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: The present invention relates to a nethod of polynerizing, for Qﬂ&h%ﬁe, an
ol efin monomer such as ethylene through a vapor phase reaction to thereby
obtain a polyolefin such as polyethylene, especially, a nmethod of

polymeri zing an olefin through a vapor] phase reaction. Al so, the present
invention relates to a vapor phase polynerizer which can suitably be used
in the above vapor phase polynerization reaction. Further, the present
iinvention relates to a blower or a conﬁggggor (hereinafter referred to as
"bl ower") which can be used in the circulation or cyclone treatnent of a
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pol ymeri zati on ich can be us [ [ ryin n_unreacted gas iC

cont ai ns powder or for increas?ﬁgyﬁ%r%&aé@r %@W@Peof in the circulation
~or cyclone treatnent of the powder containing unreacted gas to be
performed in the above vapor

FPIELD OF THE INVENTION

The present invention relates to a method of
polymerizing, for example, an olefin monomer such as
ethylene through a wvapor phase_reaction to thereby obtain a
polyolefin such as polyethylene, especially, a method of
polymerizing an olefin through a vapor phase reaction.
Also, the present invention relates to a vapor phase
polymerizer which can suitably be used in the above vapor
phase polymerization reaction. Further, the present
invention relates to a blower or a compressor (hereinafter
referred to as "blower") which can be used in the
circulation or cyclone treatment of a powder containing
gas, particularly, a blower for vapor phase polymerization
which can be used for carrying an unreacted gas which
contains powder or for increasing the pressure thereof in
the circulation or cyclone treatment of the powder
containing unreacted gas to be performed in the above vapor

phase polymerization reaction.

BACKGROUND OF THE INVENTION
The vapor phase polymerization method provides a
common process for producing a polyolefin such as
polyethylene, in which an olefin monomer such as ethylene

is polymerized through a vapor phase reaction in the
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phasée pol yneri zation reacti on. BACKGROUND OF THE

| NVETI ON The vapor phase polynerization method provides a comon
process for producing a polyolefin such as polyethylene, in which an

ol efin monomer such as ethylene is polynerized through a vapor phase
reaction in the presence of, for exanple, a titaniferous solid
catal yst or netallocene catalyst. 2 In this vapor phase

pol ymeri zati on method, for exanple, referring to Fig. 5 a solid catalyst

Ais fed th h ly line 12 into g flyi dized bed reactor 10 and,
sihﬁltgneousﬁgggﬁm% :%%Bs¥8?e?¥?mq cRuddFandtprees sobis gatalysbpey |ine

13 and bl own i f ottom of the fluidized bed reactor 10
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t hrough a ga ribu e 11. The gas distributor plate 11fish ]
conposed of, for l.e B% ich.has |yral ity of throug
holes, and is arre;l%e fsnvtaﬁgp%lgﬁel ﬁé’?“et\grafezggéfﬁonﬁg%ﬁo#'h??rﬂ ui di zed bed
reactor 10. |é3(é!t$ﬂih ll%,,"‘@'léfei?riﬁé”@d zag .Ped (56264 QoW 144phg formed

e

and held int uid state
through a supply line 12 into a fluidized bed reactor 10

and, simultaneously, a gaseous olefin is caused to pass
through a supply line 13 and blown thereinto from a bottom
of the fluidized bed reactor 10 through a gas distributor
plate 11. The gas distributor plate 11 is composed of, for
example, a porous plate which has a plurality of through
holes, and is arranged in the vicinity of the bottom of the
fluidized bed reactor 10. 1In this way, a fluidized bed
(reaction system) 14 is formed and held in the fluid state
in the fluidized bed reactor 10, and whereby a
polymerization reaction is carried out in the fluidized bed
14. Polymer particles produced by the polymerization
reaction in the fluidized bed 14 are continuously
discharged through a line 15 from the fluidized bed reactor
10. For example, unreacted gaseous olefin having passed
through the fluidized bed 14 of the fluidized bed reactor
10 has its flow rate reduced in a velocity reduction zone
16 provided in an upper part of the fluidized bed reactor
10 and is discharged outside the fluidized bed reactor 10
through a gas outlet 10A disposed at a top of the fluidized
bed reactor 10. The unreacted gaseous olefin having been
discharged from the fluidized bed reactor 10 is caused to
pass through a recycling line 17 and blown into the
fluidized bed 14 of the fluidized bed reactor 10. The



in tthe fluidized bed reactor

carried out

exanpl e,

10, and whereby a polynerization reaction is

in the fluidized bed 14. Polyner particles produced by the
pol ymeri zation reaction in the fluidized bed 14 are continuously

di scharged through a line 15 fromthe fluidized bed reactor 10. For
unreact ed gaseous ol efin having passed through the fluidized bed

14 of the fluidized bed reactor 10 hasoits flowrate reduced in a vel

reducti on zone

ocity

16 provided in an upper part of the fluidized bed reactor

10 and is di sgbaygegasebiss 481416, filsu E@lhé?ﬁu@@éh%%ﬁl&e&o th&Bﬁé’Hﬁ@ a gas

outl et 10A disposed at a top of the fluidized

ed reactor 10. The

unreact ed gaseapply! Bind IRHIGHEEN coflbsabardBth fulMridlgch ingdi aed bed
10 is caused to pass through a recycling line 17 and blown into
the fluidized7bed 14 of the fluidized bed reactor 10. The

react or

gaseous olefin is continuously supplied through a

combi ned with the mheyrecyglingeayaslBuch as uidheactsd dasegpugaslefith as

unr eact ed gaseous ol efin

react or

10:

having been discharged from the fluidized bed reactor 10
must be passed through a heat exchanger {cooler) prior to
the re-blowing into the fluidized bed 14 of the fluidized
bed reactor 10 because of the need of being deprived of
heat of polymerization {i.e. heat generated by the
polynerization reaction). When this cooler is disposed
upstream of a gas recycling device, namely, between the gas
outlet of the fluidized bed reactor and the gas recycling
device, a condensate of gaseous monomer such as gaseous
olefin containing polymer powder which has been generated
by cooling by the cooler is fed in misty form to the gas
recycling device such as blower (or compressor). As a
result, a gas recycling pipe is clogged, and such mist is
entrained to the distributor plate and gas recycling pipe
of the polymerizer to thereby cause clogging and other
serious trouble. Abcordingly, in the prior art, iﬁ is a
common practice to arrange the cooler 19 downstream of the
gas recycling device such as blower 18, namely, between the
gas recycling device such as blower 18 and the supply line
13 as shown in Fig. 5 in order to not only avoid the above
trouble but also enhance the heat exchange efficiency.:
However, the arrangement of the above cooler 19
involves the problem that, in accordance with the increase

of the amount of recycled gas and the increase of the

above

supply line 20 which is

havi ng been di scharged fromthe fl uidized bed



nmust” be passed through a heat exchanger (cooler) prior to the re-blow ng
into the fluidized bed 14 of the fluidized bed reactor 10 because of the
need of being deprived of heat of polynerization (i.e. heat generated by
the polynerization reaction). Wien this cooler is disposed upstreamof a
gas recycling device, nanely, between the gas outlet of the fluidized bed
reactor and the gas recycling device, 4 condensat e of gaseous nonomer such
as gaseous olefin containing polyner powder which has been generated by

cool i ng by thetéﬁﬁéfatdf%'E%Qréafggégg éf%é“JfDtb@eb§3§err§§§%”ﬂé¥i&%'%iCe

such as bl ower (or conpressor). result, a gas recyclihg pirpe™s

cl ogged, and stigd pligd dize RAbtabacThide (4181 Meslkr &%ﬁ@étﬂ@tﬁ&gﬂ'iﬁgs
recycling pipe of the polynerizer to thereby cause cl oggi ng and ot her
serious troubleyuimeartdiangl highbytheaprieyisant skalSafe LQifedyAchi ce to
arrange the cooler 19 downstream of the gas recycling device such as

bl ower 18, nanthe  rdsetitedhathehe gescyakinn icamigmene epaticde asedumewer 18 and
the supply line 13 as shown in Fig. 5 in order to not only avoid the above
troubl e but all¥&genhance the heat exchange efficiency. However, the
arrangenent of the above cooler 19 involves the problemthat, in
accordance with t helawarsafer brapspoxfpbihta ¢asr ozyeprdughingmd dyicdone

i ncrease of the \ R .
treatment thereof are widely used in chemical and petroleum

plants. The blowers are mainly divided into turboblowers
in which an impeller is rotated in a gas so that the
velocity and pressure of gas passing through the blower are
increased by the action of the blade and displacement
blowers in which the volume of a gas sealed in a
predetermined volume is reduced and the pressure thereof is
increased with the use of back pressure. The turboblowers
are subdivided into centrifugal blowers in which a gas
passes in a radial direction in an impeller and a pressure
increase is attained by the centrifugal action of the
impeller and axial blowers in which a gas passes in an
axial direction in an impeller and a pressure increase is
attained by the action of blade lift. The displacement
blowers include rotary blowers in which the gas sucked by
the rotation of the rotor provided in a casing is
pressurized by reducing the volume defined by the inner
wall of the casing and the rotor by the rotation of the
rotor. The rotary blowers include two-lobe type blowers
(Roots blowers) in which two two-lobe rotors are mounted in
a differentiated phase in a casing so as to be rotatable

without contacting each other and rotated in directions



tenperature thereof, the size of the blower nust be |arge, the pipe size
must be | arge and heat insulation pronoting equipnent and hi ghly heat

resi stant seal are required with the result that the recycling equi prent
per se beconmes huge. Bl owers for transporting a gas or conducting a
cyclone treatnent thereof are widely used in chem cal and petrol eum
plants. The blowers are mainly dividedS nto turboblowers in which an
inmpeller is rotated in a gas so that the velocity and pressure of gas

passing thr oughoblecdl GRladl Bernedcheanegn¥od e Ak Rl 1S &,

di spl acenent wers In | une of ‘a gas se

predet er m nedpvaksh®; 168 o Q_%i%q, 2Rdtt PRe RGES SIY %ﬁgpgggggs?%&r eased with

t he use of back pressure. turbobl owers are s 0 centrifuga
bl oners in whpebsgueas passes in a radial direction in an inpeller and a
pressure increase is attained by the centrifugal action of the inpeller

and axial bl ovwers withWhi€dpatgad paesesblowars, at dls @ E6fhbRpldbtiite
i mpel ler and a pressure increase is attained by the action of blade lift.

The di spl acentat prévriders slideugart obaryotdnmrs isiidki part heodhiasi oxieaked by

the rotation of the rotor provided in a casing is
between the discharge side thereof as a high pressure side
and the suction side thereof as a low pressure side with a
contact-type gas leakproof seal such as mechanical seal or
a noncontact-type gas leakproof seal such as labyrinth
seal, carbon ring seal or oil film seal so that the gas
leakage can be prevented (gas edge cut). In particular,
the turboblower has a labyrinth seal provided at a
rotational slide part positioned between the impeller
connected to its main shaft and the suction port, while, in
the Roots blower, the gas leakage is prevented by
regulating the clearance present between the periphery of
each rotor and the inner wall of the casing and the
clearance present between the rotors.

Although the labyrinth seal c¢learance or above rotor
clearance varies depending on the type and capacity of the
blower in the use of the noncontact type seal, it is
generally set at about 0.5 mm in order to minimize the gas
leakage and enhance the blower efficiency (for example,
compression efficiency).

However, when, for example, a polyolefin powder
containing gas is treated with the use of the above blower
for recycling a powder containing unreacted gas or

conducting a cyclone treatment thereof in the vapor phase



pressurized by reducing the volume defined by the inner wall of the casing
and the rotor by the rotation of the rotor. The rotary bl owers include

t wo- l.obe type blowers (Roots blowers) in which two two-|1obe rotors are
nounted in a differentiated phase in a casing so as to be rotatable

Wi t hout contacting each other and rotated in directions _ opposite
to each other by means of a timng gear®t o thereby pressurize a gas so
that the gas is transported under pressure. Wth respect to these

bl overs, it i speleasrittiodC cofifritng SwbiRtdny beeobatin Qﬁor{&&e_@ct 594!
slide part positioned between the discharge side thereof as a high
pressure side asnethylersito anvapde pieseafeartian QW ChEES olitde W th a
contact-type gas | eakproof seal such as nechanical seal or a _
noncont act - t ypeoesleftiak puchf asepbdlgetthyend aliyr mathocsenl thatardbon ri ng
seal or oil filmseal so that the gas |eakage can be prevented (gas edge
cut). In parti®tiekionalhforgebdsl gererated ddtalepni bhe seederrand dhe at a
rotational slide part positioned between the inpeller connected to its
mai n shaft andl¥Perifid isealpoitpelher e rotpr or inner wall of casing at

the time of passing of the powder through the gas leakproof
seal clearance and rotor. As a result, the powder passing
through the gas leakproof seal clearance and rotor
clearance suffers from heat buildup and melts to thereby
form stringy melt polymer, which is entrained to the
distributor plate and gas recycling pipe of the polymerizer
to thereby cause clogging and other serious trouble.

In the vapor phase polymerization in which, as
mentioned above, the blower is employed in the transfer of
a powder containing gas under pressure or the increase of
the pressure thereof for the circulation and cyclone
treatment of unreacted gas, powder crushing, deformation
and integration may occur at the gas leakproof seal part

" clearance or rotor clearance between the high pressure part
and the low pressure part. As a result, powder having
suffered from crushing, deformation and integration remains
in the gas leakproof seal part clearance or rotor clearance
to thereby cause heat buildup, so that the life of the
blower per se is caused to be short. Further, fine
particles are formed, so that remowval of such fine
particles must be included in the after treatment to

thereby complicate the process. Further, the above



t he "Roots bl ower, the gas | eakage is prevented by regulating the clearance
present between the periphery of each rotor and the inner wall of the

casing and the clearance present between the rotors. Al t hough the
| abyrinth seal clearance or above rotor clearance varies depending on the
type and capacity of the blower in the use of the noncontact type seal, it

Is generally set at about 0.5 mMmin ofder to minimze the gas | eakage and
enhance the blower efficiency (for exanple, conpression efficiency).

However , whengorifin X BREEr e Y LM REFYIBEaLEP LAY . %;hﬁg”eat ed

with the use of the above blower for recycling a powder cont

unreacted gasoff fciORGEMDIBY gas VAR inepipap! thereof in the vapor phase
pol ynmeri zation conprising subjecting an ol efin nononer such as ethylene to

a vapor phase readrlardiagt BReedys dhdadigrodf pehlopeft neSaand® or
pol yethylene, it may occur that a frictional force is generated between
t he powder ancbttdre cleabgniat o sealto ialiew powdent bo masds nberethkrbugh casi ng
at the tine of passing of the powder through the gas | eakproof
without heat buildup can be contemplated as means for
solving the above problem. This is, however,
disadvantageous in that an extreme gas leakage occurs at
the gas leakproof seal part and the blower suffers from an
efficiency drop with the result that plant operating cost

is increased to an economic disadvantage.

OBJECT QF THE TNVENTTION

Therefore, in view of the above circumstances, it is
an object of the present invention to provide a method of
vapor phase polymerization which is free from the problenms
that the recycling gas such as unreacted gaseous olefin
having been discharged from a fluidized bed reactor becomes
stringy melt polymer or combines to become powder to
thereby clog gas recycling pipes and that such stringy melt
polymer or powder is entrained to the distributor plate and
gas recycling pipe of the polymerizer to thereby cause
clogging and other trouble.

It is another object of the present invention to
provide a vapor phase polymerizer -which is free from the
problems that, in passing the recycling gas such as
unreacted gaseous olefin having been discharged from a
fluidized bed reactor through a heat exchanger (cooler)

prior to the re-blowing into the fluidized bed of the



seal ‘clearance and rotor. As a result, the powder passing through the gas
| eakpr oof seal clearance and rotor clearance suffers from heat buil dup and
melts to thereby formstringy nelt polyner, which is entrained to the

di stributor plate and gas recycling pipe of the polynerizer to thereby
cause cl oggi ng and ot her serious trouble. In the vapor phase

pol ynmeri zation in which, as nentioned8above, the blower is enployed in the
transfer of a powder containing gas under pressure or the increase of the

pressure thereeaﬁa%eagg?%ige%t%%&i Bgﬁgﬁge%’f'&@n&eﬁe%ﬁfnﬁ%ﬁh rgact ed

gas, powder ciushi rmation Integration nay oc at the gas

| eakproof sealopghiing! & VI hBt BBt B51HhERA ANGRDLBEN hbge hi gh pressure
part and the |ow pressure part. As a result, powder having suffered from

crushing, def geffat-head apyl tHY @1FhkoNzE €08 Neadtid)e , gascobradmsnd seal
part clearance or rotor clearance to thereby cause heat buil dup, so that

the life of thg, Bbpwekarisle Soliefifavsptainime piiguier bowdberyhidinadas
particles are formed, so that renoval of such fine particles nust be
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Furt her, the above
to thereby clog a gas recycling pipe and that such mist is
entrained to the distributor.plate and gas recycling pipe
of the polymerizer to thereby cause clogging and other
serious trouble, the above polymerizer thus allowing the
recycling equipment per se to be compact.

It is a further object of the present invention to

provide a blower in which the above gas leakproof seal part
clearance and rotor clearance enable powder contained in a
gas to be blown by the blower to pass therethrough without
generation of a frictional force and are sized so as to
prevent gas leakage, so that the blower is free from the
problems that powder suffers from heat buildup and melts
into stringy melt polymer and that powder crushing,
deformation and integration occur at the above gas
leakproof seal part clearance or rotor clearance, which
blower does not vibrate irrespective of the presence of

mist and finely redisperses mist to thereby enable

preventing adhesion thereof to pipes.

SUMMARY OF THE INVENTION
The present invention has been made to solve the above
problems in the prior art and attain the objects.

Accordingly, in one aspect of the present invention, there



conbi ned powder occasionally unfavorably causes clogging of, for exanple,
gas recycling pipes. Enl argi ng the gas | eakproof seal part cl earance
or rotor clearance so as to all ow powder to pass therethrough w thout
heat™ bui |l dup can be contenplated as neans for solving the above problem
This is, however, disadvantageous in that an extrene gas | eakage occurs at
t he gas | eakproof seal part and the bl®wer suffers froman efficiency drop
with the result that plant operating cost is increased to an economc

di sadvant age., THE Ther ef or e,
in view of tH& REQVEAE, 2 rether &L VPP°FSphﬁﬁeoﬂﬁiXHeﬁizaFHanr@géﬁ?

et o 0 BeRU 5, TSI ol oBbaRE PELUTS bRl T T [
T s s LRt e JESOIE 8L T

pol ymer or co néS to becone po i pes

A SuCl It 00 HEArelHkTRY RleaRgngeT 'm&;gtf WHIR rleblfig o

di stri butor ate an gas recycli pI pe o t he polynerizer

cause C|Oggkﬁﬂlaﬂéaﬁhﬂﬁéttfé&”ﬁdiymerlzathbn'§nQGQHﬂ?@r%QH§§EdOBe he
present invention to provide a vapor phase polynerizer which is free from

t he reactor to thereby form a fluidized bed in the fluidized

bed reactor and carrying out a vapor phase polymerization
reaction in the fluidized bed to thereby produce a polymer
or copolymer, wherein the blower has a slide or rotational
slide part between its disgcharge side as a high pressure
side and its suction side as a low pressure side in a
blower body casing, the above slide or rotational slide
part being provided with a noncontacted gas leakproof seal
part at a clearance ranging from 0.7 to 2.5 mm. In the
vapor phase polymerization method, the gas leakproof seal
part is preferred to have a clearance ranging from 0.9 to
1.2 mm.

By virtue of this constitution, the desired method of
vapor phase polymerization can be érovided which is free
from the problems that the recycling gas such as unreacted
gaseous olefin having been discharged from a fluidized bed
reactor becomes stringy melt polymer or combines to become
powder to thereby clog gas recycling pipes and that such
stringy melt polymer or powder is entrained to the
distributor plate and gas recycling pipe of the polymerizer
to thereby cause clogging and other troublé;

In the vapor phase polymerization method of the

present invention, the gaseous monomer fed by the blower



problens that, in passing the recycling gas such as unreacted gaseous

ol efin having been discharged froma fluidized bed reactor through a heat
exchanger (cooler) prior to the re-blowing into the fluidized bed of the
fluidized bed reactor because of the need of depriving the recycling gas
of heat of polynerization (i.e., heat generated by the polynerization
reaction) , a condensate of, for exalf e, olefin containing polymer powder
whi ch has been generated by cooling by the cooler assunmes m sty form to
t hereby cl og a cycld Lpe . and, t C. ) ' ined to the
di stributor plﬁg'?eﬁgﬁg %a%d%g%l%i F\vggglﬁpgaﬁ%%&gt%e@p%%y%%}n §g%£‘?%gt her eby
cause cl 0g0i NgaRGing! Fitim SOLI QWiket MM & ddiRAARLEPILWIRILE Snd NUS
allowing the recycling equipnent per se to bé conpact. It 1s a
further obj ectapbrtigasy QaIRincriya8tbRNréfot WrdVisdeondlb-euer ih neydi ch the
above gas | eakproof seal part clearance and rotor clearance enabl e powder
contai ned in flujdbzéed Wl Hoowhebyehperdturerof arapazsphlgeet’ hrough wi t hout
generation of a frictional force and are sized so as to prevent gas

| eakage, so thelymnéeiiAtoier vesctien.f rPurtier, in the vapor phase

polymerization method, the gaseous monomer may be fed into
the fluidized bed at a tempeéature which is lower than the
condensation temperature of the condensing component.

This constitution enables removing at least part of
the heat of reaction of the vapor phase polymerization by
the latent heat of vaporization and increasing the quantity
of heat removed per recycling gas and markedly improves the
heat exchange efficiency of the heat exchanger.

Moreover, the vapor phase polymerization of the
present invention may be conducted under conditions such
that the so0lid catalyst for polymerization is a solid
catalyst for olefin polymerization, the gaseous monomer is
a gaseous olefin monomer and an olefin polymer or copolymer
is obtained by the vapor phase polymerization reaction in
the fluidized bed. Further, in the vapor phase
polymerization method, unreacted gaseous monomer may be
discharged from the fluidized bed reactor and is caused to
pass through a gas recycling path having a heat exchanger
disposed upstream thereof and having a blower disposed
downstream thereof so that the heat exchanged gaseous
monomer is blown into the fluidized bed reactor.

By virtue of this constitution, not only is safe

production ensured without the problems that a condensate



probl ens that powder suffers fromheat buildup and nelts into stringy nelt
pol ymer and that powder crushing, deformation and integration occur at the
above gas |eakproof seal part clearance or rotor clearance, which bl ower
does not vibrate irrespective of the presence of mst and finely

redi sperses mst to thereby enable preventing adhesion thereof to pipes.
SUWWARY OF THE | NVENTI ON The pré§ent I nvention has been made to sol ve
the above problens in the prior art and attain the objects. Accordingly,

i n one aspect off, Ebe Ex&HEIY, VT eBnthifiky polymer powﬁérp&ﬂy &ad 2

met hod of vapor phase polynerlzatlon whi ch conprises blowng a gaseous

monomer from bekat yenesdted By Wodildad b?dtheacédleﬁ|H§0%§Etaeﬂéﬁéﬁ#$¥“(”
plate into the fluidized bed reactor by nmeans of a blower while Teeding a

solid catal ysaskumepahjstey i fxati @o itheeebireclogialigemd reegclifgchbe tahd
thereby forma fluidized bed in the fluidized bed reactor and carrying out
a vapor phasetpstysechzuistonis remsichinadi hot tize fdistiibadolbeglspe t &yay eby
produce a pol yner
gas recycling pipe of the polymerizer to thereby cause
clogging and other serious trouble but also the recycling
equipment per se becomes comﬁact to thereby enable reducing
production cost.

In another aspect of the present invention, there is
provided a vapor. phase polymerizer comprising a fluidized
bed reéactor in which a gaseous monomer is blown from a
bottom thereof through a distributor plate with a solid
catalyst for polymerization fed thereinto to thereby form a
fluidized bed so that a vapor phase polymerization reaction
is carried out in the fluidized bed to thereby produce a
polymer or copolymer,

the above vapor phase polymerizer further comprising:
a gas discharge port adapted to 5ischarge unreacted monomer
gas, disposed at a top of the fluidized bed reactor,

a gas recycling path connected to the gas discharge
port and extending to a bottom of the fluidized bed
reactor,

a heat exchanger arranged upstream of the gas
recycling path, and

a gas circulator arranged downstream of the gas
recycling path.

In this vapor phase polymerizer, it is preferred that

the heat exchanger be a shell and tube heat exchanger in



or copolymer, wherein the blower has a slide or rotational slide part
between its discharge side as a high pressure side and its suction side as
a low pressure side in a blower body casing, the above slide or rotational
slide part being provided with a noncontacted gas | eakproof seal part at
a clearance ranging from0.7 to 2.5 nm In the vapor phase polynerization
met hod, the gas | eakproof seal part 18 preferred to have a cl earance
ranging from0.9 to 1.2 mm By virtue of this constitution, the

desi red net hod_ of, .vapor  phase pal ynerizat,ion _can.b rovided which is free
fromthe prob"_%é’rﬁ‘t ©St Itrgr?‘é% cﬂ%%‘i?ggff éfcﬁaﬁeﬂnf%’g&e@d: F&LHEBEE ol efin
pol ymar or coti HEAdE oo BhBe nHERS T ited B3F PL R HE chbemn Y hes
istributor ot Pt ERe nOgL R Gled Tellon e SBAT ISR g, oy
cause cl 0ggi ngh, 3kndd'ehat EHE! €ube has e ilteopaRh dholeyer i zat i on
nmet hod of the present 1 nvention, the gaseous nononé?g?ggﬁky t he bl ower
10 may have goSiRRRRAING n¥HEE ha CABIE PG AlsuR FRBEPERAIKHE at its

opening a front end rounded. The employment of the above

heat exchanger enables preventing the powder and mist

contained inlthe recycling gas from remaining in tube plate

parts to thereby avoid the trouble of clogging the heat

exchanger and pipes.

The above gas circulator is preferred to be a blower

of the structure described below. In the use of this

blower, not only can the misty condensate of polymer powder

containing monomer gas which has been forméd by cooling by

means of the heat exchanger pass through the blower without

the generation of frictional force at the gas leakproof

seal part clearance, slide part and rotational slide part

but also the gas leakage can be prevented. Thus, the

formation of stringy melt polymer resulting from heat

buildup and melting of powder can be prevented and powder

crushing, deformation and integration do not occur at the

above clearance so that the trouble of clogging the

distributor plate and gas recycling pipe of the polymerizer

can be avoided. Further, even if the recycling gas

contains mist generated in the heat exchanger, the

employment of this blower enables circulation of the

recycling gas without the need of removing the mist. Still

further, the employment of this blower enables efficient



ranging from50[err]C |ower than a tenperature at which the vapor phase
pol yneri zation reaction is conducted in the fluidized bed to the
tenmperature of vapor phase polynerization reaction. Further, in the vapor
phase polynerization nethod, the gaseous nononer may be fed into the
fluidized bed at a tenperature which is |lower than the condensation

t enperature of the condensi ng conponedS. This constitution enables
renoving at |east part of the heat of reaction of the vapor phase
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quantity renove recycl mar I pT OV heat
exchange effig&gggyﬁgj A Beat vERERER! - etc. Moreover, the vapor phase
e

pol ymeri zati on of t present invention nay be conducted under conditions

such that the sol irf gat@totidr fa@pebel YHFEEhE GhikO¥erits jdvenkign, Caabe/Sis f oOr
ol efin polymerization, the gaseous mononer i's a gaseous ol efin nonomer and

an ol efin pol ppevi@ed cORsllawa foirSrebielheg H\pdwWiRry apata PRESE gas or

pol ynmeri zation reaction in the fluidized bed. Further, in the vapor phase
pol yneri zat i ofiopettaductitie ac tedlgascoveatmaanatharay fhewhiidischar ged from
the fluidized bed reactor and is caused to pass through a gas recycling
pat h havi ng acbmptiseshanger di sposed upstream thereof and having a bl ower
di sposed downstreamthereof so that the heat exchanged gaseous nonomer is
bl own into the flupdpkewendwdvegesdng having therein a slide or

rotational slide pait between its discharge side as a high
pressure side and its suction side as a low pressure side,
the above slide or rotational slide part being provided
with a noncontacted gas leakproof seal part at a clearance
ranging from 0.7 to 2.5 mm.

In the blower of the present invention, the clearance
of the gas leakproof seal part is preferred to range from
0.9 to 1.2 mm.

The type of blower is not particularly limited, and
use can be made of turboblowers such as centrifugal and
axial blowers and displacement blowers such as two~lobe
{Roots) blower and other rotary blowers.

The noncontact-type gas leakproof seal part can
appropriately be changed depending on the treatment to be
effected and the type of the blower. Use can be made of
noncontact-type seals such as labyrinth seal and carbon
ring seal. In the use of two-lobe (Roots) blower as
described below, the gas leakproof seal part can be created
by regulating the clearance present between the periphery
of each rotor and the inner wall of the casing and the

clearance present between the rotors.



By virtue of this constitution, not only is safe production ensured

w t hout the problens that a condensate of, for exanple, olefin
cont ai ni ng pol ymer powder which has been generated by cooling by the
cool er as heat exchanger assumes misty formto thereby clog a gas
recycling pipe and that such mist is entrained to the distributor plate
and gas recycling pipe of the polynerjger to thereby cause clogging and
ot her serious trouble but also the recycling equi pnent per se becones

conpact to thereby _gnabl.e redu roducti on _cost. I n anot her
aspect of the present Vﬁ&ﬁ?l%ﬁ &??1 Vi S S\WH%d ir heoblowszeof

' d
POl yerl 1eT O Lalnd HhybSlAE (iR oent %%m%“sea%pe%?f?ﬁ“i solid
catal yst for RAIKERREZALLON LEDAPRECID BaLg Eﬂ&f&% MW epopp &) zed bed

so that a vapor phase po yneri Zation rea BronTe car t he

vapor phase popeEr re PP rer sassPrs Fasee End 20 Y 55 2B oFP adapt ed
to discharge paecaategadOId®ige, so that the blower is free from the
problems that powder suffers from heat buildup and melts
into stringy melt polymer and that powder crushing,
deformation and integration occur at the gas leakproof seal
part clearance.

In particular, the blower of the present invention is
preferred to be a turboblower having a gas leakproof seal
part provided with labyrinth seal at a clearance ranging
from 0.7 to 2.5 mm, especially, from 0.9 to 1.2 mm. The
labyrinth seal is preferably arranged at a rotational slide
part between an impeller connected to a principal shaft and
a suction port.

Further, the blower of the present invention is
preferred to be a Roots blower having a gas leakproof seal
part composed of a clearance between a periphery of each
rotor and an inner wall of a casing and a clearance between
rotors, each of the clearances ranging from 0.7 to 2.5 mm,

especially, from 0.9 to 1.2 mm.

E PTION OF THE D IN
Fig. 1 is a schematic diagram of a first form of the
vapor phase polymerizer of the present invention;
Fig. 2 is a longitudinal section of a cooler used in

the vapor phase polymerizer of the present invention;



gas,.disposed at a top of the fluidized bed reactor, a gas recycling
path connected to the gas discharge port and extending to a bottom of the

fluidized bed reactor, a heat exchanger arranged upstream of the gas
recycling path, and a gas circul ator arranged downstream of the gas
recycling path. In this vapor phase polynerizer, it is preferred that

the heat exchanger be a shell and tube heat exchanger in

12 which tubes through which gas is gssed for heat exchange are wel ded
to tube plates provided for fixing the tubes to a shell of the heat
exchanger, each wel ding portion being  so formed that the tube has at its
opening a front enfR9posils GRegniasged eqtiipn pifaparsuffhcef fMiw.hads at its
opening a front end, rounded. The nglo ment of the above heat exchanger

enabl es preventi ngt%re ddi8r PERELAT stOREHHNtdd SERAtiMR FRANING ng gas from
ng?' n;gghggg%rlfg %:l %tr%ggggﬁggttgftgqa%gyri%\{:?f geg eiﬁr%gjlb%.o%erct:%ggl ng the
| the present invention;
Fig. 5 is a schematic diagram of the conventional
vapor phase polymerizer;
Fig. 6 is a longitudinal section showing a first
embodiment in which the blower of the present invention has
been employed in a turboblower;
Fig. 7 is an enlarged section of part II of Fig. 6;
Fig. 8 is a longitudinal section showing a second
embodiment in which the blower of the present invention has
been emploved in a Roots blower;
Fig. 9 is a longitudinal section on the line ITI-III
of Fig. 8;
Fig. 10 is a schematic diagram explaining the
clearance at rotor rotation in a second form of the blower
of the present invention; and
Fig. 11 is another schematic diagram explaining the
clearance at rotor rotation in the second form of the

blower of the present invention.

DETATLED DESCRIPTION OF THE INVENTION
The method of vapor phase polymerization of the
present invention, vapor phase polymerizer therefor and
blower suitably employed in the above method of wvapor phase

polymerization and vapor phase polymerizer will now be



The above gas circulator is preferred to be a blower of the structure
descri bed below. In the use of this blower, not only can the m sty
condensat e of polynmer powder containing nononer gas which has been forned
by cooling by nmeans of the heat exchanger pass through the bl ower w thout
the generation of frictional force at the gas |eakproof seal part

cl earance, slide part and rotational slide part but also the gas |eakage
can be prevented. Thus, the fornatiaﬂéff stringy nelt polynmer resulting
fromheat buildup and nelting of po can be prevented and powder
crushing, deformation and integration do not occur at the above clearance
so that the tdesbrébed i cipgfiaid wieh deferemes oro phhat appaddgas recycling
pi pe of the polynerizer can be avoided. Further, even if the recycling gas
contai ns m st dgawdrased in the heat exchanger, the enploynent of this

bl ower enables circulation of the recycling gas without the need of
renovi ng the m st. IBtFhe pregariednvensienpl Byeeirrmimolooy bl ower enabl es
ef ficient " . . 13 _ pol ymeri zati on w thout
encount eri ng t REIFEFIEElSY" gay cemppehans e lvmesanaprtveplst i on, etc.

homopolymerization but also copolymerization. Also, the
terminology "polymer" may comprehensively mean not only
homopolymer but also copolymer.

(1) Method of vapor phase polymerization:

The method of vapor phase polymerization according to
the present invention comprises blowing a gaseous monomer
from a bottom of a fluidized bed reactor through a
distributor plate into the fluidized bed reactor by means
of a blower while feeding a solid catalyst for
polymerization into the fluidized bed reactor to thereby
form a fluidized bed in the fluidized bed reactor and
carrying out a vapor phase polymerization reaction in the
fluidized bed to thereby produce a polymer or copolymer, in
which method the blower has a slide or rotational slide
part between its discharge side as a high pressure side and
its suction side as a low pressure side in a blower body
casing, the above slide or rotational slide part being
provided with a noncontacted gas leakproof seal part at a
clearance ranging from 0.7 to 2.5 mm.

In this vapof phase polymerization, it is preferred
that the solid catalyst for polymerization be a solid
catalyst for olefin polymerization, the gaseous monomer be

a gaseous olefin monomer and an olefin polymer or copolymer



In a further aspect of the present invention, there is provided a bl ower
for recycling a powder containing gas or for conducting a cycl one
treatnment thereof, which conprises: a bl ower body casing having
therein a slide or rotational slide part between its discharge side as a
hi gh pressure side and its suction side as a |ow pressure side, the above
slide or rotational slide part being provided wth a noncontacted gas

| eakproof seal part at a cl earance rqﬁging fromO0.7 to 2.5 mMm In
t he bl ower of the present invention, t'He clearance of the gas | eakproof
seal part is preferred to range from 0.9 to 1.2 mm The type of

bl ower i s not bpadbtaihed by |t wvegorapHasespobaredicatrida etatti®obirowers
such as centrifugal and axial blowers and displacenment bl owers such as
two- 1 obe (Roths) fblibdiezedibdat her rotary bl owers. The

noncont act-type gas | eakproof seal part can appropriately be changed
dependi ng on the tEsampkes b defipsf sutbdblyicenpkovedrdnothehprésenter . Use
can be made of nongcontact-type seals such as |abyrinth seal and carbon
ring seal. |niPKERESRR MGG SolekoBEsParivder s 18168€PPBAtRRT ow, t he
gas | eakproof seal part can be created by regulating the clearance present

bet ween t he p&RFBha% yethyflengyh Propylentd rkutenfer lngrnptene nb-kexsney and

the 4-methyl-1-pentene, l-octene and l-decene and cycloolefins.

These may be either homopolymerized or copolymérized.

Each of these olefins can be copolymerized with
another polymerizable monomer, for example, a vinyl monomer
such as styrene, vinyl chloride, vinyl acetate, vinyl
acrylate, methyl (meth)ackrylate, tetrafluorocethylene, vinyl
ether or acrylonitrile, a conjugated diene such as
butadiene or isoprene, a nonconjugated polyene such as 1,4-
hexadiene, dicyclopentadiene or 5-vinyl-2-norbornene, an
acetylene such as acetylene or methylacetylene or an
aldehyde such as formaldehyde.

Although Ziegler titanium catalyst, Phillips chromium
oxide catalyst and various other catalysts known as olefin
polymerizipg catalysts can be used as the solid catalyst in
the present invention, it is preferred to conduct the vapor
phase polymerization in the presence of a highly active
nmetallocene catalyst.

The above preferred metallocene catalyst comprises:

a metallocene compound (A) of a transition metal
selected from among metals of Group IVB of the periodic
table, and

at least one compound {(B) selected from among:

an organocaluminum oxy compound (B-1),



cl earance present between the rotors. 14
By virtue of the above structure, in the blower of the present invention,
t he gas | eakproof seal part clearance enabl es powder to pass therethrough
wi thout generation of a frictional force and is sized so as to prevent
gas | eakage, so that the blower is free fromthe problens that powder
suffers fromheat buildup and nelts into stringy nelt polyner and that
powder crushing, deformation and inte?éation occur at the gas | eakproof
seal part clearance. In particufdr, the blower of the present
invention is preferred to be a turboblower having a gas | eakproof seal
part provided wth | albpr pogansshimiztum compenadcéBrahgmlyy from 0.7 to 2.5
nm especially, from0.9 to 1.2 mm The |I|abyrinth seal is preferably
arranged at a rotatiogakosppdrd (Rrd) isepabde af faprinerarcdenepndd by a
principal shaft and a suction port. Further, the bl ower of the
present invention is IBREEERYSHLER Hhe peRgdlecsreverm@ritichddd -gas | eakpr oof

seal  part conposedsé)éciafi%la Efi‘”%ﬁe bgég\@ee nmeata&e.l.rcjc%rrlleer \C/or?lfoogf?cg h(A) is
represented by the formula:

MLx (1)

wherein M is a transition metal selected from the
group consisting of Zr, Ti, Hf, V, Nb, Ta and Cr; Ls are
ligands joined to transition metal, at least one L being a
ligand having cyclopentadienyl skeleton and L other than L
which is a ligand having cyclopentadienyl skeleton being a
hydrogen atom, a halogen atom, a hydrocarbon group having 1
to 12 carbon atoms, an alkoxy group, an arvloxy group, a
trialkylsilyl group or a group of the formula SO3R (R is a
hydrocarbon group having 1 to 8 carbon atoms, unsubstituted
or substituted with, for exaﬁple, a halogen); and x is the
valence of transition metal.

Examples of suitable ligands having cyclopentadienyl
skeleton include unsubstituted or alkyl substituted
cyclopentadienyl groups such as cyclopentadienyl,
methylcyclopentadienyl, dimethylcyclopentadienyl,
trimethylcyclopentadienyl, tetramethylcyclopentadienyl,
pentamethylcyclopentadienyl, ethylcyclopentadienyl,
methylethylcyclopentadienyl, propylcyclopentadienyl,
methylpropylceyclopentadienyl, butylcyclopentadienyl,
methylbutylcyclopentadienyl and hexylcyclopentadienyl
groups, an indenyl group, a 4,5,6,7-tetrahydroindenyl group

and a fluorenyl group. These groups may be substituted



rotor and an |nne%—#%&+—e%—a—eas+ﬁ@rand a clearance between rotors, each

of the clearances r .0 2.5 ”Mmm especially, fromO0.9 to 1.2

nm OF THE DRAW NG Fig. 1is a
schenatic di agram of f the wvapor phase polynerizer of the
present invention; a | ongitudi nal ’IOI-IAgé‘EE er used
in the vapor phase polynerlzer of the present |n# L ACED

15 Fig. 3 is an enlarged sectlon1 part |1 EF Fig. 4
is a partial |ongitudinal section showi filg another arrangenent of a

| abyrinth seal in the blower of the present invention; Fig. 5is a

schematic diagwénhofoMGacmmﬂentBohalog&apvumphase-p@ﬁyth1at¢yl group.Fi g.
6 is a longitudi nal section shomnn a first enbodinment in which the bl ower
of the present Ofnteete arawes. BdéyleApbalbited svclopspradienyl groupsig. 7
I's an enl arged section ofépart Il of Fig. 6; Fig. 8 is a |ongitudinal
section show n8*8 ReRkmwred. '

With respect to the ligand other than one having
cyclopentadienyl skeleton, the halogen is, for example,
fluorine, chlorine, bromine and iodine; the hydrocarbon
group having 1 to 12 carbon atoms is, for example, an alkyl
group such as methyl, ethyl, propyl, isoprole or butyl, a
cycloalkyl group such as cyclopentyl or cyclohexyl, an aryl
group such as phenyl or tolyl or an aralkyl group such as
benzyl or neophyl; the alkoxy group is, for example,
methoxy, ethoxy or butoxy; the aryloxy group is, for
example, phenoxy; and the group of the formula SO3R is, for
example, p-toluenesulfonate, methanesulfonate or
trifluoromethanesulfonate.

When the compound represented by the above general
formula (i) contains two or more cyclopentadienyl skeleton
having groups, the two cyclopentadienyl skeleton having
groups may be bonded together by an alkylene group such as
ethylene or propylene, a substituted alkylene group such as
isopropylidene or diphenylmethylene, a silylene group or a
substituted silylene group such as dimethylsilylene,
diphenylsilylene or methylphenylsilylene. These
metallocene compounds (A} may be used in combination.

The organoaluminum oxy compound (B-1) may be either
common benzene-soluble aluminoxane or benzeneinsoluble
organoaluminum oxy compounds disclosed in Japanese Patent

Laid-open Publication No. 2(1990)-27687.



enbodi ment in which the blower of the present invention has been enpl oyed
In a Roots bl ower; Frg—9—+s—a | ongi tudi nal section on the
I11-¥1'1  of Fig. 8; algi

|s a schematic di ag ‘
clearance at rotor ro ELS%B&IIQ %nd form of tHepd

I nvention; and I[l]”l m t her schemati c }di agra
cl earance at rotor second form of

present invention. DETAIZAQED DESCRIPTICN CF THE | NVENI ON
The met hod of vapor phase pol ynerization of the present invention, vapor

h I f o] l d h
ethod of vapor p éﬂﬂsreas%%m”fm%%&%&”%péﬁ% LS RSB T now
be gy thp fgligwing BncfBRCEUARALD detail with

reference to €%e appe € present invention, the
t er m nol ogy RlnAlX3-n (11)

wherein Rl is a hydrocarbon group having 1 to 12
carbon atoms, X is a halogen or hydrogen atom and n is 1 to
3.

Tn the general formula (ii), Rl is a hydrocarbon
group, for example, an aikyl, a cycloalkyl or an aryl group
having 1 to 12 carbon atoms. Examples of suitable
hydrocarbon groups include methyl, ethyl, n-propyl,
isopropyl, isocbutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl and tolyl groups.

Also, the organoaluminum compound {B-2) may be
repregsented by the following general formula:

R1nA1Y3n (1ii)

wherein Rl is as defined above in the formula (ii), n
is 1 - 2 and Y is -OR2, -0SiR33, -0AlR%;, -NR33, -SiR®3 or
-N(R7)A1R82, in which each of RZ, R3, R% and R8 is, for
example, methyl, ethyl, isopropyl, isocbutyl, cyclohexyl or
phenyl, R® is, for example, hydrogen, methyl, ethyl,
isopropyl, phenyl or trimethylsilyl and each of R® and R
is methyl §r ethyl.

The compound (B-3) capable of forming an ion pair by
reacting with the metallocene compound (A} is, for example,
selected from among Lewis acids, ionic compounds and
carborane compounds described in Japanese Patent Laid-open

Publication Nos. 1({1989)-501950, 1(1989)-502036, 3{1991)-



"pofynerization" may conprehensively nean not only honopol yneri zation but
al so copol yneri zation. Also, the termnology "polynmer" may conprehensively
mean not only honopol yner but also copolyner. (1) Method of vapor -phase
pol ymeri zati on: The net hod of vapor phase pol ynerization according to
the present invention conprises blow ng a gaseous nononer froma bottom of
a fluidized bed reactor through a distributor plate into the fluidized bed
reactor by neans of a blower while feqding a solid catal yst for

pol ymeri zation into the fluidized bed reactor to thereby forma fluidized
bed in the fluidized bed reactor and carrying out a vapor phase

pol yneri zat i oR7P88Et i HRLIH IHI 9006 ai(%%al%e%oqm& ade By 199 DHRE 2040l ymer
or copolymer, i mhic& net hod the bl ower has a slide or rotational slide
part between PP@ BPsdn 4§ﬁg%ﬁtmzas a high pressure side and its suction
side as a |low pressure side in_a.blower body casin t.he above slide or
rotational slide pgf?mBi?%dxéﬁ?ﬁ§Ph§8 &FVﬁsaaﬁb d gas | eakpr oof

I . .ng ,f . . hi
Shase' pol yner FEiPRERYERGorl " s ERRPodod RetnRey misitngt for
pol yneri zati og,p 1%&% 'd tﬂ%tégl_ggiyi%od%ﬁf I'{}ej%J(LﬂlgE_rl zation, the gaseous

nononmer be a gaSeous olefin NOMEe an o pol ymer or copol yner
dimethylphenyl)boron, tris(pentafluorophenyl)boron, MgCla,

Al203 and Si02-A13203.

Examples of suitable ionic compounds include
triphenylcarbenium tetrakis(pentafluorophenyl) borate, tri-
n-butylammonium tetrakis (pentafluorophenyl) borate, N,N-
dimethylanilinium tetrakis(pentafluorophenyl) borate and
ferrocenium tetrakis(pentafluorophenyl) borate.

Examples of suitable carborane compounds include
dodecaborane, l-carbaundecaborane, bis-n-butylammonium {(1-
carbedodeca)borate, tri-n-butylammonium (7,8-
dicarbaundeca)borate and tri-n-butylammonium
(tridecahydride-7-carbaundeca)borate.

In the present invention, at least one compound
selected from amorng the above components (B-1), (B-2) and
(B-3), preferably, the above components (B-2)} and (B-3) is
used as cocatalyst component {(B).

The above metallocene compound (A) and/or cocatalyst
component (B) are/is generally contacted with a particulate
support compound to thereby form a solid catalyst before
use.

The support compound is generally in the form of a
fine particulate or granular solid of 10 to 300 jm,

preferably, 20 to 200 um in particle or grain size. The



17 be obtained by the vapor phase polynerization reaction in the
fluidized bed. Exanpl es of olefins suitably enployed in the present
i nvention include a-olefins having 2 to 18 carbon atons such as ethyl ene,
propyl ene, 1-butene, 1-pentene, 1-hexene, 4-nethyl-1-pentene, 1-octene and
1-decene and cycl ool efins. These may be either honopol ynerized or

copol yneri zed. Each of these ol efins can be copol ynerized with

anot her pol yneri zabl e nononmer, for ex l e, a vinyl nononmer such as
styrene, vinyl chloride, vinyl acetate, vinyl acrylate, nethyl
(meth)acrylate, tetrafluoroethylene, vinyl ether or acrylonitrile, a

conj ugat ed di WPPOFEhagseralivdiame dpeacifpcenmerfacaanmanjofigddetopbdyene
such as 1, 4- Q@xadiene, diqéglopentadiene or 5-vinyl-2-norbornene, an
acetyl ene suctd¥ &Re: JFepeetrrrad A SaveyReRerervalimejofeRydeteuzhs as
formal dehyde. 4 Al t hough Ziegler titaniumcatalyst, Phillips chrom um
oxi de catalysfmhﬁg”various ot her catalysts known as olefin ‘polynerizing

catal ysts can be used as the solid catalyst in he .present_ i nvention, it
is preferred to co% GOH=t HROTEHIC ﬁﬁﬁéé BSFyﬁE?%?Eﬂﬁéhq%ﬁdtﬁé pResence of

a highly actiWove support, examples of which include Si0z, Al03, MO,
Zr02, TiO2, B203, CaO, ZnO, BaO, ThO2 and mixtures
containing these such as Si0O2/MgO, Si02/Al1203, Si03/TiO3,
Si02/V205, Si02/Cr203 and Si02/Ti02/Mg0. Of these,
supports comprising Si0O2 and/or Al203 as principal
components are especially preferred.

The above inorganic oxide may contain a small aﬁount
of carbonate, sulfate, nitrate and oxide components such as
Na2C03, K2C03, CaCO3, MgCO3, Na2SO4, Al2(SO4)3, BaSO4,
KNO3, Mg({NO3)2, Al(NO3)3, Naz0, K20, and LiO.

Also, an organic compound can be used as the catalyst
support. For example, use can be made of (co)polymers .
produced from an d-olefin having 2 to 14 carbon atoms such
as ethylene, propylene, l-butene or 4-methyl-l-pentene as a
main component and, further, polymers and copolymers
produced from vinylcyclohexane or styrene as a main
component.

The above catalyst components are generally contacted
with the support at -50 to 150°C, preferably, -20 to 120°C
for 1 min to 50 hr, preferably, 10 min to 25 hr. This
contact can be performed in an inert hydrocarbon solvent.

The thus prepared solid catalyst is preferred to have

5 x 1076 to 5 x 1074 gram atom, especially, 105 to 2 X 10—

4 gram atom, in terms of transition metal atom, of



nmet al | ocene cat al yst. The above preferred netal |l ocene catal yst
conpri ses: a netall ocene conpound (A) of a transition nmetal selected
fromanong netals of Goup I'VB of the periodic table, and at | east
one conpound (B) sel ected from anong: an organoal um num oxy
conpound (B-1), 18 an
or ganoal um num conpound (B-2) and a conpound (B-3) capabl e of
form ng an ion pair by reacting wth the netallocene conmpound (A).
Specifically, the above netall ocene conpound (A) represented by the
formul a: mepaXlocene compound )(A) and hheeeiwri?\/lud saxt 1ondigign net al
selected fromthe group consisting of Zr, Ti, H, V, Nb, Ta and Cr; Ls are
| i gands j oi nedtew, t espe¢ialdy,ms x 1056 teadtx ok a_glm.mngtem, Iixgammﬁmw ng
cycl opent adi enyl skeleton and L other than L which is a |ligand having
cycl opent adi en§l| adeizim o dorgnaatbndr of ecompammgnta (Bal eaem@dom éach
hydr ocar bon group having 1
gram of support.
Although the thus prepared solid catalyst can directly
be used in the polymerization in the present invention, an
olefin prepolymerization can be conducted on the solid
catalyst to thereby obtain a prepolymerization catalyst
before use.
In the present invention, it is preferred that the
solid catalyst or prepolymerization catalyst be used in an
amount of 0.00001 to 1.0 mmol/hr, especially, 0.0001 to 0.1
mmol/hr, in terms of transition metal atom of the
metallocene compound (A), per liter of polymerization
volume.
When the prepolymerization catalyst is employed, the
use of component (B) is discretionary. The component (B)
can be used, according to necessity, in an amount of 5 to
300, preferably, from 10 to 200 and, still preferably, 15
to 150 in terms of the atomic ratio of aluminum or boron of
the component (B) to transition metal of the polymerization
system (ratio of Al or B/transition metal).
An olefin polymer can be produced with the use of the
fluidized bed reactor shown in, for example, Fig. 1
according to the method of vapor phase polymerization of
the present invention.

In the use of this fluidized bed reactor, a solid

catalyst A is fed through a supply line 312 into a



to 12 carbon atoms, an al koxy group, an aryloxy group, a trialkylsilyl
group or a group of the formula SJerr]R (Ris a hydrocarbon group having
1 to-8 carbon atons, unsubstituted or substituted with, for exanple, a
hal ogen); and x is the valence of transition netal. Exanpl es of

sui tabl e I'igands having cycl opent adi enyl skeleton include unsubstituted or
al kyl substituted cyclopentadi enyl groups such as cycl opentadi enyl,

met hyl cycl opent adi enyl , dinethylcyclo? ntad|enyl

trimet hyl cycl opent adi enyl, tetranethy cyclopentadlenyl

pent anet hyl cycl opent adi enyl , et hyl cycl opent adi enyl

met hyl et hyl cyﬂu#}dilza@imﬂllreqmtop'wacan@emiam}Enaﬂeously, a gaseous

met hyl propyl cycl opent adi enyl, butyl cycl opent adi eny

met hyl but yl cyBPBPRer atianyas &ﬁ‘@eﬁ@ﬂypb9§ @p’eﬁlt%i%@ylto paos pshraeugh mdeny|
group, a 4,5,6,7- tetrahydr0|nden¥ group and a fluorenyl group. These
groups nay beSEBB§¥|%¥ﬂ%H§ lown thereinto from a bottom 1 the h, for

O 2 S PAER AL T el b Sl 3Bis G DG MBS ) )

the Iigand Ot?fi.t rhcggﬁlgygtggbutor plate 311 is composed of, for
examplé;-a porous plate which has a plurality of through
holes, and is arranged in the vicinity of the bottom of the
fluidized bed reactor 310. As a result, a fluidized bed
(reaction system) 314 is formed and held in the fluid state
in the fluidized bed reactor 310, whereby a polymerization
reaction is carried out in the fluidized bed 314. The
above gaseous olefin is continuously supplied through a
supply line 320 which is combined with a recycling line
317.

Polymer particles produced by the polymerization
reaction in the fluidized bed 314 are continuously
discharged through a line 315 from the fluidized bed
reactor 310. On the other hand, unreacted gaseous monomer
having passed through the fluidized bed 314 has its flow
rate reduced in a velocity reduction zone 316 provided in
an upper part of the fluidized bed reactor 310 and is
discharged outside the fluidized bed reactor 310 through a
gas outlet 310A disposed at a top of the fluidized bed
reactor 310.

It is preferred that the unreacted monomer having been
discharged from the fluidized bed reactor 310 be deprived
of the heat of polymerization reaction before being re- .

blown into the fluidized bed 314 of the fluidized bed



cycl opent adi enyl skel eton, the hal ogen is, for exanple, fluorine,

chlorine, brom ne and iodine; the hydrocarbon group having 1 to 12 carbon
atons is, for exanple, an alkyl group such as nethyl, ethyl, propyl,

i sopropyl or butyl, a cycloal kyl group such as cycl opentyl or cycl ohexyl,
an aryl group such as phenyl or tolyl or an aral kyl group such as benzyl
or neophyl; the al koxy group is, for exanple, nethoxy, ethoxy or butoxy;
the aryloxy group is, for exanple, pbenoxy; and the group of the fornula-
SHJerr]Ris, for exanple, p-toluenesulfonate, nethanesul fonate or
trifluoronethanesul fonate. \Wen the conpound represented by the above
general fornEeactey Ildht aiTheisy wdtois nprefexrad fbatathenynredatiast on  havi ng
groups, the two cycl gpent adi enyl _skel eton having groups may be bonded

toget her by oWOBPREY Hfe ItFeeusaeninsa Redly Sxrdagees, 59PEe HSubstitut ed
al kyl ene group, such as isopropylidene or di phenyl yl epe, sjlylene
group or a S §????f$é%?sstiqeﬁneﬁ Eﬂﬁu’ﬁe%r%sid%ﬁemt?wl%?$ﬁ%‘ﬁ§d
diphenylsilylﬁﬂe or_ net hyl phenyl silyl ene. These netall ocene conpounds (A)
may be used i TR hat i on. The organoal um num oxy conpound (B-1) may

be either commmon Q&a§§§§ﬂ§§kﬂ?%§]§kygtgo 18b1 ngﬁgﬁigsfééggé%ate

or ganoal umi num oxy" conpoun 0sed Tn Japanese At pen
Publication Nge (3990 {887 v1efin generated by the cooling by the

cooler 319 is fed in misty form to gas recycling equipment
such as blower to thereby clog gas recycling pipes or
entrained to the distributor plate and gas recycling pipe
of the polymerizer to thereby cause clogging and other
serious trouble. Especially, when polymer particles are
present together with the mist, wear and breakage are more
serious than in the presence of polymer particles only in
the use of common blower. In contrast, the below described
blower of the present invention enables recycling the
recycling gas without the need of removing any mist having
been generated in the heat exchanger and mixed into the
recycling gas and enables efficient polymerization which is
free from the problems of apparatus breakage and abnormal
vibration.

Naturally, a mist separator can be provided for
capturing mist on, for examplé, the supply line 313.

The vapor phase polymerizer is so structured that the
monomer gas having been cooled by the cooler 319 is caused
to pass through the supply 1ine 313 by means of the
circulator such as blower 318 disposed downsﬁream of the
recycling line 317 and re-blown from the bottom of the

fluidized bed reactor 310 through the gas distributor plate



20 ‘ The organoal um num conpound (B-2) is represented by, for exanple,

the foll owi ng general fornula: Rl err] Al X err] (i)
wherein R err] is a hydrocarbon group having 1 to 12 carbon atons, X is a
hal ogen or hydrogen atomand nis 1 to 3. In the general formula

(1), Rerr] is a hydrocarbon group, for exanple, an alkyl, a cycl oal kyl

or an aryl group having 1 to 12 carbon atons. Exanples of suitable

hydr ocar bon groups include nethyl, etdyl, n-propyl, isopropyl, isobutyl,
pentyl, hexyl, octyl, cyclopentyl, | ohexyl, phenyl and tolyl groups.

Al so, the organoal umi num.conmpound (B-2) may be represented by the

fol | owi ng gernkalinvtor theafluidizedi[head [384Yjo€r the fluididdd bed reactberein
Rl is as defined above in the fornula (ii), n is 1 - 2 and Yis -OR[err],
-OsiRlerr], -3 Rerr], -NRerr], -SiRerr] or -N(Rerr])Al[err]Rerr], in

whi ch each of Rlerr Rerr], R%err] and Rerr] is, for exanple, nethyl
ethyl, isopropyl, G%smm e xsoultle sranbe, completelihavoided e,

ydrogen. ol e sszg; OB D2, RIS W Y 30 gch of
rotational slide part between its discharge side as a high
pressure side and its suction side as a low pressure side
in a blower body casing, the above slide or rotational
slide part being provided with a noncontacted gas leakproof
seal part at a clearance ranging from 0.7 to 2.5 mm,
preferably, from 0.9 to 1.2 mm.

In the use of common cooler having no mist removing
means mentioned above as the cooler 319, the employment of
the below described blower of the present invention as the
blower 318 realizes the advantage that not only can the
powder contained in the recycling gas and mist pass through
the gas leakproof seal part clearance, slide part and
rotational slide part without the generation of frictional
force but also the gas leakage can be prevented. Thus, the
formation of stringy melt polymer resulting from heat
buildup and melting of powder can be prevented and that
-powder crushing, deformation and integration do not occur
at the above clearance so that the trouble of clogging the
distributor plate and gas recycling pipe of the polymerizer
can be avoided.

The gaseous monomer to be fed into the fluidized bed
in the present invention may contain not only the above
olefin such as ethylene but also an inert gas such as

nitrogen. The fed gaseous monomer is generally blown into



The conpound (B-3) capable of formng an ion pair by reacting with the

net al | ocene conmpound (A) is, for exanple, selected fromanong Lew s acids,
i oni ¢ conmpounds and carborane conpounds described in National Publications
of International Patent No. 1(1989)-501950 and No. 1(1989)- 502036 and
Japanese Patent Laid-open Publication Nos. 3(1991)-

21 179005, 3(1991)-179006, 3(1991)-207703 and 3(1991)-207704 and

EP- A- 0468651. Exanpl es of suita Lewi s acids include

tri phenyl boron, tris(4-fluorophenyl)bOron, tris(p- tolyl)boron,
tris(o-tolyl)boron, tris(3,5- dlnethylphenyl) boron, tris
(pentafluoropﬁéﬁyf}uiQWZ#d hqﬁUaFear};neﬁt[v£14dium'DE abdut 0.4 to 1.5
Sigerr]-Aferr]derr] npl es of suitable ionic conpounds include
tr|phenylcarb@ﬁﬁﬁ?htEﬁ?ﬁﬂ@ﬁ&@ﬁénpaﬁlG@rbp%é%@ﬂ%c borate, tri-

n- butylannDnlun1tet£ ki s entafluorophenyl) borate, N N dinethylanilinium
t et r aki s( pent af | uof* ¥3esk derfpd 1$%r?%d§ﬁ?6ﬂpe of olefin,

tetrakls(pentaflu hen hor. at e. mpl es of suitabl e carborane
conpounds i ncf ﬂwﬁ%ﬂ ﬁé°n1a8§r%ﬁﬂﬁﬂééﬁﬂﬁpéﬁ¥ ofi $a%eWR y| anmoni um

(1- monomer, the polymerization is generally conducted at 50 to
120‘C,'préferably, 60 to 100°C under a pressure of
atmospheric pressure to 100 kg/cm2, preferably, atmospheric
pressure to 50 kg/cm2.

The recycling gas supplied by the blower may contain
condensable compounds, which may be monomers (principal
monomer, comonomer or both thereof) to be polymerized or
compounds inert to polymerization, such as propane or
butane.

In the execution of the vapor phase polymerization, it
is preferred that the recycling gas be cooled under
conditions such that the condensable components are
condensed because the heat of polymerization can
efficiently be removed.

The latent heat of vaporization is extremely large as '
compared with the sensible heat, so that the quantity of
heat removed per recycling gas is increased and that the
efficiency of heat transfer is improved at the cooler.

The above condensable components comprise components
which condense at temperatures ranging from 50°C below the’
reaction temperature of vapor phase polymerization to the
reaction temperature of vapor phase polymerization,

preferably, from 30°C below the reaction temperature of



car bedodeca) bor at e, fri-n-butylannDniun1(7,8- di car baundeca) borate and
tri-n-butylamonium (tridecahydride-7-carbaundeca)bor at e. In the
present invention, at |east one conpound selected from anong the above
conponents (B-1), (B-2) and (B-3), preferably, the above conponents (B-2)
and (B-3) is wused as cocatal yst conponent (B). The above netall ocene
conpound (A) and/or cocatal yst conponent (B) are/is generally contacted
with a particulate support conpound hﬁsthereby forma solid catal yst
before use. The support compou is generally in the formof a fine
particul ate or granular solid of 10 to 300 [err]m preferably, 20 to 200
[err] min partvapior phageapolgm@eizalidon to the reaction temperature of
22 support generally has a specific surface area of 50 to 1000 nMerr]/g
and i s preferrvapor phase popymerivatuma.of 0.3 to 2.5 cnferr]/g.
Porous inorganic oxides are preferably used as the above support, exanples
of which include STdE canfensiiblerequpaisdts Are gendraliiygasmthined in
Blerr]dJerr], CaO 2ZnO, BaO ThQ2 and mi xtures )

the gaseous monomer in an amount of at least several

percents.

In ‘the method of wvapor phase polymerization according
to the present invention, the gaseous monémer may be fed
into the fluidized bed at temperatures lower than the
reaction temperature of vapor phase polymerization in the
fluidized bed.

The reaction temperature of vapor phase polymerization
in the fluidized bed can be measured by customary methods,
for example, by disposing a thermocouple in the reactor.

The vapor phase polymerization of the olefin may be
performed by any of batch, continuous and semicontinuous
processes.

In the present invention, a polyolefin can be obtained
in granular form by the above vapor phase polymerization.

The average grain diameter thereof is preferred to range
from about 250 to 3000 um, especially, from 400 to 1500 pm.
{2) Vapor phase polymerizer:

The vapor phase polymerizer of the present invention
will be described in detail below.

Fig. 1 is a schematic diagram of a first form of the
vapor phase polymerizer of the present invention. Fig. 2
is a longitudinal section of a cooler used in the vapor

phase polymerizer of the present invention. Fig. 3 is an

enlarged section of part III of Fig. 2.



containing these such as SiJerr]/ MO SiJerr]/Af[err]Jerr],
Siqerr]/Tierr], Siderr]/V[err](Jerr], Sigerr]/Cf[err](Jerr] and
Sierr]/Tigerr]/ MO O these, supports conprising Sierr] and/or
Alferr]Jerr] as principal conponents are especially preferred. The
above inorganic oxide may contain a small anount of carbonate, sulfate,
nitrate and oxi de conponents such as NaJerr]CJerr], Kerr]CJerr],

CaCderr], MgCerr], Na[err]SO err] | [err](STerr])[err], BaSOerr],
KNOerr], Mg(NOJerr])[err], A (NQer??)A[err], Na[err] O, Klerr]O and
Liferr] QO Al so, an organi c conpound can be used as the catal yst
support. For exanjhethe seman vhaseadelyhextzgpdihers sopiddoaalyfstom an
a-olefin having 2 to 14 carbon atons such as ethyl ene, propylene, 1-butene
or 4-net hyl - ispbad caranghy a supplrohipencht2 dako pufinédized|Befrs and

copol yners produced fromvinyl cycl ohexane or styrene as a nmin_ conponent.
The above caF8RGEPr chhiméht S1HRLHRARMBIY y & SREFOLSIONPRSK (FRED @Fport  at

-50 to 150[err]C, preferably, -20 to 120[err]C for 1 mn_to 50 hr,
preferably, 9B58PWS (QLefsimLs ?ﬁP§echﬁtQ%§S(§¥¥QH§%p@r§BPH¥H %%P@églﬁnert
nave 5 x. 10 &R Sfosm Shersiate) EPAA oo ects Fhuiabied Hedo 2" 10
4 gra”‘ato”‘r££c€84r§id”tﬂ£8%g iEiBQsﬂﬁiéérfﬁéggr %Eate 311. The gas
distributor plate 311 is composed of, for example, a porous
plate which has a plurality of the through holes, and is
arranged in the vicinity of the bottom of the fluidized bed
reactor 310. Thus, a fluidized bed (reaction system) 314
is formed and held in the fluid state in the fluidized bed
reactor 310, whereby a polymerization reaction is carried
out in the fluidized bed 314. The above gaseous olefin is
6ontinuously supplied through a supply line 320 which is
combined with a recycling line 317.

Polymer particles produced by the polymerization
reaction in the fluidized bed 314 are continuously
discharged through a line 315 from the fluidized bed
reactor 310. On the other hand, unreacted gaseous monomer
having passed through the fluidized bed 314 has its flow
rate reduced in a velocity reduction zone 316 provided in
an upper part of the fluidized bed reactor 310 and is
discharged outside the fluidized bed reactor 310 through a
gas outlet 310A disposed at a top of the fluidized bed
reactor 310.

The unreacted monomer having been discharged from the
flui&ized bed reactor 310 has to be deprived of the heat of

polymerization (i.e., heat generated by the polymerization



23 netall ocene conpound (A) and have 10[err] to 5 X 10[err] gram atom
especially, 2 X 10[err] to 2 X 10[err] gramatom in terns of alum num or
boron atom of conponent (B) carried on each gram of support.

Al t hough the thus prepared solid catalyst can directly be used in the

pol yneri zation in the present invention, an olefin prepolynerization can
be conducted on the solid catalyst to thereby obtain a prepol ynerization
catal yst before use. In the prgsent invention, it is preferred that
the solid catalyst or prepol ynerization catalyst be used in an anount of
0.00001 to 1.0 mol /hr, especially, 0.0001 to 0.1 mol/hr, in terns of
transition nEeacticpm beforr baimiamreobdawncinpoute Apidiased bedr3s

pol yneri zation vol une, When the prepol ynmerization catalyst is

enpl oyed, th®f ke Eluidhgrthdind mepcterddder e3¢ draty thehunseapoednt (B)
can be used, accordipng fo necessjty, in an ampunt of 5 to 300, preferably,
from10 to 256VGRET 3 i’rrllt’fﬂé'f“'@rdal}iny? hsat gxqhanger tlcppdest 342 at omic

(at10.0f 2 VBN ROrOnal od R CRIBRRERS (R Loy ans Ligp,getal o the
pol ymer can Qe produced with the use of the

Referring to Fig. 2, the employed heat exchanger 319
is a shell and tube heat exchanger comprising a cylindrical
shell 320 and, provided therein, a plurality of tubes 321
arranged in the lengthwise direction of the shell, through
which the recycling gas is passed for effecting a heat
exchange with a refrigerant, and baffles 323 arranged for
causing the refrigerant to flow along the periphery of each
tube 321. 1In Fig. 2, numeral 324 denotes a recycling gas
inlet, numeral 325 a recycling gas outlet, numeral 326 a
refrigerant inlet and numeral 327 a refrigerant outlet.

In the heat exchanger 319, it is preferred that,
referring to Fig. 3 showing an enlarged section, the above
tubes 321 be welded to tube plates 322, each welding
portion 328 being so formed that the tube has at its
opening portion a front end 321A positioned inside a tube
plate surface 322A and has at its opening portion a front
end 321B rounded, namely, provided with a radius (R). The
employment of the above heat exchanger 319 enables
preventing the powder and mist contained in the recycling
gas from remaining in tube plate parts in the vicinity of
tube openings to thereby avoid the trouble of clogging the

heat exchanger and pipes.



a

fluidized bed reactor shown in, for exanple, Fig. 1 according to the

net hod of vapor phase polynerization of the present invention. I n
the use of this fluidized bed reactor, a solid catalyst Ais fed through a
supply line 312 into a 24 fluidized bed

reactor 310 and, simultaneously, a gaseous nononer such as gaseous ol efin
I s caused to pass through a supply line 313 and blown thereinto froma
bottom of the fluidized bed reactor 310 through a gas distributor plate
311. The gas distributor plate 311 i 9 onposed of, for exanple, a porous
pl ate which has a plurality of through holes, and is arranged in the
vicinity of the bahnt emisfcémeection dithedhbad erdtdnfe kY iAvider gréllt, a
fluidized bed (reaction systen) 314 is forned and held in the fluid state
in the flui dpretblemdthatc crorfkhsatlecoéby far pexameld,z alliefiin genstatdd i S
carried out in the fluidized bed 314. The above gaseous olefin is
cont i nuous! ybyugpei edotinadygh the soppey Blfeig2fepdwiincmistycobimea with a
recycling line 317. _ Pol ymer particles_ produced by the polynerization

gas recycling equipment such as blower to thereby clog gas

recycling pipes or entrained to the distributor pléte and

gas recycling pipe of the polymerizer to thereby cause

clogging and other serious trouble. Especially, when

polymer particles are present together with the mist, wear

and breakage are more serious than in the presence of

polymer particles only in the use of common blower. In

contrast, the below described blower of the present

invention enables recycling the recycling gas without the

need of removing any mist having been generated in the heat

exchanger and mixed into the recycling gas and enables

efficient polymerization which is free from the problems of

apparatus breakage and abnormal vibration.

Naturally, a mist separator can be provided for
capturing mist on, for example, the supply line 313.
The vapor phase polymerizer is so structured that the

monomer gas having been cooled by the cooler 319 is caused

to pass through the supply line 313 by means of the

circulator such as blower 318 disposed downstream of the

recycling line 317 and re-blown from the bottom of the

fluidized bed reactor 310 through the gas distributor plate

311 into the fluidized bed 314 of the fluidized bed reactor

310.

Although common blower can be used as the blower 318,

the use of the below described blower of the present



reaction in the fluidized bed 314 are continuously discharged through a
line 315 fromthe fluidized bed reactor 310. On the other hand, unreacted
gasebus nononer havi ng passed through the fluidized bed 314 has its fl ow
rate reduced in a velocity reduction zone 316 provided in an upper part of
the fluidized bed reactor 310 and is discharged outside the fluidized bed
reactor 310 through a gas outlet 310A disposed at a top of the fluidized
bed reactor 310. It is prefergg that the unreacted nononer having
been discharged fromthe fluidized reactor 310 be deprived of the
heat of polynerization reaction before being re- blown into the fluidized
bed 314 of thnvfdntidnzdg hddantageous in that clogging and other 25

reactor 310. Thus, it is preferred that the unreacted nononer be
i ntroduced i rtxpubdat caxchangempletslergvaddtied.di Sposke wgs tafe amobnt he
recycling Iine 317 and cooled therein. Such cooling may invite the
probl em t hat PTeTddaving neofmishrrepariyige meshsf pengyionedtadpviey ashsheool i ng
by the cooler 319, the employment of the blower of the present
invention as the blower 318 realizes the advantage that not
only can the powder contained in the recycling gas and mist
pass through the gas leakproof seal part clearance, slide
part and rotational slide part without the generation of
frictional force but also the gas leakage can be prevented.
Thus, the formation of stringy melt polymer resulting from
heat buildup and melting of powder can be prevented and
powder crushing, deformation and integration do not occur
at the above clearance so that the trouble of clogging the
distributor plate and gas recycling pipe of the polymerizer
can be avoided.
(3) Blower:

The blower of the present invention will be described
in detail below.

Fig. & is a longitudinal section showing a first
embodiment in which the blower of the present invention has
been employed in a turboblower. Fig. 7 is an enlarged
section of part II of Fig. 6.

Referring to Fig. 6, the blower of the present
invention generally designated 100 comprises a blower base
102 placed on, for example, a floor surface and, fixed
thereon by flanges 104, 106, a blower body 108. Numerals

110, 112 denote bracing cotters for preventing the

resonance and vibration of the blower body 108. The blower



a

cooler 319 is fed in msty formto gas recycling equi pnent such as bl ower
to thereby clog gas récycling pipes or entrained to the distributor plate
and gas recycling pipe of the polynerizer to thereby cause cl oggi ng and
ot her serious trouble. Especially, when polyner particles are present
together with the mst, wear and breakage are nore serious than in the
presence of polyner particles only in the use of conmon blower. In
contrast, the bel ow described blower of the present invention enables
recycling the recycling gas wthout 33e need of renpving any nist having
been generated in the heat exchanger and m xed into the recycling gas and

enabl es ef fi ¢Rpt 10@! iﬁ@ix‘;&é’é'Qrbdﬁyt%ﬁt'ﬁll{rréﬁliﬂMéﬂeﬂo%&%Sﬁs of

appar atus breakage and abnorrmal vibration m st

separat or cara¥dng 0tides dDEchLy WalsigNist ednnd@eEtdRhE. bé&flﬁglppl y
line 313. The vapor phase polynerizer is so structured that the

nononer gas hasing bheenasdod eshdiionheastabel 28 18ommeqtidsed the pass through
the supply line 313 by neans of the circulator such as bl ower 318 di sposed

downst r eam ofdisichargecyatimy 1life thi7 aboser subtbom dasdmgt B20bbeingn of the
fluidized bed reactor 310 through the gas distributor plate
provided with a suction port 118.

A principal shaft 122 as a driving shaft is rotatably
fitted inside the bearing casing 114 by a thrust bearing
124, bearing metals 126, 128 and bearing glands 130, 132,
134. A gland labyrinth 136 is inserted between a shaft
sleeve 122A of the principal shaft 122 and the bearing
gland 134 and a mechanical seal 138 is provided between the
shaft sleeve 122A and a flange part 116A of the discharge
casing 116 so that the sealing is ensured to thereby
prevent, for example, lubricant applied on the side of the
principal shaft 122 from mixing into the treated gas and
also prevent, contrarily, the treated gas from entering the
side of the principal shaft 122, namely, the inside of the
bearing casing 114. Numeral 140 denotes a mechanical seal
oil feeding port, numeral 142 a mechanical seal oil
discharging port, numerals 144, 146 mechanical seal drains
and numeral 148 an air vent.

An end 122B (right side of Fig. 6) of the principal
shaft 122 is connected by a gear coupling 150 to a driving
shaft of a motor (not shown), so that the principal shaft
122 is rotated. A principal impeller 154 is disposed in a
space for impeller rotation 152 provided between the
discharge casing 116 and an inner wall of the suction

casing 120. The principal impeller 154, at its hub 154D,



26 311 into the fluidized bed 314 of the fluidized bed reactor 310.

Cl ogging and other trouble can be conpletely avoided by using the bl ower
318 as a blower, which has a slide or rotational slide part between its

di scharge side as a high pressure side and its suction side as a | ow
pressure side in a blower body casing, the above slide or rotational

slide part being provided with a noncontacted gas | eakproof seal part at a
cl earance ranging from0.7 to 2.5 nm_  preferably, from0.9 to 1.2 nm

In the use of common cool er havi ng né4n st removi ng neans nentioned above
as the cooler 319, the enploynent of the bel ow described bl ower of the

present invedisi €¢ixad biiean biyslle¥l8s56cahiizes iseladramiu@gesihas vid only
can the powder contained in the recycling gas and m st pass through the

gas | eakpr oofotheal epdr122¢ eaff artze prihicdpapashagind sa abaiti ehal slide part

wi thout the generation of frictional force but also the gas | eakage can be
prevent ed. Thedncibel impeklernrisSdf ist rohgyedetegeniiemerthesheti ng from heat
bui | dup and nelting of powder can be prevented and that powder crushing,
def or mati on ®¥dnchpayreka®h P2 -not occur at the above clearance so that

t he troubl e of clg%ging the distributor plate and gas recycling pipe of

t he polyneri zer

e impeller 154 includes a main plate 154A, a side
plate 1543 and a vane 154C. When the impeller 154 is
rotated at a hiéh speed, the gas is suctioned in the
direction of arrow A from the suction port 118 of the
suction casing 120 and the gas passing through the blower
is centrifuged by the action of the vane to thereby have
its speed and pressure increased. The gas having its speed
and pressure increased passes through a high pressure
chamber 160 formed between the suction casing 120 and an
inner wall of the discharge casing 116 and is discharged in
the direction of arrow B from a discharge port 162 of the
discharge casing 116 which communicates with the high
pressure chamber 1604

The rotational slide part between a front end 154E of
the side plate 154B of the impeller 154 and an inner edge
portion 120A of the suction port of the suction casing 120
is provided with a labyrinth seal ring 166 as a gas
leakproof seal part so as to prevent gas leakage (gas edge
cutting) between the high pressure chamber 160 on the
discharge side being the high pressure side and a suction
space 164 formed at the suction port of the suction casing
120 on the suction side being the low pressure side.

In this embodiment, as shown in the enlarged view of

Fig. 7, the clearance S between a protrudent part 166A of



L]

can be avoi ded. The gaseous nononer to be fed into the fluidized bed
In the present invention may contain not only the above olef in such as
et hytene but also an inert gas such as nitrogen. The fed gaseous nononer

is generally blown into 27 the
fluidized bed at a linear velocity of about 0.4 to 1.5 msec, preferably,
0.6 to 1.2 nisec. Al t hough vari ed depending on the type of olefin

copol ymer conposition and linear velqcity of gaseous nononer, the
pol ymeri zation is generally conduct ed9at 50 to 120[err] C, preferably, 60
to 100[err]C under a pressure of atnospheric pressare to 100 kg/cnferr],

preferably, ahaDsgberikth HRISHiAgt 0660akd/ €id efrdnt end 154Meof eghec! i ng gas
supplied by the blower nmay contain condensabl e conpounds, which may be

mononer s (prstidepplatdIBABRI0f echeohnpeller 184 rangeseipmt ©. Decepd Jareri zed
or conpounds inert to polynerization, such as propane or butane. In
t he executi ommef préfewatploy, frame 0pd| foetizatm.on,Thils range of

clearance enables powder contained in the gas treated by

the blower to pass therethrough without generation of a

frictioﬁal force and is sized so as to prevent gas leakage.

Thus, the blower is free from the problems that powder

suffers from heat buildup and melts into stringy melt

polymer and that powder crushing, deformation and

integration occur at the gas leakproof seal part clearance.

Although the labyrinth seal ring 166 is intexrposed
between the front end 154E of the side plate 154B of the
impeller 154 and the inner edge portion 120A of the suction
port of the suction casing 120 in this embodiment, this
labyrinth seal ring 166 may be fitted in a recess part 120B
of the imner edge portion 120A of the suction port of the
suction casing 120 to thereby create a seal part of seal
clearance S between the same and the periphery of the front
end 154E of the side plate 154B of the impeller 154 as
shown in Fig. 4.

Fig. 8 is a longitudinal section showing a secoﬁd
embodiment in which the blower of the present invention has
been employed in a Roots blower. Fig. 9 is a longitudinal
section on the line III-III of Fig. 8.

Referring to Figs. 8 and 9, the blower of the present
invention generally designated 200 comprises a casing body
202, a gear case 204, side covers 206, 208 and a bearing

cover 210, through which a driving shaft 212 and a driven



Is preferred that the recycling gas be cool ed under conditions such that

t he condensabl e conponents are condensed because the heat of

pol yhreri zation can efficiently be renoved. The | atent heat of
vaporization is extrenely large as conpared with the sensible heat, so
that the quantity of heat renoved per recycling gas is increased and that
the efficiency of heat transfer is inproved at the cooler. The above
condensabl e conponents conprise conponents which condense at tenperatures
rangi ng from50[err]C below the readG on tenperature of vapor phase

pol ynmeri zation to the reaction tenperature of vapor phase pol ynerization,

D o oY SR £ RA DRl QN1 B L BAGLE A L D UIALIEE Bherebetyoen | o

28 vapor phase pol ynmeri zat1 on action _ :
pol yirer | zat | @eend.  THOLCRAURNSRRKE SPPANSTHS P SBBREM 314 Yasont ai ned in
t he gaseous nmononer in an anount of at [east severa percents. I n

the nmet hod ofotapablphasetd WiEthaabiepepccording to the present
i nvention, the gaseous nononmer may be fed

The driving shaft 212 is rotatably mounted by means of

bearings 216, 218 disposed in the side covers 206, 208 and
is provided with mechanical seals 220, 222 and oil seals
224, 226. The driving shaft 212 is so structured as to
prevent, for example, lubricating oil applied to the
rotating part of the driving shaft 212 from mixing into the
treated gas and to prevent, contrarily, the treated gas
from entering the rotating part of the driving shaft 212.
These structural features also apply to the driven shaft
214.

An end (left side of Fig. 9) of the driving shaft 212
is protrudent from the bearing cover 210 and is connected
by a coupling 228 to, for example, a driving shaft of a
motor (not shown) so that the driving shaft 212 is rotated.
On the other hand, the other end (right side of Fig. 9) of
the driving shaft 212 is protrudent into the gear case 204
and has a driving gear 230 secured thereto. Referring to
Fig. 11, a driven gear 232 which interlocks with the
driving gear 230 is secured to the driven shaft 214. Thus,
the driven shaft 214 is rotated synchronously with the
driving shaft 212 in directions opposite to each other, so
that two-lobe rotors 236, 238 secured to the driving shaft
212 and driven shaft 214, respectively, are rotated in
directions opposite to each other {(arrowed directions in

Fig. 8) with a phase shift in a blower chamber 234 provided



g

into the fluidized bed at tenperatures |ower than the reaction tenperature
of vapor phase polynerization in the fluidized bed. The reaction
tenperature of vapor phase polynerization in the fluidized bed can be
measured by customary net hods, for exanple, by disposing a thernocouple in
the reactor. The vapor phase pol ynerization of the olefin may be
performed by any of batch, continuous and sem conti nuous processes.
In the present invention, a ponoIefi§7can be obtained in granular form by
t he above vapor phase pol ynerization.YfThe average grain dianeter thereof
Is preferred to range from about 250 to 3000 [err]m especially, from 400
to 1500 [err]in tHe addngr bplaszopol yaisezpiently, thdheay apoblpkase
pol yneri zer of the present invention wll be described in detail bel ow.
Fig. 1 is a seubmipresdiuzgram of a first formof the vapor phase
pol ynmerizer of the present invention. Fig. 2 is a |ongitudinal_ section of
a cool er used in tThe casdng phdye2®2| isrtovddedf athetprepren andyaithon.
Fig. 3 is an enlarged section of part Il of Fig. 2. ,

a suction port 240 communicating with the blower 234 and

provided at its lower end with a discharge path 242 and

discharge port 244 which communicate with the blower

chamber 234. Numeral 246 denotes a seal liquid inlet

nozzle, numeral 248 a seal liquid outlet nozzle and numeral

250 a coolant inlet and outlet nozzle.

In this embodiment, in the rotation of the rotors 236,

238, each of the clearances CR1 to CR4 between the rotors

236, 238 and clearances Cl to C6 and S1 to S4 (side

clearances} between the periphery of the rotors 236, 238

and the inner wall of the blower chamber 234 provided in

the casing body 202 as shown in Fig. 10 (A} to (D) and Fig.

11 which function as gas leakproof seal parts ranges from

0.7 to 2.5 mm, preferably, 0.9 to 1.2 mm. This range of

clearance enables powder contained in the gas treated by

the blower to pass therethrough without generation of a

frictional force and is sized so as to prevent gas leakage.

Thus, the blower is free from the problems that powder

suffers from heat buildup and melts into stringy melt

polymer and that powder crushing, deformation and

integration occur at the gas leakproof seal part clearance.

EFFECT OF THE INVENTION
In the method of vapor phase polymerization of the

present invention, not only is safe production ensured



29 In the vapor phase polynerizer 300, a solid catalyst A is fed
through a supply line 312 into a fluidized bed reactor 310 and,

si mutt aneously, a gaseous nononer such as gaseous olefin is caused to pass
through a supply line 313 and blown thereinto froma bottom of the
fluidized bed reactor 310 through a gas distributor plate 311. The gas
distributor plate 311 is conposed of, for exanple, a porous plate which
has a plurality of the through holes, and is arranged in the vicinity of
the bottom of the fluidized bed react¥3 310. Thus, a fluidized bed
(reaction system) 314 is forned and held in the fluid state in the

fluidized bed wiit8Rk{0 1 g&gﬁ t%ﬁéi ol | L, Ol I [HeTall carried
out in the fIJFHized Egg gﬁ%. T'% a ov%'géggghéég e |'nq®'|%ssi:t con??ﬁﬁously
supplied throughefinsebRtYihing PRRmudd %J&wki%r WRIEh "Rk WMddh gehBEYELENY | i ne
317. Pol ymer particles produced by the polynerization reaction in
the fluidi zed dyedod14ngr By Celd | coilusd s Hieaehakgbshddy Glimas! e 315 from
the fluidized bed reactor 310. On the other hand, unreacted gaseous
mononer havi fpyraseetdheheloygtildd e idas dezedlbrg Bife Al ithatf kosh rate
reduced in a velocity reduction zone 316 provided in an upper part of the
flui di zed bedmiegctisr eBtbatmell it tdies diatgébubort spletd lamdf baisdi zed bed
reactor 310 through a

recycling pipe of the polymerizer to thereby cause clogging

and other serious trouble but also the recycling equipment
per se becomes compact to thereby enable reducing
production cost.

In the vapor phase polymerizer of the present
invention a heat exchanger and a gas circulator are
arranged upstream and downstream of a gas recycling path,
respectively, and the blower of the present invention is
employed in passing the recycling gas such as unreacted
gaseous olefin having been discharged from a fluidized bed
reactor through a heat exchanger (cooler) prior to the re-
blowing into the fluidized bed of the fluidized bed reactor
because of the need of depriving the recycling gas of heat
of polymerization (i.e., heat generated by the
polymerization reaction). This constitution is
advantageous in being free from the problems that a
condensate of, for example, olefin containing polymer
powder which has been generated by cooling by the cooler
assumes misty form to thereby clog a gas recycling pipe and
that such mist is entrained to the distributor plate and
gas recycling pipe of the polymerizer to thereby cause
clogging and other serious trouble, the above polymerizer

thus allowing the recycling equipment per se to be compact.



gas outlet 310A disposed at a top of the fluidized bed reactor 310.

The unreacted nononer having been discharged fromthe fluidized bed
reactor 310 has to be deprived of the heat of polynerization (i.e., heat
generated by the polynerization 30
reaction) before being re-blown into the fluidized bed 314 of the
fluidized bed reactor 310, so that the unreacted nononer is introduced in
a heat exchanger (cooler) 319 disposgg upstream of the recycling line 317
and cooled therein. Referring to Fig. 2, the enpl oyed heat exchanger
319 is a shell and tube heat exchanger conprising a cylindrical shell 320

and, provided ther¥®t rkhes vBPGr aPhage o ksl zex) oL FRa ieRFSDE t he | engt hwi se
direction of the shell, throu ﬂ whi ch 1 he regéc%in $$ i s passed for
effecting a r&ﬂﬁenQ%ﬂ?haﬁg@ ﬁﬂg Cens [Giye ASn A HGR b F TGS &rranged for
causi ng the rgfri-ger 0 flow al gng the .periphery .of ch ube,321. In
Fig. 2,g nuner%elggfnﬁgﬁfﬁgsﬂgaﬁ;g @}%}ﬁfrg&gl Whﬁf’gt t)'[u}ﬁ"?ﬁre e wﬁlFécycl I ng
gas outlet, nyeral 3208 £be AHE @Mlnd Y bhr e IHEE Y 3% BaGELLT g°r ant

outl et.
provided for fixing the tubes to a shell of the heat

exchanger, each welding portion being so formed that the
tube has at its opening a front end positioned inside a
tube plate surface and has at its opening a front end
rounded. This constitution enables preventing the powder
and mist contained in the recycling gas from remaining in
tube plate parts in the vicinity of tube openings to
thereby avoid the trouble of c¢logging the heat exchanger
and pipes.

In the blower of the present invention, the blower
body casing has therein a slide or rotational slide part
between its discharge side as a high pressure side and its
suction side as a low pressure side, the above slide or
rotational slide part being provided with a noncontacted
gas leakproof seal part such as labyrinth seal or rotor-to-
rotor clearance at a clearance ranging from 0.7 to 2.5 mm,
preferably, from 0.9 to 1.2 mm. Therefore,

{1) the gas leakproof seal part clearance enables
powder to pass therethrough without generation of a
frictional force and is sized so as to prevent gas leakage,
so that the blower is free from the problems that powder
suffers from heat buildup and melts into stringy melt
polymer and that powder crushing, deformation and

integration occur at the gas leakproof seal part clearance;



In the heat exchanger 319, it is preferred that, referring to Fig. 3
showi ng an enl arged section, the above tubes 321 be welded to tube plates
322, each welding portion 328 being so forned that the tube has at its
opening portion a front end 321A positioned inside a tube plate surface
322A and has at its opening portion a front end 321B rounded, nanely,
provided with a radius (R). The enploynent of the above heat exchanger 319
enabl es preventing the powder and niib contained in the recycling gas
fromremaining in tube plate parts in*¥he vicinity of tube openings to

t hereby avoid the trouble of clogging the heat exchanger and pi pes.

31 I n this c@neaidithert ie bRat sexs hef g nigh€ihe pdvedeypr obl em t hat
a condensate of, for exanple, olefin generated by the cooling by the
cool er 319 i snéeded nimitdtey aftem toeatgeent emyc itheggeguirerprtimugipas ikl ower
to thereby clog gas recycling pipes or entrained to the distributor plate
and gas recyeloggedsi padof the pol ynerizer to thereby cause cloggi ng and
ot her serious trouble. Especially, when

no stringy melt polymer is formed, so that there
is no entrainment thereof to the distributor plate and gas
recycling pipe of the polymerizer to thereby be free from

clogging and other serious trouble.

EXAMPLE

The present invention will now be illustrated in
greater detail with reference to the following Examples,
which in no way limit the scope of the invention.
Example 1 and Comparative Examples 1-2

One embodiment of the present invention, Example 1,
was carried out with the use of polypropylene powder A of
the composition specified in the following Table 1 by
operating the Roots blower of Figs. 8 and 9 according to
the present invention under operating conditions specified
in Table 2. 1In contrast, the same test was conducted by
operating a Roots blower with the same structure as that of
the Roots blower of Figs. 8 and 9 according to the present
invention except that it had the, common clearance specified
in Table 2 under operating conditions specified in Table 2,
thereby obtaining the results shown in the columns
"Comparative Examples 1 and 2".
Table 1 Composition of Polvpropviene as Powder A

MFR 22.0

ethylene/propylene content wt.$% 8.0



2

pol ymer particles are present together with the mst, wear and breakage
are nore serious than in the presence of polyner particles only in the use
of eonmon blower. In contrast, the bel ow described bl ower of the present

i nventi on enables recycling the recycling gas without the need of renoving
any m st having been generated in the heat exchanger and m xed into the
recycling gas and enables efficient polynerization which is free fromthe

probl ens of apparatus breakage and ghnormal vibration. Naturally, a
m st separator can be provided for capturing mst on, for exanple, the
supply line 313. The vapor phase polynerizer is s tructured that
the nononer gas hzﬂi’nﬁa%égﬁ‘ec’f)ﬁ%d by the cool er 319 i-gm?:)a ed to pass

through the supply gerbecidl 310¥ gRansratiddie ciroyy aben sisch ge, Pl over 318
di sposed downstream of the recycling Iine 317 and re-blown fromthe bottom

of the fluidized bed reactor 310 through toe gass2di @bri Bst.or plate 311
into the fluidized bed 314 of the fluidized bed reactor 310.

Al t hough conmon bl ower can be used as the BRower 4218dc.theé-8se of the bel ow
descri bed bl ower of the present 12 - 60 do 0.2

60 - 80 do. 0
80 - 150 do. 0

150 - do. 0
Table 2
Powder PoweriOpera- Qccurrence
Clearance concn.| Gas |con-| tion of
Type oflrororArotor/ side |Powded of gas! qty. sume& time | stringy
blower |saging rotor| (mm) | 1Sed | {kg/m3}|(w3 /min)|(KWH)| (min)| polymer
(mm) | ()
Examplel Roots [0,85~{0.85-0.97~powdey 3.0 42.5 132.1] 30 pmo occur-
1 improved 0.93|0.88! 1.0 A rence of
: stringy
polymer
Comp. | Reots |0.2-]0.42- 0.2~ Fowdex 1.0 42.5 [30.7] 30 |[ten 5-20 mm
Ex. 1 [standard 0.4 [ 0.47} 0. A polymer
Jstr.ings
found
Comp, | Roots | 0.2-0.42- 0.2-|powdey 3.0 42.5 |30.5| 30 |twenty to
Ex. 2 |standard 0.4 [ 0.47! 0.4 A thirty 5-30
polymexr
strings
found
Examples 2-5 and Comparative 1 3-4

Other embodiments of the present invention, Examples 2
to 5, were carried out with the use of linear low-density
polyethylene (LLDPE) powder B of the composition specified
in the following Table 3 by operating the turboblower of

Fig. 6 according to.the present invention under operating



32 invention is advantageous in that clogging and other trouble can be
conpletely avoided. In the use of common cooler having no m st renoving
means$ nentioned above as the cooler 319, the enploynent of the bl ower of
the present invention as the blower 318 realizes the advantage that not
only can the powder contained in the recycling gas and m st pass through
the gas | eakproof seal part clearance, slide part and rotational slide
part wi thout the generation of fricti& al force but also the gas |eakage
can be prevented. Thus, the formation"of stringy nelt polynmer resulting
from heat buildup and nelting of powder can be prevented and powder
crushi ng, def cronstitdiongngpeai fhedtinTablendt. ofrnucontatadthe thleowamel ear ance
so that the trouble of clogging the distributor plate and gas recycling
pi pe of the pdiSifeMaecondupted by ompxgting3p Buvheblower withhéhbl same of
the present invention will be described _in_detail bel ow Fig. 6 is a

| ongi t udi nal SEEUGHEENERI Rtk 9F (e taubollawar ¢f Edg clf eeoptidngrtof the

present inventji.on_has een enp) oyed in a turbpblower. Fig. 7 is an
enl ar ged sect‘?}benpdzlesﬁﬁgt l‘ilYe’?rJ%plq—‘?/gfxc@pt chat Rerad ithe ©ommeg. 6, the

blouer of the prgaenty LIEMLED HRnerAly sdeslgnatpd, 100 comrises a
bl ower base
conditions specified in Table 4, thereby obtaining the
results shown in the columns "Comparative Examples 3 and
4,
Table 3

Composition of Linear Low-density Polyethylene
{LIDPE} as Powder B

MFR 4.0
density 0.920
av. particle size 1200 pm

particle size distribution

over 1680 mesh 11.89 wt.%
840 - 1680 do. 55.08
350 - 840 do. 30.9
250 - 350 do. 1.62
177 - 250 do. 0.37

up to 177 do. 0.13



102 pl aced

104, 106, a bl ower

prevénting

33 body 108 includes a substantially cylindrical
di scharge casing 116 connected to the bearing

casing 120
120 bei ng

a driving s
t hrust bear

134. A gl and Iabyrlnth 136 is |nserted betmeen a shaft

on, for exanple, a floor surface and, fixed thereon by flanges
body 108. Nunerals 110, 112 denote bracing cotters for
resonance and vibration of the bl ower body 108. The bl ower
bearing casing 114, a
casing 114 and a suction
connected to the discharggzcasing 116, the above suction casing
provided with a suction port 118. A principal shaft 122 as
haft is rotatably fitted |%§Ede the bearing casing 114 by a

ing 124, bearing netals 1 and bearing gl ands 130, 132,
sleeve 122A of the

t he

pr|n0|pal ghatt a0 Hzf ymé@z 154 m%fa necnan seat—4H38 i s
er Oequrren
provi ded belt ween |3Eger JORLEansd CLUE n.qm,_n L bakpey Paths TH &eif ag18
di scharge |[casing 116 g0 tudaat the e bad nsumﬁd tmuhhereQMﬂm&&event
for exanpl g, |ubpgicant [applied on uhemé)de of [ he principal” shaft 122 from
m xing int Cxiatlsﬁrﬁ&w BPH5AMwsed 3.0 | 30 | 16.1 | 30 |small anmt. of
improved B up to 5 mm
1. stringy
polymer found.
Example; turbo 1.0 |powded 3.0 30 16.5 30 ino occurrence
3 improved B of stringy
2 polymer.
Examplel turbo 2.0 |powderq 3.0 30 18.2 30 o occurrence
4 improved B of stringy
3 polymer but
blower
efficiency
deteriorated.
Example1 turbo 3.0 jpowdeq 3.0 30 20.7 30 |no occurrence
improved B of stringy
4 polymexr but
blower
efficiency
extremely
deteriorated.
Comp. | turbo 0.5 |powdeq 1.0 30 15.5 30 five 5-10 mm
Ex. 3 |standard B polymer
strings found.
Comp. | turbo 0.5 jpowdeq 3.0 30 15.7 30 ten 5-10 mm
Ex. 4 |standard B polymer
strings found.

As apparent from the results of Tables 2 and 4, the
Roots and turbo blowers having the common clearance
(Comparative Examples 1 to 4) suffer from the occurrence of
stringy polymer, thus, suffers from the entrainment thereof
to the distributor plate and gas recycling pipe of the
polymerizer to thereby cause clogging and other sgerious
trouble. By contrast, the occurrence of stringy polymer is

suppressed in Examples 1 to 5 according to the present

invention, thereby showing the advantage of clearance



al so prevent, contrarily, the treated gas fromentering t

he side of the

principal shaft 122, nanely, the inside of the bearing casing 114. Nuneral

140 -denotes a nechani cal seal oil feeding port, nuneral
seal oil discharging port, nunerals 144, 146 mechani cal
nuneral 148 an air vent. An end 122B (right side of
principal shaft 122 is connected by a gear coupling 150
shaft of a notor (not shown), so that, the principal shaft

142 a nechani ca
seal drains and
Fig. 6) of the

to a driving
122 is rotated.

A principal inpeller 154 is disposed4ﬂh a space for inpeller rotation 152
provi ded between the discharge casing 116 and an inner wall of the suction
casi ng 120. Thagpngnfiqmlo.mel Re6 hhd4, Pdkides thebbloddr efficiency

34 is fixed by an inpeller 156 and an inpeller nut 158 t

o the other end

122C of the pntacapadursthafit, iso fohad that the dieaaancepef| BxariSed 4 rot at ed
together with the principal shaft 122. . The inpeller 154 includes a
mai n plate 152A3 warging fxam &.9548 Lnd mn\ishorefecredhen the inmpeller 154

is rotated at a high speed, the gas is suctioned in the
Example 6

The fluidized bed reactor 310 of Fig. 1 was employed

in which the fluidized bed 314 had a diameter of 1 m, a

height of 1.8 m and a fluidized layer volume of 1400 1lit.

and the velocity reduction zone 316 had a maximum diameter

of 1.4 m. Ethylene was continuously fed into the fluidized

bed reactor 310 at a rate of 150 kg/hr and a vapor phase

polymerization reaction was performed at 80°C.

Referring to Fig. 1, the recycling gas was cooled by

‘the cooler of Fig. 2 and blown by means of the blower of

the present invention (turboblower having a clearance S

between impeller and labyrinth, as shown in Fig. 4, of 1

mm) .

The results are given in Table 5. aAs apparent from

the results of Table 5, the arrangement of the heat

exchanger for cooling ahead of the blower according to the

present invention enabled reducing the amount of recycling

gas. Further, the blower can stably be operated for a

prolonged period of time, and the inspection after the

operation showed the absence of wear and breakage.

In contrast, the operation was conducted with the use

of the common turboblower having a clearance S

impeller and labyrinth of 0.2 mm, resulting in

between

abnormal

vibration of the blower to thereby render the operation

unstable. The inspection after the operation showed not



direction of arrow A fromthe suction port 118 of the suction casing 120
and the gas passing through the blower 1is centrifuged by the action of the
vane'to thereby have its speed and pressure increased. The gas having its
speed and pressure increased passes through a high pressure chanber 160
formed between the suction casing 120 and an inner wall of the discharge
casing 116 and is discharged in the direction of arrow B from a di scharge
port 162 of the discharge casing 116 gﬂich comuni cates with the high
pressure chanber 160. The rotatfienal slide part between a front end
154E of the side plate 154B of the inpeller 154 and an inner edge portion
120A of the soaolyothegstestindeherseetingy opsiyeerl 2t h3sor Eé dpshiddy a

| abyrinth seal ring 166 as a gas |eakproof seal part so as to prevent gas
| eakage (gas bugekagetef e Hepeddari headimh gk ssbyeinthndesl 160 on t he

di scharge side being the high pressure side and a suction space 164 forned
at the suction port of the suction casing 120 on the suction side being
the | ow pressure side. In this enbodi ment, as shown in the enlarged
view of Fig. 7, the clearance S betme$§§b§§§otrudent part 166A of

c . . Temp. of heat Gas
ompsn. of recycling gas (moi__.%) exchanger outlet| vol*
component of at
N2 ethylene least five C (°c)
atoms
35 58 7 46 89
30 48 22 42 73
Note * : volume of gas provided that the volume is 100

when no cooling is effected.



35 the labyrinth seal ring 166 and the front end 154E of the side plate
154B of the inpeller 154 ranges fromO0.7 to 2.5 mm preferably, fromO0.9
to 12 mm This range of clearance enabl es powder contained in the gas
treated by the blower to pass therethrough w thout generation of a
frictional force and is sized so as to prevent gas le us, the

blower is free fromthe problens that powder suffers f : -ﬁuﬂ“ﬂ%ﬂLand
nmelts into stringy nmelt polyner and 4®at powder crushi Hm“ - nd
integration occur at the gas | eakproof seal part clearanee.c L ¥ Afthbugh

the | abyrinth,seal, riagéﬁ6 IS interposed between the front end 154E of
the side plat 8§ &4 +%hell er 154 and the inner edge portion 120A of

the suction port ,of the <0 c?gggg | o kO ' cthis

| abyrinth seal. riﬁ% 162‘ﬁ%¥ﬁ%g EFt | aq¥% g%?h%g???ﬁ%BgEQ%gc e inner
edge portion i%feFt Bﬁoﬁ&.‘ﬁ%' %M&Jso oh@ﬁersff%rhq{‘ BAtidRd oF2g to thereby
create a seal part of sea | 'eatr ance S between the same and thé periphery

of the front rRG:LEAFLER Hog- eI rilch E54BoPLi bl ke tntB4chs  Shown

in Fig. 4. Fig. is a longitudinal section showng a second
enbodi ment i EMfiidiRelinBelll f¥gELSF B enddheseffit ai BYSWét Ghin’s febaeAgeap! oyed

in a Roots blower. Fig. 9 is a |ongitudinal
solid catalyst for polymerization into the fluidized bed
reactor to thereby form a fluidized bed in the fluidized
bed reactor and carrying out a vapor phase polymerization
reaction in the fluidized bed to thereby produce a polymer
or copolymer, wherein the blower has a slide or rotational
slide part between its discharge side as a high pressure
side and its suction side as a low pressure side in a
blower body casing, said slide or rotational slide part
being provided with a noncontacted gas leakproof seal part
at a clearance ranging from 0.7 to 2.5 mm.

2. The method as claimed in claim 1, wherein the gas
leakproof seal part is provided at a c¢learance ranging from
0.9 to 1.2 mm.

3. The method as claimed in claim 1 or 2, wherein
the solid catalyst for polymerization is a solid catalyst
for olefin polymerization, the gaseous monomer is a gaseou;
olefin monomer and an olefin polymer or copolymer is
obtained by the vapor phase polymerization reaction in the
fluidized bed.

4. The method as claimed in any of claims 1 to 3,
wherein unreacted gaseous monomer is discharged from the
fluidized bed reactor and is caused to pass through a gas

recycling path having a heat exchanger disposed upstream



section on the line Ill-111 of Fig. 8. Referring to Figs. 8 and 9,
the bl ower of the present invention generally designated 200 conprises a
casing body 202, a gear case 204, side covers 206, 208 and a bearing
cover 210, through which a driving shaft 212 and a driven

36 shaft 214 horizontally arranged with a spacing therebetween extend.
The driving shaft 212 and driven shaft 214 are rotatably nounted on the
bl ower . The driving shaft 212 is_rotatably nmounted by neans of
bearings 216, 218 disposed in the sid&/covers 206, 208 and is provided
wi th nechani cal seals 220, 222 and oil seals 224, 226. The driving shaft

212 i's sO StrigéHESE %1 haviﬁgeaeﬁiowéﬁrdi@pw&edow&féﬁ e @cls agpl i ed
to the rotating part of the driving shaft 212 fromm xing into the

treated gas atiat OcHY @Rt ex6RBhGed | daseddie roneabedi §aslovr dmtentaei ng the
rotating part of the driving shatt 212. These structural features al so

apply to the fiinidizahdleld réddtor. An end (left side of Fig. 9) of the
driving shaft 212 .

5. The method as claimed in claim 4, wherein the
gaseous monomer fed by the blower comprises a component
which condenses at a temperature ranging from 50°C lower
than a temperature at which the vapor phase polymerization
reaction is conducted in the fluidized bed to the
temperature of vapor phase polymerization reaction.

6. The method as claimed in claim 5, wherein the
gaseous monomer is fed into the fluidized bed at a
temperature which is lower than the condensation
temperature of the condensing component.

7. A vapor phase polymerizer comprising a fluidized
bed reactor in whiéh a gaseous monomer is blown from a
bottom thereof through a distributor plate while a solid
catalyst for polymerization is fed thereinto to thereby
form a fluidized bed so that a vapor phase polymerization
reaction is carried out in the fluidized bed to thereby
produce a polymer or copolymer,

said vapor phase polymerizer further comprising:

a gés discharge port.adapted to discharge unreacted
monomer gas, disposed at a top of the fluidized bed
reactor,

a gas recycling path connected to the gas discharge

port and extending to a bottom of the fluidized bed

R L

reactor,



I's protrudent fromthe bearing cover 210 and is connected by a coupling
228 to, for exanple, a driving shaft of a notor (not shown) so that the
driving shaft 212 is rotated. On the other hand, the other end (right side
of Fig. 9) of the driving shaft 212 is protrudent into the gear case 204
and has a driving gear 230 secured thereto. Referring to Fig. 11, a driven
gear 232 which interlocks with the driving gear 230 is secured to the
driven shaft 214. Thus, the driven shaft 214 is rotated synchronously wth
the driving shaft 212 in directions opposite to each other, so that

two-| obe rotors 236, 238 secured to the driving shaft 212 and driven shaft

214, respectively, .aarl.peartoggkﬁg %fﬁf#] RSHsCPRARI £ d1 gRGh ot her

(arrowed directions in ase shift in a bl dwer chanber 234

provi ded recycling path and 37 in the casing body 202.
Consequently, the gas is bl own  under pressure. The casing body 202

is provided at its diRey cépdubbtdr @rrigidddonastrédt) eHHEReigast ing with
the blower 234 and provided at its lower end with a discharge path 242 and
di schar ge por trédglilngcpathomuni cate with the bl ower

8. The wvapor phase polymerizer as claimed in claim
7, wherein the heat exchanger is a shell and tube heat
exchanger in which tubes through which gas is passed for
heat exchange are welded to tube plates provided for fixing
the tubes to a shell of the heat exchanger, each welding
portion being so formed that the tube has at its opening a
front end positioned ingide a tube plate surface and has at
its opening a front end rounded.

9. A blower for recycling a powder containing gas or
for conducting a cyclone treatment thereof, which
comprises:

a blower body casing having therein a slide or
rotational slide part between its discharge side as a high
pressure side and its suction side as a low pressure side,
said slide or rotational slide part being provided with a
noncontacted gas leakproof seal part at a clearance ranging
from 0.7 to 2.5 mm.

10. The blower as claimed in claim 9, wherein the gas
leakproof seal part is provided at a clearance ranging from
0.9 to 1.2 mm.

11; A turboblower for recycling a powder containing

gas or for conducting a cyclone treatment thereof, which

comprises: S

N ) o o



chanmber 234. Nuneral 246 denotes a seal liquid inlet nozzle, nuneral 248 a
seal liquid outlet nozzle and nuneral 250 a coolant inlet and outl et
nozzle. In this enbodinment, in the rotation of the rotors 236, 238,
each of the clearances CRlL to CR4 between the rotors 236, 238 and
clearances Cl to C6 and S1 to $4 (side clearances) between the periphery
of the rotors 236, 238 and the inner wall of the bl ower chanber 234
provided in the casing body 202 as sho in Fig. 10 (A to (D and Fig.

11 which function as gas | eakproof sedt parts ranges from 0.7 to 2.5 nmm
preferably, 0.9 to 1.2 mm This range of clearance enabl es powder

contai ned in the gas BlicwRieBolly ci$End!HWang! @hB2ssn tdeFAldYiMgh whihgQut
generation of a frictional force and is sized so as to prevent gas

| eakage. Thugpanthddiweerr its disshdrgendilde peokl kigh tPirisspewdeidesahder s
fromheat buildup and nelts into stringy nelt polyner and that powder
crushi ng, def ditmntsuottiandsideatagratlicn pressurat side, gasid eakptdohateal part
cl ear ance. EFFECT OF THE | NVENTI ON ~ I'n the nethod
of vapor phasélisley partzbeing pfovided pridhent lahyerintdn seadt asnhy i s safe
producti on ensured
noncontacted gas leakproof seal part at a clearance ranging
from 0;7 to 2.5 mm.
12. The turboblower as claimed in claim 11, wherein
the labyrinth seal is provided at a clearance ranging from
0.9 to 1.2 mm.
13. The turboblower as claimed in claim 11 or 12,
which has an impeller connected to a prinéipal shaft in the
blower body casing and wherein the laby-rinth seal is
arranged at a rotational slide part between the.impeller
and a suction port.
14. A Roots blower for recycling a powder containing
gas or for conducting a cyclone treatment thereof, which
comprises:
rotors, and
.a blower body casing having therein a rotational slide
part between its discharge side as a high pressure side and
its suction side as a low pressure side, said rotational
slide part being provided with a noncohtacted gas leakproof
seal part,
said gas leakproof seal part being composed of a
clearance between a periphery of each rotor and an inner

wall of the casing and a clearance between the rotors,

each of the clearances ranging from 0.7 to 2.5 mm.

I
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38 wthout the problens that a condensate of, for exanple, olefin
cont ai ni ng pol yner powder which has been generated by cooling by the
cool er as heat exchanger assunes misty formto thereby clog a gas
recycling pipe and that such mst is entrained to the distributor plate
and gas recycling pipe of the polynerizer to thereby cause clogging and
ot her serious trouble but also the recycling equi pnent per se becones
conpact to thereby enabl e reducing p;gauction cost . In the vapor
phase pol ynmerizer of the present inv ion a heat exchanger and a gas
circulator are arranged upstream and downstream of a gas recycling path,
respectively, and t¥e blTheeRootst bkopeesantclidived HANcl §imel®] QiRe-d;
passi ng the recycling gas such as unreacted gaseous olefin haV|ng been

di scharged frotRah fdfuitdiez cllebrancesantnyes frongh . teat. 2xehanger (cool er)
prior to the re- blowing into the fluidized bed of the fluidized bed
reactor because ofl&:he Yapprdehase i polyterizeryabi obayesd din hgatim of
polynerlzat|C)gé heat generated by the polynerization reaction). This
constitution i %dVQﬁF&@Bo&%elg\aﬂ)éiwqha@@rf Lenthédolnwsty ofs anfrabfa
condensate of, .far e agﬁ £ ol efin containing polyner powder which has
been generateé: é g %y t he cool er

| KRR O R
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assunmes msty formto thereby clog a gas recycling pipe and that such m st
is entrained to the distributor plate and gas recycling pipe of the

pol yireri zer to thereby cause clogging and other serious trouble, the above
pol ynerizer thus allow ng the recycling equi pnent per gpe~e-he_cqQupact.
39 In the vapor phase polymerizer of the present THEb&HH@“HAS@EEN
enpl oynent of, as the heat exchanger, a shell and tube heatﬂgﬂ; er
whi ch tubes through which gas is pass for heat excha
tube plates provided for fixing the tubes to a shell of the heat
exchanger, each VETHOR QBrVAROR IRHASE mL&ﬂEREdAﬁ‘hoﬁ tygPoRt Wigadias at its
opening a front end p03|t|onedl??£gﬁ€§%€IF tube ate surface and has at its
opening a front end rounded. $tQHQ QR es preventing the
powder and m st contained in the recycling gas fromremaining in tube
plate parts in the vicinity of tube openings to thereby avoid the trouble
of clogging the heat exchanger and PARSRRACT In the bl ower of the
present invention, the bl ower

A blower 100 for recycling a powder containing gas or
for conducting a cyclone treatment thereof, which comprises
a casing of blower body 108 having therein a slide or
rotational slide part between its discharge side as a high
pressure side and its suction side as a low pressure side,
the above slide or rotational slide part being provided
with a noncontacted gas leakproof seal part 166 at a
clearance ranging from 0.7 to 2.5 mm. A vapor phase
polymerization method is provided which is free from the
problem that recycling gas such as unreacted gaseous olefin
having been discharged from a fluidized bed reactor is
formed into a stringy melt polymer or combined into powder
to thereby clog a gas recycling pipe or is entrained to a
gas recycling pipe or a distributor plate of a polymerizer
to thereby cause clogging. Also, a vapor phase polymerizer
suitably employed in the above method of vapor phase
polymerization and blowers suitably employed in the vapor
phase polymerization method and vapor phase polymerizer are

provided.

eet Has Been Replaced

T

Figure 1



body casing has therein a slide or rotational slide part between its

di scharge side as a high pressure side and its suction side as a |ow
pressure side, the above slide or rotational slide part being provided

wi th a noncontacted gas |eakproof seal part such as |abyrinth seal or
rotor-to- rotor clearance at a clearance ranging fromO0.7 to 2.5 mm
preferably, fromO0.9 to 1.2 nm Therefore, (1) the gas | eakproof sea
part cl earance enables powder to pass therethrough w thout generation of a
frictional force and is sized so as to prgyvent gas | eakage, so that the
blower is free fromthe problens that powder suffers from heat buil dup and
nelts into stringy nelt polynmer and that powder crushing, deformation and
integration occur at the gas | eakproof seal part clearance;

40 (2) neither is the step of renoving fine powder needed in the
after treatnent ng'gle-lgas recycling pipe is clogged; and (3) no
stringy nelt poly ! sfformed, so that there is no entrainnment thereof to

the distributor plate and gas recycling pipe of the polynerizer to thereby
be free from

300
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cl oggi ng and ot her serious trouble. EXAMPLE

The present invention will now be illustrated in greater detail wth
refefence to the follow ng Exanples, which in no way limt the scope of
the invention. Exanple 1 and Conparative Exanples 1-2 One enbodi ment

of: the present invention, Exanple 1, was carried out wth the use of

pol ypropyl ene powder A of the conposition specified in the follow ng Table
1 by operating the Roots blower of Figs. 8 and 9 according to the present
i nvention under operating conditions speA¥lied in Table 2. In contrast,
the sane test was conducted by operating a Roots blower with the sane
structure as that of the Roots blower of Figs. 8 and 9 according to the
present invention except that it had thecomon cl earance specified in
Tabl e 2 under operating conditions specified in Table 2, thereby obtaining

the results shown igjr lums "Conparative Exanples 1 and 2 ". Table 1
Conposition of Poly rJ {ne as Powder A MFR :
22.0 et hyl ene/ propyl ene cont ent : 8.0

324

19
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¥ 322

321

323

327

il 320

— 323
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41 av. particle size 700 [err]m

particle size distribution - 20 nmesh 32.3 wt. %

20 < 32 do. 65.3 32 - 42 do.
2.2 42 - 60 do. 0.2

60 - 80 do. 0 80 - 150 do. 0
150 - do. 0 Table 2

Powder Powe Opera Cccurrence Cl ear ance concn.

Gas con- tion of Typg gfy rotor rotor side Powde of gas
gty. sune tinme stringy bl ower ca5|ng rotor (nm used (kg/nferr])
(mMerr]/mn) (KnH) (mn) polyner (nrm (nm Exanple Roots
0.85 0.85-0.97- powder 3.0 42.5 32.1 30 no occur- 1 i mprove 0. 93
0.88 1.0 A rence of

stringy

pol ymer Conp. Roots_0.2- 0.42- 0.2- 1.0 powder 1.0 42.5 30.7 30 ten
5-20 nm Ex. 1stand g3 0.47 0.4 A pol ymer
strings f ound
Conp. Roots 0.2- 0.42- 0.2- powder 3.0 42.5 30.5 30 twenty to Ex. 2
standard 0.4 0.47 0.4 A thirty 5-30

nm pol yner

strings f ound
Exanpl es 2-5 and ConpaB22i ve Exang l§-31822A, 322 328

—
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O her enbodi nents of the present invention, Exanples 2 to 5, were

carried out with the use of linear |owdensity pol yet hyl ene (LLDPE)
powdér B of the conposition specified in the followi ng Table 3 by
operating the turbobl ower of Fig. 6 according to the present invention
under operating 42 conditions

specified in Table 4. In contrast, the sane test was conducted by
operating a turboblower with the same structure as that of the turbobl ower
of Fig. 6 according to the present i4gpmdantion except that it had the conmon
| abyrinth clearance specified in Table 4 under operating conditions
specified in Table 4, thereby obtaining the results shown in the columms

"Conparative Exanples 3 and 4". Table 3
Conposition of Linear Low density Pol yethyl ene (LLDPE) as Powder B
MR 4.0 density
0. 920 av. partigle size 1200 [err]m
Fig.4
120
154B ' 166

N

154E
120A

120B 166



over 1680 nesh

particle size distribution
11.89 wm. % 840 - 1680 do. 55. 08
350 « 840 do. 30.9 250 - 350 do.
1.62 177 - 250 do. 0. 37
up to 177 do. 0.13 43
Tabl e 4 Type of Labyrinth Powder Powder Gas qty. Power Qperatio
Qccurrence of bl ower cl earance used conn. (nierr]/mn) consune tinme
stringy of gas®/11 (KwH) (min) pol ynmer
(kg/mferr]) Exanple turbo 0.75 owder 3.0 30 16. 1 30
smal | ant. of | mpr oved B up to 5
nm 1 stringy pol yrer found. Exanple turbo 1.0
powder 3.0 30 16.5 30 no occurrence 3 inproved
B of stringy 2
pol yner. Exanple turbo 2.0 powder 3.0 30 18.2 30 no
occurrence 4 qu B of stringy
3 pol ymer but
bl ower efficiency
deteriorated. Exanple turbo 3.0 powde 3.0 30 20. 7 30
no occurrence | mprove B of
stringy 4 10 pp] ymer but
bl ower — ef 1} ci ency
10A
7~ T
4 \ 17
/
16 ~_t , ,i
) Velocity 1
reduction ;
; zone ’
! /
i /i
; f
! /
l f
’I
/
J
; 14
12 i
Solid
catalyst A ‘
15
11 Formed 20
polymer
I
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extrenely

deteriorated. Conp. turbo 0.5 powder 1.0 30 15.5 30
fives5-10 nm Ex. 3 standard B pol yrer
strings found. Conp. turbo 0.5 powder 3.0 30 15.7

30 ten 5-10 mm Ex. 4 standar B

pol ymer strings f ound. As apparent fromthe results of
Tables 2 and 4, the Roots and turbo bl owers having the conmon cl earance
(Conparative Exanples 1 to 4) suffer frapsihe occurrence of stringy

pol ynmer, thus, suffers fromthe entrainnent thereof to the distributor
pl ate and gas recycling pipe of the pol yneri zer to thereby cause

cl oggi ng and ot her serious trouble. By contrast, the occurrence of
stringy polyner is suppressed in Exanples 1 to 5 according to the

pr esent I nvention, thereby show ng the advantage of clearance

44 ranging fromAQ,7 to.,2.5 mm Taking the blower efficiency into account,
it is found that Q,CGarance of Exanples 1 to 3 ranging fromO0.9 to 1.2
mmis preferred. anple 6 The fluidized bed reactor 310 of Fig. 1
was enpl oyed

B
160 3 162 m142 100
| 154B /184C) /154A ¢,,/
i 152 148
15 134
120A \Afi1ea 14126 14
158 2 122C A 132

130 150

I— g | T T 7= !
s
128 122B

166~ 138
15407 140 112

14 136
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104~ \- 122A
i 110 102
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in which the fluidized bed 314 had a dianeter of 1 m a height of 1.8 m
and a fluidized [ ayer volune of 1400 |it. and the velocity reduction zone
316 wad a maxi num di aneter of 1.4 m Ethylene was continuously fed into
the fluidized bed reactor 310 at a rate of 150 kg/ hr and a vapor phase

pol ynmeri zation reaction was perfornmed at 80[err]C. Referring to Fig.
1, the recycling gas was cooled by the cooler of Fig. 2 and bl own by neans
of the blower of the present invention (turbobl ower having a clearance S
between inpeller and | abyrinth, as showyiin Fig. 4, of 1 mm. The
results are given in Table 5. As apparent from the results of Table 5, the
arrangenent of the heat exchanger for cooling ahead of the bl ower
according to the present invention enabled reducing the anount of
recycling gas. Further, the blower can stably be operated for a prol onged
period of tinme, and the inspection after the operation showed the absence
of wear and breakgage. In contrast, the operation was conducted wth
the use of the c ;?urboblomer having a cl earance S between inpeller
and labyrinth of 0.Zmm resulting in abnormal vibration of the blower to
t hereby render the operation unstable. The inspection after the operation

showed not
154

166 \\ 154E

A




45 .only the presence of stringy polyner but also the wear and breakage of
the inpeller, casing and | abyrinth seal.

Tabl & 5 Conpsn. of recycling gas (nol % Tenp. of heat Gas
exchanger outlet vol* conponent of at N2

et hyl ene | east five C ([err] O at ons
35 58 7 46 89 30 48
22 42 73 Not e * vol une of gas provided that the
volume is 100 when no cooling,jg effected. Wiat is
clainmed is: 1. A nmet hod of vapor phase pol ynerization, which

conpri ses blow ng a gaseous nononer froma bottomof a fluidized bed
reactor through a distributor plate into the

Fig.8
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fluidi zed bed reactor by nmeans of a blower while feeding a solid catal yst
for golynerization i'nto the fluidized bed reactor to thereby forma
fluidized bed in the fluidized bed reactor and carrying out a vapor phase
pol ymeri zation reaction in the fluidized bed to thereby produce a pol yner
or copolymer, wherein the blower has a slide or rotational slide part
between its discharge side as a high pressure side and its suction side as
arl ow pressure side in a blower body casing, said slide or rotational
slide part being provided with a noncgyacted gas | eakproof seal part at

a clearance ranging from0.7 to 2.5 mm 2. The nethod as clainmed in
claim1, wherein the gas |eakproof seal part is provided at a cl earance
ranging from 0.9 to 1.2 mm 3. The nethod as clainmed in claim1 or

2, wherein the solid catalyst f pol ymeri zation is a solid catalyst for
ol efin polynerization, the gaseo%a nomer is a gaseous ol efin nononer and
an ol efin polyner or copolyner is obtained by the vapor phase

pol ymeri zation reactigon in theQflui d\zed bed. 4, The met hod as

clainmed in any of cla 1to & ere un gaseous nonomer is
di scharged fromthe | ui ized Ifs ed to p t hrough a
gas recycling path havi ng\a excharfpdlr Idi spo 1 re N
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47. thereof and having a bl ower di sposed downstreamthereof so that the
heat exchanged gaseous nononer is blown into the fluidized bed reactor.
5.+* The method as clained in claim4, wherein the gaseous nononer fed by
t he bl ower conprises a conponent which condenses at a tenperature ranging
from50[err]C lower than a tenperature at which the vapor phase

pol yneri zation reaction is conducted in the fluidized bed to the

t enperature of vapor phase pol ynerization reaction. 6. The net hod
as clained in claim5, wherein the gaeeous nmononer is fed into the
fluidized bed at a tenperature which is |ower than the condensation

tenperature of the condensi ng conponent. 7. A vapor phase

pol ymeri zer conprising a fluidized bed reactor in which a gaseous nononer
is blowm froma ttzythereof through a distributor plate while a solid
catal yst for polfyaers

ion is fed thereinto tig thereby forma fluidized
bed so that a vapor phase polﬁq&Lization égio is carried out in the

fluidized bed to thereby pr & PO

(A)
CR1
¥ ke
Ce K S | Cz
<+
(B)
(C)
(D)
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sai’d vapor phase pol ynerizer further conprising: a gas discharge port
addpt ed to di scharge unreacted nononer gas, disposed at a top of the

fl W di zed bed reactor, a gas recycling path connected to the gas

di scharge port and extending to a bottomof the fluidized bed reactor,

48 a heat exchanger arranged upstream of the gas recycling path, and
a gas circul ator arranged downstream of the gas recycling path. 8.
The vapor phase polynerizer as claimed in claim 7, wherein the heat
exchanger is a shell and tube heat ekbfikhger in which tubes through which
gas is passed for heat exchange are wel ded to tube plates provided for
fixing the tubes to a shell of the heat exchanger, each welding portion
being so forned that the tube has at its opening a front end positioned
inside a tube plate surface and has at its opening a front end rounded.

Fig.11
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9. * A blower f r i er W‘v—*f—ﬁr—e@ﬁﬁu&ﬁ—ng——a—— )
cycl eat m%ﬁ%&gfw(:ﬁws a bl o body casing '

hav" erein a slide or. rotatiopal slide part betvveen I'ts discharge sig
as Lgh pressure side and its stiction side as a low pressure side sai

sl T&IB'IbOFr"Eﬁ(EtARSiBRAQT de part being provided with a noncontacted gas
I mmwzﬁww —36

The bl ower as claimed in claim9, wherein the gas |eakproof seal part is

ovided at a clearance ranging from 0.9 to 1.2 nm 11. A

rbobl ower for recycling a powder containing gas or for conducting a

cIone ‘treatnment thereof, which conprises:
mﬁromoq@mﬂ%mmmm N2V APORIPENG pEINARERPAIH

tween iTS discharge side as a hi D B RRwERE S de an TS { i de as

| ow pressure side, said rotatiofat —strde part being provided with a

by-rinth seal as a noncontacted gas | eakproof seal part at a cl earance
ngi ng

- —ooho DO

A blower (100) for recycling 2 powder containing gas or for conducting a cyclone treatment

thereof, which comprises a casing of blower body (108) having therein a slide or rotational

slide part between its discharge side as a high pressure side and its suction side as a low

pressure side, the above slide or rotational slide part being provided with a noncontacted gas
=Jeakproof seal=part (166) at_a clearance ranging from 0.7 to 2.5 mm. A vapor phase

polymerization method is provided which is free from the problem that recycling gas such as
“unreacted gaseous olefin having been discharged from a fluidized bed reactor (310) is formed

: into a stringy melt polymer or combined into powder to thereby clog a gas recycling pipe (317)~
@ or is entrained to a gas recycling pipe (317) or a distributor plate (311) of a polymerizer (300)
to thereby cause clogging. Also, a vapor phase polymerizer (300) suitably employed in the
above method of vapor phase polymerization and blowers suitably employed in the vapor
phase polymerization method and vapor phase polymerizer are provided.

Fig.: 1. REPLACEMENT SHEET

18 0CT 999
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fromO0.7 to 2.5 nm 12. The turboblomer'ng?r;r;ad in claimii (Jev
wherein the labyrinth seal is provided at a dl QEPIACERMERRISHERD [ rom O-ﬁ @99
1.2 mm 13: The ‘turbobl ower as cl ai nmed ifn ' ,] which g

an inpeller connected to a principal shaft inijthe icasi ng and
whereirn the laby-rinth seal is arranged at ajr t &4 HEL part between
the inpeller and a suction port. 14. AjR recycling a
powder containing gas or for conducﬂpng a cyg¢l one treatment thereof, which
conpri ses: rotors, and .a bl ower gedyneaskng—ha¥Lng therein a

rotational sbite, Raftebeigleenal haldgéﬁrwmecm@et&aaa_kbugmlmegﬁau si de
and its suction side as a |l ow pressure side, said rotational slide part

bei ng provi defl whéde ayrpegneidkiy2dsgast] eatkal aofcloperltafgdehyl groupsai d gas
| eakpr oof seal part being conposed of a clearance between a periphery of
each rotor aadeawefmered.nal | of the casing and a clearance between the
rotors, each of the clearances ranging fromO0.7 to 2.5 mm
With respect to the ligand other than one having
'éyclopentadienyl skeleton, the halogen is, for example,
fluorine, chlorine, bromine and iodine; the hydrocarbon
group having 1 to 12 carbon atoms is, for example, an alkyl
group such as methyl, ethyl, propyl, isopropyl or butyl, a
cycloalkyl group such as cyclopentyl or cyclohexyl, an aryl
group such as phenyl or tolyl or an aralkyl group such as
benzyl or neophyl; the alkoxy group is, for example,
methoxy, ethoxy or butoxy; the aryloxy group is, for
example, phenoxy; and the group of the formula SO3R is, for
example, p-toluenesulfonate, methanesulfonate or
trifluoromethanesulfonate.
When the compound represented by the above general

formula (i) contains two or more cyclopentadienyl skeleton

having groups, the two cyclopentadienyl skeleton having

IR 3

groups may be bonded together by an alkylene group such as
'ethyléne or propylene, a substituted alkylene group such as
isopropylidene or diphenylmethylene, a silylene group or a
substituted silylene group such as dimethylsilvlene,
diphenylsilylene or methylphenylsilylene. These
metallocene compounds (A) may be used in combination.

The organocaluminum oxy compound (B-1l) may be either
common benzene-soluble aluminoxane or benzeneinsoluble
organocaluminum oxy compounds disclosed in Japanese Patent

Laid-open Publication No. 2(1990)-78687.



i REPLADEWENT SREL[T

50 ° 15. The Roots bl ower as claimed in clai m 14, wherdin ~@&achof~the
cl earances ranges from0.9 to 1.2 nm 16. The vapor; ph ﬁgﬂ rige
as claimed in claim7 or 8, wherein the gas circul ator iis tﬁgg *Umégﬁof
any of clains 9 to 15. 20

2

|

The organcaluminum compound (B-2) is represented by,

for example, the following general formula:

R1nAlX3-p (ii)

wherein Rl is a hydrocarbon group having 1 to 12
carbon atoms, X is a halogen or hydrogen atom and n is 1 to
3.

In the general formula (ii), Rl is a hydrocarbon
group, for example, an aikyl, a cycloalkyl or an aryl group
having 1 to 12 carbon agoms. Examples of suitable
hydrocarbon groups include methyl, ethyl, n-propyl,
isopropyl, iscbutyl, pentyl, hexyl, octyl, cyclopentyl,

- cyclohexyl, phenyl and tolyl groups.

Also, the organcaluminum compound {B-2) may be
represented by the following general formula:

R1nA1Y3 (iii)

wherein R! is as defined above in the formula (ii), n
is 1 - 2 and Y is -OR2, -0SiRr33, -OAlR%y, -NR®y, -SiRS3 or
-N(R7)a1R89, in which each of R2, R3, R4 and R8 is, for

example, methyl, ethyl, isopropyl, isobutyl, cyclohexyl or

[

phenyl, R® is, for example, hydrogen, methyl, ethyl,
isoﬁfopyl, phenyl or trimethylsilyl and each of R® and R7
is méthyl or ethyl.

The compound (B-3) capable of forming an ion pair by
reacting with the metallocene compound (A) is, for example,
selected from among Lewis acids, ionic compounés and
carborane compounds described in National Publications of
International Patent No. 1(1989)-501950 and No.1(1989)-

502036 and Japanese Patent Laid-open Publication Nos. 3(1991)~



