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30 August 2006 OLEFI NI C POLYMER AND PROCESS FOR PRODUCI NG THE SAMVE FI ELD
OF THE I NVENTION 5 [0001] The present invention relates 4Q.3p MRFinic
pol yner and a process for producing the sane, and nore specifically, to an
ol efinic polyner having | ow content of conponents that m ght generate
odors and of conponents that m ght change taste and to a process for
producing 10 such an olefinic polymer in an efficient manner. BACKGROUND
~OF THE | NVENTI ON [ 0002] d efinic polynmers such as pol yet hyl enes,
pol ypropyl ene, ethyl ene/a-olefin copolynmers and 15 propyl ene/ (x-olefin
copol yner s QLEFENZ¢| POLYMBRf ANDVRROOCESSNBOHI PBODUCENGaTHEasAMEhe | i ke. The
characteristics required for these olefinic polyners differ dependi ng on
the use thereof. For exanple, the olefinic polymer for food use is
required not to danage the taste of foods 20 because a delicate snell and
taste are-regarded as inportant. [0003] In the neantinme, when, in the
production of an ol efinic_ pol ol efins are polynerized by a vapor
phase polynerizatlon met Iﬁcﬁh§3§wiﬁﬂﬂﬂ?ﬁwﬂa solid state 25 catal yst,
the ol obtalned in.the form of article and su as a step

oot BBbaf T ngt poP§ﬁ§Fnﬁndln¥e§FéBnofr?iﬁﬁgﬁtiEa BT eRLeE L f e
polynerlz tion bec 30 August 200 needl Therefore, this is

Rnown tBOREUSD GTLD &1 MATTSSS 1 8 prodIETHe i Seest g G0 dULES t he

prOdUCtEBQc§9§Eally, to an olefinic polymer having low content of |
. components that might -generate odors and of components=
that might change ‘taste and to a process for producing

10 such an olefinic polymer in an efficient manner.

BACKGROUND OF THE INVENTION

polypropylene, ethylene/a-clefin :copolymers and
15 propylene/d—olefin copolymers are widely used for'va:ious
‘molding materials and the like. The characteristics
required for these olefinic polymers differ depending on
‘the use thereof. For example, the olefinic polymer for
food use is required not to 'damage the taste of foods
20 - because a delicate smell and taste are regarded as
important,
[0003] In the meantime, when, in the production of an
i olefinic polymer, olefins are polymerizéd by a vapor phase
polymerization method in the ﬁresence of a solid state
25 catalyst, the polymer can be obtained in the form cf a
particle and such as a step of precipitating a polymer and

a step of separating solvents after polymerization become.




However, the olefinic polyner produced by a vapor phase polynerization
nmet hod sonetines exudes an odor when 5 processed w t hzheglgu,apdddd s may
affect flavors and the |ike especially when the olefinic polynmer is

enpl oyed for food use where a delicate snell and taste are regarded as
inmportant. Therefore, the use of these polyners are occasionally limted
in such uses. 10 [0004] As a nethod of reducing the influence of the odor
of the ol efinic polymer obtained by a vapor phase polynerization nethod
and the influence of the olefinic polynmer on taste when it is used for
food usesedfiess.examrerfoaxdretdnad iiss dases besd. bénabbe pubkisptiay of 15
Japanese Patent Application Laid-Open No. 10-45824 for decreasing the odor
emanat edhir gmdche: tdlcef i piecqod yard tdurdempowoldiegpbydeoniact cogtt he

‘ol efinic polyner obtained using a netallocene catalyst with steamand the
| i ke toHowdeeonpose:t héefyoliopartladissnyprbidgand iy t Be pudymeprhaze [ 0005]
Al t hough the odor of the olefinic polynmer can be considerably decreased by
" the net RedYPRKéZEkilon | metdwd bedonelesneed £EUHEFt hé deRki@BseWbBddrs in
food use and the Ilike in recent years. [0006] In this situation, the

i nvent oPEOGESERE pHedenbeads andl bt &n MRk @ HERIEE sEdaives Sarfd c5hSequent | y

ached . t t h leti f_th At tion with a findi t hat
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pol ynmerizati on reaction i h Thé preSence _

' important. Therefore, the use of these polymers are
occasionally limited in such uses.

10 [0004]  As a method of reducing the influence of the

odor of the olefinic pelymer obtained by a wvapor phase

polymerization method and the influence of the olefinic

example, a method is described. in the publication of
.15 Japanese Patent Application Laid-Open No. 10-45824 for
decreasing the odor emanated from the olefinic polymer
during molding by contécting the olefinic polymer obtained
‘using a metallocene catalyst with steam and the liké to
decompose the cyclopentadienyl ligand in the polymer.

20 [0005] Although the odor of the olefinic polymer -can
be considerably decreased by the method like this, it has
been desired to further decrease odors in food use and the
like in recent years.

[0006] In this situation, the inventors of the present .

25 dnvention have ﬁade studies and, consequehtly reached to
the completion of the present invention with a finding

that upon producing a olefinic polymer by a vapor phase




of a saturated aliphatic hydrocarbon in a fluidized bed reactor and then
contacting the obtained polymer with 5 steam and thesdike . OBIEE OF THE

| NVENTI ON [ 0007] Accordingly, it is an object of the inverntion to provide
an ol efinic polynmer having the reduced content 10 of components that- m ght
emanat e odors and of conponents that might change tastes and also to

provi de a process for producing the olefinic polynmer. SUMVARY OF THE

| NVENTI ON 15 [0008] An ol efinic (co)polyner according to the present
invention is an olefinic (co)polymer obtained by polynerizing at |east one
ol efi n sEblemied fatoimret mdtdel and e oloefoims ibavigrgaBlyt or2Qucadbany at ons i n
the presence of a netall ocene type catalyst with allowi ng a saturated

al i phat it ko€ apBbn thevi hglyRer2z80i00 oadvdn.cat ofs ttdeexpstsemea
concentration of 2 to 30 nol% in a fluidized-bed reactor, next bringing
the resfii fig SFEWIPIY neliPhesicormdrosithpm Hinganhd-fAedeveedanzed hen
heating said éco pol ){mer whi ch has been brought into contact with the 25

| i gand- reTvers vﬁ%’éjr eithethe CANYBEARBIs o hBI eCRBALRBAE oPOLWBEL pdfifer is 10%
by i ght, or les nd t.he content. of a ligand having a cycl opentadi enyl
st‘r\tg\%tursetei‘aén 5I5pE ]vﬂgfeg‘ht or less 3 30 August 2006 [0009] The ol efinic
"polyner is preferably a copolyner of ethylene and at | east one a-olefin
selected froma-olefins having 3 to 20 carbon atons.

OBJECT CF THE INVENTION
[0007] Accordingly, it is an object of the invention
to provide an olefinic polymer having the reduced content
10 of compeonents that might emanate odofs and of components
that might change tastes and also to provide a process for

producing the olefinic polymer,

SUMMARY OF THE INVENTION

15 ' ‘ _ )
[0008] An olefinic (co)polymer according to the _present

invention is an olefinic (co)polymer obtained by pclymerizing at
least one olefin selected from ethylene and a-olefins having 3

| to 20 carbon atoms in the presence of a metallocene type
-20 catalyst with allowing a saturated aliphatic hydrocarbon having
2 to 10 carbon atoms to exist in a concentration of 2 to 30 mol%

in a fluidized-bed reactor, next bringing the resulting
(co)polymer into contact with a ligand-remover and then heating

said (co)polymer which has been brought into contact with the

: 55 ; ligand-remover, wherein the n-decane-scluble content of the
polymer is 10% by weight or lesé and the content of a ligand

having a cyclopentadienyl structure is 5 ppb by weight or less




[0010] Also, the olefinic polymer preferably has a density of 0.930 g/cnB
or less. 3a 30 August 2006 [0011] Further, the ol efigl Y i S
preferably the one obtained by (co)pol ynerizing one %%%¥%§S%?ﬁ%§ie

ol efins selected fromethyl ene and a-olefins having 3 to 20 carbon atons
in a vapor phase using fluidized-bed 5 reactor. [0012] Furthernore, the
olefinic 8olgner is preferably the one obtained bY (co) polynerizing one
or two ofCRBPE ol BrenglebivtEenol yBfT el AyPEnbetnbly- 8l 6PPASYRAYI A§ 3 to

20 carbon atons with allowi ng a saturated aliphatic 10 hydrocarbon having 2
to 10 caebnplahenantioaexilshsw tdhed a-cONERIN rediedced Prém d0oMek¥msn a
fluidized bed reactor, then bringing the resulting (co)polynmer into

cont act Hgg@nga3l£ga@g-£§g@g§ra@ﬁgsthen heating the (co)polymer which has
been brought Fnio contact  with the [igand-renover. 15 [0013] A process for
producin | efipjg.pol r rding he pr lnveniion s a
process gPaTB?oducg%%ohn %ﬂgfi%?%fg%?gnepgg§ﬁ?§o)p%%fg%%??¥inésgneéor t wo
or nore qlefips s |§C§§$ fromet hyl ene and a-olefins having 3 to 20 carbon
atons i n“Fhatp¥eSente &' 9B RSt aFFScene type catalyst in a gas phase
using a fluidized-bed reactor, the process conprising: [0014] a

pol yneri zation step of (co)polynerizing olefins with allowng a saturated
al i phatic hydrocarbon to exist with a concentration of 2 to 30 nmol % in the
25 fluidized-bed reactor; and

3a




[0015] a ligand renoving step involving a step of bringing the resulting
(co)polyner into contact with a 4 30 August 2006 Iiﬁgqgkﬁggny@gﬁand a
step of heating the (co)polymer which has been brought 1nto contact with
the ligand-renover. [0016] In the present invention, the above saturated
al i phatic hydrocarbon is preferably supplied to a 5 fluidized-bed reactor
in the vapor-liquid two-phase coexisting state. [0017] The process for
produci ng an ol efinic polymer -can produce an ol efinic polynmer having the
n- decane- sol uble content of 10% by weight or |ess and the content 10 of 5
ppb by WEPEAE or | eBsribera khgandelfaningpalyopel dpeptradieenpllysthaect ure.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] Fig. 1 is an explanatory view
showi ng°fhRe ehsaingd obycar ey kglomera zpoly meniezatiron tepepoirn BPmgl e st age.
[0019] Fig. .2 is an explanatory view showi ng the case of carrying out a
pol yner P25ELBA §¥%ﬁ?qtﬁ“%mﬁrg%aﬁ%@%YHﬁN@ZGF“#igfoéeiénén]%%ﬁﬂﬂﬂhé¥oﬁ9 Vi ew
representing one exanple of a |ligand renoving step. 20 [0021] Fig. 4 is an
explana?hryg@F%ﬂPre%?%@%nt+%g aeuéagﬁﬁ é&ﬁﬁﬁ1e”§ﬂn§'lﬁ&&ﬁélFﬁﬁﬁVF%g st ep.

- DETAI'LD_ DESCRI PTI ON OF THE | NVENTI ON [ 0022] An ol efinic polyner according
to the presenf' 25 invention and a process for producing the olefinic

Pol ymer 1o 2} De hepelPRLERD-EXPEALNETCFInYE! Bbhynb@043] plbr8RORh G e noted

that there 1's the case
the one obtained by (co}polymerizing one or two or more
olefins selected from ethylene and a-clefins having 3 to
20 .carbon atoms with alléwing a saturated aliphatic
10 = hydrocarbon having 2 to 10 carbon atoms to exist witﬁ a

concentration of 2 te 30 mol% in a fluidized bed reactor,

then bringing the resulting (co)polymer inte contact with

has been brought into contact with the ligand-remover.

15 {0013} A process for producing an olefinic .polymer
according to the present invention is a process of
producing an olefinic polymer by (co}polymerizing one or
two or more olefins selected from ethylene and a-olefins
having 3 to 20 carbon atoms in the presence of a

20 ﬁ@tallocene type catalyst 1in a gas phase usiﬁg a
fluidized-bed reactor, the process comprising:

..[0014] a polymerization step of (co)ypolymerizing
olefins with allowing a saturated aliphatic hydrocarbon to
exlst with a concentration of 2 to 30 mol% in the

25  fluidized-bed reactor; and
[0015] a ligand removing step involving a step of

bringing the resulting (co)polymer into contact with a




" there is the case where the term"polyner"” is used in te

5 30 August 2006 the term "polynerization” is used in terns of meani ngs
~inplying not only honopol yneri zation but al so COpO'Yﬂ?E&%ﬁE%Q?MMQnd al so

of not only a
homopol ymer 5 but also a copolynmer. [OAefinic polynmer] [0024] The olefinic
pol ymer according to the present invention is a (co)polynmer of one or two
or nore olefins selected fromethylene and a-olefins having 3 to 20 carbon
10 atons. [0025] Here, specific exanples of the a-olefins having: 3 to 20
carbon atons include propylene, 1-butene, 1- pentene, 1-hexene,
4- et hyLibapentremevel- actcere, stlemlecenieeat ingdotbeeriep) pol ghradetend,
1- hexadecene, 1-octadecene and 15 1-ei cosene. Anpng t hese conpounds,
a- ol ef i heshhkeieng bToughtlGnaed cpaiteictuvdithy thet d igagarsemogesns are
pr ef er abl used. [0026] The olefin selected fromethyl ene and t hese a-
ol efinsl Hﬁ&iﬁ&.g 3 toizotémb%ﬁe%@%lﬁﬁ?nséoased:hﬁ oMROBE S28UFATESNDI nati on
of two or npre of them 0027% n the present i nvention, the oleflnlc

polyneralFEhBFéFeraBY9r8 25p9 ynéﬁ*ofpéﬁﬁ?Féﬁéyands%Ep}%%gt die a? olefin
Copal ynbP MO LEER TR aROLatoTeadt 25 Bho A UMETT Ikt bt BHOTPBACE. of of | ne
Pﬁglng gogglégl%%rg%gt atons. [0028] Wen the ol efinic polyner according to

[0017] The process for producing an olefinic polymer

can produce an clefinic polymer having the n-decane-

soluble content 6f 10% by wéight or less and the Content

10 of 5 ppb by weight or less for a ligand having a

cjclopentadienyl structure.

[0018] - Fig. 1 is an explanatory view showing the case
15 Qf carrying out a polymerization step in single stage.
[0019] Fig. 2 is an explanatory view showing the case
of carrving out a polymerization step in two stages. .
[0020] Fig. 3 is an explanatory view representing one
- example of a ligand removing step.
20 - [0021] Fig. 4 is an explanatory view representing

another example of a ligand removing step.

DETAILD DESCRIPTION OF THE INVENTION
{0022] An olefinic polymer according to the present
25 dinvention and a process for producing the olefinic polymer
will be hereinafter explained in detail.

[0023] It should be noted that there is the case where




6 30 August 2006 present invention is a copolyner of ethylene and at |east
- two or. nore nonomers sel ected from a-ol efins having 335q¥@% £+ Chon at ons,
no particular limtation is inposed on the proportion of the content of

each structural unit. 5 However, for exanple, when the copolyner is a

copol yner of ethylene and an a-olefin, the copolyner preferably contains
80 to 99.6 nol % and nore preferably 93.8 to 98 nol % of a structural unit
derived fromethylene, and preferably 0.4 to 20 nol % and nore preferably 2
to 6.2 10 nmol % of a structural unit derived fromthe a-ol efin. [0029]

Al so, i bhehetprmseipolivinearitziagi .ot heiel efdand c inpotynes reEy meatahgsa
structural unit derived from polyenes depending on the need together with
the stiBBLYAAN uni®&tderivedy f r orhamdnd leme wimhtdcol ef | bsitl5 havéng 3 to 20
carbon atoms. For exanple, the aolefinic polynmer may contain structural
units dEPPRAUMPESARLEBR; uRRP dilesestBaEh asS bihadi enee amdieirsopEkae and
from ngn-coq%uaate di enes such as 1, 4-hexadi ene, _ di cycl opent adi ene and
5-vi nyl “8ffor BOrHERE. 26 [HE3¥D] 1FhESAlgeCdnd ol Uble 2 oRPBAPC HYMERe
oIeE;niﬁu pgh%neg accgidin to the present invention is 10% by weight or

| ess, preFer Py 5§€By FOht or less and nore preferably 3% by wei ght or -
less. T F L Lm the n-decane-soluble content is preferably 0% by
'MEight,?ga%9£§£g %ngﬁgiglly 0. 1% by weight which is a neasurable linmt.
([0031] “fooga)the ol gié nbeepohyRe oA daf:deaang- c30IURl Sproptent falls

wi thin the above range has.th
invention is a (co}polymer of one or two or more olefins

selected from ethylene and a-olefins having 3 to 20 carbon
10 atoms.
[0025] Here, specific examples of the a~olefins having

3 to 20 carbon atoms  include propylene, 1-butene, 1-

l-dodecene, l-tetradecene, l-hexadecene, l-octadecene and
15 l-eicosene. Among these compouﬁds, a~olefins having 3 to
10 and particularly 5 toc 8 carbon atoms are preferably
used. | |
[0026] The olefin selected from ethylene and these o-
olefins having 3 to 20 carbon atoms may be used alone or
20  in combination of two or more of them.
[0027] In the present invention, the olefinic polymer
is preferably a copolymer of ethylene and at least one a-
olefin selected from a-olefins having 3 to 20 carbon atoms
and more preferably a copolymer of ethylene and at least
25 _one'duolefin selected from a-olefins having 3 to 10 carbon
atoms.

[0028] When the olefinic polymer according to the




7 30 August 2006 reduced content of | ow nolecul ar wei ght conponents such
as  oligomers, |ess odor emanates fromthe olefinic p VIR dadng nol di ng
and al so, the olefinic polyner scarcely damges a de?é catesgnéé{fqéqand taste
when it is enployed in 5 food uses. [0032] The n-decane-sol uble content is
measured in the followi ng manner. Specifically, an one-litter flask
equi pped with a stirring device is charged wwith 3 g of a polyner sanple,
20 ng of 2,6-di-tert-butyl-4-nethyl phenol 10 and 500 ml of n-decane and the
m xture is dissolved at 145C in an oil bath by heating. After the pol yner
sanpl e prestirgsolivezhitidie b xbucepicd yoeal ed tetlanbirent ahénper deassé  over
about 8 hours and in succession, kept in a 23C water bath for 8 hours. The
preci pi tatede oy rer nopcdesdanesab¢hedl Gbbe gactlefilgssdpariated3 f tom a
n-decane _sol ution containing a dissolved polynmer by filtration using a G4
L (or G 2P GREPPR| B&OMSFhelQ oM tG T Eai hEBl Fat 19 s 1smeliMeeSed Reat ed

under the condition,of 10 and 150C to dry the pol ynmer_ dissolved in
the n-d ep§8P8FFbﬂnticﬁngg%th%°%‘?@Tﬂt i eReDpot Cbn#@idonst ant
and heﬁic\%iegf%tr i.s _defined as the n-decane-g\g{l{lubl e content 0033]. Also, in
the Bl eFI T ol yridr FEGH g™ 1S tHeS pPBIEATST nbénti SRPOLKHESEofifent of a
| i gand i C opent adi e ructuyre i y i r_less, 25
preferabac\;ly%%ﬁ%b b%ﬁé\}vei %El[ oérL (?jé/ésgfrtéhd tr%ree p?o %f}ﬁﬁ?é) 1%%8%%&1% ght or
| ess. Thedrawels 1ddn £o0fod e (0N eRhOfmotdiepkLaapdohgvisig e o 98
cycl opent adi enyl structure Is ,

mol% of a structural unit derived from ethylene, and

preférably 0.4 to 20 mol% and more preferably 2 to 6.2
10 mol% of a structural unit derived from the. a-olefin.
[0029] Also, in the present invention, the olefinic

polymer may contain a structural unit derived from

structural wunits derived from ethylene and a-olefins

15 having 3 to 20 carbon atoms. For example, the olefinic

- polymer may‘ contain  structural units derived from

conjugate dienes such as butadiene and isoprene and from

. non-conjugate dienes such as 1, 4-hexadiene,
dicyclopentadiene and 5-vinyl-2-norbornene. |

20 [0030] The n-decane-soluble content of the olefinic

oo

polymer according to the present invention is 10 by
" weight or less, preferably 5% by weight or less and more
preferaﬁly 3% by weight or less. The lower limit of the
n-decane~-soluble content is preferably 0% by weight, but

25 substantialiy 0.1% by weight which is a measurable limit.

[0031] Since the olefinic polymer whose a n-decane-

soluble content falls within the above range has the




8 30 August 2006 preferably O ppb by weight, but substantially 1 ppb by
wei ght which is a neasurable limt. [0034] Wen the C9@H&@thf26 | i gand
having a cyclopentadienyl structure is within the above range, less 5
odors emanates fromthe olefinic polynmer during nolding and also, the

ol efinic polyner scarcely damages a delicate snell and taste when it is
enpl oyed in food uses. [0035] The content of the |Iigand having a
cyclopent adi enyl structure is nmeasured in the followng 10 nanner.
Specifically, the ligand having a cycl opentadi enyl structure is extracted
usi ng t aederredancbntietenta f | bolv-andl eeakanr ede tighnt cbapouehysbyugas as
chromat ogr aph nmass spectroneter using a calibration curve nethod. 15

[ 0036] THe golefisni clpos ymsioracenzdihgst oftde phesentefimventpicdyrieas t he
characteristics that the nunber average nolecular weight (M) neasured by
gel per fEEtingn mehednet ordp@l sEEPCEhfal Eefanacr amferigmscaysiedal |y,
1,250 to 8,500, the MM Wh falls in a range fromtypically 20 1.8 to 3.5 and
pref er a®feges o ELLCRR %fé%%]rtﬁnﬁe§§l§%€d WhRP altlehsi epPgPEEHedt net hod
ist pi%ally 0.930 g/cnmB or less and preferably in a range from0.880 to
0.930 gF&%8 USE6037] The ol efinic pol ymer according to the present |
oo o3RO R AL A Rk R ORLSL0RE (URRnk ok, RRLKIRLLTINTFRS Of Tbe

or nore ole s sel ec rom e ene an -0l ef’i ns "having t0°20 car bon
at ons i%oﬁlowing manner. Specifically, an one=litter flask
‘equipped with a stirring device is charged with 3 g of a
polymer samplé, 20 mg of 2,é—di—tert—butyl—4—methylphenol
10 and 500 ml of n-decane and the mixture is dissolved at
145°C in an oil bath by heating. After the polymer sample

is dissclved, the mixture is cooled to ambient temperature

eoVer ---about- 8 . hOUI‘S" ..an.d.. ln "S'U.CCGSS'i’OI]’}' . kept 11'1 e 2300 R =

bath for 8 hours. The precipitated polymer (n-decane-
15 .insoluble part) 1s separated from a n-decane solution

containing a dissolved polymer by filtration using a G-4

(or G-2) glass filter; The solution obtained in this
manner is heated under the condition of 10 mmHg and 150°C

to.dry the polymer dissolved in the n-decane solution till

20 the weight of the polymer becomes constant and the weight
is defined as the nudecane—solﬁble content.

[0033] Also, in the olefinic polymer according to the
~present invention, the content of a ligand having a
'cyclopentadienyl structure is 5 ppb by weight or 1less,

25 * preferably 2 ppb by weight or less and more preferably 1
ppb by weight or less. The lower limit of the content of

the ligand having a cyclopentadienyl structure is




vapor phase using, for exanple, a fluidized-bed reactor. 9 30 August 2006
-[00381 To state nore concretely, the ol efinic polyners, iﬁlggggaé_&%ﬁl by
(co)polynmerizing one or two or nore olefins selected from ethylene and
a-olefins having 3 to 20 carbon atons with allowing a saturated aliphatic
hydrocarbon to 5 exist in a fluidized-bed reactor, then bringing the
~obtained (co)polyner into contact with a ligand renover and then heating
the (co)polynmer which is nmade to be in contact with the |igand-renover.

P } | ef | ni I 0.[0039],Th f
| Procespeendchng, e, ol lL i, polyrer 110, L 0P38L 1 The pragess, or
conpri S%ig[l"ﬂ;o‘%ﬁli&l pal yméaﬁg%gmit of (co)polynerizing olefins in the
atic

‘presence of a saturated allp ydrocarbon in a fluidized-bed reactor;
and 15 [@@8d) a |igamdy erand ng-glehof BEi nghng thganebt ifiad d co) pol ymer
into contact with the |igand-renover and then heati'ng the (co)pol yner

whi ch hasg dlegrentads dryybest dutaord acé withihhenkl gander enBuRYr,. 1ids process
will now be described by way of enbodinent in conjunctionwith the 20
accofrpanyicng deamhagss. f{X042EhePobyeetnhzat ipgen wiep) dh0043] ndldhey

pol yneri zation step, at the fluidized- bed where a solid particle

cont ai nigmgl @ lcat,altyst ¢befimimtpd hedeknsaafrkeildi Zadagkat @ kielnteanis: of a gas
stream 25 fl ow ng containing a polymerizabl e nonomer through the inside of

the fluisdeldd 3ped tesdet ohent He dol ammrliead om food uses.
[0035] The content of the ligand having a

cyclopentadienyl structure is measured in the following
10 manner. Specifically, ‘the ligand having a
cyclopentadienyl structure is extracted using toluene and

identified and measured quantitatively by gas

_Chromatograph mass spectrometer using a calibration curve .

method.

15 [0036] The olefinic polymer according to the present
B invention has the characteristics that the number average
| molecular weight (Mn) measured by gel permeation
chromatography (GPC) falls in a range from, typically,
1,250 to 8,560, the Mw/Mn falls in a range from typically
20 1.8 to 3.5 and preferably 1.9 to 2.3, the density measured
by a density gradient method is typically 0.930 g/cm’® or

less.and preferably in a range from 0.880 to 0.930 g/cm’.
{0037] The clefinic polymer according to the present
invention as aforementioned is obtained by
25 (co)polymerizing one or two or more olefins selected from
ethylene and a~-olefins having 3 to 20 carbon atoms in a

vapor phase using, for example, a fluidized—bed.reactor.




reaction is carried out by introducing a saturated 10 30 August 2006

‘al i phatic hydrocarbon in a gas-liquid m xed state tog§5q§{ sWM 3dpd he

pol ymeri zabl e nononer fromthe bottom of the fluidized 3d°Feact or upon
produci ng an ol efinic polymer by polynerizing at | east one olefin sel ected
fromethylene 5 and a-olefins having 3 to 20 carbon atons ( polynerizabl e
‘nmononer) in a vapor phase under the presence of the catalyst. [0044] Here,
-_the.polynerization step will be explained in detail with reference to

A L T e Sk S O E?ﬁe D

and the I'i'gand renovi ng ste 'S onft po

step, the %%tt%'lmgd 'bl@ ngmgjadb%gnéfm g dp L L'Mbgy%ﬁe%@l react or

11, and also th nonone s and sa ura Fed a hat'i c

hydrocarseqac%aplﬁreﬁ fertwler@%q{ov &lélfeééq%r@axmeeﬁ tBhQQUQQﬂoBﬁ react or
by blow ng the mxture into the fluidize ed 18 froma supply port 9

t hr ougha@oflisf fwisimnga1 pbri 8gla syshupstadpenfiohated phadLodisposedoon the
under part of the reactor and by discharging the gas streamfrom20 a |ine

16 di spesedtoninhe auppEruipbidddbal theatese) orthén kpepnihagsokind
particles (the solid catal yst and produced polyner) in a fluidizing state
© by thi sobasisedeatwo \dd gk zi ngtgasioninhet ebyi tihheaf |uighimed rkadvereact i on
- system) 18 is forned. 25 [0046] The polyner particle produced by the
- pol yner pzgt itdverof heatirasthene( o gp¢ hymet eghadhf rigmmade to be in

~ contact with thé ligand-remover.

[Process for producing the olefinic poiymer]

10 [0039] The process for producing the olefinic peolymer

according to the present invention comprises:

[0040] a polymerization step of (co)polymerizing

hydreCarbon in a fluidized-bed reactor; and
15 [0041] a ligand removing step of bringing the
._obtained (co)polymer into contact with the ligand—remover.
and then heating the (co)polymer which has been made to be
in contact with the ligand-remover. The process will now
be described by way of embediment in conjunction with the
20 accompanying drawings.,
[0042] {(Polymerization step)
[0043] In the polymerization step, at the fluidized-
bed  where a solid particle containing a catalyst is
maintained in a fluidized state by means of a gas stream
" 25 flowing containing a polymerizable monomer through the
inside of the fluidized bed reactor, the polymerization

reaction 1is carried out by introducing a saturated

10

olefins = in the presence of a saturated aliphatic =~ -~ -




et hyl ene and ol efins having 3 to 20 carbon atons inthe 11 30 August 2006
~fluidized bed 18 in this manner is wthdrawn continu { 20 5
intermttently fromthe reactor through a discharge then
supplied to the Iigand deconposing step as wll be descrlbed Iater.‘5
[0047] On the other hand, the gas discharged fromthe reactor 11 through
the line 16 contains the unreacted polynerizable nononmer and saturated
al i phatic hydrocarbon and the. like and is typically circul ated as. a

E'oéf:"ﬂ;“ 18pas 2R kel %%ngngi% %%%Sf%w%%ira?%%ﬁétgﬁ ﬁssﬁfgﬁsﬂﬁ ononer
Coactor %EC%% TR0 el 0 T AR T ATk o AP R R oF Bt"Ts at 15
such a E'lﬂ%’d&%ﬁ —tha pem%? Jﬁ’y%&ﬁd é&f&l&@ln aaneo]F‘%eﬂnié‘ ﬁ?%%{%’gkdl zi ng

state by the gas rate of the gas i uced from

the SUpBprBQ&he%lhﬁn@bQHE 1eaddfoto S0 d §@9e@f§&eE§QEYe€QQMEné Unf to

30 Unf, where is’the mnimumfluidizing rate of the fluidized bed. It

20 is pesgi bd—@ltegflsltsl md#iend | 9 dbzed kedbkh rechani ¢apbyymbet zapxanpl e,
using various stirrers such as an anchor type stirrer, screw type stirrer

~and ri bhonotype sinrrer.viPOA9]pHdwe: palndeer | zald opretsepceny olie dhei ded i nto
two or nore.stages differing in reaction condition fromeach 25 other to

carry oottehgspel yneri zati on. Next, the polynerization step in the case of

Carryin? out the :

0044] Here, the polymerization step will be explained
in detail with reference to Fig. 1. Incidentally, the
10 Fig. 1 shows only the polymerization step and the ligand

'removing step 1s omitted.

[0045] In the polymerization step, the catalyst is

also the polymerizable monomers and saturated aliphatic

15 hydrocarbon supplied from a supply line 12 are passed
through the reactor by " blowing tﬁe mixture into the
fluidized bed 18 from a supply port 9 through a diffusing
plate 17 such as a perforated plate disposed on the under
paft of the reactor and by discharging the gas stream from

20, a line 16 disposed on the'upper portion of the reactor to
kéep the solid particles (the solid catalyst and produced
polymer) in a fluidizing state by this gas stream
(fluidizing gas), whereby the fluidized bed (reaction
system) 18 is formed.

25 {0C46] The polymer partiéle produced ' by  the
polymerization of at least one olefin selected from

ethylene and olefins having 3 to 20 carbon atoms in the

11

supplied from a line 15 in_a fluidized-bed reactor 11, and '




pol ymeri zation in two or nore stages will be explained in 12 30 August
2006 detail with reference to Fig. 2, where the |igafd eqovijfhe step i s
‘also omitted in the Fig. 2. [0050] In the case of carrying out the
~polynerization in tw or nore stages, for exanple, in the case of 5
carrying out the polynerization is carried out in a nultistage vapor phase
pol ynmeri zati on apparatus having two vapor phase fl uidi zed-bed reactors
~which are serially connected, the polynerization is conducted as foll ows.

udl 2EGueaa P eacet H f@pﬁéﬁEQ?fa%&%O U et PO oeBBRE PO iRy St ped

1 , (0] S
doot gned Tt ot ehar Cealuty ot nX olBsr it Prat, SO B el ke al so. “gae
15 (11 Uidhe! ng) 0as) eAmhalg i@ 0aseoURCOlalin cﬁ(ﬁgéda&ng%dr%qﬁj e £BPOrTer 5)

and the saturat al i phatic carbon is om of the

first gguwgggegebggsegggbgrlg%egron1a supply I|ne 12 through a bl ower 13.
The supplied fluidized-bed gas is blown.into a 20 fluidi zed-bed 18 t hrough

-a dig fusoog7pl ate 1Znmade okthar penbior atted g at® @fhddhged | keoli sSpesed in
the vicinity of the bottomof the first fluidized-bed reactor 11 and
di schar gedctpem the tippergipatheof 11he fldéi dicradribed theactwreddtednd t hus
the fluidizing gas passes through the 25 inside of the fluidized-bed
react orpoIfmesokpllpamarsimes fndesgohirdtedt & ligthadrict thedpeocauieed pol ymer)
'S kepﬁahg %he‘like and is typically circulated as a circulating
gas to the reactor 11 ‘through the supply port 9 ‘after
10 cooling.
[0648] Thé fluidizing gas consisting of the
polymerizable monomer and the circulating gas is
_mintroduced”fxqmm1ﬂna"$upplyuport”:9;tqg'the"xeactbr._ll_asw"””J_”mm”m_
aforementioned and passed through the fluidized-bed 18 at
15 such a flow raté that the fluidized bed 18 can be kept in
a fluidizing state by the gas; Specifically, thé floﬁ
rate of the gas introduced from the supply port 9 is about
3 U;f to 50 Uype and preferably ébout'5 Uns to 30 Upe, where
Upe is‘the minimum fluidizing rate of the fluidized bed. It
20 is poséible to stir the fluidized bedl18 mechanically, for
| - example, using various stirrers such as an anchor type
stirrer, screw type stirrer‘and ribbon type stirrer.
[0049] The polymerization step may be divided into two
or more stages differing in reaction condition from each
25 other . to carry out the polymerization. Next, the

polymerization step in the case of carrying out the

polymerization in two or more stages will be explained in

12




fluidizing state by the gas flow of the gas passing 13 30 August 2006
through the inside of the fluidized-bed reactor 11, I t | ui di zed
bed 18 is formed. [0053] Then, the produced pol ymner p%???%@éti%ybék t hdr awn
continuously or intermttently and subjected to 5 solid-vapor separation
usi ng solid-vapor separators 31 and 32. At this tinme, valves 33 and 34 are
properly opened and shut under control. The polyner particle withdrawn in
‘this manner is discharged in a transport line 25 by the action of the

val ve 35 and fed to the second fl uidized-bed 10 reactor 21 through the
t r anspord®idie whth o600t heJunkeak8dSga880dd IGIEF iHEMEHH at ed

| i phati hyd, b the |i i ch d th h the fluidized
ol | phatic Tdrocarbon and (D {1, W ch have passed through the fuidi ze
di d h f th Lrst fluidized- _ . d
o sposed e ubn 15 pa olothe LLLL! Lk digedhndysaci 4t on
di schar %%ipoc[»}o d'g;]%o_?_ﬁlggfaonsrcggegppefogaréx%ﬁ)%?ienfir{ Stypd I Y eze%'f]bed

react or 005 unreact éd gaseous o saturate 20 aliphatic

‘hydrgcardhon.and; thayd | ke di $e3m8d f410m4d he s fidastrifdqui djized-jhed 4 eact or
11 are cooled in a heat exchanger (cooling unit) 14 through a circulating

line 16 mucoEesfed dgbt NenssPphby1imnbei 12 apd sppRkhedscopkiipdousiy again
to the inside of the fluidized bed 18 in the first 25 fl uidi zed-bed reactor
11 by awdpawer ghisd n flhe dieaid-texthangertold, Wb ot I eudeat isegigdslyi s
typically cooled to a
connected, the polymerization is conducted as follows.
[0051] In the multistage vapor phase polymerization
10 apparatus, a first fluidized-bed reactor 11 is connected
serially to a second fluidized-bed reactor 21 as shown in,

for example, Fig. 2.

[0052] ... . . Specifically, ~it..is .. so. . designed. that  the ... .. .. .

éatalyst is supplied from a supély line 15 and also, gas
15 (fluidizing gas) éontaining a gaseous olefin
(polymerizable monomers) and the saturated aliphatic
hydrocarbon 1is supplied from the bottom of the first
fluidized-bed reactor 11 from a supply line 12 through a
blower 13. The supplied fluidized-bed gas is blown into a

" 20 fluidized-bed 18 through a diffusing plate 17 made of a

perforated plate or the like disposed in the vicinity of
~the bottom of the first fluidized-bed reaétor 11 and
discharged from the upper part of the fluidized-bed
reactor 11, and thus the fluidizing gas passes through the

25 inside of the fluiaized—bed reactor. The solid particles
{(the solid catalyst and the produced polymer) is kept in a

 fluidizing state by the gas - flow of the gas passing

13




tenperature close to the dew point of the gas. The dew 14 30 August 2006
point of the gas neans the tenperature at which a |i g depsat e
starts. Wien the circulating gas is cooled to a tenpg%%Fﬁggplomer t han t he
dew point and supplied to the fluidized bed 18, reaction heat can be
removed by the 5 latent heat of vaporization of the liquid condensate to

t hereby i nprove heat-renoval efficiency in the fluidized bed 18. It should
- be noted that when circulating the circulating gas in the fluidized-bed

reactor 11, a part of , the circulating s.may he purged from an_optional
place 1HT6PIPhet ?rc&@ﬁ%qﬁquﬁe glge [gggﬁ?l%ﬂgfﬁﬁdotﬁ?@cﬁﬁﬁd,qﬁhe pol yrer
. particle it hdra froma discharge line 30 of the first fluidized- bed
reactorW%ff?hﬁogéﬁm?%81§6F?8-5560?85é6aF§FHF§-31 and 32 are fed to the
second filhWidihzed- be acto 1t ?%g 5t sp i 25.; .The
transpo PBFsAe 25 ighgﬁénch% é fﬁ%ﬁ? e %Upﬁ?%bkﬁﬁg Zgﬁgﬁg't%é other end of

the-traggﬁgggawhiQﬁnﬁﬁmﬁﬁnﬁﬁﬂPGS e?gk%rh@%t%ﬂ%ﬁ&-%hﬁ?zgﬁbﬁgﬁtéécQQﬂ

~fluidiz reactor 21. Throug e transport "l ine , e pressure of

the gas s69ALakAbBRY kR aehiRS Withd heo 2y-Salps At sdpakhpbati g1hydocar bon
fed fromthe supply Iine 22 is raised by a pressure-rise neans such as a

centrifggal abl eweks 4imenl seul-hes pod yama paritel psopwirihdeopenctr amdt he first
flui di zed-bed reactor 11 is made to be entrained in this gas to transport
t he pol ghat 2mngsar t icongrcdnd t Highe | polgadreedpant dcl be wiedodiwbh Wi uiidi zed- bed
reactor 21. Also, a new gaseous olefin (polynerizable
this manner is discharged in a transport line 25 by the
action of the vaive 35 and fed to the second fluidized-bed
10 reactor 21 through the transport line 25.
[0054] Also, the unreacted gaseocus olefin, saturated
- aliphatic hydrocarbon 'and the 1like which have passed
."through“themfluidizedMbedQlSWarewdegelerated in_ its flow .. ..
rate in a décelerating region 19 disposed on the upper
15 part of the first fluildized-bed reactor 11 and discharged
out of the fifst fluidized-bed reactor 11 through a gas
.diséharge port disposed on the uppei part of the first
fluidized-bed reactor 11.
[0055] The . unreacted gaseous olefiﬁ, saturated
20 aliphatic hydrocarbon and the like discharged from the
first fluidized~bed reactor 11 are cooled in a heét
exchanger {cooling unit) 14 through a circulating line 16,
connected in the supply line 12 and supplied continuocusly
again to the inside of the fluidized bed 18 in the first
25 fluidized-bed reactor 11 by a blower 13. In thé heat

exchanger 14, the circulating gas is typically cooled to a

temperature close to the dew point of the gas. The dew

14




nmononer) and saturated aliphatic hydrocarbon are supplied 15 30 August
2006 to the second fluidized-bed reactor 21 fron1the3iqggl e 22

t hrough a blower 23 by the transport line 25 and at t ane tlne they

al so supplied as a fluidizing gas to the bottomof the second
fluidized-bed reactor 21. It 5 should be noted that although a new catal yst
is not supplied to the second fluidized-bed reactor 21 in general, a new
soli.d catal yst nay be supplied to a desired place of the quidized bed
react or throug ort line 2 d|n he need.

| e th
10° [ 0057 The PFuifezi Hf GRS Rappre te;tae'?rﬁ%rm%r%o?ggeg@d thet Js‘é‘éjo d
fluid d 28
ui |zq%gﬁ%§£§%$tg£agésls %hé%‘éﬁto a PE |§etgﬁgeIllsk trHo

di ffusing erforate a séﬁ |n t he

vicinity, OE mﬁ@fa pLom,Qb -t Pﬁaﬁecﬁﬂgd e Ui gfﬁ'letd %ﬁp g‘ﬁgggct St 2%1 and thus

di scharged fromthe upper part of the zed

passed tirough,dde Jddii dbzedrbed: i eadiy Z%anTh@eg%n%Je%awa the gas

passi ng through the f1ui di zed-bed reactor 21 keeps the solid particles

(thes afresent heaed $ol YaBobrpakiiieheSoand hhel preducednperhyiee) 29 in a
fluidizing state to thereby formthe fluidized bed 28. At this tine, a

copol ynestiezatlhon imeactieorhést + tindva 1 t € filiediczedi hedh28. 1 00EBjedhen, the
pol ymer particle obtained in the second fluidized-bed reactor 21 is
rmnthdramnxtoﬁﬁlnuoaéiyshaﬁldr1MﬂteD¢eU¢enhhy fwlom acdirschatgegl itles 40 and
supplied to the ligand renoving step as will be described later.
circulating gas in the fluidized-bed reactor 11, a part of
the circulating gas may be purged from an optional place
10 of the circulating line 16.
IOOSG] On  the other hand, the polymer 'particles
withdrawn from a discharge line 30 of the first fluidized-
- bed reactor 11 through the SOIid—vapor_éeparators 31 and
32 are fed to the second fluidized-bed reactor 21 through
15 the transport 1line 25. The transport line 25 is branched
from the supply line 22 and the other end of the transport
line _25 is connected to the upper side of the second
fluidized—bed reactor 21. Through the transport line 25,
the pressure of the gas containing the olefins ané the
.20 saturated aliphatic hydrocarbon fed from the supply line
| 22  is raised by a pressure-rise means such as a-
centrifugal Dblower 41, also the ©polymer particles
withdrawn from thé first fluidized-bed reactor 11 is made
to be entrained in this gas to transport the polymer
25 particles and then 1ntroduced into the second fluidized-

" bed reactor 21. Also, a new gaseous olefin (polymerizable

monomer) and saturated aliphatic hydrocarbon are supplied

15




[ 0059] Al'so, the uhreacted gaseous ol efin, saturated 16 30 August 2006
~aliphatic hydrocarbon and the |ike which have passed ;4 hpough égy%fl ui di zed
bed 28 are decelerated in its flow rate in a decel eratlng regi on
di-sposed on the upper part of the second fluidized-bed reactor 21 and
di scharged 5 out of the second fluidized-bed reactor 21 through a gas
di scharge port disposed on the upper part of the second fluidized-bed
reactor 21. [0060] The unreacted gaseous ol efi ns, saturated al i phatic
~hydrocaybon .,and the l.ik cha ed fromthe cond fl ui di zed- bed
actorta1 Kt bty G FEas g%ﬂar%geearct(ocroo%? i 2 PHeGhin
circul a n conn S
ﬂﬂgybb q:h%:%utgélt 8%&8 f elh Hﬁ{?u 5??% % fig{g\ S | Lgd

conti nuous again nS| hé second

f1uidized- ped react of;2d, b¥ gog]‘@?’ Zippl{ed Ngsheale ho Lxehanoghs 24, the

circulating gas Is typlcally a tenperature c ose to W

poi nt O{Otﬁﬁeg%%ttﬂ&?%ﬂﬁEheCéé@&ﬁétE@ngééeusbéeoh%@ck%razh?”DeE@tUre

| ower than the dew point and supplied to the fluidized bed 28, reaction
~heat caghbeldempyethdned heHaat entl healgof avapeki zakianyet 20st heoti qui d
condensate to thereby inprove heat-renoval efficiency in the fluidized bed
28. 1t sinopl tedbe not edthet hatewdredh ciEloibiatedgbtle ciemetloat i Al gasnto the
fluidi zed-bed reactor 21, a part o arimg-gas—nay - bepur ged from
an opt ioetrpl ace oéWtheledrcataﬂwwg nhy2%d ineeied 00613 dasihedfirst

fluidi zed-bed reactor 11, as
place of the fluidized-bed reactor through, for example,

the transport line 25 according to the need.
i0 [0057] The fluidizing gas supplied from the bottom of
the second fluidized-bed reacter 21 1s blown inte a
fluidized bed 28 through a diffusing plate 27 made of a
- perforated plate or the like disposed in the viciniﬁy of
the bottom of the second fluidized-bed reactor 21 and
15 discharged from the upper part‘ of the fluidiéed-bed
reactor 721, and thus passed through the fluildized-bed
reactoﬁ 21. The gas stream of the gas passing through the
'_fluidized—bed_ reactor 21 keeps the solid particles (the
aforementiened polymer particles and the produced polymer)
20 in a fluidizing state to thereby form the fluidized bed
28. At this time, a copolymerization reaction is run in
the fluidized bed 28.
{0058] Then, the polymer particle obtained in the
second fluidized-bed reactor 21 is withdrawn conﬁinuously
'_25 or intermittently from a discharge line 40 and supplied to
the ligand removing step as will be described later.

[0059] ‘Also, the unreacted gaseous olefin, saturated

16




af orenenti oned, the fluidizing gas is passed through the 17 30 August 2006
. fluidized-bed 18 at such a flowrate that the fluidizgg 1Eﬁg Lﬁuﬁgn be kept
ina fluidizing state. In the second fluidized-bed reactor t he

fluidizing gas is passed through the fluidized-bed 28 at such aflowrate

" that the 5 fluidized bed 28 can be kept in a fluidizing state. [0062]

‘Specifically, the flowrate of the gas introduced fromthe bottom of each
react or .t hrough the supply lines 12 and 22 is about 3 Unf to 50 Unf and

f b t 0 Unf U t 10 fl di
Pate of 8 Hsﬁﬁﬁgpd. DEATBEREDPR | STH0Se B 6 LEES sHIEPhe I dP2Ed Hed 18-
h t ch. h t
Tty oo ERkatan TeostlIPl F e Ra, (AL QK BLLEIRLR RO B8 A??‘éoﬁgh {he
b i t
gol();rereﬁéggtépglnﬂ ggsae}@ eeléy%{c:in%?stl r?]l 8250 C@1S@’Hdstéz%d%gede/ﬁeg Pgr S, nanely
the fir %tartf Ly %ée%e%%d eﬁq}ﬁlééd%gdac Pﬁ 2 SESPNG f gHada%L%@hQ%edr eact or

21 which are serially connected to e even a nultistage vapor

_phasg a@ﬁﬁr%HU§ﬂ99n§é§éhagﬂﬂhﬁﬁliéﬂlﬁédﬂréﬁ%@bf|Quﬁﬁﬁxb £eggkors can
be structured in the same manner. [0064] In the fluidized bed kept in a

fluidi zingcehate mastaf@fiepestiioned thet hppireseatti Rventhonsetbhad
~ pol ynerization nononers supplied to the reactor, 25 specifically, at |east
one oIeflnldeked%bddfreaCEDhyEéne and a-olefins having 3 to 20 carbon
atons is polynerized.
[0060] The = unreacted gaseous olefins, saturated
aliphatic hydrocarbon and the like discharged from the
10 second fluidized-bed reéctor 21 are cooled in a heat
exchanger (cooling unit) 24 through a circulating line 26;
connected in the supply_line 22 and supplied continuously
again to the inside-of.thé fluidized bed 28 in the second
fluidized—bed. reactor 21 by a blower 23. In the heat
15 exchanger 24, the circulating gas is typically cooled to a
. temperature close to the dew point of the gas. When the
circulating gas is cooled to a temperature lower than the
dew‘point‘and supplied to the fluidized bed 28, reaction
héat can be removed by the latent heat of vaporization of
_20 the liqﬁid condensate to thereby .improve heat~removal
efficiency in the fluidized bed 28. It should be noted
that when circulating the <circulating gas to the
- fluidized-bed reactor 21, a part of the circulating gas
may be purged from an optional place of the circulating
.25 line 26. | | |
[0061] In the first fluidized-bed reactor 11, as

aforementioned, the fluidizing gas 1s passed through the

17




[0065] In the present invention, polyenes and the lIike 18 30 August 2006
~may be optionally copol ynerized together with the abo&§2m%hgglﬂﬁ) For
exanpl e, conjugate dienes such as butadiene and isoprene”or non- conjugate
di enes such as 1, 4- hexadi ene, dicycl opentadi ene and 5-vinyl - 2- nor bornene
may 5 be copolynerized. [0066] In the polynerization step, no particular
limtation is i nposed on the anbunt of each nononer to be supplied in the
case of copolynerizing two or nore nononers selected from ethyl ene and

a-ol efins havi n to_ 10 20 ¢ on atons. However, in the _case,of
copol ynBrvpahEed-bad é)?an"ﬁ’ﬁe Pyt 3ot (h b Ehato! e nTRASTAGES to 20

oo nednty ok L“e 5 i F 63 faiip%ﬂafgﬁ %eﬂn%”sﬁ%&a o Bhet X8 §36PYe bt one.
15 [ 006 : b
20 oo Fruddi H0aRLas Sl %ﬁ”%lﬁ&ghuﬁe%f%%%%% lo Hqp A CpR¥geacarbon 1 n

”Dnorfertﬂw%t Eﬁebgtlhq i¥ed e d %ijgg‘ x ﬁo'%dliclt u{]%@@%g £e€ﬁte' on.

Speci fic exanples o suc a saturate atlc 20 ocar bon incl ude

sat uf at g, ghi phatbeqhydregar Bangephayhng %lh@diglﬁ@réﬁﬁtétons such as
et hane, propane, n- butane, i-butane, n-pentane, i-pentane, hexane,

hept ane[00e2! ane, NONSBELiELLEPL, Zhe di ARLWY| praapanect2, Zhali mghbyl but ane,
2, 3-di net hyl but ane, 2,2, 3-trinethyl butane, 25 2-nethyl pent ane,
-3- et hyi penva@nesd 2,Z2:ci mehbyl ipenta@neof 3edcti neddyt pentdneugh the
2, 3-di-net hyl pent ane, 2, 4-
supply lines 12 and 22 is about 3 UR to 50 Uxs and
preferably about 5 Unr to 30 Uys, where Uypr LS the minimum
10 fluidizing rate of the fluidized bed. It is possible to
stir the fluidized bed 18 mechanically, for example, using
various stirrers such as an anchor- type stirrer; screw
type stirrer and ribbon type stirrer.
[0063] Although the above explanations were furnished
15 as to a multistage vapor phase polymerization apparatus
consisting of two fluidized—bed reactors, namely the first
fluidized-bed reactor 11 and the second fluidized-bed
reactor 21 which are serially connected to each other,
even a multistage vapor phase:- apparatus consisting of

20 three or more fluidized-bed reactors can be structured in

the same manner.

[0064] In the fluidized bed kept in a fluidizing state
as aforementioned in the present invention, the
- polymerization monomers supplied to the reactor,

25 specifically, at least one olefin selected from ethylene
and a-olefins having 3 to 20 carbon atoms is polymerized.

[0065] - In the present invention, polyenes and the like

18




di met hyl pent ane, 2-net hyl hexane, 3-nethyl hexane, 4- 19 30 August 2006

met hyl hexane, 2, 3-di nmet hyl hexane, cycl opentane, cycl %ﬂg

- met hyl cycl opent ane and di nmet hyl cycl opentane. Anpbng thes ﬁosee%aV|ng 3

to-8 carbon atons are preferable: 5 [0068] I.n the present invention, a

process may be adopted in which using two or nore saturated aliphatic

hydr ocar bons, at | east one saturated aliphatic hydrocarbon is introduced

- in a vapor-liquid mxed state into a polynerizing vessel and the other
saturat-ed aliphatic 10 _hydrocarbon is introduced in a gaseous state into

t he pom?ﬁeﬂ%%|ﬁ§t§@§§éﬂyI?PRQﬁEm%ébéeda§QHﬁ¥Q%ﬁuWéng1ﬂ§?iQPQW?C

hydrocar?ogbto be introduced in a gaseous state into the reactor, ethane,

pr opane® BFaneEqrtﬁ%%ﬁﬁge1-CBBﬁPgﬁée ﬁﬁﬁﬂﬁ%ﬂﬁ#c%eiénEUG@dﬁﬁéel|ke is

preferabl§ and 15 these may be use L hation. 0 Fbae t he

gaseous?Bgt uratddEl9 phati ¢ OWy&?B@éFﬁgﬁ’ne hg™ ?ﬁat é%%%ta Tialry all the
saturat hat i r rbo exi sts 485 8 ase g ly 99%

: nnreﬁ%§a§58&) 4%éyqiéb ﬁﬁ%ﬁeanallpha %%;$P%Pocar %n % ists as a

gasgpus thggolgﬁg§£¥edneans that the vapor fractlon is 0.99 or nore. The
‘ratio of the exlistence of the gas phase can be obtained fromthe vapor-

liquid eqgekibriumeqnstapt Kol At ildie nptdwd Oho Sﬁﬁ‘fh@@dlaerh Kwong
reported in 25 Chem Eng. Sci ., 27, 1197(1972). [0 0] As the saturated
al i phat i emhydeoear ben it@pds@d on the amount of each monomer to be
supplied in the case of copolymerizing two or more
monomers selected from'ethyléne and o-olefins having 3 to
10 20 carbon atoms. However, in the case of copolymerizing,
for example, ethylene with an o-olefin having 3 to 20
carbon atoms, the a-olefin is supplied in an amount of
typically 0.015 to 0.15 mole and préferably 0.02 to 0.08
mole based on one moele of ethylene.
15 [0067f In the present invention, the saturated

aliphatic hydrocarbon in a vapor-liquid mixed state is

introduced together with the 'polymerizable monomer from

the bottom of the reactor to ﬁonduct the above reaction.
Specific examples of such - a saturated aliphatic
20  hydrocarbon include saturated aliphatic = hydrocarbons
having 2 to 10 carbon atoms such as ethane, propane, n-
butane, i—butane; .n~pentane, i-pentane, hexane, heptane,
octane, nonane, decane, 2,2-dimethylpropane, 2,2~
.dimethylbﬁtane, 2,3—dimethylbutane, 2,2,3—trimethyibutane,

25 Z2-methylpentane, 3-methylpentane, 2,2-dimethylpentane,

3,3-dimethylpentane, 2,3-dimethylpentane, 2,4-

dimethylpentane, 2-methylhexane, 3-methylhexane, 4-
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introduced in-a vapor-liquid mxed state into the reactor, 20 30 August
2006 . those whi ch have a higher boiling point than t t aliphatic
hydr ocarbon to be introduced in a gaseous state intgﬁ%zg%pégéﬁgﬁ and are
easi |y condensed when cooled in a heat exchanger -or the |like are selected.
~As the saturated 5 aliphatic hydrocarbon, for exanple, i-pentane,
n- pent ane, hexane or heptane is preferable and these hydrocarbons may be
~used in conbination. [0071] In the present invention, when using the
saturated aliphatic hydrocarbon to be introduced in a 10 vapor-liquid
ni xed s@%?@yigeﬁ%%%ination o endiRetlyieRRRe- al i phat FEChYBFBEARBON to be
i ntroduced.in a gaseous state, . especially,  a conbinati on of ethane and
| pent anEChPhE ARt i APOR I RANE "ahc Hex&HES [ &Y bF &P bPRBRGAHSed. [ 0072]
In the gonmposition (th i.s, substantially t 15 .conposition of the gas
~of the 5?5?%i2§§?885 rgggF?on%a§§§§énf dﬁgbhgfgé?ﬁ?%ﬂnt?é9$%ac?5?, t he
concentégék%9a§i the saturated aliphatic hydrocarbon in the gas is

typi cal Ty about % to 30 nol % and preferably about 5 to 20 nol % though it
di ffser s ggpgndi ng ofy t hghupheteah CapboR: 20nat ops Jiixdhe sakyr abed

al i phattc hydrocarbon, polynerization tenperature, the flow rfate of the
fluidi ziagpgag and khechi kesidP0€3o Abso,maensusrgtlle saiphated

ali phatic hydrocarbon to be introduced in a vapor-liquid mxed state 25
in conbhpatboarbbiid, t he sabyrabved ajdphaiie] hidimcar honhyordearibenoduced in
a gaseous state, it is preferable that
' is 1introduced in &a vapor-liquid mixed state into a

polymerizing vessel and the other saturated aliphatic
10 hydrocarbon is introduced in a gaseous state into the

polymerizing vessel. In this case, as the saturated

aliphatic hydrocarbon to be introduced in a gaseous state

into the reactor, ethane,'propane, n-butane, i-butane, i-

penténe, n-pentane, hegane or the like is preferable and
15 these may be used in combination.

[0069] Here, the gaseous saturated aliphatic

hydrocarbon means 'that substantially all the saturated

.aliphatic hydrocarbon exists as a gas phase, specifically
99% or more of 100% of the total saturated aliphatic
20  hydrocarbon exists as a gaseous phase, namely, means that
the wvapor fraction is 0.99 or more. The ratio of the
existence of the gas phase can be obtained from the wvapor-
liquid equilibrium constant K; based on the méthod of
Soave~Rediich—Kwong reported in

25 Chem.Eng.Sci.,27,1197(1972).
”'[0070}_ As the saturated aliphatic hydrocarbon to be

introduced in a vapor-liquid mixed state into the reactor,

20




the concentration (saturated aliphatic hydrocarbon to be 21 30 August 2006

introduced in a gaseous state)/(saturated aliphatic boyhd o be
introduced in a vapor-liquid mxed state) in the dis€%2$§@%£gas(%e 60 to

100% by wei ght. [0074] Although the saturated aliphatic hydrocarbon is i i
5 introduced together with the polynerizable nononer into the reactor from
the supply line through the supply port of the bottomof the reactor in
usual as aforenentioned, these hydrocarbons nay be introduced fromthe
sane p[% di fferent places.

ly fr. 10 [0075] Th
ey EBG s o e Ra Ry oo Mttt o RO eE of 77 e85, St BGaFPEm
a-olefini.hgving g#t 2%,%%Eb n at oms mhicg ol, nerizaéiqg istc?ryigd out
in the 8 &B8ACS YARE S a edD%J?%E5??8 Rydrocal bdh® on 't hd“fIGi di zed-
bed i i.rabl ied t d . i1 1 i zati
bed 15, JRER" ALY (BaLoRd 9 4AISs e COLLLEN, o6 19, BBLATRE 2t on

pol ymer h,zati encharperaby e naf 1itxpiGal 19612040y 1306, 9ﬁ8;|§%?@k¥té9 to 120C

and nore preferably 70 to 110C though these conditions er dependi ng

on the LYRBhARdcPIORAIILbR, OF&fi Bxhaphe, 20 RAlwBHd Zed-pbheanepportion
of the saturated aliphatic hydrocarbon and the fluid condition of the

flui di zrdxbhad. or[ B@PEhnENE sahoeEr caepAley NBId Z8id &0 NrbeagBdhis edagut - in
the presence of a nol ecul ar wei ght regul ator such as hydrogen nol ecul e
accor di hg tieetihénneedbandtibe.regul ator 25 may be supplied froma desired
pl ace. {0071] In the present dinvention, when using the
saﬁurated aliphatic hydrocarbon to be introduced in a
10 vapor-liquid mixed state in combination with the saturated
aliphatic hydrocarbon to be introduced in a gaseous state,
especially, a combinatiqn of ethane and i-pentane or a
dombination of ethane and hexane is preferably used.
-[0072] In the composition (that is, substantially the
15  composition of the gas of the fluidized-bed reaction
 system) discharged from the reactor, the concentration of
" the satufated aliphatic hydrocarbon in fthe‘ gas 1is
typically about 2'£o 30 mol% and preferably about 5 to 20
mol% though it differs depending on the number of carbon
20 atoms in the saturated aliphatic hydrocarbon,
?olymerization temperature, the flow rate of the
fluidizing gas and the like.
[0073] Also, when using the saturated aliphatic
hydrocarbon to be introduced in a vapor-liquid mixed state
25 in combination with the saturated aliphatic hydrocarbon to

be introduced in a gaseous state, it is preferable that

the concentration (saturated éliphatic hydrocarbon to be
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[0077] The saturated aliphatic hydrocarbon as aforenmentioned is a

non- pol ynmeri zabl e hydrocarbon. Wen 22 30 August 20 A& uks Age supplied
to the reactor, it is not consunmed by the polynerization®reaction, but is
typically withdrawn fromthe discharge |line together with the unreacted
pol yneri zabl e nononers and circul ated as the fluidizing 5 gas to the
reactor. [0078] Specifically, this discharged gas may contain the

. saturated aliphatic hydrocarbons in a total anpbunt of 0.8 to 80 ol %

~to rem)}G

however, this ampunt differs depending on the nunber of carbon atons in
t he -sat tRBFedUaPTphath ¢ 210 FRRFVtar bSHatEOd7AoptHReteds of SLRBRERE from the

reactor._ i typically introduced into_a heat exchanger. and cooled. therein
EIRRFY AR 2at f onPheat TRHIFEFRS cHReur at EAPOBSL TRE S rRHTSRi ng gas

to the reactor.fr the_ s ly,15 rt. Th rated aliphatic hydrocarbon
cool ed THAERE heble cERangRr¥d S o Phetrs Tl ooy Sy HeRRTS Vapor- T iqui d
mixed stghgafo Lhe £LACLIAN SSLEm el the; oMl sehalge- gas by clrcul at ed
to the reactor in this manner, a part of the di scharge gas nmay be purged.

20 [5008D)+ - 5ahBEq P hdNVERLHOMhd Ne;MIRoul Ay Mei gBhom@k thersesul ting
ol efinic polynmer may be adjusted by changing the polynerization condition

such aSthQOE%E%%b%atiﬂﬁht@W@eé§F§&§ ari @yt Recash ughed dnppigongsetling the
~amount of hydrogen nol ecul e (nol ecular 25 weight regulator) to be used.
of the bottom of the reactor in usual as aforementioned,
these hydrocarbons may be introduced from the same place
or separately from different places.

10 .[0075] The polymerization of ethylene and at least one
a~olefin selected from o-olefins hawving 3 to 20 carbon
atoms which polymeriﬁatiqn is carried out in the presence
of the saturated aliphatic hydrocarbon on the Ffluidized- -
bed is desirably lcarried out wunder the coﬁditibn of a

15 - polymerization pressure of typically 0;1 to 10 MPa and

| preferably 0.2 to 4 MPa at a polyﬁerization temperature of
typically 20 to 130°C, preferably 50 to 120°C and -more'
preferably 70 to 110°C though these conditions differ
.depending on the type and proportion of olefin ;o be |

120 polymerized, the proportion of the saturated aliphatic
hydrocarbon and the fluid condition of the fluidized bed.
{0076]" The above copolymerization may be carried out
in the presence of a nmlecﬁlar weight regulator such as
hydrogen molecule according to the need and the fegulator

25  may be sﬁpplied from a desired place. |

[0077] The saturated aliphatic hydrocarbon  as

aforementioned is a non-polymerizable hydrocarbon.' When
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- [ 0081] As aforenentioned, the gaseous saturated aliphatic hydrocarbon and
the saturated aliphatic 23 30 August 2006 hydrocarpgpﬂkgugtv -liquid
"m xed state are introduced into the reactor to polynerize ethylene and at
| east one a-olefin selected froma-olefins having 3 to 20 carbon atons,
'so that | ow nol ecul ar wei ght conponents in the 5 produced pol yners . are
renoved by these saturated aliphatic hydrocarbons, whereby a pol yner
having the greatly reduced content of n-decane-sol uble conponents can be
obtai ned, . Al so, the palynerization heat of the fluidized bed n be
removedtby 1hETCE SMPREART Jf° t Hee shedraPEd aFi pRatiat %‘HIW?:FF% ¥ bon

introd di or-liquid m xed stat 008 l h t i ti
the. of oFRTi POV | FERRGPRe proberts of VR AbAT: OOt Qb8VR 1o
obtaineg, in Lhe case gl sl ng a metallosene tung cajial yst, thoughy the
pol yner T 281 on' 'as aforenenti onéd nmay b carried out using-a W de range

of catalys ekﬂ%ﬁlés nﬁaar{dgﬁ/ﬁsél S 2@ cf%@éd&ﬁ‘&d Paly ”Eh'lezg%iﬂ‘dfk'f g as

Zi egl er” type catal ysts, p type chrom um oxi de catalysts an

‘net@Ilo§§§etgy@§e catalysts. Specific exanples of the netallocene type
‘catal ysis preferably used in the present invention 20 include: [0083] (A

met al | ogcgogggonpounsise Of ridansy f | @RiketRl SchselRbt gdsf e toentdBngroup in
the periodic table;, and [0084] (B) (B-1) organic alum num oxy conpounds;
[ 0085] {Be2patuganid alluphauhc digpbindsiband 25 086kl Bnd)urstt dfast one
conpound sel ected from
0.8 to B0 mol%, however, this amount differs depending on
the number of carbon atoms in the saturated aliphatic
10 hydrocarbon.
.{0079] The gas discharged from the reactor is
typically introduced inté a heat exchanger and cooled
rtherein tO-remdve polymeriéation heat and then circulétéd
as the circulating' gas to the reactor from the supply
15 port. The saturated aliphatic hydrocarbon cooled in the
heat exchanger at this time is circulated in a .vapor—
-liquid mixed state to the reaction system. When the
discharge gas is circulated to the reactor in this manner,
a part of the discharge gas may be purged. |
20 [0080] In the present invention, the molecular weight
of the resulting olefinic polymer may be adjusted by
- changing the polymerization  condition such as
.polymerization temperature or may be adjusted by
,controlling the amdunt of hydrogen molecule {(molecular
25 welight regulator) to be used.

[0081] .As aforementioned, the gaseous saturated

aliphatic hydrocarbon and the saturated aliphatic
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conmpounds which react with the netall ocene conpound (A) to forman ion
. pair. 24 30 August 2006 [0087] ((A) Metall ocene conpqug)ugg ¢ The
“metall ocene conpound (A) of transition metals selected r
in the periodic table are specifically represented by the foll ow ng
formula (i). 5 M, (i) wherein Mrepresents a transition netal selected
fromZr, Ti, H, V, Nb, Ta and Cr, L represents a ligand coordinating
with the transition metal wherein at least one L is a ligand having a
cycl opent adi eny] structure and 10 L .other than the ligand having a
cycl opefR¥4aPERYPORs tithc urVd@Rod & Yipdb geheed oft2&Ch & iGyeh b oyced

“om the 1VB group

hyd b havi t 2 b t , | ko , |
-g)r(oLB?aélnggi %ﬁjq@ufﬁ?aﬁ%ﬁggrﬁap%é) ygl%%[i?%n %ﬁ%ﬁﬁaﬁg %)é%/sle%{%li%%gn aryt oxy

b . i ch h b hal d
Cpr oscir SIpRER MU S LEohr koo FoERET: FolThan of “Cp0ot) SRS 1 gand

-represents € atomc val ueof t

~having QtSﬁQLOp&Qt agll yllov?-%t:;éﬁcjfﬁlear a'vJ@i'rge}ﬁb%%h@%%ﬁt%yCthe adi enyl

groups such™ "as a cycl opent adi enyl "group, yl'cycl opent adi enyl group,

di met hyLeygl,opgnbadieRYs FhURberldWdBY |Gy OPet @l €0y | 51 JERMP: ¢
tetranet hyl cycl opentadi enyl group, perntanethyl cycl opentadi enyl group,

et hyl cyelapent agbaBy| wheirewR, amMpidiyhei 6361 pretd agh-&nyl v Of Sdibeed
propyl cycl opent adi enyl group, methyl propyl cycl opentadi enyl 25 group,
but yl cycbopent adienyl-dgrawme-soluble components can be obtained.
| Also, the polymerization heat of the fluidized bed can be
‘removed ‘by the latent heat of the saturated aliphatic
10 hydrocarbon introduced in a vapor-liguid mixed state.
[0082] © In the present inveﬁtion, the olefinic polymer
fulfilling the properties,as mentioned above is obtained
in the case of using a metallocene type catalyst thoﬁgh
the polymerization as  aforementioned may be carried out
15 using a wide range of catalysts known as catalysts for
ethylene polymerization such as Ziegler type catalysts,
~ Philip type chromium oxide Cafalysts and metallocene type
catalysts. Specific examples of the metallocene type
~catalysts preferably wused in the present invention
20 include:

[0083] (A) metallocene compounds of transition metals

selected from the IVB group in the periodic table; and

[0084] (B) (B-1) organic aluminum oxy compounds;
[0085] (B-2) organic aluminum compounds; and
25 -[0086] (B-3) at least one compound selected from

compounds -which react with the metallocene compound (A) to

form.an ion pair.

24
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met hyl but yl cycl opent adi enyl group and hexyl cycl opent adi enyl group,. an

- indenyl group and 4,5,6,7-. 25 30 August 2006 tetr | group and
~a fluorenyl group may be exenplified. These groups ﬁgg%%ghggggﬁ#%uted W th

a halogen atom trialkylsilyl group or the Iike. [0090] Among these

. groups, alkyl substituted 5 cyclopentadienyl group is particularly
"preferable. [0091] Specific exanples of the |ligand other than the |I|igand

having a cycl opentadi enyl structure are as follows. .Exanples of the

~ hal ogen _include fluorine, chlorine, brom ne and iodine. Exanples of the
“hydrocal8887droup 16 (RaviiR§ailepeene €aPBEHE! ons i ncl ude al kyl groups such

Sforg?t Eébﬁ%@?‘é%’i S&BéLS%B%EIa & ZLsB%ﬁ%?hdi Sﬁﬁiﬁpéﬁdgiﬁﬁfaﬁﬁ%vbéﬁﬁ'up, h
ZéyEeﬁig‘?\%‘e%%%fsoe&gescatﬁeaf2%5%%3%E " e 28 0P fplge%afa Eé?l%%%:’p?nii’ﬁde
met OXYagroggecﬁ%‘géXI Foup.ang, ggogg nguﬁoléggﬁﬁg e3rRh1k ?%ny oxy

p of "the

group inclu €noxy gr oup. -Exanpl e roup rnclu p-t ol uene
sul fjpnate grgyp, nethane sulfopg e group and trifluoronethane 20
sul fonate group. [0092] When the conpound represented by the above general

formul ayhaget WO MO dPF WP BAYhBYt BonCYlapeniadiany Stdwiczpre, two
groups of those groups having a cycl opentadi enyl structure nay be bonded
"W th 25Teachnat herv,t hrasgh ea abkyl ege, gr aup Sdieheasited hyd eneigénd
coordinating with the transition metal wherein at least
one L is a ligand having a cyclopentadienyl structure and
10 L other than the ligand having a cyclopentadienyl
structure is a hydrogen atom, a | halegen atom, a
hydrocarbon group having 1 to 12 carbon atoms, an alkoxy
group, an aryloxy grOup}Wé trialkylsilyl group or a SOﬁK
-group (where R is a C;.Cg hydrocarbon group which may have
15 a substituent such as a halogen) and x represents the
atomic value of-thé transition metal.
[(0089] As‘ the ligand having a cyclopentadienyl
structure, alkyl substituted cyclopentadienyl groups sUch
as a cyclopentadienyl group, methylcyclopentadienyl group,
20 dimethylcyclopentadienyl group, trimethylcyclopentadienyl
- group, tetramethylcyclopentédienyl group,
pentamethylcyclopentadienyl group, ethylcyclopentadienyl
- group, methylethylcyclopentadienyl , group,
propylcyclopentadienyl.group, methylpropylcycldpentadienyl
25 group, butylecyclopentadienyl group,
methylbutylcyclopentadienyl group and

hexylcyclopentadienyl group,. an indenyl group and 4,5,6,7-

25




prbpylene, a substituted al kyl ene, group such as isopropylidene or

di phenyl net hyl ene, a silylene group or 26 30 August §?9@~ §FQﬁk%tUted
silyl ene group such as dinethylsilylene group, dlphenyIS|Py ene group or

met-hyl phenyl si |l yl ene group. [0093] The netal | ocene conpounds cont ai ni-ng
such a ligand having a cycl opentadi enyl structure are represented 5 nore
specifically by the followwing fornmula (ii) when the valence of the
transition nmetal is, for exanple, 4. R2 31R4AnR5NM (ii) wherein Mrepresents
‘the fore transition netal, resents a grou | i gand) having a
cyclopeﬁgg gﬁ FOLRECRY} ucPhPEP RéndR4g %fﬁﬁr?ﬁﬁgesﬁg?&ﬁroﬁﬁg ha%ing a
cyclopentad|$g¥ tructure or other groups as orenentioned, k denotes an

integer “6f "2 fe and KF FRT + W? [ﬁﬁgifltﬁtﬁﬁe Br&Bent _
|nventl?Qiaggﬁagkgﬁengrggﬂgggggixé1g§08§r8§eQE§d R2kR31R4nR5fM in which

at | eas for éxanp "R4 and R5 are groups
(i gandspobgyi ng a gyshopentadienyl stoyskure ‘?arl@cylpref§ﬁﬁ§{:¥%ﬂ§§&l These

groups having a cycl opent adi enyl stfucture may bé bonded w th each other

't hr gughcaB188e 8tk 891 05058 igbgbktﬂ&ﬁﬂa%h§yb§@§egaeye; silyl ene group
or substituted silyl ene group. Exanpl es of the netal | ocene conpounds

as afofreaeniioned, smétenflépezampcalsl B Mhes lzigag¢@nidifer | figdudehe

bls(cyclopentadlenyl)2|rconlun1d|chlor|de 25 _
~ bi s(cyclbpgentiataenyy) 2i cyodiopendisdtienyde, structure are as follows.
| | . Examples of the hélogen include fluorine; chlorine,
bromine and iodine. Exampies of the hydrocarbon group
10 having 1 to 12 carbon atoms include alkyl groups such as
methyl group, ethyl group, propyl group, isopropyl group
and - butyl group; cycloalkyl groups such as cyclopentyl
- group and cyclohexyl group,- aryl groups such as phenyl
group and tolyl group and aralkyl groups such as benzyl
' iSl"group and neophyl group. Examples of the alkoxy group
include methoxy group, ethoxy group and butoxy group.
Examples of the aryloxy group -include phenoxy group.
Examples of the SO3R group include p-toluene sulfonate
group, methane sulfonate group . and trifluoromethane

20 sulfonate group.

| [0092] Whe.n the Corﬁpound represénted by the above
general formula has two or more groups having a
-cyclopentadienyl structure, tWo groups of those groups
having a cyclopentadienyl structure may be bonded with
25 each other through an alkylene group such as ethyliene or

propylene, a substituted alkylene  group such as

isopropylidene or diphenylmethylene, a silylene group or
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bi s(cycl opent adi enyl ) di net hyl zi r coni um

~bi s(cycl opent adi enyl ) di phenyl zirconium 27 30 August, @qg%_ 06 7
bi s(cycl opent adi enyl ) di benzyl zi rconi um bi s(cycl opent adi e yF )zirconi um
bi s( met hanesul fonate), bis(cycl opentadienyl)zirconium

bi s(p-tol uenesul fonate), bis(cyclopentadienyl)zirconiumb5
bis(trifluoromethanesul fonate), bis(nethylcyclopentadienyl)zirconium
di chl oride, bis.(dinmethylcyclopentadienyl)zirconiumdichloride,

bi s(et hyl cycl opent.adi enyl) zi r coni um di chl ori de
bi s( et [y %éﬁﬁ BE§€| Hadi% B r B&Th uRS dFéRPSPivdeilydene group,
dIC | ori.de,

E} ZEE&?%P&% 3%33&?%%%2%5&%&%&?'%%% SnpU i Siterde, 970
!S( Utﬁbpgﬁgspentaghgny$%?%%§$?éHg1 ééﬁﬁéﬁﬁé&ﬂcwl alnlng such a

bi s( et | cycl opénta Zircon

E bi
R e A T %?ﬁ??goﬁ%‘%mreﬁ.rﬁ%%%
b'SQﬂ Smbré- tgldAapdainden |k%erQm}Hﬂ1§BC@59ﬁ (ii}). when the

bi s(fluorenyl)zirconium'dichloride, ‘ethylenebis |ndenyl )zi rconi um

di chl or vdgencet byl enebitghnrdenyh) akta@niym ¢obr eibaele,2Q .
ethylenebls(lndenyl)dlnethyI2|rcon|un1

i sopr opyl i dene{&yd‘arent adi enyl - f 1 uor eiy) ) zi rconi.um di chl ori de,
i sopropylidene(cycl opent adi enyl - net hyl cycl opent adi enyl ) zi r coni um
, d|chIorWUerednnﬁthypresehybenhbl§©c9gbmpgntadnemyhbnlmenaﬂunRalchlorlde, 25
d|nethyIS|IyIeneb|s(nethylCXCIopentadlenyI)2|rconlun1 .
represents a group igand) having a cyclopentadienyl
10  structure, R?, R* and R® represent groups having é
| cyclopentadienyl structure or other groups as
“aforementioned, k denotes an integer of 1 or more and k +
1l 4+ m+ n= 14, | |
[0094] In the present invention, metallocene compounds
15 .vrepresented by R%R*RLR%M  in which at least _two, for
example, R®’ and R’, among R?’, R’, R* and R® are groups
{(ligands) having a cyclopentadienyl structure  are
preferably usgd. These groups having a éyclopentadienyl
Structure may be Dbonded with each other through an
20 _élkylene group; substituted alkylene group, siiylene group
or substituted silylene group.
[0095] Exaﬁples of the metallocene compounds as
aforementioned,  when, specifically, M is zirconilum,
include bis(cyclopentadienyl)zirconium dichloride,
25.-bis(cyclopentadienyl)zirconium ' | ' dibromide,

‘bis(cyclopentadienyl)dimethylzirconium,

_bis(cyclopentadienyl)diphenylzirconium,.
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di chl ori de, dinethylsilylenebis(dinethylcyclopentadienyl)zirconium 28 30
August 2006 .- di chl ori de, d|nethyIS|Iernebls(lndenyl)ijéﬁgﬂgtwaody chlori de,

~di et hyl si | yl enebi s(2- net hyl i ndenyl ) zi rconi um di chl ori

di met hyl si |l yl enebi s(2- net hyl - 4- |sopropyI|ndenyl)2|rconlun1d|chlor|de 5
di met hyl si | yl ene(cycl opent adi enyl -f |l uorenyl ) zirconi um di chl ori de,

di phenyl si | yl enebi s(i ndenyl ) zi rconium dichloride and

met hyl phenyl silyl enebi s (indenyl) zirconium dichloride. [0096] It should
be noted that in the above exanples, 10 the di-substituted formof a
cyclopeh%ﬁ&?éﬁypp?nhgdlﬁﬂﬁﬂh@é@enzzlzaﬁﬁomlgmdlsubstltuted forns and t he
tri- substitution formof a cyclopentadi enyl ring includes - and
1,2, 4- t P8 UBEEL PRENBALE B i) ZAF§BH1P%e aIkyIbl@ﬁ@ﬁbgagﬁéﬁlggn%F%byl and
butyI i ncl soners such and_tert [ 0097]
Coryourics bt st OAnbIASHREL | LTI coni B (A EHHFEPEARLERTRGS hi um
vanadlu]Cé |obi ngngg Rgnu or chrgnlunlln the metal | ocene conpounds as
ment i oned é%% ©p exenpt F Freda ™20 [0098] In the present invention, as
the5net@1gQEggglugggB?yﬂgnééglfgﬁgfgglun1npta|Iocene conpounds havi ng a

| i gand contal ning at two cyclopént adienyl structures are preferably
used. [QQQ%&eth§éy8§&§éh98&9@n§9ﬂ?9989ﬁiﬁﬁ) may be used;-gpoalgae or in

~conbi nation of two or nore.

bis(dimethylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl}zirconium . dichloride,
bis(methylethylcyclopentadienYl)zirconium. dichloride,
10 bis(propylcyclopentadienyl)zirconium dichloride,
bis(methylprcpylcyclopentadienyl)Zirconium dichloride,
bis(butylcyclopentadienyl)zirconium - dichloridef
'bis(methylbutyicyélopentadienyl)zirCOnium dichloride,
bis(trimethylbyclopentadienyl)zirconium dichloride,
.15 biS(indenyl)zirconium, dichloride, bis (indenyl) zirconium
dibromide, bis(4,5,6,7—tetrahydroindenyl)zirconium
diéhloride, bis(fluorenyl)zirconium dichloride,
ethylenebis(indenyl)zirconium. dichloride,
ethylenebis (indenyl)zirconium - dibromide,

20 ethylenebis(indenyl)dimethylzirconium,
isopropylidene (cyclopentadienyl—-fluorenyl)zirconium
.dichloride, : isopropylidene (cyclopentadienyl-
methylcyclopentadienyl) zirconium dichloride, dimethyl
silylenebis(cyclopentadienylfzirconium dichloride,
25 dimethylsilylenebis (methylcyclopentadienyl) zirconium
- dichloride,

dimethylsilylenebis (dimethylcyclopentadienyl) zirconium
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[0100] ((B-1) Organic al um num oxy conpound) [0101] The (B-1) organic

al um num oxy conpound may be 29 30 August 2006 a copyednidarabhyes known
benzene-sol ubl e al um noxane and al so a benzene-insol ubl e organi c al um num
oxy conpound as disclosed in the publication of Japanese Patent

Appl i cation- Laid-Open No. 2-276807. 5 [0102] This alum noxane may contain a
smal | anmobunt of organic netal conponents. Al so, an al um noxane obtai ned

by deconposi ng sol vents or unreacted organic alum num conpounds from a

recover lumi:ngxane sol ution,. by .di.stillation may be ysed by .
're-dissgﬁﬁgﬁgﬂaqgﬁn a solventglﬁéﬁﬁ¥ﬁiﬁlxﬁ = §lé8§83#351§f§ﬁﬁwgb of the
or gani c 4; ) co i Rroduction.of. al uni noxane are those
describéﬁﬁ#gggakgg tE@gg%ggﬁ?%qéﬁgﬁ$%%ﬁgggnﬁgﬁﬁgﬂlpgﬁﬂy.)fﬁ§§8n&8Wpounds

my be gsethligrigenbi nation of two gﬁmgg%§1§3%§?§5%ﬁ%§dbg%g%kSQEQQg t hese

conpounds, a trialkylalumnumand tricycloal m are rticularly

pref er aikseprio@lA5habhnga,) zihedhanzene- i nsol ubl e or gani.c ahuﬁhggqaﬁoxy

conpound contai ns an al umi num conponent soluble in benzene at 60C in an
anount . dfime@¥ydrs ilgdenefrebenpbny 25%0:2¢ 10 1h:@3engnd zpatbingwhar | y preferably

~2%or less as an Al atomand is insoluble or hardly soluble in benzene.
- [0106] Thehdelrdbielity of suchdaphengasiityakusbhnymiodynytorpeusdiun benzene
i's determined in the foll ow ng manner. Specifically, the organic al um num
oxy conpéghdostideoo @8l mpetbylphenylsidpérdetisiia@onyl) ol rbentene and
then dichloride.

[0096] It should be noted that in the above examples,

10 the di-substituted form of a cyclopentadienyl ring

 includes 1,2- and 1,3-disubstituted forms and the tri-

'7 substitution form of a c¢yclopentadienyl ring includes
1,2,3- and 1,2,4-trisubstitution forms. Also, the alkyl
groups such as propyl and butyl include isomers such as n-

15 , 1i—-, sec- and tert-isomers.

[0097] Compounds obtained_ by substituting zirconium
with titanium, hafnium, vanadium, niobium, tantalum or
chromium in the metallocene compounds as mentioned above
may be exemplified.

20 [0098] In the present invention, as the metallocene
compound (A), zirconium metallocene cOmpoundé having a
ligand containing at least two cyclopentadienyl structures
are preferably used. |
{0099] These metallocene compounds (A} may be used

25 alone or in combination of two or more.

- {0100] ~ {(B-1) Organic aluminum,oxy_cdmpound)

[0101] The (B~1} organic aluminum oxy compound may be
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nixed at 60C for 6 hours with Stirring. The suspension is subjected to

filtration using a jacketed G5 glass filter 30 30 A @%}guggogo%aat 60C
under heating and the solid part separated on the filter 7s washed with 50
m of benzene at 60C four tines. Then, the existing anount (x nmol) of Al
atons present in the entire filtrates is neasured (x%. 5 [0107] The
organi ¢ al um num oxy conpound (B-1) nay be used alone or in combination of
two or nore. [0108] ((B-2) Organic al um num conpound) {Oloﬁ] Ihﬁlorganlc
al um num conpound .( B- is, represented by, for exanple, the foll ow ng
formul a®(i (1)V"10 ﬁfﬁ X3 KRR i PERFENSTROLHB Por APBLPPERNE ReNflepr esent s
a hydrocarho 1aV| 0 12 carbhon.atonms, X represents a hal ogen
aton1or%%ﬁgrgbé%&gggﬁggﬁ#%ﬁéﬁ$%t8§gﬁﬂbﬁb§#uﬁﬁ8ﬂpl9§¥3?°m?%ﬁﬂ%]aFn thi2
above f gk Wi)i.RL res . ydr gear ban_gr ou ayi to
- carbon g%g#gés%gr %Qaon§9 anEgF§§?33?8gp, §§clo§?§ypeﬁgoup¥8£g3%yl group

and spegbbil¢ahky oRELAYh-BHEHPNLET By 7gBBYD, n-propyl group, isopropyl
group, isobutyl group, pentyl group, hexyl group, octyl group, cyclopentyl

group, ¢ptbahexyl 2RigraupminbeArk @EQUR ARG it0lY| sl PUPamb Q3L 1l £Specific
exanpl es of the organic alum num conpound (B-2) like this may include

“trial kybabeniinumetauchomsohehtet hyl 2l s nem dinintrivsaldinbBYRY ned

~triisopropylal unmi numand triisobutylalum num 25 al kenyl al umi nuns such as

- i'sopr nyb#l udenompodingkysaluanham or unreacted . organic aluminum
éompounds from a recovered aluminoxane solution by
distillation may be used by ré—dissolving it in a solvent.

10 [0103] Given as specific examples of the organic
aluminum compound used in the production of aluminoxane
are those described later as the.organic aluminum compound
(B~2). These compounds méy be used in éombiﬁation of two
or more of them.
15 [0104] Among these compounds, a trialkylaluminum and

tricycloalkylaluminum aré particulaily preferable.
[0105] Also, the benzeneninsoiuble organic raluminum
OxXy compound contaihs an aluminum component soluble in
benzene at 60°C in an amount of 10% or less, preferably 5%

20 or less and particularly preferably 2% of less as an Al
atom and is insoluble or hardly scluble in benzene.
[0106]7 The solubility -of such an organic aluminum oxy
compound in benzene is determined in the following manner.
Specifically, the organic aluminum oxy compound of 100

.25 mmol of Al is suspended in 100 ml of benzene and ﬁhen

mixed at 60°C for 6 hours with stirring. The suspension is

subjected to filtration using a jacketed G~5 glass filter
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hal i des such as di-net hyl al um num chl ori de, diethylal um num chloride,

di i sopropyl al um num chl oride and 31 30 August 2006 gbiﬁgﬁggybgé@ninum

chl oride; al kyl al um num sesqui hal i des such as nethyl al um™num
sesqui chl oride, ethylal um num sesquichloride and

i sopropyl al um nunsesqui chl oride; al kyl al um num di hal i des such as _
nmet hyl al um num di chl oride, 5 ethylal um num di chloride and isopropylal um num
dichloride; and al kyl al umi num hydri des such as di et hyl al um num hydri de

and diisgb alum n hydride. [[0112] Al.so, as the organic¢ al um num
conpohh %(%%%k,Lg%%ﬁ%gﬁ% l%% %ﬁ%mﬁﬁﬁiﬁﬂﬁiicﬁ$%ﬁjﬁ%p? o I ao??$ﬁenay be
10 dec; j it f I i R ..o he sane as above, Y
| reprzgeﬁggkgﬁlX%ﬁgﬁ%%%%%%p§%§[%%fESSO§;g%ﬁ%egﬁvgéAfﬁ4§ tf8P5u G\ =)
- group, #Si OUp- A= IO o] nber of 1
?o g? Rg?en !%%% g%d Régﬁ%s%%ﬁﬁﬁgéf%R%%ggReg§%¥%§e$%§ﬁggég§%$nggﬁ?l group,

I sopropyhegeaubre £30R¥hYls0rQUReaGYCLANEXY], group or phenyl group, RS
represents a hydrogen atom nethyl group, ethyl group, isopropyl group,

phersyl gomap] trinerhyl sirhyhigr euRmahuhe:R0 dddgoand RE-BNInRY be
respectively represent nethyl group or ethyl group. [0113] Anbng these
conpoundsedaalonal kyl ahurionbinias i opr effettabl @ rapdrkr.i i sobutyl al um numi s
 particuIarIz preferable. 25 [0114] These organi c al um num conpounds (B-2)
may be [0108] {{B=2) Organic aluminum compound) ,
{0109] The organic aluminum  compound (B-2) Vis
represented by, for example, the following formula (iii).
10  RLALXg, | (iid)
| .wherein the formula (iii), R' represents a hydrocarbon
group having 1 to 12 carbon atoms, X represents a halogen'
atom or hydrogen atom and n denotesma”number”froﬁ“1“tb'3.
[0110] In the above formula (iii),_ R} represents a
15 hydrocarbon group having 1 to 12 carbon atoms,- for
example, an alkyl group, cycloalkyl group or éryl group
_and specifically methyl group, ethyl group, n-propyl
group, isopropyl group, isobutyl grdup, pentyl gréup,
hexyl group, octyl group, cyclopentyl group, cyclohexyl
: 20 group, phenyl group and tolyl group;
[0111] Specific. examples of the organic aluminum
- compound {B-2) like this may include triélkylaluminums
such as trimethylaluminum, triethylaluminum,
triisopropylaluminum rand triisobutylaluminum;
25 alkenylaluminums such as isoprnylaluminum; dialkylaluminum

halides such as dimethylaluminum chloride, diethylaluminum

chloride, diisopropylaluminum chloride - and
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used al one or in conbination of two or nore. [0115] ((B-3) Conpounds. which

-react with the 32 30 August 2006 netall ocene conpou o] m an i on
pair) [0116] Exanples of the conpound (B-3) which reag?ééfga%?h2§ﬁ% ‘

~ _netal | ocene conmpound (A) to forman ion pair may include Lewi s acids,

i oni ¢ conmpounds and car borane 5 conpounds described in each publication of
Japanese Patent Application Laid-Open Nos. 1-501950, 1-502036, 3-179005,
3-179006, 3-207703 and 3-207704 and in the specification of US 547718.
[0117] anpl e f the Lewi s acid jnclud 10 tr.iphenyl boraon, .

tri s(4- FrdeCEpramAy BeraH: tcr}ﬁ?(rp}-&et'ol ﬁl)%ﬁ&ra&h{m%%ﬁs( FASHWH ST
tris(3,5-. dinmethyl phenyl)boron, tris(pentafluorophenyl)boron, a2, A1203
and Si o%-u}igzcxa.gg[ oﬂ%?;{%{x%ﬁb%’%m%f t S%Jn?llf%]n‘g%und,eﬁ%ﬁ&aad@l\{%@

tri phenylkg [ tet raki ent af l,uor enyl .borate, . .
tri-n-butyﬁggﬁgﬁgggpgétrak%é?pentaf#%’%% g%ﬁl ﬁ&%&%ﬁ?gulChlorlde’

N, N- di nﬁﬂW'l%ﬁhHiﬂhﬁmc?ﬂHaﬂ@c%soe{/\f@ | uer ae@ﬁg}{g)ﬂ@?ﬁ@e aitioridec

ferroceni unt etra(pentafl uorophen orate. anples 0

car pr asehgoBERaHA s ulN & ikt o rdidogiegababapepyla tanPAHNAes 2PA 3N G ;

bi s- n-but yl anmoni um (1- carbedodeca) borate, tri-n-butyl anmoni um (7, 8-
di car baandeedkyienaire nand Hydritdrit yhaimesi Bithylaluminum hydride
(tridecahydride-7-carbaundeca) borate. [0120] These conpounds nay be used
al one o&nglndi25ocbonyilrdvmdnunf hiyver idke .nor e.

. [0112] Also, as the organic aluminum compound (B-2},

_ compounds as shown by the following formula (iv) may-be

10 used. |

R'%MALY 3 (iv)
wherein the formula (iv) R! is the same as above, Y
represents an -OR? group, an -0SiR% group, an -OAlR%,
group, a -NR% group, a -SiR%; group or a -N(R7)AlR%, group,

15 n denotes a number of 1 to 2, R’, R?’, R! and R® respectively
represent methyl group, ethyl 'group, isopropyl groﬁb,
isobﬁtyl group, cyclohexyl group or phenyl group, R®

| represents a  hydrogen atom, methyl ‘group, (ethyl group,
‘isdpropyl group, phenyl group, trimethylsilyl group or fhe
20. like and R® and R’ respectively represent meﬁhyl group or

ethyl group.

tOllBj Among these compounds, a trialkylaluminum is
preferable and triiscobutylaluminum is particularly
preferable.

25 [0114] These organic aluminum compounds (B-2) may be

used alone or in combination of two or more.

{0115] { (B-3) Compounds . which react with the
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[0121] In the present invention, at |east one conpound selected fromthe
_conponents (B-1), (B-2) and (B-3) as 33 30 August 20Qf m&%&&eg& ioned is
used as the co-catal yst conponent (B) and these conponents nay be al so

used in conbination adequately. It is desirable to use at |east the
conponent (B-1) or (B-2) anong these conponents as the co-catalyst .5
~conponent (B). [0122] In the present invention, it is desirable to use a
catal yst containing the aforenentioned netall ocene catalyst conponent and
.co-catal yst _conponent and tvy icallx%%& is preferred to use this catalyst

as a 10 ﬁﬁgPFgﬁﬁoﬁpggﬂﬂﬂﬂw At e éﬂ%%f“FSQQ%fkatalyst) made by

Form [ O83EE e he EEalBRE CBhpotit, CoBRR aBof) parTTR raeE Bl i d
vosd AR o Sy RSP oRlebing daT T ShCe: af B8 BRLEy R0l Iy 50
to 100Q,pB{,geand, &, POr € vqlyume of 0, 3 t%fognipgﬁ%%/ g'#glz%]a.rﬁ%gélﬁ%; aSi 02,

support, porous inorganic oxides aré pre use SpecCi
A1203, , i A )13 , . Fh h i or
I R R 2 e Y A2l e A

Si 02- V2@bp1 $:8216h2Ga iSOl MyO1andi1bhe, | i kesgy@sg usedq 74npRy t hese
conmpounds, those having Si 02 and/or A1203 as their major conponents are

- pref eraBFe79086] 01280 7THE3 abade IR U Candi de Nelye C@pbaification

of US-547718.

[0117] Examples  of . the Lewis  acid  include
10 - triphenylboron, tris(4-fluorophenyl)boron, tris{p-
tolyl)boron, tris{o-tolyl)boron, tris (3, 5-

dimethylphenyl)boron, tris (pentafluorophenyl)boron, MgCl,,

Al,03 and 8i0;-Al1,05.

[0118] Examples of the ionic compound  include
15 triphenylcarbenium tetrakis (pentafluorophenyl)  borate,
tri-n-butylammonium tetrakis (pentafluorophenyl) borate,
N,N—dimethylaniliniumtetrakis(pentafluorophenyl) borate

and ferroceniumtetra (pentafluorophenyl) borate.
 {0119] Examples of the carborane compound ,includé
ZQ .dodecaborane,-1~carbaundecaborane, bis-n-butylammonium {1-
- carbedodeca) borate, tri—nmbutylammonium - (7,8~-
dicarbaundeca) borate and tri-n~butylammonium
(tridecahydride—7—carbaundeca) borate.
[0120] " These compounds may be used alone or in
25 combination of two or more. |
[0121] In the present dinvention, at least one compound

selected from the components (B-1), (B-2} and (B-3) as
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~polynerization as it is, it may be used in

carbonates, sulfates, nitrates and oxide conponents such as Na2CO3, K2COB,
CaC8, MyC03, Na2SO4, Al2(S04)3, BaSO4, KNOB, 34 30 é 9%2}5%09506“9(“93)2’
Al (NO3) 3r Na20, K20 and Li20 in a small anount. [012 P Yhie Support,
organi ¢ conpounds may be also wused. For exanple, (co)polyners produced
using olefins having 2 to 14 carbon atons such as ethyl ene, propylene, 5
1-butene and 4-nethyl-1-pentene as the major conponents or polyners or
“copol yners produced using vinyl cycl ohexene and styrene as the nmajor
conponent_ may be used. [0127] It is desirable that the contact of the
suppor t 2TEETERE 1956Fe Bachiseshpafenthd scearcpited ystit aemponamt t giper at ur e
of typically -50 to 150C and preferably -20 to 120C for 1 m nute to 50
hours afd‘r EPEFSDI GORBCHERLEes™ D 128 Mok, YoaR8)in n mbisgitigncat al yst
prepared jn-the_ abov manner,. the netal |l ocene conpound (A) is preferably
15 supp8FEeyatilan a lﬁs(ﬁé%ﬁﬁ%b¥?t?PS%ﬁ%-ﬂtgﬁﬁﬁPtaFGﬁl§ﬁ@poﬁ@@¢erably
10-5 to ,2x10-4 gragpm atom as a transition netal er g of the _support and
~ the conﬁ%néﬁt(%%)??ggkrg é?%%lBhe%%p§8PP8BeP%Saﬁ£%nﬁéﬁtcﬁfcf6?§yF 5x10- 2

- gram at r rably 2x10-3 to 2x10-2 gram atom as an al um num at om or
20 gabo?gﬁggggﬁ?pg%?i g of the support. [0129] Further, in the present

i nventi gpa2ght houghthhenesobidseat ali&%nﬁ%ﬁ.oﬁi‘;{gr$gf%t§;)?@§gif%l@etBsed. for
pre-polynerized

cat al ystiskoraredaby1pee- RUMEIM ZNIthBe aforementioned metallocene
catalyst compenent and co—catalyst component and
typically, it 1is preferred.to use this catalyst as a

10 .supp_orted—-oﬁ—a—éuppdrt type catalyst (solid catalyst) made

by contacting these catalyst componénts with a support
compound in particle form.
[0123] ~ As  the suppdr’t compound, a granular or
particulate solid having a pafticle diameter of 10 to

_15 300pm and preferably 20 to 200um is used. This support
preferably has a specific surface area of typically 50 to
1000 mz/gA and a pore volume of 0.3 to 2.5 cm®/g.
. [0124] As such a support, porous inorganic oxides are
preferably used. Specifically, SiOz,. Al,03, MgO, Zr0,,

._20 TiOz, B.03, CaQ, Zn0O, BaO, ThO, and the like or mixtures of
these compounds, - for example, SiOé-MgO, 510,~A1503, SiO,-—
Ti02, Si02-V205, 8Si0,-Crz03, Si0;~Ti0O;-MgC and the l_ike are
used. Among these compounds, those having 85i0O; and/or
Al,03 as their major components are preferable.

2.5 [0125] The above inorganic oxide may contain

carbonates; sulfates, nitrates and oxide components such

as Na2C03, KQCO'_D,, CaCO3, MgCO3, Na2804, Alg(SO4)3, BaSO4, KNO3,
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25 ol efin thereon. [0130] In the present invention, the solid catal yst or
the pre-polynerized catalyst is preferably used in an Al t 2006

‘amount of typically 10 8 to 10-3 gramatom litter and301§gﬁq%écr E?@? to 10 4
gramatom | in ternms of transition netal/litter (polynerization volune).
[0131] In addition, although the conponent (B) may be 5 used or not when
using the pre-polynerized catalyst, it nmay be used, according to the need,
in an anount of 5 to 300, preferably 10 to 200 and nore preferably 15 to
150 in ternms of the atomc ratio of alum numor boron (A /transition,

met al  oM9BMNPe birsifth GWsret all§2Gro HaRe anth Itip@nant foAmadl apMPHIERe

pol yneri ég%l ?'n systgm 0132] The density (ASTM D150E) of the olefinic

pol yner 8581 ned i n®*Ehé& &0 P RRENer OF 2B &CIBINGS3E%Y t 8202939 g/ cnB
and nor referahly 0.880.to 0.930 cnB. 0133] When the olefinic polyner
is an et%ﬁyfjéne/ E%f%/ %ﬁ{%rflﬁ’%etop(&ojrpé%{ynlerﬁs 0558%9%’@?1 prEd abteiddt ai ns t he
structu uni t iyed fr et e_in.,an ampunt. of 87.0 tq 97.6 nol %
and prepglrvé Igy 298{?% ;{g éfgrg:@%l%}g%ﬁ% szé:h $t% u%?hubf%ﬁn%hi Prﬁglyﬁ\%l&’from

-~ a-olefi Asphavhag s34t -4 +pcarhQ Ltc%%i 0 2.4 nmol % and
20 preferably 10.ao to 3.2 ﬁr%l % lg)[631113 IC?S %ﬁ{@gﬂer n%?ééogﬁg?st K& ol efinic

‘pol ymer poligeeanbai eddla whirs ¢afd uackd rom Rl ¥enescantohbgehibkgnyn  an
anount gf 10% by wei ght g?Hé: es;ﬂ%r pr ef er abl y&g% by§ cw%?g%t o(re Iesé1 and

parti cubaykygnpr akethbl ya3o-byompbgBhtOhay be used.

[0127] It is desirable that the contact of the support
and the above each component is carried out at a
10 temperature of typically -50 to 150°C and preferably -20 to

120°C for 1 minute to 50 hours and preferably 10 minutes to

25 hours.
[0128] In the solid' catalyst prepared in the above
manner, the n@tallocene compound (A - 1is preferably

'_15 supported in an amount of 5x107°® to s5x107* gram atom and
preferably 107 to 2x10™ gram atom as a transition metal
per 1 g of the support and the component (B) is preferably

supported -in an amount of 10 to 5x10™% gram atom and

preferably 2x107% to 2x1072 gram atom as an aluminﬁm atom or
20 . a boron atom per 1 g of the support.
| f0129] - Further, in the present invention, although'the
solid catalyst as aforementioned may be used for
polymerization as it is, it‘may be used in the form of a
pre-polymerized catalyst formed by pre-polymerizing the
25 olefin thereon.

[0130] In the present invention, the solid catalyst or

the pre~polymérized catalyst 1s preferably used in an
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25 |l ess. [0135] (Ligand renoving step) [0136] The polyner particle
((co)polynmer) withdrawmn 36 30 August 2006 fromthe g?slﬂﬁ&Qe bb€es (10,
40) in the polynerization step as nentioned above is fe 0 ﬁe i gand
removing step where the ligand in the polynmer particle is renoved. [0137]
The ligand renoving step conprises (1) a step 5 (catalyst deconposing
step) of deconposing a catalyst by bringing the (co)polyner obtained in
" the above polynerization step into contact with a |igand-renover to
deconpose catal yst to netal and |digand in_the (co)polyner and (2) a step
(1 gand €19 atoi%nggcé’Péﬁ)ﬁ&ﬁ’ thti nd héV10 Hoe ESpolHeEr wiith has
been ma be ip-scontact.-swth the ligand-renover and elimnating the
| i gand ﬁ%gﬁgfe%gdur?%g%{%e éﬁﬁ@b-ﬁ%ﬂ??@néﬂjcﬁ?&pﬁstoge i st ep

fromth ‘§£8»89E¥g%rTﬁﬁ%ﬁ?ﬁﬁ#&%ﬁﬁﬂph% %%%Sr) 15 [0139] G ven as exanpl es

of the [1gand-renover € catalyst ‘deconposing step are water,

oxygen, [@izahol s, @hkxbaaeci%,d%@aﬂ;aggfr% d@&np?égsei giragogéwee& of

the |I|igand-renover include alco ng 10 or'Tess c¢ atons such

as Mpno@leeoh®t sno€. GrheAeLRARG! , 18t hanal oangQQQ%Qplca£§92%egﬁgﬁl’

but anol, pentanol, hexanol, héptanol, octanol, cyclopentan
cycl ohemanolbeanssedli ah€obplisngetd. .t hydene ghyael ;ardliki ene exirdes such

as ethylene oxide, propylene oxide, trinethylene oxide, tetrahydrofuran
and t et B&klydpepyeanbland OpercoxiMesarsdialods preferably 15 to 150 in
| . terms of the atomic ratio of aluminum or boron
(Al/transition metal or B/transition metal) to the
10 transition metal in the polymerization system,
[0132] The density {ASTM DI150E) cf the olefinic
polymer obtained in theﬂabéve manner is preferably 0.865
to 0.930 g/cm® and more preferably 0.880 to 0.930 g/cm’.
[0133] When the olefinic polymer is an ethylene/a-
15 ~olefin copolymer, the copolymer preferably contains the
structural unit derived from ethylene in an amount of 87.0
to 97.6 mol% and preferably 90.0 to 96.8 mol% and the
structural unit derived from o-olefins having 3 to 10
carbon atoms in an amount of 13.0 to 2.4 'mol% and
20 preferably 10.0 to 3.2 mol%. |
- [0134] It should be noted that the olefinic polymer
-may contain the unit derived from polyenes and the like in
an amount of 10% by weight or less, .preferably'VS% by

weight or less and particularly preferably 3% by weight or

25  less.
[0135] (Ligand removing step)
[0136] The polymer particle ((co)polymer) withdrawn
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25 propyl ene peroxide and butene peroxide. [0140] Anong these conpounds,
wat er and al cohols having 5 or |ess carbon atons are Brﬁﬁéﬂ%ﬁbbﬁoénd wat er
i's 37 30 August 2006 particularly preferable. [0141f As "a met hod of
bringing the (co)polynmer-into contact with the |igand-renover, there is a
method in which the (co)polyner is brought into contact with a gas 5
stream containing the ligand-renover. In this case, a powder of the
(co)polynmer is allowed to pass through a vessel while introducing gas
containi.ng the ligand-remover into the vessel. [0142] The average particle
di anet efr6R tHee pewdehagpe 10ingre (86) pdd YnednuHere t Pelyeeypsryien is
brought into contact with the ligand-renover is in a range from typically
50 to 53668nPSprefdramey sPXE 3 D00 arfel HpfeligrBferaBPyingoster2, 000m
Exanpl es, of t@ﬁ gis fo& dilghion f the ligand-renover 15 include inert
gases sURRTSs APt rd§e8ndgal SRE BPJIMegaBartiflend S| F§4Rd S enmover - cont ai ni ng
gas, a of the i -remover _is typically contained. The, proportion
of theYP?SZAd-renDEE% ?ﬁggﬁg|ﬁ%ﬂﬁ¥3?%n%€%?-€8ﬁP ﬁﬁﬁﬁg s $s5tFR a range
from UyREaaLLys0. Helonyalaly Leogp% ' £, pref . BY DY
wei ght Eo 20%¥8y wel g #ﬂgﬁ'- par? gufﬁ?l§g%r %?a_?yalﬁgggga%ygh fio 10% by
vel ght - pr R4l Thenspace dwen yehoci lopoliddie | gand- ggaoverpogantai ni ng
gas is in a‘range fromtypically 0.01 to 20 cnmisec, preferably 0.1 to 10
cnisec podypatik&diahl step into contact with a ligand-remover to

decompose catalyst to metal and ligand in the (co)polymer

and (2) a step (ligand eliminating step) of heating the

10 above (co)polymer which has been made to be in contact
with the 1ligand-remover and eliminating the ligand
liberated during the above-mentioned ¢atalyst decomposing
~step from the (co)polymer..

[0138] {(Ligand-remover)

15 [0139T Given as examples of the ligand-remover used in
~the catalyst decomposing step are water, oxygen, alcohols,
alkylene oxides and peroxides. Specific examples of the
.ligand-remover include alcohols having 10 or less carbon
atoms such as mono%alcohols, e.g., methanol, ethanol,

20 . propanol, isopropanol, butancl, péntancl, = hexanol,
heptanol, octanol, cycléopentanol and cyc¢lohexanol and
dialcohols, e.g., ethylene glycol; alkylene oxides such as
ethylene oxide, propylene oxide, ‘trimethylene oxide,
tetrahydrofuran and tetrahydropyran; and peroxides such as

25 propylené peroxide and butene peroxide.

[0140] Among - these compounds, water and alcohols

having 5 or less carbon atoms are preferable and water is
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25 preferably 0.5 to 5 cmisec. The space tower velocity is calcul ated

based on the tenperature and pressure of the [|igand- -C i ning gas
at the gas exit port of an 38 30 August 2006 appara?ﬁggﬁgéﬁ gﬁéﬁ bri ngi ng
the (co)polyner into contact wth the |igand-renover and the sectional
area of the apparatus. [0144] The tenperature used when bringing the 5
(co)polynmer into contact with the ligand-renover is typically nore than
the crystallization tenperature of the (co)polyner and | ess than the
deconposition tenperature of the (co)polynmer and, specifically, in a range
from 1083¢&1c880Clan@rgierabdsl-y 100 to 280C when the crystallinity of 10

the (co)pql r is 40% or npre. Wen the crystallinity of the (co)polynmer
is |ess [gﬁréﬁrﬁfO% the tenperbedr &5 Pehuaindt §16r (RHPI A hdPEenper at ur e

of the ngl&in% poi of, the (co)polyner mnus 15C, and | ess than the
deconpoSEi8i t%ﬁgéré?ﬁ?e af? ﬁﬁﬁé?ﬁﬁPynﬁ C8fid tped f PEHH i Ala range
that ' Che agh d xS BRELEHSE TR FHRIG o he CEbIBbl Yiar 1S HaBeur od by
Tor % meharen ang Then Y eedeu Sroded RRa Bt F o BR Wi L Faler et er, e
(co) pol E%Heirs sooked  prdeso ffige £0ndi th Popiy 205 ands -%H\ch?cJ)gtrP groduce a
5-mm thick pressed sheet. ‘About 5 ng of a test piece (sanple cut from
the abovespeesswed 1shaett riosiupliagedidd @b Bd i iy Mhdani gMsi NgeSEe b
~ (manuf actured by Perkin Elnmer Inc.), _ '
~into the vessel. ' _
_[0142] The average particle diameter of the pbwder of
10 the (co)polymer when the {(co)polymer is brought into
| contact with the ligand—femover is in a range from
.typiCally 50 to 5,000um, preferably 80 to 3,000um and more
preferably 100 to 2,000um. |
Exémples of the gas for dilution of the ligand-remover
15 include inert gases such as nitrogen gas and argon gas.
In thé ligand-remover-containing gas, a vapor of the
-ligand—remover is typiéally contained. The proportion of
‘the ligand—remover in the ligand-remover-containing gas is
in a range from typically 0.1% by weight to 40% by weight,
20 preferably 0.5% by weight to 20% by weight and
particularly preferably 1% by weight to 10% by‘weight.
[0143] The space tower velocity of the ligand-remover—
containing gas 1is in a range from typically 0.01 to 20
cm/sec, preferably 0.1 to 10 cm/sec and .particularly
25 preferably 0.5 to 5 cm/sec. The spacé tower velocity is

'calculated based on the temperature and pressure of the

ligand-remover-containing gas at the gas exit port of an
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25 measurenment is made fromroomtenperature to 150C with increasing the
tenperature by 10C nmin to obtain an endothermc curve, Jhe engdothermc
curve of the sanple is 39 30 August 2006 converted Into a curve of
calorie of nelting using the endotherm c curve area of indiumwhich has
‘been separately measured. The point at 35C on the endothermnic curve of
the sanple is connected to the point at which the heat 5 absorption peak
di sappeared conpletely to nake a base I|ine. The value (X = A 260)
obt ai ned by dividing the calorie of nelting (A (J/g)) fromthe measurenent
by the 2PBRR&RTESofMSRE tWhRp (R601IigY) tbe d cb00Wlyoieyetiyi®eneontagstal is
expressed as the crystallinity. 10 [0146] The pressure when bringing the
(co) pol YiEP itd ldGHrskr sSRAtet hend ghhe- raamvienak iarea r afigetbe
typical | 0.0001 to 0.6 MPa, preferably 0.001 to 0.35 MPa and

- particuPéPP§a F8ferably 0.01 to 0.25 MPa. The contact time (retention

ti i ically-l mnute to 3 h 1 f bl y.2 m nut to 2 h
and par (ORAEE P s o) e it os st NBBPN [ oRd3PoThE cot®Pyst can
b th h ' ' hi gh-.boi | i i nt b
'an3§$?gg8?§§%yﬁ?€MFE%F%iﬁdx%%ln cgﬁ%%ﬁgdghgbggfi%gF%g é?%%o?%%lyﬁer 20

nto copaetawtfhnbhe LhaANdrermuel AS ;oLenerenld tudd 90 e |1 gand

i s occasionally nade odorless by only econposi tion pendi'ng on the

type of (&b ¢01488 Next, thhe (4R) RRIHIo M i hasnhesibrought  into

. contact with the ligand-renover is heated to renove
’the (colpolymer and, specifically, in a range from 100 to

300°C and preferably 100 to 280°C when the crystallinity of
 10 the (co)polymer is 40% or more. When the crystallinity of
the (co)polymer is less than 40%, the temperature is eQual
to or.morerthan the temperature of the melting point of
the (co)polymer minus 15°C,.and less than thé'decompééition
temperature of the (co)pélymer and specifically in a range
15 ffom 85 to 300°C and preferably 90 to 280°C.
[0145] It should be noted that the degree (X.) of
crystallization of the {cé)polYmer is measured by the
following method. Specifically, .the (co)polymer is pre-
heated at 190°C for 7 minutes and then pressed at 9.8 MPa
20  for 2 minutes. Thereafter, the (colpolymer is cooled
under the condition of 20°C and 9.8 MPa to produce a 5-mm-
thick‘pressed sheet. About 5 mg of a test piece (sample)
cut from the above pressed sheet is placed in an aluminum
pan. Using DSC-I1 (manufactured by Perkin Elmer Inc.),
25  measurement is made from room temperature to 150°C with
increasing the temperature by 10°C/min to obtain an

endothermic curve. The endothermic curve of the sample is
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25 the deconposed ligand in the (co)polyner. As a nmethod of elimnating the
‘ligand by heating the (co)polyner which has been nadgotzgu(ﬁlesti QO?@nt act
with the ligand-renmover, 40 30 August 2006 there is, for” exanple, the
foll owi ng nethods. [0149] (1) A nmethod in which the (co)polynmer is heated
~using a dryer such as a rotary drier, belt drier, flash drier, spray drier
or puddle drier under a streamof inert 5 gas. [0150] (2) A nethod in

whi ch the (co)polynmer is heated and nelted using a single-screw or

twi n-screw extruder. [0151] In the case of adopting the nmethod (2), the
heat - meFPBHCEESTpotVier 3 sChHeYe etz ede bty hene b i her Ul nsubfeeted to
any of thg fﬁllow'n steps (2-1) tj‘(,)%fz-@. _[0152] (2-1) A steE of bringing
the pel PBECFAESMEEoRTEE WHHR 116t g ylohEs) hed-byem seeprafebyi ngi ng
the pellet int coptact with ste 15 [0154] (2-3) A .step of heating the
pel | et. I&ﬁag}’lrgg'pre Tr Boﬂifltco.a%Ol?“{Dg G?IE)QEAE/P&&PG §}“1fhép%‘%ﬁ i 7Y '

t enpera e of t-he (go) r n arrying, out_ the.above nmethod (1) is
typi cal 1iliém)sir)aem ﬁ%nggt hée)oqun\?/ey% eaql\llnlgcz)att:iloen 8?7‘3&&%8‘%6‘?& ﬁzle( cB5PbI yner and
20 l=gess he . d 0Sk{l r the.(co L yner [_nore than
t he Bgr yg%glé?%gtgfloﬁﬁ(tggpnpeé%%%%é%@fhgéwpglo%eoﬁ rrécgo a}ﬁlg‘% ov\rr/gr 1?%%% t he

mel tingipaint ofhthers &0) RAlynera 266 SReGiticcal by, ditidih rom 100
to 300C and preferabally 108 to 280/C vvh)en t he lcreysta Iinli tlyl(??Jng@l'“g '

calorie of melting (A (J/g)) from the measurement by the

calorie of melting (260(J/g)) of a 100% polyethylene
crystal is expressed as the chstallinityr
10 [0146j The pressure when bringing the (bo)polymer into
contact with the ligand—remover.is in a range of typically
1 0.0001 to 0.6 MPa, preferably 0.001 to 0.35 MPa and
_particularly‘ preferably O;Ol to 0.25 MPa. The contact
time (retention time) .is typically 1 minute to 3 hours,
15 preferably 2 minutes to 2 hours and ©particularly
| preferably 5 minutes.to 1 hour.
‘[9147] The catalyst can be decomposed, so that the
ligand having a high-boiling point can be converted intd
low-boiling point ~compounds by bringing the (co)polymer
.7.20 into ‘contact with the ligand-remover as aforementioned.
Also, the ligand is occasionally made odorless by only the -
decomposition depending on the type of ligand.
- [0148] Next, the (co)polymer which has been brought
into contact with the ligand~remover 1is heated to remove
25  the decomposed ligand in the (co)polymer. As a method of
eliminating the ligand by heating the (co)polymer which

has been made to be in contact with the ligand-remover,
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25 the (co)polynmer is 40%or nore. [0156] Wen the crystallinity of the

(co)polyner is |less than 40% the tenperature is the j int of the

41 30 August 2006 (co)polyner - 15C or nore and Iess3§mﬂd|:‘?’ug%e%)ééq '

- deconposition tenperature of the (co)polymer or is the nelting point of

the (co)polymer - 15C or nore and less than the nelting point of the

. (co)polyner, and is specifically in arange 5 from85 to 300C and
‘preferably 90 to 280C. [0157] The pressure is in a range of typically

0.0001 to 0.6 MPa, preferably 0.001 to 0.35 MPa. and particularly

prefer abR§TO. %t 60L 26X MPRLEThEhReAPl AgWingeneEbedation time) is typically

1 m nut hours, preferably 2 10 m nutes to 2 hours and partlcularly
preferagpégg m nut est’ t% @?ﬁ% lTOW%thERQﬁplﬁg BfLYReri herteghedi ncl ude

ni trogen i um

'n a raﬁagnﬁr@m %%agpghg%gﬁa%g%;&%ﬂs e B oPeL b e 0 S1F87 10 on sec
and par&%%g% %¥rggeggr%blxr %die D fggseck?£015%%¥%%ﬁg arr% €g out the

above eatin enpera dr'e O e (¢t he sane
as igh  the nethod (1). I'n the present invention, in the case of 20 heating
the (cojpolymer at a tenperature nore than the nelting point of the

(co) pol ypesoand | esgn § hannd 1§od IEEOFROSH t £ 98 E@&Pﬁé%ﬁ pf fhber£go) pol yner
in the ligand elimnating step, it is preferable to heat w th applying
shear sin@sselelihes{€§)R0tyNBIe-EX280! 68 Ofiia-8BLERU=EOFuder.
- [0151] In the case of adopting the method (2), the
heat-melted (co}polymer is pelletized and may be further
10 subjected to anyrof the following steps (2-1) to (2-3).
| [0152] (2-1) A step of bringiné the pellet into
- contact with hot water. _ | |
[0153] (2-2) A step of bringing the pellet into
contact with steam. -
15 {0154] (2-3) A step of heating the pellet under a
pressure of 0.001 to 0.098 MPa.
[0155] The heating temperature of the (co)polymer when
-Carfying out -the above method (1} is typically more than
the crystallization temperature of the {co)polymer and
- 20 less than the decomposition temperaturé of the (co)polymer
or more than the crystallization temperature of the
{co)polymer and lower than the melting point of the
(co}polymer, and, specifically, in a' range from 100 tor
300°C and-preferably lCO to 280°C when the crystallinity of
25 the (co)polymer is 40% or more.
| [0156] When the crystallinity"of the (oo)polymer is

“less than 40%, the temperature is the melting point of the
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25 applying shear stress to the (co)pol yner include nethods wusing a paddle
drier or a single-screw or twin-screw extruder. 42 3 st 2006 [0160]
In the case of adopting the above nmethod (2) in the present invention, the
heat-nmelted (co)polyner is pelletized and may be subjected to any of the
followng steps (2-1) to (2-3). 5 [0161]. As an apparatus which may be used
when carrying out a step (2-1), there are a counter-current extracting
tower, tank provided with a stirrer and nultistage horizontal extracting
vessel . As an_apparatus _which may be used when carrying out steps (2-2)
and (2- 850 PhLYEeare 1B0Cacsi meran@rkopsers (o Zihaneecem®esi b he above
step (2-1%, the tenperature of the hot water is in a range from35 to
200C, pFefBFapFyranc ot%ﬁ)d%fﬁcpcb]a)f“ﬁ%u?%riﬁ SPef Eediiiynd 4% 150bC. The

ntact,_fi S i 1 to 900 1 1 nut es, f bl]y. 5 to 600
i nut osCARd (580 PEQUTAF Y~ brF o Bol' R0 b 360 078 TOIBSICHH the step
2-2), SLm t ti dli d. i .step,
(22 BThE 26 i Ry BHOTRERN! Lo || gand, £BIpY| 00, 8LEP ronae
Exampl eg-of, 29 wes@é@rarf@ﬁ@éﬁgef%egg%d & ugebnert gas and air which

-are the sane as above. [016 _ i'ng tenperafure of the (co)polyner
when “brongwng the ico0) PpbysRrei N50160Rt 36hgW tJF thg stLay ¢ay@ ni ng gas

is typically nore than the crystallization
to 0.6 MPa, p;eferably 0.001 to 0.35 MPa. and particularly
preferably 0.01 to 0.25 MPa. The heating'time (retention
time) 1is typically 1 minute to 3 hours, preferably ‘2
10 minutes to 2 hours and particdlarly preferabiy 5 minutes
to 1 hour.
[0158] Exampies of thé inert gas include nitrogen gas,
helium gas and argon gas. .The gas flow rate in the drier
is in a range from typically 0.01 to 20 cm/séc;-preferably
15 0.1 to 10 cm/sec and particularly Vpreferébly 0.5 to 5
cm/sec.

‘ [0159] When carrying out the above method (2), the

heating temperature of the {co)polymer is the same as in

the method {(1). In the present invention, in the case of
20 heating the  (co)polymer at a temperature more than the
melting ‘point of the (co)polymer énd lesé than the
decomposition teﬁperature df the {(co)polymer in the liggnd
eliminating step, it is preferable to heat with applying
shear stress to the (co)polymer. Examples of a method for

25 applying shear stress to the (co)polymer include methods

using a paddle drier or a single-screw or twin-screw

extruder.
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25 tenperature of the (co)polyner and | ess than the deconposition

tenperature of the (co)polynmer or nore than the crysgg{&j %Ei2@06
tenperature of the (co)polynmer and 43 30 August 2006 |ower than the

mel ting point of the (co)polyner, and, specifically, in a range from 100
to 300C and preferably 100 to 280C when the crystallinity of the
 (co)polynmer is 40%or nore. 5 [0165] Wien the crystallinity of the
(co)polyner is less than 40% the tenperature is the nelting point of the
(co)polyner, - 15C or. nore and | ess than the deconposition tenperature of
the (co)Pd®Pder or #8 tHE HFBFEI A§ pOPRLiBE threabedppoeyhed {(215Cnor nore
and less than the nelting 1Q point of the (co)polyner, and is specifically
in a.raﬁag Prom=8s t&nﬁgﬁélﬁﬁd pi-Bfer 8BP) ~96 1£69280€0) PO1BBEL ThéSpr essur e
i 0,0.6 MPa, preferably 0.001 to 0.35 MPa

isina_r .of typically Q.000L1 .t _

and parPFgggg%Fﬁd p15$eP§%I Eb.6%b¥%C6?§5tﬁPa?ngthpﬁaﬁbrFP%%OUanhe st eam
15 int eam gont.ai nibng,gas is in a range fromtypically 0.1% by wei ght
to 4owa%§e§§iSEI?kagfg?a%Py 0.5% by weight to 20% by wei ght and

paftﬂCuk@&bilpreferﬁgl¥n1%®§¥r$@£9h%hiéﬁ &ngBx.ﬂEEQh&heL0&§E¥¥%H space

tower velocity of the steamt 20 containing gas is I'n a range typically

'0.01 too20 LNMsss, (Q"—@f)e,rE\Q{éﬁ:@-&réoaloc&m%ﬂmmté§9£§§£¥ng

preferably 0.5 to 5 cmsec. The contact tine (retention tine) is typical]y
| o.5hg 8r§ewaaur s tapiel gnabliddd t ov2dh  haur seand-dar tagdll aphye psehgeably 2 to
20 hérizontal extracting vessel. As an apparatus which may
be used when carrying out steps (2-2) and (2-3), there are
.iO a silo and hopper.
[0162] When carrying the above step (2-1}, the
temperature of the hot water is in a range from 35 to
' 200°C, preferably 40 to 180°C and particularly preferably
45 to 150°C. The contact time is in a range from 1 to 900
15 minutes, preferably 5 to 600 minutes and particularly
| preferably 10 to 360 minutes.
[0163] In the step (2-2}, similarly to the
aforementioned ligand removing step, steam—containing gas
is brought into contact with the (co)polymer. Examples of
.20‘ the steam-containing gas include inert gas and air which
are the same.as above.
[0164] The heating temperature of the (co)polymer when
bringing the (co)polymer into contact with the steam-
containing gas is typically more than the crystallization
25 temperature of the (co)polymer and less than the

decomposition temperature of the (co)polymer or more than

the crystallization temperature of the (co)polymer and
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25 [0168] When carrying out the above step (2-3), the pressure is in a
range from0.001 to 0.100 MPa, preferably 0.007 to O
particularly preferably 0.01 to 44 30 August 2006 O3g%§1\9%a%% %
tenperature is 35 to 200C, preferably 40 to 180C and particularly
preferably 45 to 150C. Also, the heating tinme is 0.5 to 30 hours,
preferably 1 to 24 hours and particularly preferably 2 to 20 hours. 5
[0169] It is desirable that the average particle dianeter of the
(co) pol¥rrer pell et when carrying out the above steps (2-1) to (2-3) be in
a rangelfr8m tiprallihe 1meddisg nkpiptef ef abifye 3 (ce) PO ymarandandr e
preferabllg 5.to iS mm 10 [0170] To state nore specifically, the step of
renovi ngPERELEFGARY 7 of Pt Ife ERBYPOLYRBr LPey e 28P7G esnduprefisrallyf or
exanpl e te shown in Fig. 3. ot Fig, 4. Fig. 3 shows an explanatory
vi ew reﬁpgszﬁt P%??Sn ?\?ilan%’l‘eé _QBYSFﬁilFPSEMd Ferfdii nEFUMRPLEME FLg. 4 shows
an 15 eégl%aggtl%hvi ew representi ng anot her exanple of the |I|igand renoving
step. In"a silorepresented by 51 in the figure, the catalyst deconposing
"step i s Fed out [ . represent ed 2 il
rep?)ese%?ielgsz)y 54 Wl?\%qat r%i g?rf%é%%lgggé\%ég l?;e)‘cSSgﬁ:gn %Q%ﬂl ur%, J?%e | i gand
20 el impati peast @pseis rgi t 0171] BRI E L Wi gh er
(stean) is usegﬁagg thgﬁléi ggﬁ‘%?%%\f[?r aﬁlﬁr@eﬁereliﬁﬁeﬁweﬁ%%ed. In
the stepopbomimén Fi 45°8, ot hRopewdeld dfedde:{40)R0d YaB oS0 s SLPHh i ed
continuously froma powder supply pipe 61 to the

temperature of the (co)polymer or is the melting point of

the (co)polymer - 15°C or more and less than the melting

710 - point of ther(co)polymer, and is specifically in a range
from 85 to 300°C and preferably 90 to 280°C.

- [0166] The pressure_is_in a range of typically 0.0001

preferably 0.01 to 0.25 MPa. The proportion of the steam

15 in the steam-containing gas is in a- range frOm_typicaliy

0.1% by weight to 40% by weight, preferably 0.5% by weight

to 20% by weight and particularly preferably 1% by‘weight

to 10% by weight.
[0167] The space tower velocity of the steam-—

20" containing gas is in a range from typically 0.01 to 20

- cm/sec, preferably 0.1 to 10 cm/sec and particularly
preferably 0.5 to 5 cm/sec. The contact time (retention
.timg) is typically 0.5 to 30 hours, preferably 1 to 24
hours and-particularly preferably 2 to 20 hours.

25 {0168] When carrying out the above step (2-3), the
pressure is in a rénge from 0.001 to 0.100 MPa, preferably

0.007 to 0.098 MPa and particularly preferably 0.01 to
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25 silo 51. In the silo 51, inert gas containing steamis supplied to the

silo 51 froma gas supply pipe 62 disposed on the IO@@QX b L4§s eof . By

this nmeasure, the powder of 45 30 August 2006 the (co)polymer 1s brought

into contact with the steamand the catalyst contained in the (co)pol yner

" 1s deconposed. The steamcontaining inert gas supplied to the silo is

di'scharged froma gas discharging pipe 64 to the outside 5 of the silo 51

[0172] The powder of the (co)polyner which is in contact with the steamis

discharged to the outside of the silo 51 froma powder discharge pipe 63

and theR -dippiEted Te dtdanafdee 523 3heq dDPS!ypme fipriabR vi 40héat - nel t ed

10 in tggogxtru er 52 is cooled by water and pelletized. By this neasure,

~a part the APFgdifdF U4 Bt ‘e Eﬁ?fﬁﬁab%&tépy§¥>d%%%ﬁbosiﬁésgteﬁh@ontained

in the (colpaolyner is. r ved. _,The obtained (co)pol yner pellet is supplied

togethe&eﬁ%ﬁH%&gi et%ﬁa.gghgar5EO$Q§§Svmaﬁﬁ#?€ggi¥mﬂ659 24 PRETdehydr at ed

(co) pol r I, i uppli-ed .. tLhe silo, 54 through a pellet supply

pi pe 67¥g$h38%g€eplg%&§r%&gé%rg%%?hg ghﬁgrQPEFSBS is reused as cooling

wat t h a cikgulatin ks . he figur repr. nts a water
&f thoael Feul aki ngekiiRge8 kgSE[OEgg] F%e;%%esiggggifﬁg

~storage tank and 56 represents a punp.

st eam CaRhALRERY dMethe 9a%d)pol1SdR 1 6th 1O t RS 'd&&é@‘r{sgon&@t g@fesupply
y th a t he

pi pe 68 disposed on the |ower part thereof. B I'S ure,
(co) pol yperepelteels i@-anought (2ntp pentacty Wdryd hersheappicseryhat |igand
generated fromthe deconposed catal yst :
to 30 mm, preferably 3 to. 20 mm and more preferably 5 to
15 mm. | - |
10 [0170] To state more specifically, the step of
| removing the ligand of the (co)polymer may be carried out
using, for example, a step as shown in Fig. 3 or Fig. 4.
 Fig. 3 shows an explanatoiy view representing one exampie
-of the 1ligand removing step and Fig. 4 shows an
15 explanatory view representing another example of the
ligand removing step.. In a silo répresented by 51 in the
figure, the catalyst decomposing step is carried out and
in an extruder fepresented by 52, a silo represented by 54
'and a drier represented by 57 in the figure, the ligand
20 eliminating step is carried out.
[0171] An example in which water (steam) is used as
the ligénd—remover will be hereinafter explained. In the
step shown in Fig..3, the powder of the '(co)polymer is
~supplied continuously from a powder supply pipe 61 to the
25 silo 51. In the silo 51, inert gas containing steam is

supplied to the silo 51 from a gas supply pipe_62 disposed

on the lower part thereof. By this measure, the powder of
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25 contained in the (co)polyner is' further renmoved. The steam containing
~inert gas supplied to the silo 54 is discharged to thg kd§0€€ the silo
54 from'a gas 46 30 August 2006 discharge pipe 70. The (co)pol yner

pellet fromwhich the deconposed catalyst |igand has been renoved is

di scharged froma pellet discharge pipe 69. [0174] In the step shown in
Fig. 4, the (co)polynmer 5 powder is in contact with the steam containing
inert gas in the silo 51 where the catal yst contained in the (co)polyner

i s deconposed ho nmetal and _|igand. The (cquolynpr powder whi ch has been
in cont 5BF WFORPOHYMESt ddmiotdindc Heartge F et adle BLER| Hee ofteda anfo 51 from

the 10 wder discq$r8e QiEe 83_and t hen supplied to the drier 57. It

shoul d b&°nstdd thdt FRBUGFPE! 57 i&ha ey padivaier bt dpsomeesefim ted to
this ty [0Q178] the drier. 57; heated inert gas is_suppli.ed .froma gas
supply %ﬁ%e %E%Jrl\d&?%%al(%]orj%ollyﬁﬁ% p%@\ﬁers,tf%pehieéghzﬁt e and*dsotBr ought
into cog j | ner as;.; | j.gand_I i berat ed the catal yst z
deconpos???%%¥b%§n?g?ﬁgg§iha?h§lfg@%53%% rp}%etﬁgrecy 15%D9%§$l$ﬁe inert
gas ssupgti edet @it Besgrier 57 is discharged froma gas discharge pipe 72.
20 [0176] The (co)pol ynmer powder from which the deconposed catal yst has
‘been repoyed]is supphéedhdwddr WRAShee S&INRMGRA | WREK3. 1&Nn the

crasher, the (co)polyner is crashed and then di'scharged froma discharge
pi pe 74contact with the steam is discharged to the outside of the
silo 51 from a powder discharge .pipe 63 and then supplied
to -an extruder 52. The (co)polymerrwhich is heat-melted
10 in the extruder 52 1is cooled by water and pelletized. By
this measure, a part of the 1ligand 1liberated during
catalyst decomposing step contained in the (co)polymer is
removed. The obtained (co)polymer pellet is suppliéd
togethér with water to.a dehydrator 53 through a lipe 65.
15~ The dehydrated (co)polymer pellet is supplied to the silo
54 through a pellet supply pipe 67. The water separated
by the -dehydrator 53 is reused as cooling water through a

circulating line 66. 1In the figure, 55 represents a water

storage tank and 56 represents a pump.

20 [0173] In the silo 54, steamwcontaiﬁing inert gas is -
'suppliéd to the siloc 54 from a'gas supply pipe 68 disposed
on the lower part thereof. By this measure, the
{(co}lpolymer pellet is brought into contact with the steam,

rso that ligand generated from the decomposed catalyst

:25 contained in the (co)polymer is further removed. The
éteam—containing inert gas supplied to the silo 54 is

discharged to the outside of the silo 54 from 'a gas
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25 [0177] In the |ligand reanihg step, the Iigand having a

cycl opent adi enyl structure left in the (co)polyner is30qggﬂgmo%&gsand
renoved fromthe (co)polynmer obtained in 47 30 August 2006 the

pol ynmeri zati on step. Therefore, a polyolefin reduced in the enmanation of

. odors during nolding can be obtained. EFFECT OF THE I NVENTION 5 [0178] The
ol efinic polyner of the present invention is reduced in the content of

| ow- nol ecul ar wei ght conponents such as oligoners and a |igand having a

cycl opent.adi enyl structure which are conponents generating odors and
changin %Péé.e P! &9 ni dhol YAfePa iy tofekettor Eremdubéghi rhehe

cont ent é% conmpon nt s en§£:£jn odors and changi ng tastes when used in
f ood usé€S “HHE T erst Hear@®hF daddageset heefrRgfands 6 sEd6dsed 0179]

‘The pro ﬁl%f t r en%@&nvention or . producing an olefinic. polyner

can produce anforefinie > “T8¥§5 YiH° %educed in the content of | ow ol ecul ar

velaht qemonents sugh s obigaMes.Ancha Kigend hayina @, eyl gpent adi eny

structure whi'ch are conponents generating ors ‘and” changi astes at | ow

costs i Bodde®! |is PiAdUGINR-etMapNeL - +2Q nF%%n%é%ﬁ%ﬁg1l§%P{e§%gt'

i'rnvention will be hereinafter explained in nore by way exanpl es,
mhichii§EOW@%%r,sa&©'n@& | phepdedthe beakibaitingcghthhgeRr e3ant tndS
Fven (cé)polymer is decomposed to metal and ligand. The
(co)polymer powder which ‘has been in contact with the
.stéam is discharged to the oﬁtside of the silo 51 ffom the
10 powder discharge pipe 63 and then supplied to the drier
57. . It should be noted that the drier 57 is a belt drier,
but is not limited to this type.
{0175] In ££; drier 57; heated inert gas 1is supplied
from a gas supply pipe 'KL‘and the (co)polymer powder is
15 heated and also brought into contact with the inert gas.
The ligand- liberated by_ the catalyst decomposition
contained in the (co)polymer is thereby removed. Thé
inert gas supplied'to the drier 57 is discharged ffom a
gés discharge pipe 72.
20 [0176] The {co)polymer powder from which the
" decomposed catalyst has been removed is supplied to a
crasher 58 through a 1line 73. _ In the c¢rasher, the
(co)polymer is crashed and then discharged from a
~discharge pipe 74.
25 t0177] In the ligand removing step, the ligand having
a. cyclopentadienyl structure left in the {co}polymer is-

decomppsed and removed from the (co}polymer obtained in
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Exanple 1 [0181] (Preparation of a solid catalyst conmponent) 48 30 August
2006 10 kg of silica (Si02) which had been dried at %?qg f%r }9 hrs was
suspended in 154 1 of toluene, which was then cooled™to O ) ?%e '
suspensi on was added dropwi se 50.5 1 of a toluene solution of

met -hyl al um noxane (Al = 1.52 5 nol/1) over one hour with keeping the
tenperature of the suspension at 0 to 5C. In succession, the resulting
sol ution was kept at OC for 30 m nutes, then raised to 95C over 1.5 hours
and kept at 95C for 4 hours. [0182] Thereafter, the tenperature was dropped
to 60C the &R isaiekorat ahtr was Themsfed by alepanyal&6hn ThduseHdi d

cat al yst, co%ponent obtained in this manner was washed twi ce wth toluene
and t hed?r &1Gi §P&résd orn ofoocPrsr durdndere 1dd nge cant Sralcbdmenst-of 160 1.
22.0 1 of a toluene solution of bis(1,3-n 15 '

but yl net hyl cycl opent adi enyl ) zirconiumdichloride (Zr = 25.7 mmol/1) was

added to the obtained sus & E n %t QCI T -mnutes and the resulting
solution was further kep : ereafter, the supernatant
was 5 renpyggiand theyresidys ]mgfgg twi-ce, W th _hexane.to 20.obtain a
‘solid chaIy%t conponent confﬁ?ﬁing |€%o§?uﬁ¥¥% Pan %ﬁ%uﬁpvg 9%95 ng per 1

bolhaf A5SS LI, (e Rely e o e Sk OO
by nitregmponestshasgedt Walh 61Qdeheds and a 1ligand having a
: .cyclopentadienyl structure which are components generating

odors and changing tastes. The olefinic polymer is
10 therefore reduced in the content of components generating

odors and changing tastes wheri used in food uses and

therefore scarcely damages tﬁe frégrance of foods.

[0179] The process éf the present invention for

producing an olefinic polymer can produce an olefinic
15 polymer reduced in the content of low-molecular welght

components such as oligomers and a 1ligand having a

cyclopentadienyl structure which are components generating

odors and changing tastes at. low «costs in a well

producible manner. | |
20

EXAMPLES

[0180] The - present invention will be ﬁereinafter

explained  in more detail by way of examples, which,

however, are not intended to be limiting of the present
25 invention.

Example 1

[0181] (Preparation of a solid catalyst component)
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t he above solid catal yst conmponent and then filled wwth hexane to prepare
a hexane suspension having a total 49 30 August 200630aﬂ@€t{%tt 250385 1. The
system was cooled to OC and then ethylene was blown into e hexane
suspensi on of the solid catalyst conponent at a rate of 8 NnB/hr for-5
mnutes. During this tinme, the systemtenperature was kept at 10 to 5
15C. [0185] After the supply of ethylene was suspended for a tinme, 2.4 nol
of triisobutylalumnumand 1.2 kg of 1- hexene were supplied to the system
whi ch was then nade to be a closed systemand then, the supply of ethylene
was 10 ﬂ@sﬁﬁe(‘?f EthyiGhel Sy ) sipgichediagt b oy iret eatof2 @ RnEor 10f or 15
m-nutes. and then flow rate was dropped to 2 NnB/hr to set the pressure in
t he s-yspéﬁt%aﬁ.SSWe&f%dG LBurity lthPE operuanicon, whaeht emper &hee of the
system rai sed ..t.0 35C. .15 [0186] Thereafter, ethylene was supplied at a
f1 ow r\gt%élg ONr?B#hr ESrté?S HBBPESHPIh Yasnersed Agorkd ssyslem L

t enper at,yre_t 35C. ring this eration, the pressure_in,the

syst em &gs ﬁengii%ﬁgzﬂ%?é%io& 8°Eg/%ﬁg8éa&}{@§({1?xﬁﬂgt a{Z?T]cs)sﬁhetlegﬁn 'EI_Ee

system p r er.n nt_.was re : en,

the,gar eiévia%ég?was washe%l t\(/)viﬂ?::e %Q?ﬂ ﬁé;g%%lgg ?E‘% stuepé%nra taun © %g?g?lﬁed after

the wasbusgeakibhe ot efpl Yeersaed catalyshooyas: 6p] Origss aad khagspar ent .
go

[0187] A prepolynerized catal yst containing prepoly per 1 g

.of the solhdicatahy§tképﬁp®m6ﬂykmﬁ§or 30 minutes, then raised to
| 95°C over 1.5 hours and kept at 95°C for 4 hours.

[01821 Thereafter, the témperature was droppéd to 60°C
10 and the supernatant was removed by decantation. The solid
catalyst component obtained in this manner was washed
twice with toluene and: then re-dispersed in 100 1 of
toluene to be a total aﬁOunt of 160 1. 22.0 i of .a
toluene _  solution of bis(1,3-n-
15 butylmethylcyclopentadienyl)zirconium. dichloride (Zr =
25.7 mmol/1) was added to the obtained suspension at 80°C
over 30 minutes and the resulting solution was further
kept at 80°C for 2 houré. Thereafter, the supernatant was
removed and the residue was washed twice with hexane to

20 obtain a solid catalyst component containing zirconium in

an amount of 3.2 mg per 1 g.of silica.

[0183] (Pre-polymerization of the solid catalyst
component)
[0184] A 350 1 reactor in which the atmosphere was

25 thoroughly replaced by nitrogen was charged with 7.0 kg of
the above solid catalyst component and then filled with

hexane to prepare a hexane suspension having a total
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- Oobtained in the above manner. The intrinsic viscosity [?] of this

prepol yneri zed catal yst conponent (prepolymer) 50 3054\ L2906 Wwhich
was neasured at 135C in decaline was 2.1 dl/g and the content of 1-hexene
units was 4.8% by weight. The prepolynerized catal yst had a good shape and
a bulk density of 0.4 g/cnB. 5 [0188] (vapor phase pol ynerization) [0189]
A continuous fluidized-bed reactor as shown in Fig. 1 was used to carry
~out vapor phase polynerization. [0190] Specifically, the prepolynerized
catalyst obtained in the above manner was continuously supplied at 10 a
rate of 3BRURFhPTt 2 Hol ymer i Toe eBhyptEHe WAd hepohestef® EéntardiotiBEY in the
presence of .i sopenta to obtain a Ilinear | owdensity polyethyl ene
(LLDPE) SCPULELT The problsdids [ ethiut s H 1P ho. 76l Pour g SeoRdi ti on:
pol ymer | kon,tenperature: 70C, polynerizatjon, 15 pressure: 1.7 MPa-G
(gage p?égé%ygf, AR Sor 85 s dr ejp%?getoﬁlyl ng]:"1 Ahy ﬁ/gﬁ, ip’ﬁ&@u{:‘éﬁer

vel oci t ¥, Ot ; C e tion of isqpentane in the gas.(JOP gas) in
t he de%rel: g?gt i{:%grgglﬁgh gg%t %gsﬁgglc&oermp?a%%% ‘ﬁusri}ﬁegptf h?g Lot to"

pol wrerigation, the average nol ecul ar weight of the TOP 20 gas was 31.4
g/mol and the density of the TOP gas was 20.7 kg/nB. Al so, the dew point
of the TOPsgas was AfcdL, tﬁ@esubﬁmperc&.t WigAferdN gy Qutd @i pShgeq ofoLhe
‘circulating gas in the heat exchanger was "62.3C and the ratio of the _
condﬁns&dtli_imui a4 hbe @t letissieeueilibenchugubatl no. Dagg 2x was 0% by
wei ght .

hexene were supplied to the system, which was then made to

be a closed system and then, the supply of ethylene was
10  resumed. Ethylene was supplied at a flow rate of 8 Nm3/hr
_fOr 15 minutes and then flow rate was dropped to 2 Nm*/hr
to set the pressure in the system to 0.8 kg/cm®> G. During
this operation, the tempefature of the system was raised
- to 35°C.
.15 16186] Thereafter, ethylene was supplied at a £low
‘rate of 4 Nm’/hr for 3.5 hours with controlling the system

temperature to 32 to 35°C. During this operation, the

pressure in the system was kept under 0.7 to 0.8 kg/cm® G.

Next, the atmosphere 1in the system was replaced by
20 © nitrogen and the supernatant was‘ removed. Then, . the .

residue was washed twice with, hexane. The supernataﬁt

obtained after_the washing of'the prepolymerized catalyst

was colorless and transparent.

[0187] | A prepolymerized catalyst containing 3 g of a

25 prepolymer per 1 g of the solid catalyst component was

obtained in the above manner. The intrinsic viscosity [7?]

of this prepolymerized catalyst component (prepolymer)
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[0192] The above TOP gas is a m xture of ethylene, nitrogen, hydrogen,
1-hexene and isopentane. 51 30 August 2006 [0193] Th onEﬁgto?éﬁined in
t he above nmanner had a density (ASTM D1505) of 903 kg/nB8 and an MFR ( ASTM
D1238) | was 3.8 g/10 m nutes. [0194] (Catal yst deconposing step) 5 [0195]
. A powder of the above LLDPE was allowed to pass through a silo, into which

st eam contai ning nitrogen gas was introduced and the pressure and the
tenperature were set to 0.5 kPa-G and 80C respectively, for a retention
time of .mnutes. 10 At this tj the ratio (water/PE) by weight of the
wat er t&’%[lﬁ«? p%??e?ﬁ?F‘Bﬁgdpﬁ)&jejrgdﬁE)l%\/ageﬁ?‘éé)’ileah"dist he-lrédtie eqs

en gas .to the | ene powder (PE) was

N-nB) / k h i | h
(().'004? [@giﬁ()d?g%ieig‘%%;é%er' %f‘%g?flﬁg W) 11%3[812. e'[]ﬁ'illle""l_eliL “powdéf treated

in the . "ﬂg%ﬁ'!” e S |l etized at, an outl et

t emper a?’%%g)%l@te%]d%%tdus%%t%a tw n-glsazji e\% \é\%toﬁﬁdzersia?ﬁer E5Fr ef, E’Ilil&% above
LLDPE "pewger ¢+ eat @d 4 n; fhe above catal yst deconposing step was allowed to
- pass through a 20 silo,” into which steamcontaining air gas was introduced

and g he [pn@sgure andvhpert grpeeabYIen¥eieasebnto 0.5 kPa-G and 80C
" respectively, for aretention tine of 6 hours. [0198] At this tine, the

“ratio (\anes)PE) byAweioghtinafoust e sitdamd-BEErjed@-dheapokysekhyliane pell et
(PE). was 0.09 25 and the ratio (air (NnB) /PE (kg)) of the air to the :
- Fig. 1 was used to carry out vapor phase polymerization. -
[0190] - Specifically, the prepolymefizéd catalySf
| ‘obtained in the above manner was continuously supplied at
10 a.rate of 54 g/hr to polymerize ethylene with. . l-hexene
continuously in the presence of isopentane to obtain a
linéar low~density polyethylene (LLDPE).
{o191] The process was carried out in the following
ﬁondition: polymerization temperature: 70°C,.polyMefization
157 pressure: 1.7 MPa-G (gage pressure), partial pressure of
ethyleﬁe: 1.1 MPa, space tower velocity: 0.80 m/s and
coﬁcentration of isopentane in the gas‘ (TOP gas) in the
deceleration region of the reactor:.S'mol%. During this
‘polymerization, the average molecular weight of the TOP
20 gas was 31.4 g/mol and the density of the TOP gas was 20.7
kg/m3; Also, the dew point of the TOP gés was 40.1°C, the
temperature of the outlet side of the circulating gas in
the heat exchanger was 62.3°C ‘and the ratio of the
. condensed liquid at the outlet side of the cirpglating gas
25 was 0% by weight.

[0192] The "above TOP gas is éa mixture of ethylene,

nitrogen, hydrogen, l-hexene and isopentane.
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pol yet hyl ene pellet (PE) was 0.14. [0199] (Evaluation) 52 30 August 2006
[0200] The LLDPE treated in the above manner was eva S the
resi dual anobunt of the |ligand, n- decane-sol uble cont gﬁ%@%ﬁo%@‘?ﬁs. The
results are showmm in Table 1. 5 [0201] The odor of the LLDPE treated in
t he above manner was evaluated in the follow ng manner. [0202] OO None of
the three panelists felt any odor. [0203] 0: One panelist anong the three
panelists felt. some odors, but didn't feel a strong odor. 10 [0204] A:

Two or tgreQ% panelists anmong the three panelists felt sone odors, but
didn't @23 strondPEddLLF 0oB5pinedalin gfhe habpHeeaasiind i Bed Felt a

strong _.odor... EXx S 4 an nmpay ative Exanples 1 to 6 15 [ 0206]
LLDPEs W&r'& o1t a&?@&ﬂ%ﬁ@@ s%f%rs%rqgﬁﬁ@/“hs ang @(We@sg%c@é@?’@hat t he
concent i gn ;of ji.sopentane contained in the TOP gas, in the polynerizing
vessel , E"t%ﬂ?\se%'a8vé]/l:;tL(j:;s')ePﬂl Fecdlrar wei ght of the TOP gas in the polynerizing

vessel , rghggdensity (@fattc.lli@sg?gggg%n&tg%é%% RelLygerizing vessel, the gas |

tenperature at the outlet circtlfating gas in the heat

iorenoRiest Ll (b Kpuuegeophangedsto SeoRandhtl passhanp algll 2,

odors othirbaghesdll 5ing, LR Wek ecRValtaled R alil8 ng nitrogen gas
was introduced and the pressure and the temperature were
set to 0.5 kPa-G and 80°C respectively, for a retention
time of 5 minutes.

| 10 ' At this time, the ratio (water/PE) by weight of the

water to the polyethylene powder (PE) was 0.001 and the
ratio (N, (N-m®)/PE (kg})) of the nitrogen gas to the
‘polyethylene powder (PE) was 0.004.
[0196] (Ligand eliminating step)

15 [0197] The LLDPE. powder treated in the'abbve catalyst
decomposing step was pellétized at éh outlet temperature
of 205°C using a twin-screw extruder. Thereafter, the
above - LLDPE powder treated in . the above
catalyst decomposing step was allowed to ‘pass through a

- 20 silo, 'into which steam-containing air gas was introduced
and the pressure and the temperature were set to 0.5 kPa-G
and 80°C respecti#ely,,for a retention time of 6 hours.

[0198] At this time, the ratio (water/PE) by weight of
the steam (water) to the polyethylene peliet (PEY was 0.09

25 ‘and .the ratio (air (N-m®)/PE (kg)) of Ath_e‘ air to the

polyethylene pellet (PE) was 0.14.

f0199] A{Bvaluation)
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same manner as in Exanple 1. The results are shown in Table 1. o
Incidentally, in the Table I,first line, 53 30 AUQUSBOZQQngs.taQFdi@V' ation
"EX and 'CE neans exanpl e and Conparative Exanple respectively. { 54 30
August 2006 t\ cotoo\l .oLgLOcoOcC+I N'-" " t~N'-"" m' 10 C? o t'
ooug rn ALnoocgin xr4to4 m00LOCE hWo~mNLOGC- L6 Lo NO L~
cOo. hWh+CoCOoGC4CCO6 LomNdN. ve$ . aWIltbpt~Whe-, M

WnoNmMm'nmNod t4ot. ocoanot't dt\ c-t M Ut.. ~ ctoeqC,
C4 toMU coa-It toOOL; cnmrr r. to 0 C5cf) LOA4
[0200] The LLDPE treated in the above manner was

evaluated as to the residual amount of the ligand, n-

decane-soluble content and odors. The results are shown
in Table 1.
5 [0201] The rodor of the LLDPE treated in the above

manner was evaluated in the following manner.

[0202] - ©@: None of the three panelists felt any odor.
[0203] O: One panelist among the three panelists felt.
some odors, but didn’t feel arstrOng odor. _

10 [0204] A: Two or three panelists among the three
panelists felt some odors, but didn’t feel a strong odor.
[0205] x: All of the three panelists felt a strong
odor. | |

Examples.Z to 4 and Comparative Examples 1 to 6

15l [0206] LLDPEs were-obtéined in the same manner as in
f.Example 1 except that .the concentration of isopentane
containéd iﬁ the TOP gas in the polymerizing vessel, the
average molecular weight of the TOP gas in the
polymerizing vwvessel, the density of the gas . in the
‘_ZC polymerizing vessel, the gas temperature at the outlet
side of the circulating gaé in the heat exchanger aﬁd'the
like were changed to the conditions shown in Table 1 in

Example 1. |
[0207] The residual amount, n-decane-soluble content
25 and odors of the resulting LLDPE were evaluated in the
- same manner as in Example 1. The results are shown in.

Table 1. Incidentally, in the Table 1,first 1line,
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abbreviation 'EX' and 'CE' means example and Comparative

Example respectively.
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anZzZd P. otea, 0Qr UP, P. UO56 30 August 2006 Wiat is clained
is: 1. An olefinic (co)polyner obtained by polynerizigg Alqusk€dsds ONE
olefin selected fromethylene and a-olefins having 3 to fo carbon atons in
the presence of a netallocene type catalyst with allow ng a saturated

.aliphatic hydrodarboh having 2 to IP CRrbpmatgnsrTto exist in a
concentratioa of 2 @30 @l %ip, &3 @ di zed- bed ﬁgctor, next bringing
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(co) polymerizing one or two or nore olefins selected from ethylene and
a-olefins having 3 to 20 carbon atoms in the presencegof,@,dfebabkocene
type catalyst in a gas phase using a fluidized-bed reactor, the process
conprising: a polynerization step of (co)polynerizing olefins with '

al | owi ng vnasat sir @l #itheal iphati c hydrocarbon to exist in a 57 30 August 2006
concentration 1of 2 to ?IO nol % t n said fluidi zed-bed reactor; . andta. | i gand
removi ng step 6f bAMGRGIEHE FSYRCLYRGT (Y HSEmEY PPRYBIGRPAcEtwi th a

| i gand- r amaxer oadido1dvanm Reabind: siicth otap) &Rl WIS «uBhehihas,hegy brought
into contact_with the 1|igand-renover. 6. A process for produci hg an

ol ef i ni ¢ ol $hefFariper 8EATE hd® ot i RFeSTWIeynef Wi tretEdMPBSRSweityRe or | ess
of the n-decapec selbl @i1ceptent Andwil-Beda PPN aweLINtyodaessn0f a

| i gand havi.n cycl opent adi enyl structure is produced by the Erocess
accor di n&atvbn% Zi ﬁ¥51?OFaHP%LF(H% &R GF&FFnit poFyResntmggion of 2

to 30 mol% in a fluidized-bed reactor, next bringing the

resulting (co)polymer into contact with a ligand-remover and
then heating said (co)polymer which has been brought into
contact with the ligand-remover, wherein the n-decane-soluble
content of the polymer is 10% by weight or less and the
content of a ligand having a cyclopentadienyl structure is 5

ppb by weight or less.

2. An olefinic polymer according to Claim 1, wherein
the olefinic polymer is a copolymer of ethylene and at least
one. da-olefin selected from a-olefins having 3 to 20 carbon

atoms.

3. An olefinic polymer according to Claim 1 or 2, wherein

the polymer has a density of 0.930 g/cm® or less.

4.  An olefinic polymer according to any one of Claims 1 to

3, wherein the polymer is obtained by {co)polymerizing one or

two or more olefins selected from ethylene and o-olefins
having 3 to 20 carbon atoms in a vapor phase using a

fluidized-bed reactor.

5. A process for producing an olefinic polymer by
(co)polymerizing one or two or more olefins selected from
ethylene and oa-olefins having 3 to 20 carbon atoms in the
presence of a metallocene type catalyst in a gas phase using a
fluidized~bed reactor, the process comprising:

a polymerization step of (co)polymerizing olefins with

allowing a saturated aliphatic hydrocarbon to exist in a
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concentration of 2 to 30 mol% in said fluidized-bed reactor;
and

a ligand removing step of bringing the resulting (co)polymer
into contact with a ligand-remover and then heating said
{(co)polymer which has been brought into contact with the

ligand-remover.

6. A process for producing an olefinic polymer, wherein the
olefinic polymer with 10% by weight or less of the n-decane
soluble content and with 5 ppb by weight or less of a ligand
having a cyclopentadienyl structure is produced by the process

according to Claim 5 for producing an olefinic polymer.
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