shortened, enabling a high

Ve fii c e {3V eshi BOHistribations €o
tﬁjél‘ﬂg%exe 172, ceeibsling ofhlee pawidesV eshidénde hbrh , be

ove- “descri bed powder transfer device 1 is

PhabURY. AkeofdiAph/,dh thatdniinuokse/pretdattion pivsiefinf pelymer,

a higher stage toa | ower stage can be easily 20

affj 4speshible &P prodgce ptefin pollymurvhadnpadn exieellpat sauctural

keep probl ens such as the sticking of polyolefimfrom

ogfiiformity. [ Mafbvehe whesethie ipredatiion cenditions mréetb be
to the above enbodinent. For exanple, in the above
eghatiatk Hecaase pobfdlafingsowder pohitrherized peiorto thenthaige in
five Spouted beds are formed in the 25 vertica
disreditions daasbd easilyleisohideged frdmethercylinder itthe apfiount of
spouted beds is not limted to five, and may even be
opff-specification praduigtoihat acises 44 a result can be cut to a sufficient
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
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
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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achieving a sufficient plug flow effect, the nunber of
spouted beds is preferably at |east three, and nore
preferably at |east six. Mreover, the plurality of
spout ed beds need not necessarily be fornmed in the
vertical direction. For exanple, a plurality of
reactors within each of which a 5 single spouted bed
is formed at the interior may be arranged in a
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end t hat “priotrudes above a tubular baffle 30, and the

: hol dMiirebvet dahthecabowy emblodimient,ad easé@ wdsedescribed
easi |y 25 regul at ed by neans of the height of the top

eindwhich adiqadveedmazrie SBoils}di(hjpcﬁés?ﬂ neardidie %as?s irifeedfifice of
e

fromflow ng between the outsi surfaces
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 nozzleé
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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of these downconers 2, 36 and the inside surface of
the cylinder 12 or the inside surfaces of the tubular
baf fl es 30, the downconers 2, 36 nay be constructed
so as not to protrude above the inside surfaces of the
respective tubular baffles 30. Even in such a case,
because the anpbunt 5 of powder transferred from an
upper pol ymeri zation stage 25 to a | ower
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st ant Iyt e sanme ~ arrarfgenent as the

g‘v(n;\mzdescrnpetﬁe PEbyPé-AesErBE® Wi bbEImENE, eAN powder fransfer
MPLES [0131] Exanple 1 20 The flow raté of a powder
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shown in FIG 1 was neasur’ed at vary| ng superfi ci al

Veduase tpaasiblertoapeside Ub ploveder! frafsfe gmseap@my% d d
pl ate (‘PI n1 an open at nosSpher e. [0135] Hére th esire

idgtehgle di aneter Dd at the bottom end of the 25
downconer 2 was set to 20 mm the dianeter of the gas

105801217, Aot G s smbampom) a gpbustad vasimed
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
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

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

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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and the downcomer 2 was set to 12 nm A netal screen
having a nesh size of 60 was used as the gas

di spersion plate 6. Air was used as the gas. [0133]
The powder used was pol ypropyl ene powder havi ng an
average particle size of 900 m The m ni num
fluidization velocity was 5 about 20 cm's. [0134] The
gas superficial velocity was set to 8.5, 17.0, 21.2 or
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ow velocity rate 1 rate 2 raté 3 transfer nm rate

(rﬁeéﬁirehka{twﬁst@keﬁm n) (kg/min) rate (L/min) k min
Exanple 12 8 8.5 0 0
[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.

[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 cm/s, the same procedure was carried out as in Example 1.
[0137] The results are shown in Table 1 and FIG. 7.
Table 1
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1-1 Exanple 12 16 17.0 0 0 0 0 1-2 Exanple 12 20
21.2 0.696 0.636 0.690 0.674 1-3 Exanple 12 29 30.8
1.458 1.416 1.416 1.430 1-4 Exanple 10 19 20.2 0 0 O
0 2-1 Exanple 10 27 28.7 0.132 0.126 0.126 0.128 2-2
Exanpl e 10 33 35.0 0.318 0.336 0.348 0.334 2-3
Exanple 8 33 35.0 0.201 0.186 0.171 0.186 3-1 As is
apparent fromTable 1 and FIG 7, it was confirned
that at below the fluidization onset velocity, the
powder transfer rate can be set to zero, and that at

t he fil ui di zatli on onsé¢t vel ocity; and abov t he
trangfy fervglg can ﬁlﬂ% a?l I 'awsiyrt H 3’%831' Powder Avel('iage
vel ogi ﬁ %ﬁT S fﬂ‘g transfér poucknsfer apsfapsfer | POWCST
devi ¢d- conpr i $10¥: a| ¥6IREBIer Mbich ext eaEks2 dowhypacy transfer
and |{num} sl irater si{{andés) bel o . t
| wheregn t%e fghﬁhbpeg has, on gi@? Qfﬁzﬁgﬁenph (kg/min) g;;hﬁn)
Fxaray q Ime) a—bottgmend—of re—downeorer; s
Xalapé?pe?on pl&e in Mchapuﬂalltyo gas ouf Pet s 0
1-1 are {orned.
Example | 12 16 17.0 0 0 0 0
1-2 '
Example | 12 20 21.2 0.696 0.636 0.690 0.674
1-3
Example | 12 29 30.8 1.458 1.416 1.416 1.430
1-4
Example | 10 19 20.2 0 0 0 0
2-1
Example | 10 27 28.7 0.132 0.126 0.126 0.128
2-2
Example | 10 33 35.0 0.318 0.336 0.348 0.334
2-3
Example | 8 33 35.0 0.201 0.186 0.171 0.186
3-1

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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2. The powder transfer device of claim1, wherein the
gas dispersion plate conprises a facing portion that
directly faces the 10 opening at the bottom end of

t he downconer, and a peripheral portion that surrounds
a perinmeter of the facing portion at a wdth W and
wherein when O represents the angle of repose for the
powder and L represents the distance between the

b QVEDATEISICOIA NG comer and the gas dispersion
plate, ec% Eg “the peri pheral portion satisfies
15 the.], condA tHod Y tkahsTBl dE6ick égrgﬁhkuf%l nts on the

. An

perinmeter of the tfacing portion.
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stvdels a plusaiitiyest g0oatl @8 ayve fefrhedpowder that is

present at 25 an Upper polynerization stage to a | ower
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of claiml or 2. 49

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 2 L-cot (Br) at all points on the perimeter of the facing
portion.

3. Anolefin polymerization reactor comprising:

a plurality of vertically arrayed polymerization stages; and

the powder transfer device of claim 1 or 2 which 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 the

powder transfer device of claim 1 or 2.
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