- "1 - A PROCESS FOR PRODUCI NG ETHYI ENE POLYMERS This invention relates to a
pwﬁcess for producing an ethylene polyner or an ethyl ene- ol efin co- polyner_

[briefly "ethylene polyner(s) "]_having a broad 5 nol ecu?;f‘? %&hb
di stribution, good melt flowabilTty,” and desirable unifo +W very

little inconpatlble or heterogeneous particle content. Ethylene pol ymers
are required to be of broad nol ecul ar wei ght distribution for the purpose ‘Fﬁ
of “40 producing films, pipes, bottles, cables, or the |ike by extrusion ¥

or bl ow nol ding e | r wei ght

di sflri buti on &?&%@%&ﬁﬁﬁw ﬁW@WI ng to a | arge power
consunption in extrusion, and decreased connercial val ue of the product 15
owi ng to the occurgence, of nﬁlt fract n the surface, which inpairs the

appear ance of t he T4 LERAVeRbiPR LpZa Q & RRRFESER h%%l’é to broaden the
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or heterogeneous particle content.

Ethylene'po;ymers are required to be of broad
moleeular weight distribution for the purpose of
10 prodﬁcing films, pipes, battles, cables, or the like by
- - extrusion or blow moldihg, because these having a narrow
molecular'weight'distribution are insufficient in melt
floﬁability, leading to e large power consumption in ’
extrusion, and decreased commercial value of the product ’i
15 owing to the occurrence of melt fracture on the surface,
which impairs the appearance of the_product.
There are known various methods to broaden
the molecular weiéht dis;ribution._ Attempts have here-
tofore been made to achieve the ebjeet'by proper
20 selection of the catalyst. However,:the degree of
.~ broadening of the molecular weight distribution caused
by the non—uniforﬁ distribution of ‘the active sites on a
catalyst is rather small, whereas if it is intended to
achieve a large degree 6£ broadening, the catalyst
25 activity frequently tende to become lower, that is, the

high activity of a catalyst is sacrificed. When a



- concentration

1 catalyst of.low activity is used, it becones~necessary to renove the
- résihdual catalyst by washi ng. t he polyner -rendering the process
~uneconomi cal .- _Anot her. ngans to br oadéen t he: nol ecul ar melght dlstrlbutl
i to plend 5 - an ethyleﬁe pol yner of hlgh nol ecul ar melght wi th-that- of
| ow nol-ecul ar wei'ght ‘either nmechani cal Ty<of in sol utions. -However ,. the
mechani cal bl endi ng presents a pr ob} em of non un fo n]téﬁOf t he. bIend
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ver ari ous Iculties are encountered_

in practici rogﬂ%mg;e\_tcéu a%{ ﬁ??f?%omoféeﬁﬂa’r' ABightakithhmne.

_pol yner of utron on an industrial scale and

it was found g fi f'&P'ﬂof&@hm%ﬁ%”@ﬂﬁéﬂMeéh&ﬁhh&&&lyh%‘s‘:' A% solutions.

satisfactory properties Tcult problens encounter- ed in the

conti nuous Mulgdiiehade, Rty TeHa 1641 pllehliengdSprearatiso as problide of obl ens
are. described below.”1n the. mul ti stage pol ynerization-. (hereinafter . -

description '%ddmﬂﬂbﬁnﬁty‘l%ﬁasmeoblém,Swhgehpdlsyunltoﬂ.lemlblqm whi ch is
- typlcal of the nmultistage pol yreriza-- Lo

:;deleterlous to the llght gauge products such as. fllm,yf

_f,ld'-plpe and bottle, whlle the solutlon blendlng requlres an
| | expen51ve mlxlng procedure, renderlng the process un-"
'heconomlcal, though the problem of unlformlty can be
solved. g
Further, there are known several methods of
'ldr-broadenlng the molecular welght dlstrlbutlon of an
-5-1ethylene polymer by oarrylng out the polymerlzatlon 1n -
:.multlple stages u31ng dlfferent hydrogen concentratlon
ln each stage.' However, varlous dlfflcultles are -
'encountered in practlclng the contlnuous multlstage
20.jproductlon of an ethylene polymer of broad molecular
. 'welght dzstrlbutlon on an 1ndustr1a1 scale and 1t was
'_:found dszlcult to produce econom;cally a polymer hav1ng
"“.satlsfactory propertles.; The-dlfflcult problems encounter-f
- ed 1n the contlnuous mult;stage polymerlzatlon and the: -
- 25l means to solve the problems are descrlbed below.' | |
- _ In the multlstage polymerlzatlon (herelnafter
'descrlptlon 1s limited to the case of two-stage poly-

_merization which is’ typlcal of_the multlstage polymerlzae-'



on) - u5|ng di fferent hydrogen concentration in- each Stage there are .
@ et hods™ of operation which.are dif- ferent from each other in t he -
gdence of pol ynerization at Iomland ‘hi gh “hydf ogen concentrations.. In the

- "one 5.-nethod (nethod A) the first atage pol ymeri zati6én-is conducted at ™% A
| omer hydrogen concentration and”tfe second stage polynerlzatlon at. higher

hyd tyat whi | the oth thqd B) the first:st e
poryrr £ FURLeS ErEtent bakPand: AR A 90 and 10 the ¢,

S el t%é%% 78’ HgrinbBeB RECS %%%%tﬁcﬁ SHE ?%r'e"f”ml "tage, 11 -
S JeneAlred SSEEN bEnbB! ShPERE SRR of g reacted
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‘gas bet ween ~and secon reactlo 'S reason and in..

~view of Jie) fatane pigh! H{rd).‘og&ﬂ%@ﬁb@?x‘tr%ﬁ%ﬂsj berprigf@rged. On the other

hand, however, a conventional “high-activity supported-type zi egl er catalyst,_'"

"-'tendss JoRAUEdd Y (OLKGEUSP the se&w etagdl RRYLyny tdae 1 hig he progress of - 7
reaction and the rate o.f 20 .polynerization decreases when the ‘hydrogen -

- -concent redridcted | #€r Eowes. hy&eegedl eghtentrdtioneidddie t deconde of. |
pol'ymeri zation is very high.in the first stage where the catal yst act|V|ty_

is- h|ghswugérpblymbngeationcanthagher hydnmgenMunnnentf&tiaﬁe of . .
pol ynmeri zation beconmes very 25 -lowin the second stage where' the catalyst'

* acti vi t wHidke hiw otiee detheis dnlehodt BY  loher djarstc cstzage rolymer sz&ept hi gh.
As a consequence, it.becomes necessary to. change the residence time of the.
';polynentgnn(nsrwom@ueted at hlgher hydrogen concentratlon and '
| 10 the second stage polymerrzatron at lower hydrogen con- j
"-_7centratron. In the method B because of the hzgh
hydrogen concentratlon ln the flrst stage, 1t is general-'
;'ly necessary to 1nterpose a step for removrng the un-.
L ;_reacted gas between the flrst and second reactron zones.
15_'For thrs reason and in view of. the nature of slurry, the.g'
.. method A would be preferred.. On the other hand, however,'
o a conventlonal hlgh-actlvrty supported-type zieyler.
-catalyst tends generally to reduce its act1v1ty rather
rapldly w1th the progress of reactron and the rate of
-20 polymerrzatlon decreases when the hydrogen concentratron
| is. lncreased. Accordlngly, 1n the. method A the rate of
fpolymerlzatlon is very hrgh in the frrst stage where the
icatalyst actrv;ty 1s hlgh and.the hydrogen concentratlon
_ls 1ow, whereas the rate of polymerlzatlon becomes very
'25"low ln the second stage where the catalyst actlvrty
N has become decreased and the hydrogen concentratlon is

'kept hrgh.- As a- consequence, 1t becomes necessary to :

_change the resrdence tlme of the polymerlzatron mlxture o



 B' continuous. operatlon In addltlon because of @& high rate of

1o the second stage greatly fromthat in the first stage This means
_ that the capaC|ty of both . reactors should differ mar kedl'y -from each ot her
'_result;ng I n gréat dlfflcultles in the control as well as steadiness of t

pol yneri zation in the first. stage, the-ﬂeneval of "pol yneri zation: heat.
presents-a . difficult. probjéem This inventionis predi cated -upon the dIS-

 sovery. thatl t him a&twesemmadstégeugfeeﬁlyneeumt ehat i the EEMSH NBLAYH. the S
mul ti stage polynerization by the nethod. A nay be overcone by using a .= . - -

support ed- t yp&hdsgieans athd iy sthéacapacatii gff bothyirepctors’ showdd or

- long peri od of polynerlzatlon -and setting the average produc- tion of .

- pol yner perlﬂﬁxfﬁﬁﬂnmﬁrkﬁdhblfnoma@achscthenporeSElummm in igrieata speci fi.c

. range. An- object of this invention is to provide a process for ‘producing :an

et hyl ene pol yff THanlies b*@aﬁhmeeurel m.gnﬂldagt siteadioesmobahe [ ent -

in uniformty. and melt fl-owability.. O het obj ects and '

‘advant ages f 99ﬂ§$qqﬂﬂﬁn92ﬁF%W+?nbecBﬂeaééﬁﬁﬁeﬁu PF&#PﬁﬁeoﬁbH(hmgﬁ;
-description. The acc i'ng, drayi ngs are representati on of the,
relationshi ps %R QMﬂﬁngigéﬁf ?+Q%t+6nthﬁnggﬁﬁ& ehaggrofie Femeyaker - .
‘formation per ntJt he solid cat t, C onent Flgs 1, ..
2, .3 and 4 pe® ﬁ?]t fe’s?ﬂt %{: pggsgn 8r 4t a&*%é'fcé’tig'tp o

.pol()l/)rre.rl_fgts;)ggt ?\C,Ié: ;' ty 'ﬂ'?:l.sa' :Pr?\crier'x J.on ng Sreé:.g )ted u&;o)n t%e(Q and -

tt.covery ‘that the above-sa;d dlfflcultles encountered in
' lb'_carrylng out the multlstage polymerlzatlon by the methoda'
| - A may be overcome by uSLng a supported-type Zlegler
catalyst hav1ng a hlgh act1v1ty perSLSthg for a long
"perlod of polymerlzatlon and settlng the average produc-"'
_tzon of polymer per unlt amount of SOlld catalyst ccmpo-rf
: 15 ;nent w1th1n a speclflc range.-l. | L
| An object of thls lnventlon'ls to prov;de a y
.process for produclng an ethylene polymer hav1ng a brcad
;; molecular weight dlstrlbutlon and" excellent in unlformlty
"and melt flowablllty.- _ -_ |
20 l-ig'_j } Other objects aﬁé advantages of thls lnventlon
'WLll become apparent from the follow1ng descrlptlon. o
) The accompanylng draw1ngs are representatzon :
-of the relatlonshlps between the polymerlzatlon ‘time
and the amount of polymer formatlon per unlt quantlty
25._of the solzd catalyst component._ Flgs. 1, 2, 3 and 4 3;
pertaln to the results of tests for the perszstence of
polymerlzatlon act;vzty obtalned in Examples 1-(2),

2‘(1). 3- (2), and 4-(1), respectlvely.



According to this'invention there is prOV|ded an i nproved nultlstage
neri sati-on process for produ0|ng an et hyl ene pol yrer having a broad
ecul ar "wei ght di-stribution by the, slurry- type pol ymerization of ethygene‘;
: or ethylene and other olefins’'in two or more reaction zones connected in ¥
series. and kept ful'l with the IiLqgid phase. -to substantially exclude t he -

. gas phase, .using a catal yst system conprising a high-activity

.fsupported type Ziegler catalyst co nent 50l atal yst 7‘-.Eﬁ£'
_conponent ™) aﬁ&cfﬁgéﬁgoFBaﬁgiﬁtéPVggg&SHpogﬁarﬁoh%oﬂﬁﬂYigﬁé #Ydrogen as. - %ﬁx-
ol ecul ar,_wei ht re ) atal yst =

'conponen}mﬁﬁ8gg a@Pﬁ§ & ? §§g§h8§iggt%%h 5?%% Ferr?réagbgﬁg (wher e
[err] and_[ red r e e. pol-ynmer '

Lo ih Pdal Seblrians pRTpkeTonaEHy & b*%aéofég??%%afhﬁaﬁgﬁsm of ' Zi egl er

- catal yst J3QRRIRGRY ohN b r&aby gehrzgligpet polyRekighiRdnuBdee thigefiane

- conditions as' in the first stage reaction zone of the multistage poly- 20,

neri zati o) ey leheaandngthbe eubf&ﬁeeinotonbrhnmregreaatdenszbnebelow

- .70.945 g/[err], or (b) a.solid catalyst conponent whose activity is defined

by the f@bmnbcthdrdh serieswhnﬂekpptrﬁuaddwpehrpheréiqhedtPhBS¢eqU|red to

- produce an 25 ethyl ene pol ymer "ampunting to respectively. 15, 000 and - 6-
: T to substantially exclude. the gas phase, uSLng ‘a catalyst '

'system comprising a high-activity supported-type Ziegler -
catalyst component (briefly “solid catalyst component") ande
- lO'an organometallic compound component and hydrogen as'
molecular weight regulator, compriSing, _ . k
=_-(i) using (a) a solid catalyst component whose

' activity is defined by the lormula :_'-
_1'-2/’:.1 (.2'_ o

el5_ ('whe-re'.tl and'té.are.the'time.required to-producehan :
;._ethylene polymer amounting to respectively 30,000 and L
~;40 000 times the weight of - Ziegler catalyst component in
a polymerization test performed under the same conditions
las in’ ‘the, first stage reaction zone of the multistage oolj-yh
20 .merization) for obtaining the ethylene polymer hav1ng a
density below 0. 945 g/cm ; or. (b) a solid catalyst

component whose_activity_is.defined by_the formula B

t2/1:1 .<'_.. ?'

(where tl and t are the time requirea to produce an

T2
25 ;ethylene polymer amounting to respectively 15 OOO and”'



test*perforned undef the same conditions as‘in the first stage.reaction

. zoné~af nultlstage polynerlzatlon) f or obtaining the ethylene polymer 5. -7
~htwihg a.density of 0.945.g/[err] or abgye. (ii).. feeding the catalyst - =

systentcontlnuously to the first stage reaction zone, allow ng the

ol yrerizay tafobd RAMEEHGR 'dfaéaﬁaoéaeaffgureomaoﬁaﬁtpriﬁssnce_-f. -

_ &L»absence of rogen to produce “higher. 10 ol ecul ar-wei'ght polymer
‘particles, PB@ YRAWrIGaE3n HEsto B BEdfed agdd  NEhe Ok aHBT cshas.ty:ons
: transferrlng he“slurry to the second.stage reaction.zone -ihere the =
1p0|ynErlzat'Oaslinf%hbhﬁunEHHSﬁageir&ahﬁidﬂmzon@dofImuStﬂétage ' .
~hydrogen-to-ethylene ratio larger than:that in the 15 first stage .
‘reacti'on zonepblypiegdzad ion)olfoeobtaimng: tie cethplenei golyhewer than

1 20, 000 ti mes the weight of solid catalyst conponent in a poI yrrerl zat.ion. ~.

that -of the. polymer forned in the first stagg; if necessary, continuing the =
- poly- nerlsathaning a ﬂemdxﬁylufnﬁu94519imm hox dalbowvef ol | ow- i ng stages;
. 20 (iii). keeping the average amount: of pol yner produced in each stage

“except for the. fldau)st£GGding the caBUlyso syseent gentdnyausdy &0l id-
. cat.al yst conponent for--obtai ning a pol ymer. having a densitv bel ow 0.945 .
‘gl [err], or (Sheafizsthatagel FRRFI9MezCne FhloWings the PRIVMErdZRsl yst

conponent for qgbtaining a pol.yner. having, a density 0.945 g/[err] _or above; ..
~and (iv) sel e&dPRg tonPramaast qﬂdﬁfﬂ%ﬂﬁiaqﬁﬁh%Elﬁ Pﬁeﬁiegesiaggh§o as to -
H.keep the avera%%s%g%%p%rﬂa Rce of hydrogen to produce higher ' '

10 smolecular-weight polymer particles, withdraw1ng continu-h
. -tously the resulting polymer slurry, transferring the -

' slurry to the second stage reaction zone where the..y'
'_:polymerization is further continued under the conditions.
~a'of hydrogen-to-ethylene ratio larger than that in the"f

15 first ‘stage. reaction zone, to produce a polymer hav1ng
R a molecular weight lower than that of the polymer formedf'
. jin the first stage,.if necessary; continuing the poly-'
'-merization in a 51milar manner in the third and follow-."
'ping stages. | L
.20'_- (111) keeping the average.amount of polymer produced.
“'in each stage, except for the final stage, (a) below '
30, 000 times the weight of solid catalyst component :
' _for obtaining a polymer having a densitv below 0.945 -
| 3"g/cm . or (b) at’ or’ below 15 000 times the weight of
-25ﬁhsolid catalyst component for obtaining a polymer hav.ng
‘;l;a density 0.945 g/cm or above, and |
| (iv) selecting the amount of polymer formation in

'leach stage so as. to keep the average amount of polymer



P roduced after conpl eti on. of the nultlstage polynerlza- tion at 5,000

s the weight of solid catalyst. conponent ar nore. I'n producing an

. yl-ene polyner having a 5 density :bel ow O 945 g/[err] , -thesolid . ‘
~catal yst coriponent for use in the: resent i nvention shoul d show a pollymer = *
producing.ability of 40,000-fol-d oF. fore (|n terns of weight of polymer per

ot P ded pee Pl §ﬁ§§1?'t§?> S s AR W AR AL 0 u

-'-welght I y 1 of pol yoer;is -~ o
0. 945 q%e?%?]ég § ggeéﬁ'tn%e so gg‘g];???%e%on%née%ﬁ ouI d. show an. abi Lity

-of 20, 0QQsrk éﬂﬁﬂ? éoductlon or nore.and retain sufficient residual"
cactivity 1 ter the 15 000-f ol d polyner productlon To describe nore

L..fully, when: testedzﬂnggbdhbgngagg Ry TR Hd X égwﬁgtiﬁ@s as ‘those in- the"
- first reaction zone nultlstagg polynerlzatlon ‘the catalyst should S
g

_'Satlsiy'&Eﬂsieylweshwp0t995e§¢ el l#01fi@ rad talPst | comporent -
fornula-(a) 20 -(where[err] is the'tine required for .the 30, 000- foId

- pol yner fgoduséiim thd peesknits invenitiion 'sHBulEGHes 2 0p&DPnefol d pol ymar :
~production) for:obtaining the polymer having a density bel ow 0.945 g/[err]
, Whil e ptmdmimgyaba.lsatysbf 40r,0|0@t-|fmminqr rmmreasem etetwstde fornul a-
[err] - ... formula (a) 1 {(where [err] is the .tinme required for the
15, 000- fwenlglpbt qfrepohymducpeunuandt ﬁnemg]ht oft Hsze |smlx®qoat§]:|ystr the:
component) and retaln sufflclent res;dual act1v1ty after
.10 the amount of polymer has reached 30 000 tlmes the welght-e
of solld catalyst component._ In case the dens;ty of .
:'polymer 1s 0 945 g/cm or above, the solld catalyst
. component should show an ablllty of 20 000 fold polymer
yf prodqctlon or more and retaln sufflclent re51dual act1v1ty ”
| -15y after. the 15 000 fold polymer product;on. To-descrlbe-'
L more fully, when tested under the same polymerlzatlon‘
-condltlons as ‘those 1n -the flrst reactlon zone of

.'mnltlstage polymerlzatlon, the catalyst should satlsfy a

relatlonshlp represented by the formula

“tz B
zf-cz ....._ formula (a)
= e
20 (where t, is-the time'reQuired'for the 30, 000-fold.
polymer productlon and t2 Ls the trme requzred for 40 000~
~'fold polymer productlon) for obtalnlng the polymer hav1ng
- densxty below 0 945 g/cm . whlle the catalyst satlsfy ;

a relatzonshlp represented by the formula



. less ‘tdan 2, préferably less than 1.7. 'If the nultistage polynerl- zat i oMy

20, QQ0- fol d pol yner.. productlon) for obtalnlng t he polyner havi ng a densit)
of . 0..945 g/cn1 or -above. The 5 ratio [err] in the formutas (a) should b

i% carried out by use of a catalyst which shows the ratio of 2°or nore, t he T
. rates of polynerlzatlon in the second and §ucceed|ng stages becone markedly -
.lower. 10 than that . in the first. stage,- resultlng in. disturbance. of . the
Swpoot h operation’ and decline in productivity’ ownng to.too much dlfference;
in residence time-between-the fit t stage and t he ‘succeedi ng stages;.even
“though the .adjustnent of reside td Be ks.<possi Foemudasda 15 ‘extent - by
‘the selection of polynerization -c¢bnditions. Al-tthough the rate of . -
polynerlzatlon in the second and followi ng stages may be |ncreased by an
addi‘tional feeding of the solid atal'yst conponent, yet the amount of such '

“-an addi tiordal fhere st 1|h$t%@et61@¢c§¢ﬁﬁiﬁeﬁaﬁg§ ‘the LSo089nfadidh the
i ncrease-in the additional feed, ' there: will_arise such diffjculties: as a-
“decline in uniBVYIRYY BFOquRtion ARd, theddi Khet Simejeesuined Fatdhe
provucts such g5 4Gk SYE S BRe e IBS AL oIS el SR oLl 07,
- pomenent, hav g Akl S5L1 A0SR LT el SHs ER3 U R 1 ”:.“32: -
TS B AT s W e
2, preferably less than l 7. If the multlstage polymerl-_ '
| zatlon lS carried- out by use of a catalyst whlch shows_ -
~ the ratlo of 2 or more, the rates of polymerlzatlon ln;_dy'
' }the second and succeedlng stages become markedly lowerl
10 ythan that in the flrst stage, resultlng in dlsturbanced:
- of the smooth operatlon and decllne ln product1v1ty '_"
1fow1ng to too much dlfference 1n resmdence tlme between_t
~ the flrst stage and the succeedlng stages, even though‘
f.the adjustment of resxdence tlme is pOSSLble to some |
- 15 extent by the selectlon of polymerlzatlon condltlons. |
-mgiAlthough the rate of polymerlzatlon in the second and
_follow1ng stages may be 1ncreased by an addltlonal
-feedzng of the solld catalyst component, yet the amount of
such an addltlonal feed 1s llmlted to a certaln range, o
.20 because w1th the 1ncrease 1n the addltlonal feed, there S
B _w111 arise such dlfflcultles as a decllne ln unlformlty
' lf;°f the polymer, leadlng to ‘a defect in molded products_
| such as flsh-eye or unevenness._ |

Important one of the condltlons necessary for'

25 the_présent_process is the use of a solld_catalyst .



onpmi ¢ ef ficiency. According to this invention, for obtdining the-
)yl ene pol yner having a ‘density bel ow 0.945 g/ [err], the average pol ymer
Oflucti on by weight in each stage, 10 except for the last st-age, shouLd
he/restricted to 30, 000 times or=18ss the weight of ‘Solid catalyst s L
conmponent, and the polyner production-in each-stage is selected so that the
aver gpe gomponehtt hevﬁ.ngah nohgnﬂasmmgamﬁaommhmseets nbhe the . .
~wei ght of solid:catalyst conpo- 15 :nent. after conpl.etion of the nultlstagesx -
"poIynerlabmvenre&nmremeatnlngftm@eemmﬂt;atqgﬂ3@Q&YMﬁwingtaouenS|ty of = :
+0.945- g/ [err] ‘above; the .average pol.ynmer production by wei-ght in each
st age, eiSepartmedtnBtlbYtu§Ea@§ anagmxﬁﬂgsta%3$tc@@@p@@ens 000 times or

| ess the wei ght of “solid 20 catalyst conponent, and_t hg g Lgner productlon
in each ¥bigh d§e§eP§§tEée§otpﬁaFQHﬂ§§ﬁﬂﬁQﬁﬁa§Fe+% QEERCUENEP pol yner

~may -becone 5,000 ‘tines or re the- t oI SO|I cat st conponent after-,
conpl 2t | @Atain; FhErﬂgpFl - gg‘j’de& Eéﬁ ‘??s{'hg’g?erage pol ymer

producti on 25 - ggé stage excepting the flnal st-age is 30,-000-fold or
‘nmore in ?ﬁ%neﬂéﬁ B Laft I*ene pol ymer having a density bel.ow.0..945

Qe o I ot Lo TR
LT iRk e 3 gt Ve ico sttt n T
| stage sotﬁé &9&28@ bBﬁy&%@%dﬂéﬁiJﬁW Eu%fght in each stage, |
10-,except for the last stage, should be restrlcted to 30 000-
tlmes or less the welght of solld catalyst component,'f
o and the polymer productlon 1n each stage 15 selected solfgzl
'that the average yleld of the flnal polymer may become _“.
5, 000 tlmes or more the welght of SOlld catalyst compo- =
15-%nent after completlon of the multlstage polymerlzatlon.f
For obtalnlng the ethylene polymer hav1ng a den51ty of

3 or above, the average polymer oroductlon by

0 945 g/cm
weight rn each stage, except for the last’ stage, should'
'hbe restrlcted to 15 000 times or less the welght of solld-'f.
20 -catalyst component, and the polymer productlon in each o
._:stage is selected so. that the average yleld of the flnal‘
: polymer may become 5 000 tlmes or more the welght of |
' solid catalyst component after completlon of the multl-'
.stage polymerlzatlon.' If the average polymer productlon
25 in- any stage exceptlng the flnal stage 1s 30 OOO-fold or
more in’ the case of an ethylene polymer hav1ng a den51ty h'

'_below 0. 945 g/cm ', or lf 1t 1s 15 000 fold or more - in

- the case of an ethylene polymer hav1ng a denslty of'



'_-nultrstage ﬁﬁlynerrZatron is.-less than 5,000 times the weight of solid

5 Further I f the average yield of polyner after conpl eti.on of the

_]-catalx§t -conmponent, .a step of catal yst renmoval will becone necessary to.
- decrease the ash content- of the polyner 1 e§ult|ng i:n a decrease in 10
- econonic efficiency of. the process .The effective carriers for the solid -

b ortdes ﬁb% B ok gt .coﬁffﬁiﬁ’a*maﬂeaemﬁ e oxd ges.

cqh ori.des;. m xtures of thes

© conmpounds sucg A3ral e#ngﬂ%]éyé gew111tgabgghgérdgd srlrca g
ona ro ' -

al um na, nagnesrunrc xych orrdes of di'val ent netals,

magnesi um- hydr 'b@%on{w 'E%?fﬂ@xﬂhi Ofd Afd jHBENERS UpeslBentdesinsBgResi um
‘hal oal koxi des; double oxi des of magnesi um and al um num and doubl e oxi des

of - ”Hgnes'U”‘%Qch@@%dﬁﬂ‘édﬂas €3 kd@p ethevpreductivatpofiaterabdesspecial ly .
preferred. Exanples of the-transition netal conpounds bei ng .supported-on .
the carriess pmgﬁugrt|iﬂﬂun§nan§wxgem91eydneﬂ|poigmepoaﬁ&eran@mghaﬁmmnnn

~ conpounds such as 25" titaniumtetrachloride, titaniumtetrabromn de,

~.ti tani um t et r @ifodibée militistage tpolymenzletmnt aai Erasso#pennésoro@pm ed
by. the general formula [err], err] represents--a hydrocarbon group;

X represents zhe. we;qn#(qﬁﬁso&rﬂnc tilyst scemponesit., def s¥e® Bf t he formula L

.0 ferr] p< 4) such as al koxyti tani um conpounds, aryl oxytitani um ¢ qus;
-aIkoxytrtanrumdtﬂlxﬁﬁsremnva&yWh&%tb@@ﬁmﬁnnﬁﬁﬁﬁéé§Y F&hé&ﬁﬁ ase t

:_tetrachlorrde -vanadi um oxytri-chl ori de, - L
. ' content of the polymer, resultlng in a decrease ln_

lO economlc efflclency of the process. |
The effectlve carrlers for the solld catalyst
':components used in: the present process lnclude oxxdes,-
l,hydrox;des, chlorides, carbonates of metals and. 5111con, {'
. and mzxtures of these compounds such as, for example,3-*
: 15 magnes;um ox1de, tltanlum oxlde, sxlica, alumlna,_: |
."magneSLum carbonate, hydroxychlorldes of dlvalent metals,f
lmagnesrum hydrox;de, magneszum chlorlde, magne51um |
alkox1des, magnesxum haloalkoxzdes, double oxrdes of .
-afmagneSLum and alumlnum, and double oxldes of magne51um {:
'fﬁd, and calc;um.~ Of these, magnesrum compounds are especlally
[-lpreferred | | . o
| L Examples of the tranSLtlon metal compounds belng
'suppOrted on the carrlers 1nclude-t1tan1um compounds,
d_'vanadlum compounds and zlrconlum compounds such as e
25 titandum, tetrachlorlde, tltanlum tetrabromlde, tltanlum
| .'7tetralod1de, tltanlum trlchlorlde, tltanlum compounds*

represented by the general formula T1(0R1 (wheres

1l

’4pp

R represents a hydrocarbon group, X represents a



coni um tetrachl oride, and zirconi um conpounds rejhpresented by the
| fornula [err] (where [err] represents:a hydr ocar bon group, X
sents a halogen atom and q is a nunber: defined by the formula 0,_ i~
\ q < 4) such as al Koxyzi r canijum<onpounds, aryl 6xyzirconi um 10 3 ggg
conpounds; - ‘al koxyzirconi um halides, and aryloxyzirconium halides: . The - - '

. reaclli ohafload taton, cxmrprmrwsnmeﬁnaéﬁmﬂ&daa thehFdrnularet al -
“conpounds represented by the generdl formula-[err].(where: - represents a. ;J

hydr ocadbdp gdiusach r&saraﬂsimﬁystﬁtamimgecompomdsndaﬁ:yl&xyitit’anlliﬁﬁ)er
defined by the formula. -0 [err] r [err]. 4) -such as titaniumtetrahalides,

"aIkoxytCpm@pumﬂﬁmnﬁihQXYtx#gnxum'halidesunandnpuy&dxy&hhaqﬂmﬁanlum -

" -Hal i des, .and -aryl-oxy-. titanium halides are al so used as the solid catalyst,'
" conponehal 1dE§ammaasdﬁuMnnstxﬁshkmwi@ecavanyéuumonpwmenchxarzdaﬁa ' '
described in Japanese Patent . Publication Nos. 39,037/ 79, 40,273/79,

40, 294] Fdrconiygy mekr Jﬁﬁéﬁ@%@?ﬁ.%ﬂ@ z%@%?ﬂéﬁ@l@ﬁmpﬂ§ndﬁ'Iﬁtald open)- Nos.

126, 785/ 75, 84, 88 76 144,'006/ 80; Japanese Pa@ent Appllcatlon S.

165, 341PFegente g’d/é‘é“ e genenn} fRrmuta sz QR Dy _ X % where Rie

PLlaTPoReBh e ”p°?w%ag§%%f°é%“#€?c%?%%"9¥%%e§ 9 'zgg‘“z_at'zz
t-“?'r.k%mﬂfy%ﬁd? ¥ offiidd et ie ”?nsa”‘r‘r.@hanaow r%%,%‘%ﬂt‘n”‘num
0 2 SLuRl auTLRIQY uféeomﬂ&m&ﬁpwagy'gwﬂwyw‘a% qPride. i

- n- propy um num
' lO compounds, alkoxy21rcon1um halldes, and aryloxyzlrconlum .

_ halldes., The reactlon products of organomagnesxum
:'compounds and trans;tlon metal compounds represented by
the general formula Tl(OR )4 r 'y (where R3 represents a
..hydrocarbon group, x represents a halogen atom, and X
15 is a_ number deflned by the formula Oos rs 4) such as
| 'tltanlum tetrahalldes, alkoxytltanlum compounds, aryloxy-
'-tltanlum compounds, alkoxytltanlum halldes, and aryloxy-"
titanium halldes are also used as the solid catalyst _
-icomponent;- Examples of sultable solld catalyst components
20I1are descrlbed 1n Japanese Patent Publlcatlon Nos. 39 037/ .
- 79, 40 273/79, 40 274/79, 23 561/80, Japanese Patent
:Appllcatlon “Koka1 (Lald-open) Nos;;lzs 785/75, 84 884/76{
144 006/80, Japanese Patent Appllcatlon Nos. 165 341/79,
©.9,200/80; U. S..Patent 4,223,117, .
-fl25 o ﬁj The.organometalllc compounds whlch form the .
| :_-catalyst systems in polymerlzatlon reaction’ together w1th

the above solld catalyst comnonents 1nclude trlalkyl-.

-alumlnums such as trlethylalumlnum, trl-n-propylalumlnum, '



chl ori de, d||sobutylalun1nun1nDnochIor|de di-n-butyl- 5 alum num _
gnnngchlorlde and di - n-hexyl al um num nono- chl ori de; al kyl-al um num di hal i ges
‘suclr gs ethylalun1nun1d|chlor|de n- propyl al uni num di chl oride, i sobutyl - .
~at um num-di chl.ori de, n- butylalun1nun1d|§ | oride, .and n-' hexyl al um num |
dirchl ori de;. ot her organoalun1nun1conpou s~10 ‘such as et hyl-al umnum

'_'-ESZEEIEEiS Igi‘r e P LR I A o e r?ig‘;ﬁ‘n_;ﬁ; R
e o BT BN B ol Mg GG These
pre § | fene .
olymer of a J48¢R xﬁw‘?ﬂ #Sﬁ“*&m%‘ﬁﬁ?&%%?eb?d%ﬁﬁféfg?ﬁg?%ﬁfw@‘c‘%‘ifﬁf‘;‘%m ne
produced in eagh EHBnééﬂlgPldéhedi“HUBhtg&-p0|y”E“'

in.each stage are etern1n Y. ta I ng 1 nto account t he processability of

- the pol'ynmes aaiuﬁlﬁtﬂhhﬁin%hlﬂi%}'é}ﬁi od i 4hen &Ry detuRl AdiCinonbl the first
stage reaction zone, a:polyner -having an intrinsic viscosity' of 2.to 10

di/g (at [errknloridest Ik lid Dun i ClliliceT d@s t Sechbasneenglalyskiagen or

under the conditions of. a-relatively:small .hydrogen-to- ethylene ratio. ‘If .

t he |ntr|nS|cdnbaaowﬂdg1%ﬁ49rop¥kalhmiﬂmmEdmohlonﬁge, tbebuell~f | owability.

of ~t he final .polymer -1 wi Ll be unsatisfactory. The anmount- of. polyner -

formed i nt he aflumsin ust dgehlearitdenn mykaMmﬁﬁWdhghﬂorgde,oanﬁhe-t ot al
'gpolyner 1f the anount. of polyner i's beyond tHhe.

hexylalumlnum dlchlorlde, other organoalumlnum compounds
;10 such as ethylalumlnum sesqulchlorlde, n-propylalumlnum
" sesquzchlorlde, Lsobutylalumlnum sesqulchlorlde, n-
'hbutylalumlnum sesqulchlorlde, and n—hexylaluminum :J..{
sesqulchlorlde, other organometalllc compounds of élnc and
'rothers. These organometalllc compounds are used each
115--alone or in mlxtures._i _,..' | “ - |
: In the present multlstage polymerlzatlon .:
' process,'a de51red amount of an ethylene polymer of a .
.deSLred molecular welght (or of an 1ntr1nszc v1sc051tyi
'y-Ls produced in’ each stage. The molecular welght and N
20 :the amount of polymer in each stage are determlnable by
:lftaklng 1nto account the processablllty of the polyner
'and the phy51cal propertles of the molded product. |
.‘" - In the flrst stage reactlon zone, a polymer
hav1ng an 1ntr1n51c v15cos;ty of 2 to 10 dl/g (at 135°C.
25-21n tetralln) 1s produced 1n the absence of hydrogen or'
='under the" condltlons of a relatlvely small hydrogen-to—i

'ethylene ratlo._ If the 1ntr1ns;c v1scos1ty falls oat51de

:fthe above range, the melt flowabllrty of the f;nal polymer _.U""



limts, the nelt flowability of the final polyner 5 and the physi-cal
yties of t he nol ded product are both unsatlsfactory " In'the second
“reaction zone, a polyner having an intrinsic viscosity of 0.2 to,l. 5
i's produced under the- condltlbas of a hlgher hydrogen- to-ethylene =~ *
ratio than that in the first. stage reaction 10 zone. .If the:intrinsic .
viscdsi tWilk be gaesathafactory./ gThﬁhmt fqﬁ)\m%meezg/ fprmed final-

- pol ynmer becones_unsati sfactory, while if. is below 0.2 dl /g, the -

Pl one catt ot hor 1b. eLef Fﬁﬁ€§*P?E?%§fe‘d 5% htrnidhe oo e o
A R A
B ;olynén ?Y?wia- g? H§ %ei 5&? 9§J€hﬁr#%§g%%é§€¥%%ﬁctlon of - an~-'
ol FS%%?*‘*‘%P%?*???% pEgREeET QQ%% G nﬁ%f%%%@% fey° hen .b{"’?S
requi re%&%@gﬁf&&begw 3] AP eda e 'f&d@grab?a gorponent . o

t he second-or subsequent age reaction.zones b enploy a-

east pap bl Ok 1hg thihtkﬁntiﬁpd%%%d&lﬁ&“%ffdf?;%ég?‘She def ect

such as eye- or- unevenness t he t he all owabl e

© anount Qilﬁ@disi pPebuseli dngeat %Héseommm oBrd etslﬁe@snﬂyagogem the

anount_. of - pol yner.. praduced i:-n each stage-and the nol ecul ar wei-ght,
' to-ethylene ratlo than that in the flrst stage reactlon

'-sld zone._ If the 1ntr1nsrc v1sc051ty lS higher than l 5
| dl/g, the melt flowablllty of the flnal polymer becomes
Vunsatlsfactory, whlle lf 1t lS below 0 2 dl/g, the_
.h' polymerlzatlon act1v1ty is undesxrably reduced.___' _
o In produc1ng a copolymer of ethylene and other
l.V_lsf oleflns by the present process, the amount of an olefln :
| in the copolymer 1n each stage can be determlned as
| mde51red by selectlng the ratlo cf ethylene to other
'oleflns. | | ” | _-”.
J . The multlstage polymerlzatlon accordlng to thls'
fw20'_1nventlon permlts the productlon of an ethylene polymer _h.
whlch ls unlform and has a desrred molecular wezght, broad
. molecular welght dlstrlbutlon, and excellent melt flow-
ability. . S .ﬁ S | |
" | | a When lt is requlred to add an: addltlonal
..25' amount of the solld catalyst component to the second or
subsequent stage reactlcn zones, lt is de51rable to employ._;
Ca least posslble amount 1n order to keep the polymer free

_ from the defect such as flsh-eye -or. unevenness._ Although _-f4



I t-+s- generally de5|rable to keep the additional amount 5 from exceeding
50% by wei ght of the ampunt fed to the first stagé reaction zone. In the f¢,
preseny process; each reaction zone is kept substantially free’ from the ghst ™,
phase by filling the space entirely mntﬁhthe liquid phase. If the gas 10"
phase is présent.in the reaction zone, -a. pol ymer build-up on the wall will -

ol ded pr ohucfBe FhE %%e°%§ {58 buaste %E‘Zte{?s%}sa#y’t%é’ﬁfﬁes‘#&éhtype

t ube- type, £ | type
st el { AEREEREE, pigoheat: 8%5‘%%535‘3#3%’%‘? SEFRHE Sanodt G ??p yp,
-~ al so- possi bl- epd éfryreahcéaelar gaeh!l sRadelShd R Gy %t hat o

first stage reactor is operated under.a pressure hi gher fhe

second 20 stpgeisegéheradly 8B8iRAbIEERS/KEeY tife HdANSEfsnLl é&ﬂoﬁh&t' i zi ng
t he pressure di fference: ‘The present - process may be carried out by using,”

- for exanpl®, - £yomreRvcéedingoB08cC ?dweagmr oS theT@ndunﬁtfédaQ@ the

- ‘pol ymeri zation is carried out by feeding continuously 25 to the first .

- react or prescfibstl stagetreabtamhahpﬂe solvent, ethylene, and; if .
-necessary, other olefins and hydrogen. .The polyner slurry is transferred -
fronlthe first. reactor Ennthaupuesyntopmheessoommchxxaantloﬁntcne is 15 -
- feedlng continuously to the second reactor prescribed anounts of the
'soI vent , hydrls@eﬁ subs aeﬁealéndfree from the gas phase by flllmg

:the space entlrely ‘with the llquld phase. If: the gas -
10 phase is present 1n the reactlon zone, a polymer bulld-up -.f'f
| -ron the wall w111 take place and tends to cause: flsh-eye _ =
.or unevenness to appear 1n the molded product. y'
o For the polymerlzatlon, may be used any of the:u
yloop-type, tube-type, and vessel-type reactors. Of these'l-p
'_15 reactors, the loop-type is. most sultable for the operatlon
| 71n each stage of the reactlon.:-| ;
It is also possible to carry out.the present-
.process 1n such manner - that the flrst stage reactor is
hoperated under a pressure hlgher than that in the second
'_20” stage reactor and . the polymer slurry is’ transferred by
'.utzllzlng the pressure dlfference..- '
'y The present process may be carrled out by u51ng,
.for example, two reactors connected 1n serles. The flrst _f.
';stage polymerlzatlon is carrled out by feedlng contlnuously
. 25 to the flrst reactor prescrlbed amounts of catalyst,
.ysolvent, ethylene, and,’ if necessary, other oleflns and.

_hydrogen. The polymer slurry ls transferred from the

_ flrst reactor contlnuously to the second reactor, whlle



peceysary, other olefins to carry out the second stage polynerization. |f

¥/hird and succeedi ng stage, poly- 5 merjzati.on are to be performed, the
: , tionis simlar to-that in-the second react or-. In each stage, it ig -
a 'o possi ble to enploy nultiple. rfgctors connected i'n series.or ‘parallel, <«
mhlch operate under the. substantT y“t hé sanme pol ynerization conditions. ;

o s s R o M e R BT o
olerirn . g
ro- pyi¥HE 18he ‘Q'i‘ ff‘l'ltv(%?lléﬂ hexg% mé{lé%% J"?‘i 3 eflns such as
4 et hy|gggé§§§%reo§n g%&n%f ) § aabﬁff} Idude mp@éaonmétzse wth |

~ethylene T3S ss pre e % or less, :

pref eragé/éllglﬁtro 52{‘18& 'e&% Hae danad ta&h@fsd&&é/é@ingagtb&ee}aslyy -adj usted "

‘mai nly |ng ‘the anount of. ol efins to be co- 20 pol ynerized wi th’

~ ethyl gnen@pslz4 BeoADASEUR beLpaiHf timddie tind Wiperdoide psogimellarAccording
~to the present process, it is possible to obtain a pol'ymer having desirable

physi cal t@reﬁs{:t h.ﬁsthadsle&mas&@@dtdn/ OrEm éaclg%ﬁaqée ikt hsf avor abl e 25
econoni ¢ “ef f:i ci'ency. by- changi ng the average nol ecul ar wei ght, nDIecuIar _
~wei ght daggélbussﬂbleamd @mpdicyy mifl tipleateaetons desheetied iSi nce the -
et hyl ene pol ymer .produced by the process of this invention has broad - o
nDIeculaseméeghOrdparalﬂeﬂuomhwuh(ngexatﬁuuniex themsuhbtant}aéﬂw can. be B
processed into nolded products of '
the same. polymerlzatlon condltlons. L
10 ; : -9_ The present process is adaptable to the homo-'
- ;_polymerlzatlon of ethylene as well as to the copolymerl-
“:_zatlon of ethylene w1th other olef;ns.- Examples of
: oleflns used as comonomers are a-oleflns such as pro-i'
: pylene, butene-l, pentene-l hexene-l, octene-l and 'hf.l e
15 4-methylpentene—l._ The amount of - olefins to be. copoly—
merlzed w1th ethylene ls lS mole % or 1ess, preferably '
':10 mole % or less, most preferably 5 mole % or less.
The dens1ty of polymer can be eas;ly adjusted '
malnly by controlllng the amount of oleflns to be co-
20 polymerlzed w;th ethylene and ‘the molecular welght of -
the polymer to be produced.::r . ‘
| Accordzng to the present process, it is poss;blea
'to-obtaln-a~polymer=hav1ng de31rable-phy51cal propertles
”-'and processablllty on a large scale wzth favorable
| 25 ,economlc eff1c1ency by changlng the average molecular
.welght, molecular welght dlstrlbutlon, and densxty of

. the polymer as de51red slnce the ethylene polymer

'produced by the process of thls 1nventlon has broad



_suff|C|ent unlforn1ty mnth little fish-eye or unevenness, it is

~particularly suitabie for the extrusion mpolding or 5. blomlnnldlng of fil

pi pes;, bottles and cables, The polynerization tenperature in the present

'%p*ocess generally ranges fron1roon1tenperature to- ferr], preferably from, —
[err] to[err]. The polynerization presgre is. fron1atnDspher|c pressure

- to 100 kg/[err], preferably from:105 to 50 kg/[err]. The .inert solvents -

- uged. as pol ymeslexatliann wedlghantdd sitdlosdd.oal apdaeixcelyénscmeBbngloweh. as
propane, butane, -pentane, ‘hexane, heptane and octane; alicyclic

‘hydr ocar.bons ahickitys angiasne ke Pronesepd GRSt a\ﬂédeéndrﬂ?éu&iténﬁﬁ c.

"~ hydrocarbons such.as benzene, toluene and xyl ene. O these hydrocarbons :
partlcularly'§ﬂ§ﬁ¥9¥%ﬁfeﬂﬂiﬁﬂ d#ﬁ@é@b§ﬁ§ h-eyRe AT YPRVEBPEEPNS of 3

--to0.8 carbon at.ons suc pr Ien and entene-1 used as the

. conpnorner, |tal'? 1ta&' A %rérl b‘sﬁﬁ&sgogﬁﬁE |
copolynerl t; t gg&@ | vent.  ~As
conpar ed.--w %a B]tcﬁ'eq%oollr#%or# Zciéqu%riyﬁo t b%ol}tsﬁ%g a i qU| gat ur at ed

hydr ocar bon of 6 or gg_leﬁ?'éﬁg&eq{mn 187 %‘é’m‘ﬁ;"erilatdzjée §5t& (ey t-asaRe by usi ng a'-

| owboi'l.i ng saturat. as - propane, ne or. pentane has

an advant age gabdd¥Y ddifeRal ¥ Hankws Fowe YR Q‘érr@)ér%t%'r@pltg reafe of
_.flashlng Mor eover, ‘I n the case of polymerization in such a Iomfb0|l|ng

- sdt'urat ed hyctimﬂwn.y tévonr @0f tdongaadlourer mmbaﬂmmerizaﬂon bressuireer
anDunt of polyner sol-ubl'e. in-the | ow boiling 2
is from atmospheric pressure to. loo kg/cm ' preferably From
105 to 50 kg/cm . ' '
': The inert solvents used as polymeriuation solvents -
.ﬂinclude aliphatic hydrocarbons such as oropane, butane,'
.;pentane, hexane, heptane and octane, alicyclic s
=_5hydrocarbons such as- cyclohexane and cvcloheptane,_and
o 15-aromatic hydrocarbons such as benzene, toluene and-xvlene._y
| df these hydrocarbons, oarticularly preferred are -
aliphatic hydrccarbons. When e—ole‘ins of 3 to. 8 carbon
' -atoms such as propylene, butene l and pentene-l are used
':as the- comonomer,.it is DOSSlble to carry out the liquid-.
nzolphase bulk cooolymerization by utilizinc the comcnomer
: itself as the solvent. As comparea with ‘the common slurryﬂ
“_obtained by uSLng a liquid saturated hydrocarbon of 6
-or 7 carbon atoms as. solvent, the slurry formed by uSLng '
a low-boiling saturated hydrocarbon such as nropane, |
'25 butane or pentane has an advantage in that the oolymer o
can be senarated by a simple means of flashing.;- oreover,:.-
“in the ‘case o‘= oolymerization in such a low-boilinq | |

'saturated hydrocarbon, the resulting nolymer contains_



sat urated hydrocarbon and, hence, there are no such troubles as the-

osity increase in the reactor, stickiness and adhesion of polyner cake
¢h troubl es 5 are caused by t he formation of IomanIecuIar wei ght .
bl e polyner; the nature of polymner particles is better and the -~
ducti on eff|C|ency ‘per. ‘uni t- vol%ne of  the reactor is higher. A o
suf ficient concentration of the solid catalyst 10 conponent in the . -

pol yirersmaklen anoeet of patymerssodublecdshdtha deve-baikingral ly 0. 001 tou -
- 0.1 mmle (in terms_of transition nmetal aton) per. titer of the solvent. '
. The anafiurated hEdrosarhAnofdnoRense i Ehesim AR %niiéﬁfént i's not
critical, but it .is used,generally in an annug%lof 15 5to- 500 SR
pr ef er dBiQubLes agoths ¥l ﬁﬂ?\?‘&l’e&f‘cﬁéﬂsﬁol@ % tﬁeac‘?ta?fét tion metal atom .

L e Eldfseisligh, SR BORERE poliBa S R LARRAR I YL
f“;am:att'adatt@“gtsﬁs%%tw il e, b
pentan
s R &%mt%%fﬁtétewﬁtﬁeggtm o

. In"Ex .

R ssgeecsstlsatn S SRS S U

-~ JISK @é&t@&@' :!sshiﬁﬁégl respectivel yoooooe 18 -

A sufflclent concentrat;on of the sclld catalyst )

Y

lO component Ln the polymerlzatlon system of the flrst and
-second stages Ls generally 0. OOl to 0. l mmole (ln terms_:
B ~of tran51tlon metal atom) per llter ‘of the solvent.' The
uamount to be’ used of an organcmetalllc compound component
fnls not crltlcal but it is used generally 1n an amount of
'215 ‘0.5,to_500,_preferably Z,to 100 mole equlvalent_peromole :
of the.transition“metal-atom-in7the solid"catalyst com=
ponent. The catalyst is fed convenlently by ut11121ng .
an lnert solvent as the carrler. The inert solvents
- 1su1table for the purpose 1ncludela11phat1c hydrocarbons_ﬁ
' 50 .such as propane, butane, pentane, hexane, heptane and
| octane. | R o _ B
| The inuention:lS'further illustrated béié&'in'f
'_detazl w1th reference to Examples, but the 1nventlon ls
not llmlted unless 1t departs from the essentlal feature
25 of the 1nventlon.- In Examples, the propertles of the
l';polymer were. determlned ln the followzng way. : ' )
| The densxty and the bulk densrty were—determlned

- in accordance with JIS K 6760 and JIS K 6721, respectively.'d



The melt flowability was expressed in terns of "nmelt flowratio" (MFR) _

whi ch, as herein used, is defined as the ratio of the flow rate under a -

. 1 oad of. 21.60 kg'to the flowrate (i.e. nelt i ndex) under ‘a load 5 of

~ 2."160 kg, both flow rates being determngd in accord-. ance with ASTM D

1238 57T at [err] . Flom/rate under a |oat?of 21.60 kg MFR. =

--------------------------------- - Flow.rate under:a load of 2.160 kg '-;'”

EXaane 1 (l) Preparatlgheoﬂeéﬂ|ﬁiqyﬂhﬂ%kﬁY(ﬂﬁﬁxﬁﬁﬁﬁes$ﬁ@olﬁ Sﬂrmﬁterf'

- autocl ave prOV|ded wWith_ a stiirrer, was charged 2.0 .k gnesi um. .
turnings for CGPEgnBedts g&&&’ntratlﬁwe HFR)c A Rn 29 g‘?‘o\‘r?? e &Fr. and

S?%EW;Z o sodesiies %%f?ma =3t f { Ci st %é@ésaﬁ%’é'ré‘vﬁ?“ﬁrﬁaﬁﬁfzd
e a1

Tion the reacthoROusE h&? &&sd%gr R AP e et ol b ofpRd”
| LSSﬁéL?Emmmé‘s”%gn%‘&‘%s" B BYCE g0 RIS TRy S aRiAlE uigpebed.
20 chl ori.de |ﬁn5 u §Fyﬁbhqugmgfﬁnggii gp&e, 2. 06 mol'es/ li.ter; -as '

det er m ned by SIS
sodlunlhydrOX|de solutlon Wi th. phenol phthal ei n ‘as-i ndicator. A 50-liter
aut ocl ave; mhlch had been thoroughly flashed W th nltrogen to reane

--19- - -

‘Flow rate under a load of 21.60 kg

- MFR = Flow rate under 2 Ioad of 2.160 kg

Z-Example 1 T |
) Preparatlon of solld catalyst component.
o Into a 50—11ter autoclave provxded w1th a
' lO- stlrrer, was charged 2 0 kg of magne51um turnlngs for
| Grlgnard reagent. The autoclave was freed frcm the alr'
'ﬂ.and mo;sture by thorough flashing w1th nltrcgen. ‘To
the autoclave were added dropw1se at 50°C 8. 0 llters of.
n~butyl chlorlde and 25 llters of n-butyl ether over a _
lS_;period of 4 hours.. After completlon of the dropwzse addl—
| tlon, the reactlon was allowed to contlnue at 60°C for '
-one hour. The reactlon mlxture was then cooled to room
temperature ‘and’ the unreacted magne51um was removed by
- flltratlon. The concentratlon of n-butylmagneSLum
20 .chlorlde in. the n—butyl ether was found to be 2. 06 moles/
'llter, ‘as determlned by hydrolyszs with lllsulfurlc acrd -
=-and back tltratlon w1th 1 N sodlum hydroxlde solut;on B
'1'w1th phenolphthaleln as’ lndlcator. _A~50-l;ter.autoc1ave;.

"whrch had been thoroughly flashed with nitrogen”toVremove i

1NSul furic acid and back titration With N



- e air and noisture, was charged with 30 liters’ (62 nol es) of the above
' -bée | ether solution containing n-butyl- magnesi um chl oride. To the
a | ave,. was added- dropwi se.at [err] 7.0 liters (62 moles) of silicon .
et rachl orlde 5 over a period of, Jqaurs. o After corrpl etion of the addi- =+
tTon, the reactlon was al -owed to continue for one hour at [err]. The

soli g PLAd Gl Pahdardesk uid N wadephar§eandithl 80ed i@ Hseag2 \m&ﬂzes%o liters.

of tltanlun1tetrachlor|de at’ 100 C for one hour with ‘'stirring. . -\J
conpl et iggn tHe abovd q-Mdl achébesoBatibhnNgonehii e ivRs naduited - epeat edly
wi'th n-heptane until no nore titaniumtetrachloride had been detected in
" the washiaggesiand chlieride. varsothe yitbdlave kgaef added iatcpaiide/st -
conmponent in which 19 ny. of titani'um atom-had been supported per g of SO|Id
15. cat aJty§l0°@erc01drﬁte:(£)(6Panele$bnoé sditicbar tedraohliomitdeon activity.
~ The persistence of polymerization activity was tested under the conditions
si ni Bar owvert hogeniod of i 2 showrsge Afheri compdmsion efnttheuaddiwo- st age
polynerlzatlon 20 described l'ater’ in. par agr aph (3)..(2)- (a). Into a  ° '
50-1 | t etionai thes Feactsiomuras| allovesd tn pontiaue s mghlrgptnr ashed with. .
nitrogen, were charged 12.5 kg of butane and 17 mol es of triethylal um num
25 To tR& r%@?ﬂ)reT%liql%cpfﬁ@%che‘dﬁédwﬁéhﬁér Wi thyasheptanetand ene until
the total pressure had reached_ 16 kg/[err follqmed by hydr.ogen_until the-
- ethyl en@HoWedy %é??arﬁﬁ dﬂ'l%t?% Fhge §c8 3:)"-6“6@9‘ eﬂ?@%%ﬁ zation.

. n
was. i 't'a&%%oc for one hour w1th stlrrlng. After completxon

10 of the reactlon, the resultlng SOlld was washed repeatedly
_w1th n-heptane untll no more tltanlum tetrachlorlde had
'Jbeen detected 1n the washlngs, and drled 1n vacuo to | _

_.t'yleld 6 5 kg of a solld catalyst component 1n whlch 19 mg ”:'
huof tltanlum atom had been supported per g of SOlld

;15_'catalyst component.J.__ _' L i

| _(2) Pers;stence test for polymerlzatlon actlvrty.

. The perslstence of polymerlzatlon act1v1ty was: '
Jtested under the condltlons s;mllar to" those ln the flrst
stage reactlon zone of contznuous two-stage polymerlzatlon 5

_20 descrlbed later in paragraph (3).

S @ka | ) -

e Into a. 30- llter stalnless steel autoclave, whlch -
"had been thoroughly flashed w1th nltrogen, were charged
512 5. kg of butane and 17 mmoles of trlethylalumlnum. __;"

25 :To the mlxture, whzch had been heated to 80°c, was added
-ethylene untll the total pressure had reached 16 kg/cm .
_followed by hydrogen untll the ethylene-to-hydrogen molar _

_'ratlo had,become-llo,oog. _The polymerlzatlon was 1n1t1ated



-20- 1 by add1ng 296 ng of the solid catalyst conponent prepared in (1)
“above. The-pofymerization was allowed to continue for one hour at [err];
whil e continuously feeding ethylene to keep the total pressure constant.- |
The poly- 5'nerization was then term nateg with i sopropyl . al cohol . After: —,
rel easi ng the butane and unreacted nononer, the - pol ymer was dried in vacuo_i

-~ at he ’ 9448
3Ll Toey, ldasl 80y ot Yo COLePERRECt ipdfds 300Rargs o
‘carried out unggr (g Feaﬁé% Co‘l"il'et g&ﬂ o e ORSET drPSkh § T ] Pdwéd) toeééﬁﬂinhgat :

- the. polynerlzatlon | me. was vari.e results obtained were as shown 'in-
~Table 1.. In tBgrPeheMibuzalbitonoest while Gordinud@dly Ofé&dinghe
“et hyl ene-to-hydrogen ratio in the |iquid phase was naintained at 1 : 0. 009

By plotting thethygenet tookebpblttid totallrpies apre seot s tgnt he TREapoblgshi p
bet ween the pol ynerization tinme and the yield of polymer per unit weight of
the solid: catamgsizaampnnuas mmenmtermxnnteﬂiWEtErmsuprcpflgal&ohoEnon1the'
" curve; it is seen that the time [err] required for the 15,000-fold pol yner
‘producti on basAfiten. redeasiigiqt tile durtane and reswmoﬁemonqmerz thRours

- and the time [err] required for the -20, 000-f ol ol ymer production was 3.8.
‘hours..  There- pedymesr wast dsied iia (VR0 R @b‘tﬁt 1Tlge y3¢ldcefit prdymer
_tmo 'stage pol ymerization. The contintous pol ynerization was_carried.out. by
- using two |oopwa§p8 Pdakgo COTESSRENTERT rF%e 4%15 so%r g of the solld 3

' catalyst component._l

10 (2)-(b) to (e)

Polymerlzatlon.was carrled out under the same |
“condltlons as descrlbed in (2) (a), except that the
polymerlzatlon tlme was varled. The results obtained
were as shown . 1n Table l'h In the polymerlzatlon tests'.
15 of (2) (a). to (e), the ethylene-to-hydrogen ratlo in the .-
llquld phase was malntalned at 1:0. 009._ By plottlng the .
gresults of Table l, a curve representlng the relatlonshlp
'between the polymerlzatlon tlme and the yleld of |
..polymer per unit welght of the solld catalyst component
. 20_.was obtalned as shown 1n Flg._l. From the curve, lt is 7'.f
9seen that the time tl required for the 15,000-fold |
' polymer productlon based on the welght of . SOlld catalyst
1icomponent ‘was 2. 4 hours and the tlme t2 requlred for §
' fthe 20, 000-fold polymer productlon was 3 8 hours. Theres'.
. 25_'fore, the ratlo tzltl was about 1. 6.._u |
o '(3) Continuous - two-stage polymerlzatlon.
. - The’ contlnuous polymerlzatlon was carrled out

-_.by usrng two loop-type reactors connected 1n serles. Both -':



~ =2):_1 reactors were always filled with the liquid phase so-as to exclude
N gntial |y the gas phase. To the 250-liter first reactor, were _
nuously fed 53 kg/ hour of .butane 74 mmol e/ hour of trlethy1alun1nunL
g/ hour 5 of the solid catal ygt gouponent prepared above in (1), -and 17" <
our of-ethylene.. Hydrogen was contlnuously fed so.as to maintain the

“et hylsen a | i 1§y¥§ 9. 'The -
tenpel(raa%uéréeb%\wfa% i ]r@iaéytghgi?(])'tbgl w&?gsstﬁaréeqm @7%%”? %9 The 10 .

Pol ymer of Wty Y8s %étﬂﬂﬁﬂaﬂyt ERRSGRE @hade ! h@@ﬂ?éuﬁodliééfence from

.the first reactor to the second”500-1iter ‘reactor. while feeding" e
conti nu%!isrsr‘ttfeaéleoﬁﬁcﬁéﬁlerééﬁt@.hu@u%l&g/ﬂwrspfk icwe, of. 8 mmol e/ hour - of

tri- ethylalum num and 22 kg/ hour of efhylene. drogen was 15 = :

conti nuqus&avnégmsmmnph&aepofheme&yﬂymaamwf Qed gpoar(by mle) in -

- the tiquid phase - at 1 : 0.12. The.  tenpérature was nmintained at [err]- and .

< the t®t £ Llrlwssm.‘e:.dtcaﬁakgﬂ:ecoinpanenﬁwrmyaymd abare yimaslront i nuousl y
‘renmoved fromthe second reactor and'the polymer was 20 recovered and :

~dried. amd kdrkg/fhous Sl ekbyleaei.on Hydsogen: aasl dontimgouslys with

' satlsfactory operatlonal control. The polyner-yield was 35 kg/hour which -

cor- resfadcenl as t@ mwngénpthywsthwﬂ@amﬁmhxﬁrmmcmbazpe:aglgf solid -

- catal yst component. . The polyner productlon 25 ratio of the first stage to-

t he secdﬂd'%W%gb1%B$d4BhaSGOaBy Lip0gi909-as The GARRSKAEREM VA8 material |

- bal ance. _ The average mer production g Of280|ld catalyst conponent
inthe 803G and) Elé%oﬁg lageeﬁé&é'ﬁ Uﬁ'szé%eé‘g /em The

10_'polymer slurry was contlnuously transferred by the o

._'pressure drfference from the flrst reactor to the second
“_500 11ter reactor whrle feedlng contlnuously to the second
' reactor 6 3 kg/hour of butane, 8 8 mmole/hour of trr- f'
-_ethylalumlnum, and 22 kg/hour of ethylene._ Hydrogen was
| 15 contlnuously fed. so as to keep the ethylene-to-hydrogen
| Ziiratlo (by mole)nln.the llquld phase at 1:0.120 i} Then_l
temperature was- malntalned at 80°C and the total pressure B
at 35 kg/cm .G. The polymer slurry was contlnuously
removed from the second reactor and the polymer was. -
Zﬁ'rrecovered and. drled. The contlnuous polymerlzatlon was'.
operated for 100 hours w1th satlsfactory operatlonal
'--control (fhe polymer yleld was’ 35 kg/hour whlch cor-
'-responded to an average polymer productlon of 29,200 g.
d‘per g of solld catalyst component.. The polymer productlonl
K 25 ratzo of the flrst stage to the second stage was 40 60
- by welght, as calculated from the materlal balance. 1he o
| average polymer productlon per g ‘of: SOlld catalyst

' ccmponent 1n the farst and second stage reactlon zones



":den5|ty 0. 961 g/[err] _ nelt i ndex, 0.29 g/10 nin.; MR- 104; bul k

-22- 1 was 11, 700 g and 17 500 g, respectively. - Properties of  polyner :

f'denS|Ly, -0.45 gl/[err]. The resultlng pol yner- was: extruded to forma 5 .\
-~ tubular film-of .10 [err] thickness: by_I@glJﬁIatlon process. The ext rusi o
pressure was relatively low and the'stability of ‘the bubble was al so

. excel | ent ) Thga8URER 00l of st AESI0 ¢ NerdipdptnieDy. | OPrépeZtieslo@00
herr]. The tenglle strengih |npébt réipst A%e and ?%ar st?%ngth 10 were-

sat i sfact ory. poIE}ﬂxe‘iOl dengiads MDHee, ﬁfx@éme ﬂ@d@xbODUZQOQMOTaﬁhe i1

Pol ymeri- - S _ Yield of Polyner pro- ? zatlon : catalyst
“polymer - unFRgnlNQ bulklaenSLtv 0 S p@hHeEm (kg) (g _palyner.
(hour) o (ng) : per g SO|Id catal yst. conponent) 1-(2) - (a)
_ . 296 2 34he resultﬁng)poxjmeeras extfuded to £o¢m a
' 3 21 ' 12900 1-(2)-(¢) .. - 3 - - 225 - 3.89 © 17300

1-(2)-(d) 5 ‘tubular £il30»f 10 u thizkness by 2Use0inflapips)process.

179 L 4.21 : 23500 Exanple 2 (1) Persistence test for

pol yrrer i zat | ofhecemtiusioms prpasuEe ofas) elatieelrokpunend shepar ed

stabllzty of the bubble was also excellent.' The number-
of flsh-eyes in the fllm was as low as 7 .in l 000 cmz.'-
"fThe tensile strength, lmpact reSLStance and tear strength
IO'-were satlsfactory. The color shade and the appearance

were:both.good._

Table 1 .

. | porymeri- | So1id Yield of - Polymerepro-
Example | zation catalyst | polymer | duction
No. ° | time - |component | {kg) (g polymer
7 | thour) | . (mg) - | | per g solid
N AN PR P ' catalyst-
‘component)
1-(2)-(a) | 1 . 296 - | 2.3 | 7910
1-(2-) | 2 | 249 | 321 | 12900
1-(2)-(c) 3 225 | 3.89 | 17300
1-(2)-(a) 4 212 | 4.3¢ | 20500
1-(2) = (e) 5 1799 | az | 23s00
Example 2.

-(1). PerSLStence test for polymerlzatlon act1v1ty...

U51ng the SOlld catalyst component prepared



-1 in Exanple 1-- (1), the per5|stence of polynerlzatlon act|V|ty was
: under the cond|t|0n§&5|ntlar to those in the first stage reaction -
“-zotle /of continuous two-stage pol yneri zati oh ‘descri-bed bel ow'in paragraph
Yy~ 5 - (1)-(a) Into a 50- Ilterng ainl ess. steel autoclave, which had. been‘
, thoroughly flashed with nitrogen, Were charged 12.5 kg of butane, 290 g of . .
- but eng- Ig! eg16f. T whi ch had been:
_ 16& gx;%ggo& fug f dtetgiee#%i:ﬁét@d'&&nof W0l el 4 HL6n

heat € ene until the total pressure had reached &J

‘-._12 5 kg Lét:tlugx {all @ %ehy dREEOGHE WHnditienet Byhenart eohydrogen rati o

inthe lTquid ase ha becone 1 : 0.002 (molar ratio). .The polynerlzatlon
\was 'n'tFﬂBEQ i %ﬁ@'&&r%&Ss@&qé AdeEidn Jz6mé abf stonefpanast 15 prepared
.. in Exanple 1-(1). - The pol ynerization was all owed' to continue for one hour . -
“at [err] tw&bstagéegéuweetlwm Ausdrilsed | yelowkérppabagraphl (2)assure -
constant. The pol ymerization was then term nated with isopropyl alcohol. -
'After5relea§unganhe but-ane and -unreacted 20 nononer, the pol yner was drled"
 ‘in.vacuo at 60C. .The yield of polymer was 2.22 k correspondlng to 7,580
' .g. per g of the sol atoatal5estlidmmskainl¢ss - $b9e€oaP§PCP9W?nehﬂﬁaﬂion was
. carried out under the sane 25 conditions as described above in (F)-(a).
. . The resuhad bBBalm@@nmﬂghh¥§ﬁﬂﬁﬁhﬁdrWI%hI%lﬂrogﬁﬁrtWGrﬁoFP#E geskt i on tests

of. (1)-(a) to (e), the nolar ratio of ethylene: hutene-I _: ?{ogen in the _
I|qU|d phasé kﬂsoﬁahmﬁﬁnﬁxi%ﬁ g of butene-l and 17 mmoles ° -

'trlethylalumlnum.f To ‘the mlxture, whlch had been heated

ldf-to 70°C, ‘was added ethylene untll the total pressure had ih
reached 12 5 kg/cm -Gy, followed by hydrogen until the. |
”ethylene-to-hydrogen ratlo 1n the 11qu1d phase had _
Vbecome l 0. 002 (molar ratlo). The polymerlzatlon was- |
'plnltlated by addlng 293 mg of the solzd catalyst component o
15”fprepared in Example l-(l).f The polymerlzatlon was |
allowed to contlnue for one hour at: 70°C, whlle feedlng E
-ethylene contlnuously to keep the total pressure constant.
.;y The polymerlzatlon was then termlnated w1th lsopropyl
alcohol | After releas;ng the butane and unreacted
2pt monomer, the polymer was drled 1n vacuo at 60°C.y ihe;-
y1eld of polymer was 2 22 kg, correspondlng to 7 580 g:
per ¢ of the solzd catalyst component. ' | |
@)= to (o) o | |
Polymerlzatlon was carrled out under the same
' 25. condltlons as descrlbed above 1n (1- (a) The results
obtalned were as shown in Table 2. In the polymerlzatlon'_
"tests of (l} (a) to (e), ‘the’ molar ratlo of . ethylene

butene—l hydrogen 1n the 11qu1d phase was malntalned at




-24 -1 1 0.4 0 002. By plottlng t he results of Table 2, a curve '
representlng the relati onshi p- between the: pol ymerization time and the ylel
of polyner per uhit melght of the solid.catal yst conponent was. obtai ned 5 _
as’ shown in Fig.. 2. - Fromthe curve, it i2% seen that the tine [err]

reqU|red for the 15,000-fol d pol ymer produc- tion:based on'the weight -of

“solid catal yst 1cogRanent, 0o2s 28y vt any the teselisroF Tanuerag for- the
28+000-fol d pol ymer production. was 3.9 hours. - Therefore, the ratio 10

‘[err] was aboua tuzve( &)epx@senﬂﬂmsthmambomsﬁuynbetweénoeheThe

continuous -t wp-stage pol ynmeri zation was carried out by using two | ocop-type =

“reactors connepbégmemrzmtman tﬂﬁnlandﬁthewxiahdeoﬁeptlfmer perhunhé | i quid.

15 ‘phase 'so as to exclude substantially .the gas phase. To the.250-liter =~

first reactor, weighs @Ghtmﬁuamﬂ%ﬁfQR#&ﬂYS@V¢Qm90m¢nbuvaﬂeObtalnﬂdles/hour

of tr|ethylalun1nun1 1.5 g/ hour of the solid catalyst conponent prepared in

. Exanp! e -1- ( 3) , agn&heynk ¢ahFuid «0f2 et II@Hethe muEYR: 11'2015aﬁﬁeﬁy5gé§en were
continuously fed''so.as to maintain the nplar_ratio t ene : but ene- | '
“hydrogen at 1 thestime dqo reamiredt fR% sihe ol 5eQ00w gﬂtg HéHYQFI[BFpﬁuéﬁd

ransser el by b Bebd B &%mﬁ% Dot [ catibrde coombtnent wastor
- ol e/ eﬁﬁ'u?go%‘)?t RS s e S RS FEq e e ohanZD  BhpBRbTA°, "
hydrogen were. 58&&5%&9$¥dédé%16ﬁ3¢ﬁetﬁ’é*ﬁ%hrs. Therefore, the ratlo'
10 t2/t was about 1. 5._“f--" | ' | |
_-(2) Contlnuous two-stage polymerlzatlon.¢
- The contlnuous two-stage polymerlzatlon waS'-hr
_carrled out by uSLng two loop-type reactors connected rn: o
serles. Both reactors were kept full with the llquld
15 ephase so as to exclude substantlally the gas. phase. To .
o the 250-11ter flrst reactor, were contlnuously fed 51
:_kg/hour of butane, 73 mmoles/hour of trlethylalumlnum,_
1.5 g/hour of the solid catalyst component prepared in ”
':LExample l-(l), and 19 kg/hour of ethylene._-Butene-l -f"
20hzand hydrogen were contlnuously fed so as. to maintain the
‘molar ratlo of" ethylene butene-l hydrogen at 1:0. 4.
0. 002. The temperature was maintalned at 70°C and the -
total pressure at 38 kg/cm -G. The polymer slurry was
ycontlnuously transferred by the pressure dlfference to
| 25 the second 500 llter reactor whlle feedlng contlnuously
to the second reactor 8. 5 kg/hour of butane, ll mmoles/
T.hour of trrethylalumlnum and 20 kg/hour of ethylene.

-“'Butene-l and hydrogen were ccntlnuously fed so as- to keep



1 the.nDIar-ratio of ethylene :.butene-1 : hydrogen in the liquid

eat. 17 Q.2 : 0.2. ‘The tenperature was maintained at” [err] and the

al pressure at 35 kg/ferr].G The pol ymer slurry Wwas conti nuously

joved -fromthe 5 second reacter25nd t he .pol yner was recovered and dr ed.

_ cont i -nuous polynerlzatlon was operdted for. 100 hours with satisfactory
oper &k | ctheonelar rathe pfl etbylene d buken@s: Ik g/Hyddrrogdn cin cetiéesponds - to -~ -
an average polyner. product.i on-of 23,400.g per g of solid catalyst o
‘conponentiguid Hh%sﬁo#?n%r-ﬂﬁadugbﬂon The Gesfparature siastage to the . -
second stage wa ' as calcul ated fromthe natfrlal - j
bal ance ma’i’h"ea‘a'b%gaﬁt Z)Qr?néﬂdpgbéué'-ﬂtéﬂ- PEessuTe @t | 36 dwéﬂ:rysthorrponent
in the fj st d second stage reaction zones was 11,700 g and 11,700 g,. 15 - .

respect iV W%’ﬁe? BELY aﬁoF?ﬁé'l’-nuﬂ’é’t%Yt Fempved fremrEhe neit index,

o k d 0. 45 The palyrer was

| gx'? Z%dgg%)ogchrﬁ%c?%ﬁu?ﬁ? ﬁ’?mpg T é'dsl l’ﬁe%‘{ﬂﬁ’i%éééé Ugt’tti% 's?; ib ?H?; o
relativel ow L

5 the She el Lﬁ**‘éﬂ?‘%ﬁ?iwﬁﬁ’%ﬁ e rgead A6 eﬁtﬂcﬁ AERe 11 mt\r/]vas-'

' I t s tens stren :

' ?,‘rsrplag}tlv ﬁg'stlﬁ!st - %’F\%@Q%én eg??%%ht \E/\i/[ei:rg%&exl:e Suc&}%} %igshade X '

~and thevﬁﬂ?@ﬁiﬁﬂ&fh&ﬁrewﬂﬁcﬂ 989Qesponds to an average polymer

: productron of 23 400 g per g of. solld catalyst component.

o lof The. polymer productlon ratlo of the flrst stage to the
.second stage was 50 50 by welght, as calculated from'_-
:-the material balance._ The average polymer productlon :
-per g of solld catalyst component in the flrst and |
:_second stage reactlon zones was ll 700 g and ll 700 g,t__
”} 15 respectlvely. Propertles of polymer denSLty, 0 949 g/cm ;
 melt index; 0.070 g/1o min. ; MFR, 1505 bulk dens:Lty,
'045 g/cm I . | |
The polymer was extruded to form a tubular-fi
-fllm of: lO u in- thlckness by- the 1nf1atlon process.- The '
' 20'textru510n pressure was relatlvely low and the stablllty .
| p;of the bubble. was .also excellent. ‘The numher“of fish-
f;eyes in the fllm was as-lcw.as 8-1n-l‘000 cmz.- The.
 £ilm propertles such as tenszle strength, 1mpact re51st-
"-dance and tear strength were excellent. The color,shade:"

”_25“yand the appearance were both good
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26 - Table 2
zatlon. cat

. (hour) (ng) -
2.22

12300 2-(1)-(c
© 230 . 4.67

435001 Conparative. Exanple 1 Conti-nuous

Yield of .

carried..out- under the sane condltlons as in Exanple 2- (2)

‘aver age pol yne|
- conponent was.
concentrations
pol yneri zati on
~ series. 10. Eac
- exclude substa
continuously f

1.0 g/ hour of {he solid ¢

and 19 -kg/ hour

Exanple Polyner|4' Solid Pol yrer pro-
alyst polyner .duction.tinme ' conponent (g pol yner
(k ) per g solid catalyst conponent) 2-(1)- (a)
. 7580 2- (1)-(b) %b T 241 - 2.96
Y. 3+ . . 245 - - 2%¢ 16600 2-(1)-(d)
- 20300 2-(1)- (e) ' 188 . 4.42
?aBlgtage po

Iynerlzatlon was
except that the "

Jhe

15

—p-r-ed-ue-t-l-e-._ _ : gt tre—sotTdTatatyst
St 21 85798 feaCtYQalaOGQ 3?dﬂ?ﬁé¥ﬁpfu¥
S et Boin? R g
mes carrled y -usilngoh ng ygg reac q@sdayyﬁgﬁed
 reactor whAS 'rf uII W phas p@@;@gia.ld
ntially thel has To t e 250 ther firpleatadoistt, wej
¢d 50 kg/'hopr , 67 mmol es hour - of - t | iceinipdradrit nur
at al yst - component  pr.epaf ed in'EXanIe 1- (1)

ol crnyreng. bU[enej._and g drogen wer-e: _
2-(1)-(a){ 1 f - 293 | 2.22° - 7580~
'2?(1)4(b):. 2 'V24l-; "”2-95;' _ 123°°'A'
2-()=(a)| 3 285 | 4.06 | 16600 .
2-()-@{ 4 | - 230 | 4.67° | 20300 -

2-(1)-(e})| 5 - 188 - | -'4.42 | 23500

Contlnuous two-stage polymerlzatlon was carrled _'

Comparatlve Example l

“j.out under the same condltlons as 1n Example 2—(2), except :

'that the average polymer productlon per unit welght

of the solld catalyst component was lncreased 1n the

flrst stage reactlon zone by lncrea51ng the concentratlons

__of ethylene, butene-l and b’drogen.‘

The contlnuous polymerlzatlon was carr;ed out

f;by us;ng two loop-type reactors connected 1n serles._

‘10

exclude substantlally the gas phase.,

Each reactor was kept full Wlth the llquld phase so as to

To the 250 llter

'flrst reactor, were contlnuously fed 50 kg/hour of

butane, 67 mmoles/hour of trlethylalumlnum, 1.0 g/hour of'

.ythe solmd catalyst component prepared 1n Example 1-(1),

18

fand 19 kg/hour of ethylene.

Butene-l and hydrogen were

No. :ﬂ]

.D. -



_ c tinuously fed so as to maintain the nolar ratio of ethylene but ene-1°
,:# ydrogen in the liquid phase at 1 :0.4 :0.002. - The tenperature was
iNtained-at [err] and the total -pressure at 38 kg/[err] G :The e
concentrations 5 of ethylenebuten%7 and. hydrogen in the |iquid phase’ mere*
-'set at a |evel of 1. 5 times that tfe first reac- tion zone of Exanpl e . '
2- (2) HAT-N 1 y cqant | ry.ed by. the_pressure - =~ - -
dlfference ?%&L'[Yﬁggs co g éﬁaﬁ ?grh‘rgg'g%tgé% \txrkl‘?elnﬁ?%'egezg 1¥ %n?’?nuously 10
.10 the SaaPIEhé 8aKGLEnd-T KALA UtgNee, ran;ﬂ r-of - E
tr|ethylalun1nun1and 2% kg/hog QBPe Blene %&#R% e gg%%e %e, 0:.55 g/hour

of the soligl,£3teloes, coPRaNesk e&am&sdw*& e i nle o@ont i nuously |
fed in order-to establish the sgne ol yne? roductlon‘éé%?gﬁqéf (50.: 50)

~of the fandttisé AgetdD phesseeendtsBauRgrennal, | v Bt Ge e £ 24 ion BUt €ne- 1
and- hydrogen were al so fed:continuously so as to maintain the nolar ratio-

“of . ethylamesthyleme, Ibutéydrbgandi hydregenddind mi'eiSK-::.qﬁlci pRage: 0.2. ‘The

t enperat ure was mai ntained at [err] 20 and the-total. pressure. at” 35

kg/ [ errwede skt sbnacheveliofisl.sf tdmewl chat ihuttdne-fivee deseogen in the -
liquid phase were the sane as thdse in the second stage reaction zone of
Exanpl e tiqrp)zonetet p@tmlesﬂur(ﬂy-wagheomlmzslalumrywdﬂam fromthe

. second reactor and. the pol ymer -was ‘25 recovered and drired. The pol ymer .

yi el d- wESHHNROYHtF trreslesredshyngbe: prassane s farenee  toduction of
.22, 600 eré% of §§|Id cat al yst ‘conponent. _ The pol yner_production ratio j;'
of the f 0 T:hbt§§cﬁﬁﬁ°§9£g&’hlle feeding continuously

lO ‘to the second reactor 7 7 kg/hour of butane, 10 mmoles/

hour of trlethylalumlnum and 22 kg/hour of ethylene.-

At the same time, 0. 55 g/hour of the solld catalyst

,'component prepared in Example 1= (l) was contlnuously fed |

o ..1n order to establlsh the same polymer productlon ratlo ”
:. l$' (50 50) of the first stage to ‘the second stage as that
'1n Example 2-(2) Butene-l and hydrogen were also fed
'fhcontlnuously so as to malntaln the molar ratlo of

ethylene- butene-l hydrogen ln the llquld phase at

11 0.2:0. 2 The temperature was malntalned at 70°C '

' 20. and the total pressure at 35 kg/cm G. The concentratlons
cof ethylene, butene-l and hydrogen 1n the llquld phase
'.were the same as those in the second stage reactlon zone

of Example 2-(2). The polymer slurry was contlnuously -
w1thdrawn from the second reactor and the polymer was

'25 _recovered and drled. The polymer yleld was 35 kg/hour

.'j.-whlch corresponds to an average polymer productlon of
:22 600 g per g of solld catalyst component._ The polymer

B productlon ratlo of the flrst stage to the second stage R



“uniformty,

aver-age pol ynmer productlon per-.g of solid catal yst- conponent inthe firs
stage [eaction zone was 3 17,500 g. Propertles of . polynmer :density, 0.95

-28-.1 was- 50: 50 by wei ght , as calculated fromthe naterlal bal ance. " gf%:;

gk[efir]; 5 nelt index, O. 073 g/ 10 min. R~ 147; bulk density: 3 0.41 "~ -

g/[err].. The polymer was extruded to. fDr a tubular f|In1of 10 in
‘thi ckness by the.inflation pr-o : Altho h t he ezgrus su was.

relatively ¥ oWage0 2050 R g?éﬁﬁFrt9s Fa B&F@eﬁa the

| Lt L?tfiéff"yexap%‘iég”é‘ess IR R @o#%a# LS

~it.is seen that "
exceeds 15, 008"# SUTRBRn e Ehe 3'*-‘%%#% Frace Ahcaldid Yag 207

necessary to- dota thsragaee.daegt 88°pbI3fi0f GAEL ) G40 pmIgouNt

of the solid ca aryst conponent to conp eclined rate of
pol yneri. Zatso égilé m&e esgl hradgPeby flh %Omhecqrmﬁ- inime i dsnsdey
N

Pr éparati on, ofosgilg gﬁgalyst -conponent. Commerci al anhydr ous' magnesi-um
~chloride was 25 ground I'n-a ball mll and heated-at [err] for 7 hours
under reduced pressure..The EEQymle whiseemlmmmo:rﬁmche t\lﬂmlareat ed

uand placed ina5-ljter .flas
S fllm of 10 u in thlckness by the lnflatlon process._
Although the extrusron pressure was relatlvely low, yet;
'lO the stablllty of bubble was 1nsuff1c1ent and the f11m a
fh'revealed unevenness ‘and a great many flsh-eyes, maklng
the fllm practlcally valueless.-'_ '.
_ o From the results of the present Comparatlve k
. =Example, 1t is - seen that if the average polymer produc-
ylS-:tlon ‘in the flrst stage exceeds 15,000 tlmes the we1ght
“_of solld catalyst component, 1t becomes necessary “to

=supply to the second stage reactlon zone an addltlonal

_ amount of the SOlld catalyst component to compensate the

i decllned rate of polymerlzatlon and the. resultlng polymer f]

'-20i_becomes inferior in unlformlty, leadlng to defectlve

o molded products..":

Comparatlve Example 2 ’
”f(l) Preparatlon of solzd catalyst ccmponent;
y Commerc1al anhydrous magnes;um chlorlde was e
25 lground in a ball mzll and heated at 300°C for 7 hours
: under  reduced pressure.- To 250 g of the magne51um

- chlorlde thus treated and placed in a S- llter flask,

gto efectlve ol ded products Conpar ative Exanple 2 (1):;



" persBst 8fc&wBAE )ﬁﬂ;‘} iseireed afor VRt

-29-.1 ‘was added 3 liters of n- heptane to forn1a suspen5|on To t he
_suspen5|on were added dropwi se at roomtenpera- ‘ture 426 'ml of
6 ‘-hydrofuran and 750-m of -ethyl benzoate over a period of -one hour.,

xture was - heat- 5 ed to. 50@@nd stirred for 2 hours.. The = - ‘;
stipe€rnatant of .t he 'suspensi on was.removed by filtration and the re5|due *_' o
vas fhovaisgkiddeth 3l véid of hephéptaneAtbeEogfidiat isuspensidn fers of e

gtltanlun1tetrachlor|de the mi.xture was .stirréd at [err] for one hour to s
allow the. mhsnsuspensﬂdh Fwemeedddédtdropwipbeatomooh1Hemperuﬂlon the .~
Csolid product was washed repeatedl'y with n-heptane until no nore tltanlum
~ tet rachltmeddzﬁaahlbm tatoxhydrofuran aadh7ﬁgsmlamf etdyldri ed under
‘reduced pressure to-obtain a solid catalyst conponent which’ was found to:
have 15benzosde evess arperied:ofii oneahonrper Theomixirarepwas dwmatyst
conponent. -(2)  Persistence test for polynerization activity. :The = -
: gow;s te?b@dsﬂmaﬁ%’l%aﬁa condl ti ons
as in Exanple 20 2-(l)-(a) to (e& exce t that the solid:
cat al ystthEo SHSRENS iR HiA 2 - VR th(f} ﬁﬁét&§§dandTmPQ|qﬁ§%4#¢] reqU|red

o e AR IHL R o0 foR Based onahe vl Sl sel Y
O Y B L e e BTab0aR o e iR N g e 1
| Ioop ty%%xf%@&“gé;fﬁﬁut“¥5¥‘6&5 hour to allow the reactlon to - |
lO proceed. After completlon of the reactlon, the solld h
_ _product was washed repeatedly w1th n—heptane untll no
 more tztanlum tetrachlorlde had been detected in the'
".washlngs, and then drled under reduced pressure to obtaln
a solld catalyst component whlch was fqund to havelr
15 supported 58 mg of tltanlum atom per g of the SOlld
'catalyst component.“_ﬁl. : _ | _
[ (2) Perslstence test for polymerlzatlon act1v1ty.pf;l
The per51stence of polymerlzatlon act1v1ty
was tested under the same condltlons as 1n Example -
-20';2-(1) -(a) to (e), except that the solld catalyst component o
' -prepared above 1n (1) was used. ‘The tlme tl requlred
for the 15, OOO-fold polymer productlon based on the
ﬁ_welght of solzd catalyst component was 6 6 hours, whlle '
‘the tlme t requlred for the 20 000 fold polymer productlon-
:-_ 25 1was 16 .5 hours. Therefore, the ratlo t2/t1 was 2. 5.
| .(3)'_Contlnuous,two-stage-polymerlzatlon.,'_ o
. Using tvo loop-type reactors connected in

*serles,‘continuous:two-staée_polymeriZatQOnLWas_carried-'



under the sane conditions as in Exanpl e-2- (2),” except that the solid
catal yst component prepared above in (1) was used. Both reactors were kep
furtl with the tiquid phase to excl ude sugatantlally the gas phase. To the
5. first 250-liter reactor were contiuddsry fed 53 kg/-hour of butane,

seri.es, contlnuous t wo- stage pol yneri zati on was carried - 30 -+ 1 out (é}%

prper o obebkh LS, e Yl cirilitng nd 1 Sigte’ 2 131, h%e%é%”‘_ =
'.V\chtrJtee?lg?tl nﬁ%%ég;%ﬂeﬁgtoﬁédf ?:qw &ng%l{lml%l 4’5%4‘8%‘? Q‘%ﬁ e{'ﬂﬁ{)f?atme,}

vas i ntai nedygh 408 AN LhE rklictl SR il %i‘ﬂ"tfﬂyt%renﬁﬁzgmm |

: polyner slurry was continuously transfe by “pressure di
the first reachngbOrbhexetaaRd sHddtanitaa1lsy, HHacG Hise. f opdi Ble

.contlnuously t 0 the second reactor 9.6 kg/hour of Dbutane, 13 mmol es/ hour of

c-

tri‘ethyl al ugi ngYs@Nd50%1E¢kRoY¥eaftott N Weane coriinivuspesdd 53  RgPfhehbour

of the'solid catal yst conponent prepared above in (1) was continuously fed-
in order..to esfablitahet,hdlsanela)houy yufartﬂerh;clahmi:atmp 3560 g/hBuby
wei ght) of the first stage.to the' second stage as that in Exanple 2-(2).
Butene-1 and hgﬂrthensméld aa$a1&5¢.@mmponanhﬂgmennnadtabmmenimlmlihe-'

‘nol ar ratio of ethylene :- butene-1: hydrogen in the |iquid phase at. 1 :'0.2_:'

© 0.2. - The teapdrd7 kgihomrr ofiethydienen ndiitendk randrkydhegent were
--pressure at 35 kg/[err]. G- The polyner slurry was continuously with-
: o _contlnuously fed so as to malntaln the molar ratio of
HlO 'ethylene butene-l hydrogen ln the llquld phase at
| 'l 0 4 0 002 The temperature was malntalned at 70°C
'and the total pressure at 38 kg/cm--G. The polymer
'h'slurry was’ contlnuously transferred by pressure dlf-'"
'ference from the flrst reactor to the second 500 llter
'15: reactor while feedlng contlnuously to the second reactorpt”
9. 6 kg/hour of butane, 13 mmoles/hour of trlethylalumlnum,l
and 17 kg/hour of ethylene. At the same tlme, 2.0 g/hour
__of the’ sol;d catalyst component prepared above 1n (1)
_:was contlnuously fed in order o establlsh the - same 7 _
'“LZO' polymer productlon ratlo_(so .50 by welght) of the flrst
| ,Stagefto thetsecond’stagefas that in Example_z-(zlf;:'”
_Butene-ltand hydrogen'werefalso=fed-continuously'so as

to malntaln the molar ratlo of ethylene butene-l'

hydrogen in’ the llquld phase at 1:.0. 2:0. 2. The tempera- o

25 ture was malntalned at 70°c and the total pressure at
35 kg/cm .G.{ The polymer slurry was contlnuously w1th-'

| drawn from ‘the second reactor and the polymer was re-'ﬂ o

- ;covered and drled " The polymer yleld was_30 kg/hour which' .f;'



"drawn fromthe- second reactor and t he polyner was re- covered and dri-ed.

Theé pol yner yield was 30 kg/ hour which -31-- 1 corresponds to an aver age

' mer production of 5,360 g per g of .solid-catalyst conponent. The.,

Ymer produc--- tion ratio. of the3fliwst stage to the second stage was 50 R

\50 Dy weight, as calculated fromthe material 5 balance. The average S
~ pol Wrercqzrnsismnda ’perag eﬁeralgedpoé-tyaﬂqstpmﬁmm ot 3)260igst’' stage - .

~ reaction zone was-3 4,170 g Properties of polyner: density,.0:951 o tJ
g/[err]gerreqtof naekldocege gstocmonemm Tb@pwﬂke:dmdw-o 30 g/crrB

: -~ The polymer was extruded to:form'a tubul-ar filmof 10 [err]

t h| ckneisiomyrakio| af| Bheofiigpscssage Ao iy ifaIrnd @tage ofddressure was

relatively low, yet. the stabilit of bugﬁge 3@5 |nsuffj ent ‘and the film.
r eveal e%P un%@e‘?iﬁe‘@%lﬁhﬁvaa@r ea?—c W filmi15s - -

prac vaIu ess. From the results t:he present | ve Exanble -
iy kY SEPFadEaPalyIEL wﬁm |R:?Fcﬁ)e&ng$£?'f‘éet the T
herein. s ecifi i £ hecones necessary to-supply to o

B ﬁguééﬁ%'%”téfsé SoBoped tﬁsn%néslgﬁ%am%rraﬁra%%tzev s sai d
catalys F@ﬁéﬁeﬁggggnaétﬁpg&ﬁeggddékgi orn1 §PO$YE§B|2a_ tyon.and

the res 1 ecomes i umn ihg to

1.defec“ﬁ@ﬁtﬁ&ﬁﬁ@xpredﬁﬁbs /Eﬁaﬁﬁh MFR, 143, bulk denSLty,_"
© 030g/em’. S
lO ]“ - ; The polymer was extruded to form a tubular fllm
jof 10 u in thlckness by the 1nf1atlon process.c Although
;ethe extruslon pressure was relatlvely low, yet the:'
'stablllty of bubble was 1nsuff1c1ent and the fllm revealed
ﬂunevenness and a great many fzsh—eyes maklng the fllm B
15 ﬁpractlcally valueless. o e
S From the results of the present Comparatlve
"Example, lt lS seen that lf a sol;d catalyst ccmponent
-whlch does not meet the requrrements as hereln speclfled
_ls used,_lt becomes necessary to supply to the second stage__
20 reactlon zone an addltlonal amount of the sald catalyst
_component to compensate the decllned rate of polymerlza-
tlon and the resultlng polymer becomes 1nferlor in. unl-.'

':f formlty, leadlng to defectlve molded products._

'-Example 3 . :
25 . ;(1i] Preparatlon of Solld catalyst component.r; .
.f A solld catalyst component was prepared in a

manner szmllar to that 1n Example l—(l) lt_was.found_that_'



25 . (1) Preparatlon of solid- catalyst cconponent. A solid catalyst _
conponent was. prepared in a manner srnrlar to that .in Exanple I-(1). *ft wa: '&_
found .{ hat 121 ng of titaniumatomwere supported per g of this SO|Id &
catal yst component. (2) -Persistence tgs 2fgr pol ymeri zation activity. -The
per si stence of polynerlzatlon activity 5 was tested under the conditions-

simlar to th%erd(fescrr %@ﬁtmrggél Qﬁp%gpgeaf p@g_n @folﬁﬂél\%éﬂﬁge :

ply- neriZation win (3 (2) Into a 50-liter stalnless
st eel autoclaqétéﬁy%¥r Leen thoroughly flashed mnth nrtrogen mere
: charged 10.0 ut ane,. 2 5 kg of - butene-1, and 17 mmol es of

tri‘ethylal umi numgyTo ﬂél%f%e@ﬁké@ té@tCﬁohaﬁomyaerﬂeatednt adtdrty was added :
ethylene to a to aI pressure of ‘11.0 kg/[err]. G -fol | owed by hydrogen unti

the ethyl ene-to-" 15 hydrmsrpéméﬁstemteOofnpbmymeh:mwtdthm;rmtybecorre 1
. 0. 006 The ethyl ene-to-butene-1 nolar ratio-in the [iquid phase was. 1:
4.3. ' The ﬁDIWESWtestedlunderrtheateddhtreddrsgmizann;oﬂthdsesmnrthe
catal yst conponent prepared d@bove in (1).. The polynerization was allowed -
to continue 2Eifst stmgecreactic®Czonki bf tosdingoushwaTnstage ipRIS|y o
keep the total pressure constant. - The polynerlzatlon was then termnated .
Wit h i sopr.opy|mextizakion d$§leh%deh§1ﬁg ihe (Bdtane and the unreacted
" nononers; the polyner was. drled under reduced pressure at 60C. 25 The
y| el d of ponrrer(z‘)a's(aQ ) 78 kg ; corresponding to -

. Into a 50-11ter stalnless steel autoclave, whlch.}rd :
: 1gI'had been thoroughly flashed w1th nltrogen, were charged
10.0 kg of butane, 2.5 kg of. butene-l, and 17 mmoles of -
"triethylalumlnum. To the mlxture, whlch ‘had been heated
to. 60°C, was added ethylene to a total pressure of ll 0
kg/cm ‘G, followed by hydrogen untll the. ethylene-to-'f
:15 hydrogen molar ratlo in the llquld phase had become .
| 1 ,0,006,- The ethylene-to-butene-l molar ratzo in the
liquid'phase was 1 : 4. 3&' The polymerlzatlon was 1n1t1ated 3
-_by addlng 136 mg of the SOlld catalyst component prepared "
'_above in (1) The polymerlzatlon was allowed to contlnue
ﬂ.zo: for one hour at 60°C, whlle feedlng ethylene contznuously
to keep the. total pressure constant. -The polymerlzatronh
d was" then termlnated with rsopropyl alcohol. After" -
_ -relea51ng the. butane and the unreacted monomers, the’ o
.polymer was: drled under reduced pressure at 60°C.,
'és'_The yreld of polymer was 2.78 kg, correspondlng to
.20 400 g per g of the SOlld catalyst component.
| @-m) to @ | |

Polymerlzatlon was carrled out under the same :



0,400 g per g of the solid catalyst conmponent . (2)- (b) to (f)

' rization-was carried out under the sane - - 1 conditions: as

{ bed above in (2) - (a), except that the polynerlzatlon time was -
_ &d. The results obtalned were g Sshown in Table 3. In the - = e
. polynerization tests. of (2) (a) ta (f) the nolar ratio of ethylene L

DUt Gne-doia B [yl 088 Nablick Bl PR AOIRL TbRLORY phed: 3 0,005,

ottlng t resul.ts o a curve re- ‘prese e relatlonsh[p_j

bt meer\;ﬂ@epap}aérﬂﬁeibﬁnt&meewaedvta&aea.ei oy R VIES @Eﬁayﬂga wei ght “of . -

the -solid catal yst conponent was -obtained as shown i-n 10 Fi From t he.

. curve ieds Secshdwit ihheablaest, requithed goliyn eﬁﬁ@ﬁé&tté’@tgf 30, 000-fol d .
polyner based on the weight of solid catalyst conponent was - 1..7 hours,

‘while tdl (2ye(dertd (£)yithd holarheapieded leﬂhymexfé),.fm@texﬁel-ﬂ spol ymer
was 2.7 hours. Therefore, the ratio 15 - [err] was -about 1.6. (3) _

Cont§ nihydrdgen simgtheol.yqun.dzphace ‘walse madmtained 44wk st HgB :

pol ymeri zati on was carried out by using two | cop-type reactors connected in
seri es.0.00f h rBapbettingethepresulitsyofh Takdd iJuial @rphase-so as to
excl ude substantlally the gas. phase.” To the first 250-liter reactor, were
.contlmRiEﬁ%nﬁkﬁgSEhRg¥ﬁbéglgﬂsbapathW99nnth¥§QkKnexﬁzatlemhyIaIun1num
900 ng/ hour-of the solid_catal yst. conponent prepared above in (1), and 21 .~
kg/howtkﬁeeﬂﬂélﬁﬁﬁ YlE%@eﬁg E°&ﬁﬂer per unit welght of the’ .

-;solld catalyst component was obtalned as- shown in
j"'l(.l- Fig. 3. From the- curve it is seen that the tlme tl |
| required for the productlon of 30 000 fold polymer basedn_-"
on the’ welght of - solld catalyst component was l 7 hours,s'f=.
whlle the tlme tz requlred for the productlon of 40 000-l
fold polymer was 2 7 hours. Therefore, the ratlo .
.:lS' Z/tl was about l 6 | | - B
' (3) Contlnuous two-stage polymerlzatlon.f:
o The contlnuous two-stage polymerlzatlon was
-carrled out by usrng two loop-type reactors connected ln
serles. Both reactors were kept full w1th the llquld
20 phase so as to exclude substantlally the gas phase.. Tor
-_the f1rst 250 llter reactor, were contlnuously fed 58
kg/hour of butane, 99 mmoles/hour of trlethylalumlnum,
900 mg/hour- of the solld catalyst component.prepared
-above 1n.(1), and 21 kg/hour of~ethylene. Butene-l-and*
25. hydrogen were contlnuously fed so as to malntaln the :
'molar ratlo of ethylene butene-l hydrogen in the llquld
| phase at l:4, 3 0. 006. The temperature was malntalned

: at 60°c and the total pressure at 36 kg/cm -G The-'



25 hydr ogen were- contlnuously fed so as to-maintain the nolar ratio of
~ethyl ene : butene-1 ihydrogen-in the |iquid phase at" 1 :4.3 :0.006.  The
tenper ature was nalntalned at- 60C and the total pressure at 36 kg/[err] G
The. . - 34 - 1 potyner slurry was cant3puously transferred by the
pressure difference fron1the first reactor.to the second 500-1iter reactor
~while feedllng ;ym nrwagecéﬁemdoﬁsayt erahéfarkedhay tHe butane, 26
'.nmules/hour triethyl-aluminum and 32 kg/ hour of ~ethylene.  Butene-1

and hydrogen w&ﬁﬁ@ difflerenté nfpoml ¥haofassto réaction ol hshe'rol ar.ratio:
;of . ethylene :butene-I : hydrogen .in theliquid phase.at 1 :1.2 :0.08. 'The:
.tenperature wamcnnd1SuaﬁlmesIréectprawhxleefEeﬁahgpcentmnmanstato o
kg/[err].G- 10  The polymer slurry was continuously wthdfaw fromthe
second react orthendsedendorgactonatd s Bckgéhourand butese,TIRé amples/hour
;polynerlzatlon operation was continued for 100 .hours wth satisfactory :
operational5 corf reriethpl pbiginumyi and ﬁﬁskgihﬁgﬁhéﬁre@@ﬂ*@@ﬁbnmﬂﬁfﬁnﬁeh .
aver age -pol yner 15 roduction of_ .56,_700 g .per g of solid catalyst -
_conponent. Thalsb| °$ﬁ%d€%¥¢ SERT f-édoF°PFrénPPP§9-Yst3&’gést & me ik

stage was 45 5 Db melght al cul ted f on1the bal anc The .
average pol ymaﬁi‘% | T b%r g %th fRE TIRLEPEr d?é’r?[e 2‘%" 00 g =
th f t st t d o

Feact on Qineﬁ%re aeéeﬁeépﬁwﬁe? dﬁnﬂﬁfy,%ﬁs %s' b e 4= B 1o

g/10 nin.; MF 5ed o K &'5’855:3& tﬂe“ﬁogéiebﬁchss'ﬁ@és' %a'saork‘%}’ﬁd’r&“é of the’

press- nDIded s

- 10 The polymer slurry was contlnuously w1thdrawn from the

| 'second reactor and the polymer was recovered and drled.

_ The ‘above polymerlzatlon operatlon was contlnued for 100
.hours wlth satlsfactory operatlonal control. The polymer
jyleld was 51 kg/hour correspondlng to an average polymer a
“15 productlon of 56, 700 g per g of solld catalyst component.

- The polymer productlon ratlo of the flrst stage to the -
-ysecond stage was 45 : 55 by welght, as calculated from the
materlal balance.' The average polymer productlon per g of
.'-solld catalyst component was 25 500 g in the flrst stage_'

': 26 lreactlon zone and 31, 200 g in the second stage reactlon'

'zone. Propertles of polymer..den51ty, 0.920 g/cm ; melt
'1ndex; 1.0 g/10 mln., MFR, 75;'bnlk densitv, 0.43 g/cm3
| : Physzcal propertzes of the press-molded sheet

were very good as shown below.



ery. good as shown bel ow. -35- Tnesile inpact strength: 295
[err] (ASTM D 1822) Press conditions: ASTM.D 1898 Met hod C Test -
/- S-type dunbbell; 1. nmm t hi ck. Anneallng 1 hour i'n boiling water, .
. Atenperature: [err] O sen sLlf@pQ§s 2,600 kg/[err] - (ASTM D 747) '#ﬁ"};j
) Re5|stance to environnental stressS- cracklng [err] > 1,000 hours-’ (ASTM D

169 The p e Ju t |n dlaneter and _ .
- 3. m?;ﬁil n wal | %%\(ggs'%ness lc%h%%x)é %o?ﬁeﬂ u%é})é\?\‘!}ag Pi%? ‘The molded = .
~ product was desirp §82Q@ie i'n appearance and exceltent in.physical .~ . 7:.
- properties such as i npact resistance, environmental stress- cracklng

resi stance,. and -t he like, . . 236~ 'Table 3 Pol yner.i - SQ|Id _ Yield of.
Polyner pro- Exanple - zation’ catal yst - pol ynmer duct’i on {9 hb

" time ¢ conponentPress cond:.t:.wsv-mrsm@m (1o )Method c(rrg) : (kg)
- g SO|Id catalyst conponent) S R

_ Test plece. S type dumbbell l mm thlck.
Anneallng. 1 hour ‘in b0111ng water.

' test-temperature:-20°c l

| Olsen stlffness. 2, 600 kg/cm (ASTM D 747)
'l,Resrstance,to_env;ronmental stress7crack1ng:_

~ Fgg > 1,000 hours (E?om b--'1_'6_9__3)?' -

| . The polymer was molded by extrusron lntc plpe,
.30 mm in dlameter and 3 mm 1n wall thlckness. The '
'extru51ou pressure was low.. The molded product was desrr- .
5 lable 1n appearance and excellent in physrcal propertles
_such as 1mpact resrstance, env1ronmental stress-cracklng

re51stance, and the llke.



3¢2)-(a) 1

136 .2.78. 20400 3-(2)-(b) - 1.5
115 . 3.12° 27100 3-(2)-(¢c) ~ 2 101 . 3.31
1328007 3« (2) - (d) 2.5 .. - 112. = 4.27 - 38100 3?(2);(e)-
108 4.59 43300 3-(2)-(f) - 3635 1.89 - - 4.28

48100 1 - Cbnparatlve Exanpl e 3 Cont i nuous two- stage polynerlzatlon was -
carried out in‘a manner .si.mlar to that ipabbearmple-3-(3), except that in.
thesfirst stage reaction zone, thée polyner pro- 5 ductlon per unit melght _
of solid catal yst: conponent was increased by lncreaSIngithe concentratlons

of et hyl ene,

Qut-ene--1 and| hydr:ogen.

‘The conti nu

bus pol ynerj zati on was’

carried out By using tvio- Bo@ymppe-rnékﬂomt conpetialtl i of slPoymerOpraot h
react ors were |kBpamplel w ehBtios | i glicatad@st sp pelymeexcl daetion (g
subst anti al-l y [t heNgas phas&iMo .t he | IQCRPOIERY [ ter react.ofPOEREr pex
continuously fled 51 kg/ hour (6PWdt anf, ImFol eb/ holtkIbf tr9e8a¥48| uni nu
. 680. ng/ hour 37 1 of the solid catal yst conppnent - prepay S¥t@RYB8kampl e |
3¥(1);-and-22_kg/h0ur_of thylene 3utene 1 angl. hydrogen VE?@PEBﬁPFhuously-
fed so as to ned L 1 =) 1 at hul o n butl-ane-4 h\lrlr ogen ot

4,.3.:0.006

0 aIEbré§iu e att 36 kg

‘the liquid phds
‘600C -and the ft

[er Bi%éGerm hzit%%cent ra'; | ghgb@ed L.

T Tt b2 T plasgigre 1 shratgn 14
- N e@-e ] 101 | 3.3 | 32800
34(2)¥1d)"'f-2.5 Sz | 427 | -o3s100
3-(2) = (e) B 106 7| acse | a3z00
J3-@-@ | 35 | e a.28 48100

l Comparatlve Example 3 o
_ Cont;nuous two;stage polymerlzatlon was carrled

out 1n.a manner simllar to that ln Example 3-(3), except B
_Ithat in the flrst stage reactlon zone, the polymer pro—'
.ductlon per unlt welght of SOlld catalyst component was-
._lncreased by lncreasrng the concentratlons of ethylene,
] butene—l and hydrogen. _h o | |

| | The contlnuous polymerrzatlon.was carrled out

by us;ng two loop-type reactors connected 1n serles._
.lo -Both reactors were kept full w1th the llqurd phase so_}
as to exclude substantrally the gas phase.' To the flrst '
.h250-11ter reactor,'were contlnuously fed 51 kg/hour of -

'butane, 97 mmoles/hour of trrethylalumlnum, 580 mg/hour



of Exanple 3-(3). The polyner slurry’ was contlnuously 10 ‘transferred .

tthe pressure difference fromthe first reactor to the second 500-liter

¢t or, while feeding continuously to t he. second reactor 21-kg/hour. of ~ .
ane, - 27 mmol es/ hour of -triethyB@l wni num -and 34 kg/hour of et hylene. .-/h%-

“the sanme time, 370 ng/hour of the solid 15 'catal yst conponent prepared in.

. Exarpl o8-fHe smsmooatalystuebmpbnénltn paregared ias Babdnple the(Bppe '_;\- :
pol ymer . production ratio (45 :55 by weight) of the first stage-to the- \J
second aidg22 dog [hanri of Eethpllena—.( 3putebe~dnanid dylfidgglmwgen were al so fed
continuously so as to maintain the 20 nolar- ratio.of -ethyl ene :butene-I : -
“hydr ogaveze eantinvouslyhfied so as: toomadndein Mhe modar autautso was
nalntalned at 60C-and the total pressure at 33" kg/[err] . G - The concentra--

. tions &f aHrkenre bh%ﬁeerlamayﬁyeg@gem rmehehtqthﬂ Phaseecatiere the same
. as those in the secgnd reaction zone 25 of Exa e 3- (%% The pol yner )
sl ur5ry hadt bt i)y F@nﬁ?@BeFFGHFFh@as‘eM #0 $%e. pol yner was

‘re- cover and dri' The 5 /hour cor- res ondlng_to

o averi i iataf eatieR oF 36, Ked g Y %eq 38 °
' ggtgrg (ﬁhﬁy r g oiyner aductlon r 0 of th rst stagedto fhe -
'Eefond aeé%?%%n 5D %n%- mﬁf’ahgy A99ER A q‘%’e% ]T’r%‘ﬁ‘r ﬁ? eri al

© Compondid e 4@%@*9“?% S4800° kg a0 il PO SRS D of -
.polyne o&E”B%tﬁkaﬁbfélsgkﬁv‘ %ﬁetpbﬂgﬁér slurry was contlnuously

lO:.transferred by the pressure dlfference from the flrst B

'reactor to the second 500-liter reactor, whrle feedrng
' contlnuously to the- second reactor 21 kg/hour of butane,_
27 mmoles/hour of trlethylalumlnum, and 34 kg/hour of
' ethylene.' At the same tlme, 370 mg/hour of the SOlld =
'15y_catalyst component prepared ln Example 3-(1) was con-'l.
ftlnuously fed rn order to establlsh the same polymer.“.

E rproductlon ratlo (45 55 by welght) of the frrst stage to-_'
'_the second stage as that 1n Example 3- (3) Butene-l ‘and |
hydrogen were also fed contrnuously so as to malntaln the

éO-'molar ratlo of ethylene butene-l hydrogen 1n the llquld
phase at l 1.2:0. 08. The temperature was malntalned at
_60°C .and the total pressure at 33 kg/cm oG The concentra- r
_dtlons of ethylene, butene-l and hydrogen in the llquld
phase were the same as those 1n the second reactlon zone
25 of Example 3—(3). The polymer slurry was contlnuously
| removed from the second reactor and the polymer was re-
covered and drred. The polymer yleld was 50 kg/hour cor-f

]respondlng to an average polymer productron of 47 600 g

,,,,,,



1.0.9/10 mnutes; MR, 72; bqu density, 0.35 g/[err]. The press:nol ded
" sheet of the polyner was . |nfef|or i n: physi cal properties' such as _
tensil g-impact 10. strength and resi-stance to- environnental stress- crackln';;
as shown bel ow. Tensil e-inpact strength 23'kg-Cnicn2 2 O sen stiffness: =~
2640 kg/ cm Resi stance to environnent al ~sBPeds- cracki ng:: ‘530 hours (F50). The'

* 3200) The FesBrFi Ag® %om ) SRR F et A S5 FndE pPodidEieg,
good T rop aBatsPoghL i sk asy %tﬂ*’#@#%ﬁy"%iéﬁ%ﬁé TR LR
appear ance. Thggpggibﬁal gog 81 %€@§%¥ﬁgﬁx¥#é1 LOEid %Q%b 26be reS|stanoe S

-and the like mthe results presen nparatlve

“Exanple, it isphgeqvbbakel boledy PramudioloHBle P dastsar @CEa ALy spel ght
-~ of the solid cg§§ §¥t C ﬁp%ﬁé%ﬁ in‘the first sf%gé?exceedSLSO %00 #gld It

becones necgssapmpbfient in3%hel £iTedD|skadfe asklidt Dol zawaueaésoﬁsr,msosglld .
catalyst .conpo- nent--to the second stage reaction.zone to3conpensate the

~ declinéd rate piopekyiesi & polymiet  Gensi ) N0 § 92D g ée” pohslrer zhaeswes
_ |nfer|or | eading to inferi-or 5 nol ded products..
' ' l 0 g/lO mlnutes, MFR, 725 bulk dens;ty, 0 35 g/cm o

-

. The press-molded sheet of the polymer was
inferlor 1n physlcal propertles such as ten511e-1mpact
10 strength and res;stance to env1ronmental stress-cracklngf

as shown below.

rTen51le-1mpact strength 123 kg-cm/cm
- Olsen stlffness. 2640 kg/cm
"i_Res1stance to env1ronmental stress-cracklng. o

530 hours (Fso)

'.1The testlng methods for these phys;cal propertles were E
' the same as in Example 3-(3) |
.y' -_ The resultlng polymer was molded by extruslon-
”lSﬁslnto plpe, 30 mm in dlameter and '3 mm in wall thlckness."
| Although the processablllty was good, the molded product B
'dshowed a great many flsh-eyes and 1nferlor appearance. :
" The phys;cal propertles were also 1nferlor in 1mpact
. resistance and_the-llke_,f
20 d o ?rom'the-reSults”of-the-present Comparative
o Example;_it“isISeen"that iflthejayerage ponmer-productionl'-
"per;unit}weight'of”the solid catalyst_component'in the

first'stage'eXceedsi30,0@0—fo1d, it becomeS'neceSSary'to



- Conparative Exanple 4°(1) Persistence test for. polynerization activity.

- persistence test for- polynerization activity-10  was performed-in the
manner as in Exanple 3-(1)-(a) to (f), except t hat - the solid cataLyst .
_ gnent prepared in Cbnparatlve:ﬁyanple 2-(1) was used. . The time t. ¢
rs red for the production of 30,.000-fold polymer based on the wei ght .of e

sol i caduppBy &enaqageionas 3m8uhctuzﬁ the sgli® ddwalyse ¢empd-required . -
~ for the production of 40,000- fold polyner was 9.1 hours. - Therefore, ‘the \J.

‘ratio [ aientws theusecdnd. stiage @elabtmwszdrm 3 agempen yaeei zati on. Using -
- two | oop-type reactors’ connected in series 20 “and the solid catal yst: '

: corrponerth@r@almﬂedbnaeel oproﬂ;mr:.tzate.dﬁ(anﬂ ethe (Wifermbhyi nuous
~ two-stage pol ynerization was carried out under the same condition as =~ . -

simlar ab. thatpolyEeanpegosegljinfepdsr r daadimg ik elreprionl | with the -

- liquid phase so as_to exclude substantially the gas 25 .phase. To the
firstS23wlded preducts, were continuously .charged 60 kg/-hour of butane,

- 101 mmol es/ hour of tri-. ethylalun1nun1 1.3 g/ hour of the solid: catal yst- .
conponent prepared above in- (1), and 19 kg/ hour of ethylene ~ .1 Butene:|:

-and hydépgen wer e contlnu usly fed so as to maintain’ the nDIar ratio of

et hyl en Ehtive. gsn in the Iitquid phase at. 1.: 4.3 :0.006. The.

h | d d : L
3 _LS?F cr ?} g d?%s%a% phee) 8 e%ﬁﬁ?ﬁf%ﬂ“%ﬁ%ﬁf%“%@%ﬁ%oﬁ?y trans.
ferred by the. presgygepd, LIGRRES bR ' 'diimé A Olon aceivity

510: was performed in the’ same manner as in Example 3—(1) {a) 1.-f

to (f), except that the solrd catalyst component prepared
in Comparative Example 2-(1) was used.i The time tl -
:_requlred for the productron of 30 OOO-fold polymer based
on the welght of solld catalyst component was 3.8 hours,
.. 15*'wh11e the tzme t2 requlred for the product*on of 40 000—
. lufcld polymer was 9 1 hours. rherefore, the Fatlg-tzltl_"
.was about 2.4. | | o | | o |
(?)- Contlnuous two—stage polymerlzatlon.,_
U31ng two loop-type reactors connected 1n serles '
20 end the SOlld catalyst component prepared above in. Compara—-
tlve Example 2—(1), a contlnuous two-stag= polymerlzatlon was
-carrled ‘out under ‘the -same condztlon as similar to that of
p Example 3—(3).' Both reactors were kept full w1th the
11qu1d phase so as to exclude substantzally the gas -
25 phase. To the flrst 250-11ter reactor, were contlnuously-
__.charged 60 kg/hour of butane, 101 mmoles/hour of trl-
_ethylalumlnum, l .3 g/hour of the SOlld catalyst component

. prepared above 1n (l), and 19. kg/hour of ethylene. o



to-the second 500-liter reactor while feeding. continuously to the second -
reactor 16 .kg/hour of butane, -27 nmol es/ hour of triethylalumnum and 29 &3,"
. kg/'hour, of ethyl éne.. At the 10 sane tine, 0.79 g/hour of the solid ~,-.}
~catal yst .conponent. prepared above in Cnnuﬁgallve Exanpl e. 2-(1) was -con-
tinuously fed in order - to establlsh t he same’ pol ymer pr.oduction ratio (45

" 55 by wei ghg) é,@% tJ@ﬁ eé?]{w% 5981 sgdfak,ol npl e -
3-(3). But e!r‘ie Lthgé gen%e ano rﬁ% as’ ?o ngl %?algﬁEFﬁe nol ar -
~ratio of . ethyl masntalihe%e' molagdeges ik tdendisne ¢ BhesReal -1hydrage9 08.
“The tenperature and the total pressure were nmaintained at [err] and

kg/[err].G" Tha phkyTdauidiphaséatcdntisupus) YO0ENOVERe | teRpebataceoand ,'
react or 20 and :the pol ymer was recovered and.dried. The polyner yield was

44 kgl hour cor taep dotialy fre sEurmy erags melyteined osticet o0 aﬁdzzslaQ/@mﬁec,g'
- of ‘solid catal yst- conponent, The pol yrmer production ratio of the first .

- St age totheSSedﬁﬁwegtﬂxales¢mhe gﬁlymenesyhrryanasatontaned styntrhn325'

mat eri al bal'ance. The average: polyner productlon per.'g af solid catalyst.
- conponent in t kerreds Pysitdige Bregsith dfterrrce sTPem g‘lePfésétt regcspr -
pol yner : denSI 0 921 erQL mel t . index, 1 VFR, . 71; bul k
density, E%h 5%# 7%&&Fr1¥sa$$%§sthfaege§ﬁé§9 GP“FH&“&&%&K&
“was inferior i caI pertles ten5| i ppact ren _
resistance to gﬁ’\?% erﬁ%o Sﬁ%ﬁf%gh%urae HBanﬁel s%]mur -

' © o of trlethylalumlnum, and 29 kg/hour of ethvlene. At the'

‘10 rsame tlme, 0 79 g/hour of the solid- catalyst comoonent

' prepared above’ 1n Comoaratlve Example 2—(1) was con-"-:

tlnuously fed 1n order to establlsh the same. polymer o

'”'productlon ratlo (45 55 by welght) of the flrst stage to_:

rf.the second stage as that in Example 3- 13).- Butene-l and |

| l5 .hydrogen were also fed so as to malntaln the molar ratio of
'ethylene..butene-l hydrogen in: the quurd phase at y
“.l-3l'2 :0.08. " The temperature and the total’ pressure

2.G. The polymer

 were malntalned at 60°C and 33 kg/cm
_-hslurry was contlnuously removed from the second reactor
20 and- the polymer was recovered and drled. The polymer y1eld
was 44 kg/hour correspondlng to an average polymer _
_ productlon of 21 ,100 g per g of solid catalyst component. S
The polymer productlon ratlo of the f1rst stage to the o
tsecond stage was 45 55 by welght, as calculated from the
25 materlal balance.' The average polymer productlon per g
.of SOlld catalyst component 1n the flrst stage reactlon ._-

. zZone was 15, 200 g. Propertles of polymer- densrty,_0.921 |
g/cm37 melt 1ndex, 1. 2 g/lO mln., MFR, 71; bulk density, o



Mgi | e-inpact strength: 105 kg- cni[err] O sen stiffness * 2,650 kg/ch
tance to environmental- stress-cracki ng: 340 hours [err] The testing
ods for these physical properties were. the sang as in Exanple 3-(3) ..
g/pol yner was nol ded by extrusr&@ i"nt'o pipe, 30 mMmin dianeter and 3- mm A
in walt thlckneef Al though 10 t he processability was. good, the nolded
_producﬂleﬁbwaﬁﬂa great many. fish-eyes .and.inferior appearance. The N
~ physical properties were also inferior in inpact resist- ance and the Ilke&J
"From the resul t s BhetpEeppeRehiedonpaes iofc the Nolyme®’ Was is seen that if .
a solid catalyst, conponent_which does not peet the requiyements for the

 persi stiEHEFHT R mt‘i‘-iéﬂ'r Bﬁ°HSFt\9-F"tsysW§§1 l?&d:eqstﬂtﬁec’d?&%cﬁecessary to
supply an addrtlon anmpunt he sol.i'd cat st_.conponent to the second .
“stage rEHRREHH %stﬁﬁﬁﬁﬁ§a -8 & 6V1FR8Wﬁ§§4i1 SR TGP Feri zat i on
and 4 he unlforn1tglgf t he pol yner becones inferior, | eading to inferior. -
nol edﬁﬁrﬁﬁ& - Exanpl e.4..(1) :Persistence test f-or polynerlzatlon -
“actiwvity. LBlng ‘the. SO|Id catalyst conponent prepared in Exanmple 3-(1), the
persi st'ence- L - r 9 f o\t perforned under the’
sif’ E@%XB@ bié%ﬁ@‘r‘:}n’ 13% G dom Mar2

condij ti ons "~ sr 0SE€ 1N r St “st.age reaction zone of the

| _contlnuous tW@Iééﬁggtfffﬁggs'Zatb°%5%9§@Vbﬁﬁu belom/rn (2)

ReSLStance to env1ronmental stress-cracklng.

340 hours (Fso)

'The testlng methods for these phy51cal propertles were
L the same as in Example 3-(3) _ | d | | h
. _' The polymer was molded by extruslon Lnto prpe,
30 mm in dlameter and 3 mm in wall thrckness.' Although
j -10 the processablllty was good, the molded product showed
| da great many flsh—eyes and 1nferlor appearance.. The
-phy31cal propertres were also lnferlor 1n lmpact res1st-'
' ance and the llke. L | | |
- From the results of " the present Comparatlve
15'.Example, rt 1s seen that if a SOlld catalyst component i B 0:
which does not meet the requ;rements for the perszstence of.'
jpolymerizatlon actrvzty was used it becomes necessary
to supply an addltlonal amount of the solid catalyst
_.component to the second stage reactlon zone to compensate
26 'the decllned rate of polymerlzatlon and the unlformrty
_-of the polymer becomes 1nferlor, leadlng to 1nferlor molded

_products.'



(1)-(a) I'nto.a 50-liter stainless steel autoclave, which 10 had been
thoroughly fl ashed. wi'th nitrogen, were charged * 11,8 kg of butane, 0(%
kg, of butene-1, and 17 rmmol es of trlethylalun1nun1 ‘To the m xture, which7y _
had been heated to [err], was added eth h e to the total-pressure of 10.5
kg/[err]. G follomed by hydrogen unti | et hyl ene- 15 to-hydrogen nDIar_-

ratio in the | @hgse had beconme. 1. 0 007.. The et hyl ene-to-but ene- 1
nekAar- ratlo |n the +IQUId phase was 1 1. 2. The polymerization was
|n|t|ated by - add#ﬂﬂ lﬁ@rQHSQEn&QetEQt'Qo%a rﬁyatﬁbﬁnadtﬁﬁﬁﬁﬁd in
Exanpl e 3- (1) he pol yneri zati-on was al ‘to conti nue for one hour

~.at [err], while feeding s&ﬂubeﬁaeceanuaueaeanyatIeampdﬂshﬁcgﬁé DE&ESure
“constant. The pol ynmeri zati-on- was.then term nated with isopropyl alcohol.

After rel easingntieahnlens-abyl, usheapeed isvence &.eaﬁlff poBmeeszatien I.n-.

~vacuo at [err]. - The yield of 25 ‘pol ymer was 2.84 kg, responding to
18, 700 g pes ga@tz?htysnasdpeafermed undean dhie qomdiﬁﬂonS)srmllar to
- Pol yneri zation was carried out -under- the same ~ - - 43 - 1 conditions as

descri bed abovehose (in-the. £ifht staget reaptdionezone @fithmaontindobse 4.

tn the- polynerlzatlon tests of. (1)-(a) .to (g), the nolar ratio of ethylene ."‘

but'ene-1 hydmgeatagetnelrmqunaapnegedﬁ@sanﬁ &edaw ain 5(2)1. 1.2 :0; 007.
. By pIottlng t he results of ‘Tabl e 4, a curve representlng the relatlonshlp
bet ween the pol ykdk}t{(a) : . . .

_ f Into a 50-11ter stalnless steel autoclave, whlch,"
'”lO'-had been thoroughly flashed w1th nltrogen, were charged
. 11. 8 kg of butane, Q. 70 kg of butene-l, and 17 mmoles of
dtr;ethylaluminum._ To the mlxture, whlch had been heated
"'to'60§C,”was:added ethylene to the_total-pressure-of :_
10.5 kg/em2.G, followed by hydrogen until the ethylene-
.lS'-toéhydrogen molar'ratio'lntthe'liquld“phase.had become :
1 f0-007.} The'ethyleneeto—butene-l molar:ratio in the
'_llquld phase was 1l:1. 2. The polymerlzatlon was 1n1t1ated
by addlng 152 mg of the SOlld catalyst component prepared
dln Example 3-(1)." The polymerlzatlon was allowed to
20 'contlnue for one . hour at 60°C, while feedlng ethylene
- 'contlnuously to- keep the total pressure constant.__The
'l polymerlzatlon was then terminated w1th 1sopropyl alcohol."
.After releas;ng the butane and unreacted monomers, the |
polymer was. drled 'in vacuo at 60°C. The yleld of
'izd _polymer was 2. 84 kg, correspondlng to 18, 700 ‘g per g
. of the solld catalyst component. |
1)-) to (g) |

Polymerlzatlon was carrled out under the same :



tlne and the: yleld of polyner per unit melght of the solid catalyst
nent was- obtarndd as shown in Fig. 4. Fromthe curve it is seen that
ime [err]-10  required for the 30,000-fold pol ymer production based on
t he—wei-ght of" SO|Id cat al'yst cogpgrent was 2.0 hours and the tine [err]

® .

.. required for the 40,000-fold pol ymér produc- tion was 3.2 hours.

Ther f Opgnalie ohal 2@ [ ddr asa aliuibe 116. (2p- (2) (2) ThEORERRT®S t Wo- St age @\

‘pol ynerization.- The continuous’ two-stage polynerization was. carfied out by

" using typthaglal Weed eartdicwit OlerdlsTle | #. Serheshe Bolmeedeueisniere kept-~
ful'l with the liquid phase so as to exclude substantially the:gas phase.”

To 20 - thetki bEt (A96-(a)t ajo r &FCt othe ieskaronathiooos| gthgdena kg/ hour of
- but ane, 82 nnDIes/hour of triethylalunm num 1.0".g/hour of the solid

cat al ysbueenpea.eﬂhyrdnqgnmcﬁ.n ntHe abiseid®- phase awds2faligthdmedofa tet hyI ene
But ene-1 and hydrogen‘were contihuously fed so as to keep the nolar 25.
rati 8 ol eﬂhﬂle@e&qiﬂeﬂﬁyIpldgmnm@eﬁhenreﬂbltSqudprése4atal 1.2 :0.007.-
The tenperature and the total- ‘pressure were naintained at-_[err] .and 41

- kgl [ er r pugyver @mesemww theeelatiprship befvead tbet POITERL~
--transferred” 1 by the pressure di fference fromthe first reactor to the
- second %8&icn érm}eeéé'{%r quyield e‘éﬁlr?@lﬂiﬁ%’r RESUSPY & Wedgbts &fond reactor.

10 kg/ hour  of hutane, 13 mmles/ hour of t eth 1_al um and 34 kg/ hour...
of et hyEBfesod 4§nﬁéﬁ§¥Y§§uF9ﬂRﬁQE&E WReeO # gnF?n&gﬁghyJde so as to

keep thﬁlgﬁ'ir g 'O(th é&@? 1€u£§n§een Qﬁdro e ‘time t;
'-;;lO 'required for'the 30 000 fold polymer productron-based-on IR
the werght of solld catalyst component was 2.0 hours and h,'
the tlme t2 requlred for the 40, OOO-fold polymer produc-' -
itlon was 3 2 hours.- Therefore, ‘the ratlo tzlt _was about
1.6. - | : '. . o ' ' |
1; 15 : .(é) Contlnuous two-stage polymerlzation.
| The contlnuous two-staqe polymerlzatlon was
,fcarrled out by uSLng two loop—type reactors connected in
dserles. Both reactors were kept full wrth the llquld
'phase so as to exclude substantlally the gas phase.'_QO-
lezo the flrst 250-1liter reactor, were contlnuously fed 63
| _kg/hour of butane, 82 mmoles/hour of trlethylaluminum,
r.l 0 g/hour of the: SOlld catalyst component prepared in .
Example 3- (l), and 26 kg/hour of ethylene. Butene-l and
_ hydrogen were contznuously fed SO as to keep the molar'
.ngiratlo of ethylene butene-l hydrogen in the llquld
| | phase at 1 l 2:0. 007. The temperature and the total -
'.pressure were malntalned at 60°c and 41 kg/cm .G, respec-:"

tlvely.- The polymer slurry was continuously transferred



sk

~in the liquid phase at 1 '0.35:0.12. The tenperature and the total = / )
preéssure were mai nt ai ned at - 60C and 41 kg/Terr]. G respectively. The A
polyner,slurry was continu- 10 . ously wnthdramm fromthe second reactor and¢ '

thé pol yner was recovered and dried. q#gontlnuous polynerlzatlon was .
al l.oned to. contlnue for 100 ‘hours mnth sat | sfactory operation control. ‘The-- -

| duction
Dolioop 13 U0 she .é:q%%‘f%#*ﬁ}?ééégfn%’éﬂn‘??@vfiﬁge SRaERe oL '.-°”_ |
tion-ratio. of tt'h% f erc'i:tndSt ér‘er S&ﬁﬂfe ed@ng égglﬂin%h%ﬁ

-cal cul ated fron]the naterl ance “The average yner production peér

of SO"d Cata'EﬂiﬂHEﬂEHBHHd'fhéé%bf'I@tk%ﬁﬂbﬁfcéﬂdbﬁt&ﬁé a3 Rﬁbhe%z 000 L
g. 20 Properti.e of polyner: density, 38 .g/[err] Jindex 0 g/lOyt_

m.n.; MR, - 90; howirk ofe R fethyl AAgid @l |andy34skg§ghouer asseens}leneqular
di e, the polyner obt ai ned- above was .coated on a steel pipe, 12 inches in :
“out er d|aneserBubeneAﬂnanduhyﬂrﬁgéhrmere1&Esooebntgnﬁ5usmyefedleb &3S Beery

snoot h-and thHe coating layer was excel - l.ent.in l'owtenperature resistance,
i‘npact resi st akeep ik medliaxt aredeia. ooérsrthmhenet.ahutenesi chydkogen -
Table 4 .Polyneri-- Solid : Yi el'd of- Polyner pro- zation-  catalyst .
pol yrer ductﬂWIQhQ|hmgu1d phassameht: 0,3% 3 0.12. @gep@empgrapmmg) ;
(m) =~ - per g solid catalyst conponent) = y
L S and the total pressure were malntalned at 60°c and 4l
='kg/cmz.G,_respectlvely.‘ The. polymer slurry was contlnu-qf

lO..ously w1thdrawn £rom the second reactor and the polymer |
.was recovered and drled._ The contlnuous polymerlzatlon dl_;
':'fwas allowed to contlnue for 100 hours w1th satlsfactory l"
.-operatlon control._ The polymer yleld was 44 kg/hour B
| 'correspondlng to an average polymer productlon of 44 000 N
15 g per g of SOlld catalyst component.- The polymer produc-gl.
~t10n ratio of the flrst stage to the second stage was '
50 : 50 by welght, as calculated from the materlal balance. :
o *The average polymer productlon per g of SOlld catalyst -
ff._G_ _component{%n the first and-second stage was both 22,090:9:.
%20 Propert:.g of polymer: dens:.ty, 0.938 g/cm melt 'index,
| 0.20 ¢/10 min.; MFR, 90; bulk dens:.ty, 0.47 g/em’..
- By us1ng a. crosshead ‘circular dle, the polymer u
'obtalned above was coated on a steel plpe, 12 xnches in
'eouter diameter, to a thlckness of 3 mm. The coatlng |
:'25 'operatlon was very smooth and the coatlng layer was . excel-7
llent in 1ow-temperature reSLStance,_lmpact reSLStance, .

'.and res;stance to env1ronmental stress-cracklng.



“4-(1)-(a) 1 ' . 152 2.84 .18700-4-(1)-(b) 1.5
- Y- 0 3.27 24600 4-(1)-(c) 2 Lo 3.43
0 4-(1)-(d) -2.5. 120 . 4,11_.1 34300 4 (1) (e)_l 3
- 4.23 - 38500 4- (194{5)- .3 o o ..;S_'
42900 4-(1)-(9) - - 4 34 46700 - 46 B '
CLAIMB: 1. A rrul t| stage “pol ymwammn process for . produgl ng an et hyI eney
- pol ymer by ‘the’ slurry-type pol yneri zation .of ethylené or ethyléne and i
~anot her "ol efin using a catal yst :5 systen1conpr|3|nq a_high-activity

. d Z [ : d
 ComporjeRzampiiehydf &%% ™ Fif _”{Ei‘i“g@? i§$§?gt chot 5\%@%@" ofe
Slah ?

reactijon zones- cQ q_fntee N
XC

_ ) d phase .
- substgntNakly to w@aﬁﬁngaéﬁ?%ase, ln(hg)mhlo g %Fb é&ﬁ (p) a
€ea

~ Ziegl ¢r catal yst fconponent. whose activify is defin %itae ornu a [err]-<'

2 :(whgre-[err] .and [err] arejthe time rpquired to'| gpf gﬁgngg et hy-- 15 l.ene
pol ymgr anounting] respectiv¢ly, to 30, P00 and. 40, 000 i mes the weight- of = . .
Zi egl gTcatat yst_fonponent -1 fi_a pol y-- NErizatron tjest pertorned apder -the =~
sanme. dqogdi(gyenqa)as i the fifst smgme'raactﬁoa4zone onsvbe_nultls_age B CoL
.pol.ymgr- ization)}is-used tojobtain an pthyl ene pdiymer -having a RO density
'_beLom/04945)gRber ],105 (b)_a Zi 3 ®r cataL&sﬁ?':: 24600 = - -
o e (c) |2 | s | 3943” f_ 29800
ewm-@ | 2.5 | 120 | 411 | 34300
le@-@| 3| 1o | a3 | oseseo
)-8 | 3.5 | F4 “4.03 | - 42900
a--tey | & | o3 | 4.38 | 46700




conponent mhose act|V|ty is defined by the formula [err] <2 (where [er(ﬁig)
and [err] are the time required to produce an ethy-_lene polyner amount\ig,
‘respectively, to 15,000 and 20,000 25 tines the meliui of Zlegler catalyst

~:céhponent in a poly--merization test performed unde wﬂwl"m]ﬂml ons’ as -_"'

_in - 47 - the first stage reaction zone of .the
‘merization) is used to -obt ai n an ‘et hyl ene Iyner haV|ng 3 a denS|fy of
0Xp45. g/cm . or sggg (i'i). the-catalyst systemiss fed continuously to 5 -
the first stage @Fron zone, .the pol yneri zation proceeds under the

s o ncel o uns ghcmBr BEp88 BETPRePLa AR etlodY AR IR A f}cﬂ‘#‘fi -
is withdrawn coghi gg iéxelagslﬁé? {5 é&fﬁsﬁ-%ﬁoﬁ}rﬁ&ﬂiiﬁd on 10

zone where the pol ynetizaf her cont.|

‘ ._'hydrogen to- et h&beééhyﬁéhe oﬁréﬂ&yié‘ﬁé‘ sh@tahotide didsin SiGfy r£fk‘.-‘éta1ryst
‘zoneto. produce a polymer -having a nol ecular weight .l ower than that.of "the

" pol yner formsd bgstbm Eobmprisingea higldead:tfdity rmmw@dlzﬁgm icatalyst -
contlnued in-a. 15 . -simlar. manner-in.a third and optionally follow ng

stages;. (iii) themponeageandomtonganmhqhellm oclonpound) esmporsmygeandxcept E
for the final stag is kept:either {(a) bel ow 30,000 t.ines the weight of
Ziegl er catal yst sagencas, molecubani we kgl mmlmtm nfglatmr%# o | ow :

- 0.945 g/[err] 20, . (‘b) -at--or bel-ow_ 15,000 tinmes-the melght of Zie
catalyst. . reaction 20nes connected in series and kept 11 with t e

liquid phase substantially to. exclude the gas phase, in _"
1o which° 8 o " |
1) either (a) a Ziegler catalyst component whose S

'"”activity‘is_defined”by.the formula

2/t <2 .

o -(where"'tl and. t2 are the time required to produce an ethy-';-

15 lene polymer amounting, respectively, to 30, 000 and 40 000 |
times the weight of Ziegler catalyst component in a poly- '

_ merization test performed under the - same conditions as in .dﬁnl

- the" first stage reaction zone of the multistage polymer-

.'i'ization) is used to- obtain an ethylene polymer haVing a .
20 density below 0. 945 g/cm., or- (b) a Ziegler catalyst _'

component whose activity is défined by the formula
1:2/1:l <2

(where tl and t2 are the time - required to produce an ethy-
_ lene polymer amounting, respectively, ‘to 15, 000 and 20, 000
25 times the weight of Ziegler catalyst component in a poly-

' merization test perfcrmed under the same conditions as in



ynent.,, to obtain a-polyner havrng a density o+—6~945—gLLeLLL_QL_above

~Mntrinsic viscosity of the polynmer produced bei rom2 to 10d 1/g in
r™theAfirst stage and 0.2 to. 1.5 d 1/g in the second,mﬂ ﬂl mﬂﬂ!”l'l,thew_.‘
*-amount  of pol ynmer forned in each stage is sel ected o

- “average anount -of pol yner produced—a41e+ -conpl eti on of the nultlstage

- pol yneri zation at 5,000 or nore tifmes the weight of Ziegler catalyst :
- 48- conpbﬁeﬁirStheta%uma%xmdzw\etwé the gpultigradriorlyrom5 to 80% bw :
wei ght of the total  polynmer; and the anpunt -of_said .other olefin" -
copolyne@?EEEth°Phel§o 89 11EP ?Et nﬁ¢e999¥#e¢%§%°l$W%F havingy ocess

' di t{ f t t t | t .. 3.
A proceds S8fbRuE Qo EE CHArh et ABHEE  ner o n T he sacond stage 1
"reactor is a k?gr rg&gtggtagyf%e %Q&chgsf C&Sr?tﬂguéﬁ’s %/té)ne of .t he

'-fprecedlng 10 wher é aIy satlsfles the

formula tﬁérklf.«}t?st&esrfeaett&mamnéerate %&ﬁﬁef’f{wf&x' Sbadda

A process according to any one. of the precedi ng clalns mhereln sard other

ol efin Iﬁn&éﬂptheneppbﬂtsﬁfoﬂ ofepréﬂsuée 19 tﬁ@xﬁfeténcéKofﬂabéeﬂEe
4-met hyl pentene-1.--6.. -~ A'process -according to any one of the:preceding,

cl ai ns, wﬁehgdnogén tolymducethbgheermleculeﬁweigmmmtbym tenperature
to [err] 7. A process according :t 0 ‘any orie-of ‘'t he precedlng clalnB
' particles, the resulting polymer slurry is withdrawn _
_icontinuously and transferred to the second stage reaction-
10 ._zone where the polymerization is further continued With a y
. hydrogen-to-ethylene ratio larger than that in the first B
._:stage reaction zone to produce a polymer haVing a molecular
-:lweight lower than that of the polymer formed in the first
' stage: if deSired, the polymerization is continued in a
15.1HSimilar manner in a third and optionally following stages, .p
N (iii) the average amount of polymer produced in each
:'stage except for the final stage, is kept either (a) below
'f30 000 times the weight of Ziegler catalyst component, ' _
“to obtain a polymer having a density below 0. 945 g/cm v or ;i
-.éd (b) at or below 15 OOO times the weight of Ziegler catalyst
n _component, to obtain a polymer haVing a density of 0.945

3 or. above, the intrinSic visc05ity of the polymer _

g/cm |
"produced being from 2 to 10 d l/g in the first stage and
0.2 to 1. 54d l/g in the second stage,. i
:_25--f ' (iv) ‘the amount of polymer formed in each stage is
"-selected 80 -as to keep the average amount of polymer
- produced after.completion_of_the multistage polymerizationu”

- at 5,000 or more timés;the'weightfcf'Zieglerycatalyst*- L



20 wher ei n the polynerlzatlon pressure is from1l fo_lﬁﬁ_ﬁﬁTr_TTT“*B—— ML)
. process- accoiding 'to any one of the precedi ng cl ai m"m e| n ~the
concengration of" Ziegler cat al yst conponent in bot “ l"rmﬂw cond &
st*age-reaction.zones i's from0.001 to 0.1 mllinoles irf térns o

metal atom per: l'itre of the solvent. 5 Q9 48 A process according to any-one

t¥ansition - .

~.of the precehlng clai ns, wherein the anDunt of the organonetal lic conpound .*-

cbgponent - i s f rou fﬁbrﬁﬂt@ FHe ral&neqtﬁo\faieentinofthehsifrrs%nstctat;enb@%el at om
contained in the Ziegler catalyst conponent.. 10 10. A process according :

- to any one of fmwmoaoagw atemhwwwm tﬂmaa.apbu.ymefrerahhe Ziegler
-cat al yst conponent- i s magnesi.um oxi de, . titani-.um oxi de, silica, -al um na, N
magnesi.um car bonat e, - Gﬂydrd#%chﬁmunHBQﬁ saidi wahent odefin, copgidyweuized

hydroxi de, nagne3|un1chlor|de 15 a nagne3|un1aIKOX|de a nagne3|un1 . '
‘hal oal koxi de, ~ ¥ dﬁtﬂ)@m&:@@rofw%w%n%am de$Fi-ni urn or “a-doubl'€ oxi de

- of nagne5|un1and calcium 11. A process according to ¢lai'm10, wherein-
the carrier is a nagne5|un1conpound 20- 12. A process-according to any

- f th di & h
Sﬂﬁpﬁrtédeoﬁrs?ﬁ% cnd A st dieed IR o %i%“ft'@dn%@ﬁ%ﬁ&%(’?t“?aﬁﬁam ..
. _tet rachiori de été@é"é&ﬁéﬁf aity %“1%19 tr'eta‘t‘t'dﬂn a

3Qf A process according to claim l or claim 2, wherein _'

the second stage reactor is a loop reactor.-

Z_AQ' A process according to any one’ of the preceding
_.10claims, wherein the Ziegler catalyst component satisfies o
the formula t2/t1<l 7, ‘where tl and ty are_ as ,defined_ |

in claim PR - ' |

o $;¢; A process. acCording to anyione ofithe preceding'claims,"
wherein said other olefin is propylene, butene-l, pentene-l,

"'15 hexene-l, octene-l or 4-methylpentene-l..'-
,6;'_ A process‘accordinq to-any one of the preceding claims,
wherein the polymerization temperature is from ambient |

temperature to 120 C.

7}¥-' a process according to any one of the preceding claims,_y

"_20'wherein the polymerization pressure is from 1 to 100 kg/cm .

:'Sryg-;A,process according-to any one of therprecedingsclaims;f“'-



: O - tetraiodide, titaniumtrichloride, a conpound of formila [err
(%@Q}erer n'[err] represents a hydro- carbon grou "mymnﬂﬁuﬂﬂm hal ogen

; and [err] |s a nunber such that 0 [err]

0 rachl.oride, 5 - vanadrunroxytrrchlorrde zi rconi um tet fachl ori de,
~compound of formula [err] (where Legs] <reprsents a hydrocarbon group, X' L
represents a -hal'ogen atom_ and [err] .is a nunber. such that O [err] [err] <~
4).. 13. whOrBiACERE 26ACEHLPEtLEnasY 2Neghért BatalgsediagpodéntCl ai ns, :

- wherein the Ziegler catalyst.- component -is a reaction: product of an.
'organonagnebouhlchapﬁmndtaaddasecandrstageneeabttonpaondsoisfornula [err]
wherein [err] represents a hydrocarbon group, X represents a hal ogen at'om -
“and- r isfxomu@heplstohorhamildimeles. inSterms. OfAtpaneetsoaccordlng toany
“one- of the preceding clains, wherein said organonetal lic conpound i s one or’
nor e -of BetathFEAMURPHI. ﬁFrFrPErGB?IﬁprFﬁFunl triiso-. butylaluminium -~ =
tributylalunminium trihexylal um ni.um di et heyl:al umi ni um nonochl ori de,

“ di propyl al um ni um nono- 20 chlori de, d||sobutylalun1n|un1nonochlorrde

St SR R TRERRRRR BEeF L JELERAY Rha) S BRROBERRASY 1 ot i i
d'Ch'Or'GiaimthbﬂEEEkﬁ tﬂbdhﬁBhﬂt'gﬁ FHSX¥£§LH§§QtHﬂlﬂE @%8&%&9 -
et hyl al um ni um’sesquichl orrde, propylalum ni sesqui C. |

- 1 sobut yalkgmbBhedRtse8d¢refil 8, 5dc béthélH”e&uinﬂEﬁQSGE'EHEOV'de
-~ hexyl al um nium sesqui-chl ori de, and_organozrnc conmpounds. -

transition -metal- atom contained ‘in the Ziegler catalyst

component.

;le"lo._-.A process according to any one.of the preceding '

} claims,_wherein the carrier for the Ziegler catalyst
'component is magnesium Odee, titanium oxide, silica,~
alumina, magnesium carbonate, a. hydroxychloride of a
divalent metal, magnesium hydrOXide, magneSium chloride,-.

15 a magneSium alkoxide, a magneSium haloalkoXide, a double.
"oiioxide of magneSium and aluminium, or a double oxide.

of magneSLum and calcium

1l.. .A process according to claim lo, wherein the- carrier”

'is a magneSium compound.

'29.12.; A process according to any one . of the preceding
claims, wherein ‘the tranSition metal compound supported
_on the carrier of the Ziegler catalyst component is

) titanium tetrachloride, titanimntetrabromide, titanium .



10
. wherein R

15

- 20

Hllllll I Illll Hlll | llll

'-50-’

-tetraiodide,.titanium trichloride, a compound of _
Hformula Ti(OR )(4 p) p (wherein RL represents a hydro- ;
- carbon group, X represents a halogen atom, and p is a

| number such that 0$p <4) ,' vanadium tetrachloride, :

| vanadium oxytrichloride, zirconium tetrachloride, a

compound of formula Zr(OR )(4 -q) q (where R2 reprsents :

_a hydrocarbon group, X represents a halogen atom, and q

,:LS a number such that 0<g< 4) .

| 13. ;:A pracess according'to any'one of the preceding.

claims,‘wherein the Ziegler catalyst component is a

. reaction product of an organomagnesium compound and

L a tranSition metal compound of formula Ti(OR )(4 -r). r
'

3 represents a hydrocarbon group, X represents

a halogen-atom,_and £ is a_number such that 05!‘3-

14.' 'A"proceSS'accordinglto anyvone of the preceding
claims, wherein said organometallic compound is one or

more of triethylaluminium, tripropylaluminium, triiso-

_butylaluminium, tributylaluminium, trihexylaluminium S

: dietheylaluminium monochloride, dipropylaluminium mono- o

chloride, diisobutylaluminium monochloride, dibutylaluminiumﬁi

monochloride, dihexylaluminium monochloride, ethylaluminium

__dichloride, propylaluminium dichloride,'isobutylaluminium

-dichloride,' utylaluminium dichloride, hexylaluminium di-

chloride, ethylaluminium sesquichloride, propylaluminium

sesquichloride, isobutyaluminium sesquichloride, butylalumin- ;

~ ium sesquichloride, hexylaluminium sesquichloride, and

.organozinc compounds.




