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1 THCD FCR PUleYlNG ETHYLENE- [ err] - OLEFI N COPCLY ELELGFmIHE—FNVERFFGéF———
This invention, rahabemRepacsd met hod for purifying qn et AT IeheEPeY HFEDD ef i nS
Whbeschigriopupigedi-thg. tapaged . #....

‘®opol ymer . ly, it re- lates to a :
ymer whi ch conprises rgib¢langskat abseei c?-nigmeged - 2h.....
dients, etc. yl'ene-[err]-el &f i=n copol y

~ethylene-[er
copol ymeri zing ethylene with an [err]-ol efin havi ngr abstkfast : Bagedr.Bonto paged .=......
atons, or ethylene with an [err]-olefin having at ae or feckerr at.ons..and

a non-conj u- gat edydrfag eRMREMGYINGD cATALISACRRRYT SO Vet T TITE PrEsence
of a catalyst conprising a vanadi um comt pound and an.organoal um num

- conmpound, or a catalyst cofp#YENE A UehBEN URIRVAPHEMI, an [err] conpound,

and a hal ogenat ed ester conpound.

This 1invention relates to a method for purifying

ethylene-%olefin copolymers by removing therefrom catalytic
5 ingredients. '

In the preparation of an ethylene-o-olefin copolymer
in -a hydrocarbon solvent 1in the presence of a catalyst
comprising a vanadium compound and an organo-aluminum
compound, or a catalyst comprising a vanadium compound,

10 an organoaluminum compound, and a halogenated ester
compound, 1if the <catalytic ingredients remain or are
incorporated in the copolymer as a final product, problems
such as discoloration of the copolymer and deterioration
in weather resistance and heat resistance of the copolymer

15 occur. Hence, the catalytic 1ingredients remaining in
the copolymer obtained by the polymerization reaction must
be completely removed from the copolymer.

Conventional mefhods for removing the catalytic
ingredients from the ethylene-X-olefin copolymer prepared

20 in the presence of a vanadium—-based catalyst include a
method wherein a large amount of water is added to a polymer
solution, the mixture 1is mixed in a mixer, the catalyst
is extracted into an aqueous phase, the aqueous phase is
separated from an organic phase, and the polymer containing

25 a reduced amount of the catalytic ingredients is recovered
from the organic phase; and a method wherein water or an
alcohol is added to a slurry obtained by a copolymerization
reaction in a solvent which does not dissolve therein the
polymer, to reduce the amount of catalytic residue in the

30 polymer ([see, Yasuharu Saeki, Polymer Production Process,
published by Kogyo Chosakai (1971)1.

However, these methods have some disadvantages.describ—

ed below.
In the method wherein a polymer solution js treated

35 with a large .amount .of water, it is considered that the

catalytic 1ingredients which are solubilized in water by
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conpri sing a vanadi um conmpound, an organoal um num co , al o-
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pre- the polymer solution with water must be thoroughly made,
5 énd a large-size, heavy-duty mixer must be used at a high
speed (at high revolution number). Hencé, the costs of
equipment and power are high and, therefore, the method
is not industrially advantageous.
In the method using an alcohol, the alcohol must be
10 purified and reused and, hence, not only is the process
complicated, but the energy . consumption is increased.
Thus, the method also is not industrially advantageous.
As other methods, JP-A-63-275605 ("JP-A" means an
unexamined published Japanese patent application) discloses
15 a method wherein copolymers prepared in the presence of
a titanium-based catalyst are washed with water containing
an alkaline compound; and JP-B-43=6471 ("JP-B" means an
examined Japénese patent publication) discloses a method
wherein copolymers prepared in the presence of a vanadium=-
20 based catalyst are oxidized and then washed with water
containing an alkaline compound.
In recent years, since ethylene~ A-olefin rubbery
'copoLymers_ are mixed with other polymers such as poly-
propylene and are widely used for automobile parts and
25 packaging materials, the requirements for weather resistance
and non-discoloration of the rubbery copolymers have become
more stringent. In order to meet the requirements, it
is highly desirable to further reduce the amount of the
catalytic ingredients remaining in the rubbery copolymer.
30 For example, it is required that the amount of the vanadium
compound in the copolymer is reduced to not higher than
1 ppm in terms of VZOS'
Further, there 1is a Qroblem that in addition to the
metallic catalytic ingredients, halogenated ester compounds
35 (used as activating agents for the polymerization reaction)
remain in the copolymer; and this causes problems such
as lowering in the quatity of the copolymer so that corros-

jon of processing machines and coloration of the copolymers



?-foar ed in the presence, of a vanadi umbased cat aIy,gtShi ncl ude a net hod

wherein a | arge anmount of water is added to a pol it n Replacely N€ M Xt ure
ks mixed in a mxer, the catalyst is extracted H'ﬂ% phase the
aqueous phase is separated from an organi c phase, I r

containing a reduced anmount of the cataldyi<c ingredients is recovered from
t he organi ¢ phase; and a nethod wherein water or.an al cohol is added to a
slurry obtained by a copol ynerization reac- -2- tion in a solvent which
does not di ssslwe tind ethet ko pedinmesrs, aover edudendesr awdeiful o scatedselisc

residue in the RAKIRS des Gt YASHNRS SHRIdas Rl HRVafGHNCE T on
Therefore, the conventional purification techniques
described in the aforesaid patent specifications are not
5. yet satisfactory. '
An object of the present 1invention is thus to provide
a method capable of removing catalytic 1ingredients, to
a level which could not be achieved by conventional methods,
in purifying a polymerisation reaction mixture containing
10 an ethylene-o-olefin copolymer obtained by polymerizing
ethylene with an AA-olefin having at Lleast 3 carbon atoms,
or ethylene with an A-olefin having at least 3 carbon atoms
and a non-conjugated diene <compound, in  a hydrocarbon
solvent in the presence of a catalyst comprising a vanadium
15 compound and an organoaluminum compound, or a catalyst
comprising a vanadium compound, an organocaluminum compound,
possibly a halogenated ester compound.
In a first embodiment, the present invention provides
a method of purifying a polymerisation reaction mixture
_20 containing an ethylene- -olefin copolymer obtained by
polymerizing ethylene with an o-olefin having at Least
3 carbon atoms, or ethylene with an Sh-olefin having at
least 3 carbon atoms and a non-conjugated diene compound,
in a hydrocarbon solvent 1in the presence of a catalyst
25 comprising a vanadium compound, an ofgano-aluminum compound,
and a halogenated ester compound, the method dincluding
mixing and stirring a polymerization reaction mixture
obtained by the polymerization reaction in an aqueous
alkaline solution in such an amount as to give an aqueous
30 phase having a pH of not Lower than 10.0 after mixing and
stirring.
In a second embodiment, the present invention provides
a method of purifying an ethylene-C-olefin copolymer
obtained by polymerizing ethylene with an =~otefin having
35 at Lleast 3 carbon atoms, or ethylene with an o-olefin
having at least 3 carbon atoms and a non~conjugated diene
compound, in a hydrocarbon solvent in the _pfesence of a

catalyst comprising a vanadium compound and an organoalu-



Process published by Kogyo Chosakai (1971)1. However, these rreth ds have
sonme di sadvant ages descri bed below. In the net homhs\[shet

golution is treated V\nthalarge anount of water, “ﬁ‘ redthat t he
catalytic ingredients which are solubilized in vva theminto
contact. with water are extracted w thgwater.- However when one expects
that the cata- lytic ingredients are nore conpletely rem)ved the m xi ng of
t he pol yner solution with water nust be thoroughly made, and a | arge-si ze,

heavy- dutymﬁhmarcmu%buhe u&ed &Et&ohighc&mﬁﬁdg(a&ehkghgrevwdﬂﬂmﬂTﬂﬂﬂﬁ-
ber) . Hence much ¢Qsts xé q gg\e;nt and ui_red and t}erenfore,
47y

t he met hod |°§ A5 né’ustm gﬁf'gé‘e(?&g% ptohgmﬁet’za ey ngeac

al cohol, ewd.th the alxohoiimastgent in an aqueous alkaline solution
| in such an amount as to give an aqueous phase having a
5 pH of not lLower than 10.0 after oxidation.

In the said polymerization reactien mixtures to be
purified, any solvent or medium in which the copolymer is
soluble or insoluble can be used as the hydrocarbon solvent
or "dispersant. Examples of solvents which can be suitably

10 used include aromatic compounds such as benzene and toluene;
aliphatic hydrocarbon compounds such as pentane, hexane
and heptane; alicyctic hydrocarbon compounds such as
cyclopentane, methylcyclopentane and cyclohexane; «L~olefins
such as Liquefied propylene, liquefied 1-butene and

15 t-methylpentene-1; and mixtures thereof.

Examples of the vanadium comppund which can be wused

in the present idinvention 1include VCL3, VCL4, VOCL3 and

VOCOR);_ CL_ (wherein R is a straight chain or
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be purified and reused and, hence, not only the process is conplicated, but
an energy consunption is increased. Thus, the lge od is not industrially
advant ageous, too. As other nethods, JP-A-63- Zsm‘ Beentrp .y JP- A' a used
herei n neans an "unexam ned published Jana- ne jjcati on")

di scl oses a net hod wherein copol ynmers-pgepar ed Ji Lw e of a

titanium based catal yst are washed with water containin al kal i ne
conmpound; and JP-B-43-6471 (the term"JP-B" as used herein nmeans an
"exam ned Japanese patent publication") discloses a nethod wherein
copolynmers prepared in the presence of a vanadi um based catal yst are

oxi di zed and then washed with water containing an al kaline conpound. In
recent yearst?r%‘F?R%delarMYelneQFBPP]'-o?eﬁyﬁlﬂﬁ}&é’rly 85°UBo| \Pfer #Nar 8ritxed

with other rgersétglg, sgggha%a ?.ln){;prlo_to 10 carbon atoms; and 3 =2 m =
0), such as VO(OCH;)Cl,, VO(OCH;),Cl, VO(OCH,;);,
VO(OC,Hg)Cl,, VO(OC,Hg)Cl, VO(OC,Hg)y, VO(OC4H,)Cl,,
5 VO(OC3H7)2C1; VO(OC3H,) 5, VO(OisoC3H,)C1l,,
VO(OisoC3H,4),Cl, VO(OisoC3H,)5;, V(OCH;), and
V(OCH,COOCH;) 5.
Examples of the organoaluminum compound which
can be used include AlR' Cl,_, and AlR'n(OR")3 (wherein
10 R' is a straight chain or branched alkyl group having 1
to 8 carbon atoms; and 3 2 n = 0), such as (C2H5)2A1C1,
(C,Hg),A1C1l, (C4H,;5),AlCl, (C,Hg), sAlCl,; o,
(CqHg); sB1CL; 5, (CgHy3); sRAlCl, g, C,HALCl,, C,HgAlCl,
and CgH,.A1Cl1,.
15 | A halogenated ester compound which can be

effectively used is a compound represented by the

following formula:

R" - C -0 -R"
20 0
wherein R" represents an organic group having 1 to 20
carbon atoms, which is partially or wholly substituted
by a halogen atom; and R’ represents a hydrocarbon

group having 1 to 20 carbon atoms. Compounds wherein R

25 is wholly substituted by chlorine atoms and compounds
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pyl ene and widely used in the fields of autonobile parts and packagi ng
mat eri al s,

the requirenents on weat her resistance, non-discoloration,

of the rubbery co- pol yners have becone severer;-+4-n-order—-to—neet 'the

demanded that the anpbunt of the vanadi um conpound r

requirenents, it is highly demanded to further re t he
catalytic ingredients remained in the.rygbbery cop&F W‘W% i lac e, it is
is reduced to not higher than 1 ppmin terns of [er

her ,

is a problemthat in addition to the netallic catalytic ingredients,
hal ogenat ed ester com
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20

25

‘having a phenyl group and a chlorine-substituted alkyl

group are preferred. More preferred are perchloro-
crotonic acid esters, perchloro-3-butenoic acid esters,
and phenyldichloroacetic acid esters.

Specific examples of the halogenated ester
compound include ethyl dichloroacetate, methyl tri-
chloroacetate, ethyl trichloroacetaﬁe, methyl dichloro-
phenylacetate, ethyl dichlorophenylacetate, methyl per-
chlorocrotonate, ethyl perchlorocrotonate, propyl per-
chlorocrotonate, 1isopropyl perchlorocrotonate, butyl
perchlorocrotonate, éyclopropyl_ perchlorocrétonate,
phenyl perchlorocrotonate, methyl perchloro-3-butenoate,
ethyl perchloro-3-butencate, propyl perchloro-3-
butenoate and butyl perchloro-3-butenoate.

In addition to these catalytic ingredients,
hydrogen, etc. as a molecular weight modifier may be
used in the present invention.

Examples of an a—olefin having at least 3 carbon
atoms include propylene, i—butene, l1-pentene, l-hexene,
4-methylpentene-1l, l-octene and l-decene.

Examples of the non—-conjugated diene compound
include dicyclopentadiene, tricyclopentadiene, 5-methyl-
2,5~norbornadiene, 5—methx}ene~2—norbornene, 5—ethylid-
ene-2-norbornene, 5-isopropylidene-2-norbornene, 5-iso-

propenyl-2-norbornene, 5-(1'-butenyl)-2-norbornene, 5-

etc.

copol yner

t here



-ghnds used as activating agents for the polynerizatpgngreaction are_m
emai ned in the copolyner. Wen the hal o- genated est ket e cpiaced
emai ned in the copoly- ner, such a problem as IomeriFﬂﬂﬂB ty of

he copol ymer caused by hal ogens occurs, that is, cor essi ng
machi nes and col oration of the copol y--ners occur so that the copol yners
are no | onger appli- cable to vessels and packaging materials for foods and
edi ci nes. Under these circunstances, the conventional tech- niques

Hescri bed i (3 Yrbufemehidrpateatnerpeci f i tatTesadienaot yel,batisddiceney.
Thus, in ordgfy te-mwdl MELSHCL P PP §idh &S nentioned above, the present

nventors have nmade extensive re- searches and eventual |y acconplished the
resent in- ventigrere is no particular Limitation with regard to other

polymerization conditions than those described above.

S The polymerization reaction mixtures to be purified
in the present invention can be obtained in the manner
mentioned above.

The purification methods of the present invention
are now descrised.

10_ The first embodiment of the present invention is a
method of purifying an- ethylene-X-olefin copolymer, the
method including a step of mixing and stirring the above-
described polymerization reaction mixture in an aqueous
alkaline solution in such an amount as to give an aqueous

15 phase having a pH of not Lower than 10.0 after mixing and
stirring. '

This method preferably comprises the following two
steps.
First step: the polymerization reaction mixture s

20 mixed and stirred in an aqueous solution containing an
alkaline compound in such an amount that an aqueous phése
separated in the éubsequent second step hés a pH of not
lower than 10.0. |

Second step: the mixture obtained in the first step

25 is separated into an aqueous phase and an organic phase,
and the organic phase is washed with neutral water.

This embodiment can alternatively comprise the follow-
ing three steps: ' _ )
First sfep: the polymerization reaction mixture

30 obtained by the polymerization reaction is mixed and stirred
in an aqueous solution containing an alkaline compound
in such an amount that an aqueous phase formed in the
subsequent second step has a pH of not Lower than 10.0.

Second step: one part by volume of the mixture obtained

35 in the first steb is mixed with 1/5 to 10 parts by volume
of neutral water.

Third séep: the mixture obtained in the second step

is separated dinto an aqueous and an organic phase, and




t‘SUI\/MA\RY OF THE | NVENTON An object of the preseﬁf'Thvgﬁffaa s to provide a

met hod capabl e of renoving catal ytic ingredi ent gpis Steet Ha Re %\ whi ch
coul d not be achieved by conventional nethods in

ethyl ene-[err]-olefin copolymer obtained by poly i ne with an
[err]-olefin having at | east 3 carbon~aBoms, or et'hylene with an
[err]-olefin having at | et 3 carbon atons and a nonconju- gated di ene
conmpound, in a hydrocarbon solvent in the presence of a catalyst conprising
a vanadi um tef opganicapiass dFguABARENMALM BBHBEANdY28#Ta cat al yst

conpri sing a vanadi amprefiEounedl mannme yahoal adidiog ddrepoamaeowandabskaline

hal ogenat eds gl e§ o iOMPRUNEh s £CCOY Al N0l dft fHE ST HROL oLL! I Sikatine

i nvention), the present invention relates to a method for purifying an

ethyl ene- [ eppludieni Maydpal yarerHoltfaimrid byvwpol yieni Zidwg and preferably’

5 not lower than 13, is used, 1/1000 to 10 parts by volume
of the aqueous alkaline solution is added to and mixed
with one part by volume of the polymerization reaction
mixture with stirring, and 1/5 to 10 parts by volume of
water 1is additionally added thereto and mixed therewith

10 td separate the mixture into an oily phase and an aqueous
phase. .

As mentioned above, water must be added in an amount
sufficient to extract therewith ashes (deposit) mainly
formed from the catalytic ingredients and to separate the

15 mixture into an organic phase and an 'aqueous phase.
Specifically, the amount of water added is 1/5 to 10 parts
by volume, and preferably 1/4 to 5 parts by volume, per
part by volume of the polymerization reaction mixture.

it is preferred that water to be added has an idron

20 content as Llow as possible. When 4iron components are
prgsent in the water, the desired copolymer is apt to be
colored. Preferably, the concentration of the iron
components is not higher than 0.1 ppm.

The important characteristic feature of this first

25 embodiment resides in mixing and stirring the polymerization

reaction mixture with the aqueous alkaline solution. When




ethylene with an [err]-olefin having at | east 3 carbon atons, or ethylene
wth an [err]-olefin having at |least 3 carbon ato eg“qas@%m ajedigat ed

di ene conpound, in a hydrocarbon solvent in the pr alyst
conpri sing a vanadi um conpound, an organoal um ni um m‘&
hal ogenat ed ester conpound, the nethod i%ctuding a ng and
stirring a poly- nerization reaction m xture obtained _b,y _the pol yneri -

zation reaction in an aqueous al kaline solution in such an anount as to
gi ve an aquedle phaked¢nated gspErofcomnogpdwdrs tiras tigd Ovwat b er i adyrPwhd

stirring.  gida i e@n9b DGE + SAPOAVIRY  £SeGAN 1VMENt hegh, JievBILES, the

’ compound is easily decomposed and extracted into the aqueous
phase; but the decomposition reaction of the halogenated

5 ester compound proceeds very slowly at a pH of not higher
than 10.0 or under neutral or acidic conditions, and it
is then substantially impossible to completely decompose
and remove this compound.

Further, the treatment wWwith the aqueous alkaline

10 solution does not 1interfere with the decomposition and
extraction of the residue of the vanadium compound and
organoaluminum compound-based catalyst but rather has an
effect of accelerating the decomposition and extraction
thereof. Accordingly, the purification method of the

15 present invention 1is very effective as a method for

“decomposing and removing both the metallic catalyst reside
and the halogenated ester compound.

The second embodiment of the present invention s
a method of purifying an ethylene-#A~olefin copolymer, the

20 method inéluding an oxidation treatment of the
above-described polymerization reaction mixtﬁre in an
aqueous alkaline solution in such an amount as to give
an aqueous phase having a pH of not lower than 10.0 after
the oxidation treatment.

25 This method preferably comprises the following first
and second steps.

First step: ) the polymerization reaction
mixture is oxidized with an agueous solution contéining
an oxidizing agent in at Least a stoichiometric amount

30 required for oxidizing vanadium present in the polymerizat-
ijon reaction mixture to a pentavalent state and an alkaline
compound in such an amount that an aqueous phase separated
in the subsequent second .,stage has a pH of not Llower than
10.0.

35 Second step: the mixture obtained

in the first step is separated into an aqueous phase and
an organic phase, and the organic phase is washed with

neutral water.
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R i nvention relates to a method for purifying annu%ﬂxﬁHs e aaﬁf'n
copol ymer obt ai ned by pol ynerizing eth- ylene with
‘keast 3 carbon atons, or ethylene with an [err]- oIe east 3

carbon atons and a non-conjugated di ene conpound,

sol vent

or ganoal um num com pound,

in the presence of a catal yst1@onprising a vanadlun1conpound and an
the method including a step of treating a poly-
merization reaction m xture obtained by the polyneri- zation reaction with

an oxi di zi ng agené Is@caada@meﬁn@rhalwetﬁel Welt®dd e $4ICHL 8P REPYDE 93 to
gi ve an aque- ous phase having a pH of not |lower than 10.0 after oxi atlon

DETAI LED DESRHR PTé Obh ©Ff JHEo b NWVENTH Qe Mot gpial s to be purified in the

present

10
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i nvention are

First step: the polymerization reaction mixture obtain-

ed by the polymerization reaction is mixed and stirred

in an aqueous solution containing an alkaline compound
in such an amount that an aqueous phase formed in the
subséquent second stage has a pH of not Lower than 10.0.

Second step: 1/5 to 10 parts by volume of water
containing an oxidizing agent in at Lleast a stoichiometric
amount required for oxidizing vanadium in the polymerization
reactién mixture to a pentavalent state is added to one
part.by volume of the mixture obtained in the first step.

Third step: the mixture obta{ned in the second step
is separated into an aqueous pﬁase and an organic phase,
and the organic phase is washed with neutral water.

Examples of the alkaline compound which can be used
in either embodiment include Llithium hydroxide, sodium
hydroxide, potassium hydroxide, concentrated ammonia and
ammonium hydroxide. Among then, lithium hydroxide,
pot;ssiﬁm hydroxide and sodium hydroxide are particularty
preferred. The alkaline compound must be used in an amount
sufficient to give an aqueous phase having‘a pH of not
Lower than 10, and preferably not Lower than 11, the aqueous
phase being separated from the organic phase after the
oxidation treatment. when' the amount of fhe alkaline
compound is insufficient, the removal of the cataﬁytic

ingredients is insufficient.

|ng at



pol ynmeri zation reaction mxtures containing an ethy- lene-[err]-olefin
copolyner obt ai ned by polynerizing eth- ylene with-an [érr]-olefin having

| east 3 carbon atons, or ethylene with an [err]- ophgfdnge: hass lacddeast 3
carbon atons and a non- conjugated di ene conpound, in
solvent in the presence of a catalyst_ qqnpr|5|ng a vax and an
or ganoal um num com pound, or a catalyst conprising a conpound an
or ganoal um num conpound, and a hal ogenated ester cqnpoundf Any of solvents
in which the copolyner is soluble or insoluble can be used as the

‘hydrocarbon sol vengreEér r88PIES, OfoF Ne FRINENE Re WY LQJE CAfk bgo Hb ag! v; dised

I n- clude aromati c conpounds such as benzene and tol u- ene; ﬁlp atic
hydr ocar bon KONPOLEWS eHBBd ke RENtidNan StEXINCa qaREuECRIAR ndl | YAt fon

hydr ocar bon conpounds
having a pH of not lower than 12, and preferably not Llower
than 13, is used, and 1/1000'to 10 parts by volume of the
S aqueous alkaline solution is added to and mixed with one
paft by volume of the polymerization reaction mixture.
Examples of the oxidizing agent which c¢can be used
in the second embodiment include alkali metal nitrites,
persulfates, peroxides, hypochlorites, oxygen, ozone and
10 air, such as sodium nitfite, potassium nitrite, hydrogen
peroxide or hydroxylamine hydrochloride. Among them, air
or oxygen is particularly preferred as the oxidizing agent
because not only is air or'oxygen easy to handle, but there
is no risk that any air or oxygen remains in the copolymer.
15 The oxidizing agent 1is used in at least a stoichiometric
amount required for oxidizing all of the vanadium present
in the polymerization reaction mixture to a pentavalent
state. When the amount of the oxidizing agent is dinsuffi-
".cient, the removal of the catalytic 1ingredients can be
20 . insufficient, and the-desifed effect of the present invent-
ion is not obtained. When the oxidizing agent i§ used 1in
an amount of twice or more the stoichiometric amount, the
valence of all the vanadium can be brought to a pentavalent
oxidation state; pentavalent vanadium 1is colorless and
25 transparent and, hence, the final product copolymer <can
be completely prevented from being colored. However, when

an oxidizing agent other than oxygen is excessively used,

the oxidizing agent remains in the final product copolymer.



rch as cycl opentane, nethylcyclopentane, and cyclo- hexane; [err]-olefins
uch as liquefied propylene, |iquefied 1-butene, and-4-rmethylpentene-1; and
xtures thereof Exanples of the vanadi um conpound

_ ( ) Rich _can be used in the
bresent invention include [err] [err] [err] and [err nReplaced
ptrai ght chain or branched al kyl group, 4 cycl oal kyljg ’ ryl
hr oup, each having | to 10 carbon atons; and [err] s rr

S - [err] wherein R' represents an organic group having 1 to 20 carbon
ht ons, which is partially or wholly substituted

Hence, it is desirable that oxidizing

agents other than oxygen are used in an amount of 10

times or less the stoichiometric amount. There is no

fear that oxygen remains in the copolymer, even when

S oxygen is excessively used. However, when a large

excess amount of oxygen is used in the continuous

polymerization process (including a solvent recycling

process), oxygen is accumulated in the solvents, and the

éopolymer is oxidized and deteriorated. Hence, it is

10 desirable that oxygen is used in an amount of 50 times

or less the stoichiometric amount. However, when ah

oxidizing agent-removing process is provided in an
after—stagé, such consideration is not required.

In the oxidation treatment, water is used in an

15 amount sufficient to effectively extract therewith ashes

mainly formed from the catalytic ingredients and to

separate ﬁhe organic phase and the aqueous phase.

Specifically, water is used in an amount of preferably

1/5 to 10 parts by volume, and more preferably 1/4 to 5

20 parts by volume per part by volume of the polymerization
reaction mixture.

It is preferfed that water to be used has an
iron content as low as possible. When iron components
exist in water, the degired copolymer is apt to be

25

colored. Preferably, the concentration of the iron

components is not more than 0.l ppm.




by a halogen atom and R'' represents a hydrocarbon greup having 1 to 20

carbon atons. Conpounds wherein R'' is wholly substit ed by ch[orlne at ons
and conpounds having a phenyl group and a chlorine- su

group are preferred. More preferred are perchlorocroto

perchl oro-3-butenoi ¢ acid esters, and phgnyl di chl oroac

Speci fic exanples of the halogenated ester conpound |nclude e

di chl oroacetate, nmethyl trichloroacetate, ethyl trlchloroacetate nmet hyl
di chl orophenyl acetate, ethyl dichlorophenyl acetate, methyl perchlorocroton-

ate, ethyl perchlgy cgg,rtq,} Opaé'&%‘ﬁ)"%g?:’tjr Optq_[ Onaox(rapnc‘_ir:%qo%psr a}IO? ; ngso(;)r_r optyelat__

iper chl or ocr ot onat’e, uty perc

per chl or ocr gfnat &y p#@”?bl ﬁEr19EkQBRC§QEQQQ%% m@%&%%% %1th an aqueous:
per chl or o- 3- but enoat e per chl oro- 3-but enoat e,
perCh'0r0'3€¥ﬂé¥¥ﬁﬂ‘%olut1on or an aqueous alkaline soLut1on containing
| an oxidizing agent may be carried out by using any method,
S so long as the catalytic ingredients can be efficiently
brought into contact with these solutions so as to extract
the catalytic ingredients into the aqueous phase. For
example, a method using a Lline mixer can be used. As a
method for separating the aqueous phase and the organic
10 phase, a method using a stationary separating drum can
for example be wused. A step of mixing and stirring or
treating _the polymerization reaction mixture with the
aqueous alkaline solution or the aqueous alkaline solution
containing an oxidizing agent and the step of separating
15 the aqueous and organic phases Are carried out at a
temperature of generally 20 to 160°C, and preferably 50
to 100°C under a pressure of 1 to 20 kg/cm2G, and preferably
2 to 10 kg/cm2G. Preferably after the phése separation
is carried out, water washing is cérried out several times.
20 ' The thus obtained organic phase containing the desired
copolymer is subjected to a conventional after-treatment
stage. For example, the hydrocarbon solvent is distilled
off by evaporation upon heating, and the residue is dried
to obtain the desired ethylgne-jrolefin copolymer.
25 While the features of the second embodiment have been
described above, the imporfant characteristic feature there-
of resides in the oxidation treatment in an aquebus alkaline

‘ solution. The significance thereof is as follows.




and butyl perchloro-3-butenoate. In addition to these. catalytic

I ngredi ents, hydrogen, etc. as a nol ecul ar wei ght nDdlfler hay he. used in

tthe present invention. Exanpl es of [err] ol efin haV| t % 3 car’bon
atons include propyl ene, 1-butene, 1-pentene, 1-hexe Eaﬁene 1,
1-octene, and 1-decene. Exanples of the non- conjugat
i ncl ude di cycl opent adi ene, tricycl opent ddi ene, S—neth-

y1l- 2, 5-nor bor nadi ene, 5-nethyl ene-2-norbornene, 5- ethylldene 2- norbornene
5-i sopropyl i dene-2-norbor- nene, 5-isopropeny|-2-norbornene,

5-(1'-butenyl)-2-M®en the polymerization reaction mixture is treated

Wwith an aqueous alkaline solution, a water-insoluble Low-

valent wvanadium compound remains in the organic phase.

When the vanadium compound is oxidized with an oxidizing

5 agent to a pentavalent state, since a hydroxide of

pentavalent vanadium has good solubility in_ water, the

hydroxide of peritavalent vanadium migrates into the aqueous

phase and i; removed from the organic phase. On the

contrary, when the polymerization reaction mixture is

10 subjected to the oxidation treatment under neutral or acidic

conditions, an oxide of vanadium is formed: this compound

has poor solubility in water even under alkaline conditions

and migrate§ with difficulty into the aqueous phase aﬁd,

hence it is difficult to remove the compound. As a result,

15 the vanadium compound remains in the desired copolymer.

The organoaluminum compound and the halogenated ester

compound as a polymerization activator can be aecomposed

and extracted into the. aqueous phase when treated with

an -.aqueous alkaline solution. The oxidation treatment

20 does not ‘interfere with the. extraction of the vanadium

compouhd but rather has an effect of accelerating the

extraction of the vanadium compound into the aqueous phase.

| The present dinvention is now illustrated in greater

detail by reference to the following examples, of which

25 Examples 1 to 8 illustrate the first embodiment and Examples
9 to 14 the second embodiment.

The examples show the removal of thé catalytic

ingredients to low levels not hitherto obtainable.




& o VN emu. o s B o W o s 2 oo Wi SN o WY . W o vl

ornene, 5-(2'-butenyl)- 2-norbornene,. 1, 4-hexadi ene, 1, 6-octadi ene, and
-met hyl -1, 5-heptadi ene. There is no particular limtation with regard to
t her pol ynmerization conditions than those descri bed above The

ol yneri zation reaction nixtures to be purified in the present- i nvention
an be obtained in the manner mentioned above. The pgl & ¢ |on met hod of
he present invention is illustrated befd® First, th 4man of
he present invention is illustrated below The first Bﬁ

resent invention relates to a nethod for purifying a

err]-ol efin copolyner, the method including a step of mixing and stlrrlng
he above-descri bed pol ynerization reaction mxture in an aqueous al kal i ne
olution in such an anmpbunt as to gi veggampgEepus phase having a pH of

Ethylene and propylene were copolymerized in the
presence of a catalyst comprising vanadium oxytri-
chloride, ethylaluminum sesquichloride, and BPCC (manu-

5 factured by Marine Crott, U.S.A, n-butyl perchloro-
crotonate according to a catalog of said company) by a
conventional method (e.g., the method described in JP-B-
44-9390) to prepare a hexane solution containing an
ethylene-propylene copolymer.

10 This uniform hexane solution (containing about 8
wty of the copolymer) of the ethylene-propylene co-
polymer (ethylene content: 73 wt%) contained 47 ppm of
V,05, 560 ppm of Al,0,, 700 ppm of Cl, and about 110 ppm
of BPCC, calculated as the copolymer.

15 To 1000 ml of the hexane solution of the
copolymer was added 500 ml of an aqueous sodium
hydroxide solution having a pH of 13. The mixture was
mixed with stirring at 60°C under atmospheric pressure
in a mixer (at 10000 rpm) for S minutes. After the mixture

20 was left to stand for about 10 minutes to separate an
aqueous phase, the pH of the aqueous phase was measured
and found to be 12.6. A 50 ml portion was sampled from

the separated oily phase and poured into 50 ml of

methanol with stirring to remove the copolymer. The

25 amount of BPCC remained in the thus obtained hexane-



not | ower than 10.0 after mxing and stirring. A nore specific and
preferred nethod thereof is a nmethod conprising the followng first and
gecond stages First stage: A stage wherein the polynerization reac- tion
m xture is mxed and stirred in an aqueous squtimmMﬂu&Eﬁyﬁajﬁ

laced| kal i ne
conpound in such an anount that an agygous phase. se
subsequent sec- ond stage-has a pH of not |ower tha [ ~Stage: A
stage wherein the m xture obtained in the first stage I's separated i.nto an
agueous phase and an organi ¢ phase, and the organi ¢ phase iS washed with
neutral water. Another preferred nethod is a nmethod conprising the
followng first to three stages. First stage: A stage wherein theé
pol ymeri zahiedhamAC mixed solution was quantitatively determined by

means of gas chromatography (measuring conditions being
described below). To the remainder of the oily phase
was added 500 ml of pure water. The mixture was mixed
5 with stirring'in a mixer (10000 rpm) for S5 minutes and
then left to stand to separate the oily phase. Hexane
was distilled off from the o0ily phase by heating to
isolate the copolymer. The content of ashes in the
copolymer was determined by means of X-ray fluorometry.
10 The coloration of the copolymer was visually evaluated.
No odor based on the halogenated ester compound, etc.
was detécted at all. The results are shown in Table

1.

Gas chromatographic measurement conditions
15 Type of device: Hitachi Gas Chromatograph 663-50
Column: 3 mm diameter x 3 m SE-30
Detection: FID 200°C

Temperature rise condition:

100°C constant (10 min) — elevated at a heating
20 . rate of 20°C/min (for 5 min) to 200°C — 200°C
constant (15 min)

Retention time:
BPCC: 24.5 minutes -

Ethyl dichlorophenylacetate: 22 minutes
25 Methyl trichloroacetate: 7.7 minutes



tion mxture obtained by the polymerization reaction is mxed and stirred
in an aqueous solution containing an. alkaline conpound I n such an nount
tthat an aqueous phase fornmed in the subsequent secamﬂSb@e‘ﬁ“E Y

of not
| ower than 10.0. Second stage: A stage wherein one p f the

-m xture obtained in the first stage s g1xed W th 1/
of neutral water. Third stage: A stage wherein the nlxture obtained in th

second stage is separated into an aqueous phase and an organi c phase, and
the organic phase is washed with neutral water. -7 -

EXAMPLES 2 TO 5 AND COMPARATIVE EXAMPLE§ 1 AND 2

The procedures of Example 1 were repeated except
that the type of the halogenated ester compound and the
pE of the aqueous alkaline solution for use in the

5 mixing and stirring treatment were changed. The results
are shown in Table 1.

EXAMPLE 6

An aéueous alkaline solution (NaOH content:
1.25 mol/¢, pH: at least 14) formed by dissolving 5 g

io of sodium hydroxide in 100 ml of water was added to 1000
ml of the hexane solution of the copolymer prepared in
Example 1. The mixture was mixed with stirring at 60°C
under atmospheric pressure in a mixef (10000 rpm) for 5
minutes.

15 Subsequently, 500 ml of pure water was added
thereto, and the mixture was mixed with stirring inia
mixer (10000 rpm) for an additional 5 minutes. After
the mixture was left to stand for about 10 minutes to
separate an aqueous phase, the pH of the aqueous phase

Zﬁ was measured and found to be 13.6. The amount of BPCC
remained in the oily phase was gquantitatively determined
in the same manner as in Example 1. To the separated
oily phase was added 500 ml of neutral pure water, and
the mixture was mixed with stirring in a mixer (10000

25 rpm) for 5 minutes to carry out washing. Hexane was

y volune :



" Exanpl es of the al kaline conmpound which can be used in the present
invention include |ithium hydroxide, sodi um hydroxi dé, " potassi-um hydroxide,
concentrated anmoni a, and anmoni um hydr oxi de. Anong t hgmgyll

hi um
hydr oxi de, pot assi um hydroxi de, and sodi um hydr oxi de ar e ced
preferred. The. al kali ne conmpound nust_ bgguysed in an armgmm to
gi ve an aqueous phase having a pH of not |ower than 10.'CH bly

not |ower than 11.0, the aqueous phase being separated fromthe organic
phase after m xing and stirring. Wen the anount of the. al kaline conpound
is insufficient, the renoval of the catalytic ingredients, etc. is
insufficiently nade, A preferred enbodinent for adding the aqueous al ka-
line sol utichstikbederfifd by tkeat ey hoandhethe ncanteanteofs ashes i wes

solution having a pH of not |ower than
determined “by means of X-ray fluorometry.  The

coloration of the copolymer was visually evaluated. The

results are shown in Table 2.

5 EXAMPLES 7 AND 8 AND COMPARATIVE EXAMPLE 3
The procedures of Example 6 were repeated except
that the pH of the aqueous alkaline solution was

changed. The results are shown in Table 2.
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Fcopol ymer is apt to be colored. Preferably, the concentratlon of
arried out by using any nethod, 30 | ong as t
S phase. Specifi- cally, a nethod using a |line m xeér, etc. can be

Ts | ow as possible. Wen iron conponents exist in water, the
Bn conponents is not higher than 0.1 ppm Tham@ |n and stirring of
¢ ynerization reac- tion mxture with the aque algtlon
el Ce

nts, etc. can be efficiently bro ght into c /; aqueous
ne solution to extract the cata. lytic |ngred|ents et o t he
As a method for separating the aqueous phase and the or- ganic.

for exanple. a nethod using a stationary

Table 2
- Example Comp. Ex.
6 7 8 3
Aqueous alkaline
solution :
'Alkaline compound NaOH NaOH NaOH NaOH
Concentration (mol/?) 1.25 0.08 0.05 0
pH _ >14 12.9 12.7 7.0
Amount of aqueous 100 100 100 100
alkaline solution (ml)
Amount of water addition- 500 500 500 500
ally added (ml)
;T pH of aqueous phase 13.6 11.4 10.5 4.3
: after separation of
oily phase and aqueous
phase (pH)
Halogenated ester BPCC BPCC BPCC BPCC
compound (1)
Residual amount of none none none 10
halogenated ester
(in hexane) ppm (2)
Evaluation of copolymer
after purifying
V,05 (ppm) <1 <l <1 13
Al,0; (ppm) : 4 8 6 65
Cl (ppm) | 3 5 4 48
Color white white white pale
' yellow
Odor odor- odor- odor- slightly
less less less ester
odor
(1) and (2) being the same ‘as in Table 1.




-8 - separating drumcan be used, though there is no particu- |ar

limtation.

The stage of mxin and stirring the poly- nerization reac

tion

m xture with the aqueous al kaline solution and the stage of separating the
aqueous phase and the organic phase are carried out at a tenperature of

generally 20[err] to 160[err]

under a pressure of 0 to 20 [err] and preferably 2 to 10 [err] In the
practice of the present invention, it is preferred that after the-stage of
treating the poly- nerization reaction m xture w th-thé aqueous al

obt ai ned organi ¢ phase containing the de- sired copoly

phase are carried out, water washing is carried out sem‘\‘\\

conventional after-

10

15

EXAMPLE 9

To 2000 ml of the hexane solution of the
copolymer prepared in Example 1 was added an aqueous
alkaline solution (NaOH content: 1.25 mol/¢, pH: at
least 14) formed by dissolving-lo g of sodium hydroxide
in 200 ml of pure water (saturated with air and having
air dissolved therein under atmospheric pressure; iron
content: 0.1 ppm or less). The mixture was mixed with
stirring in a nitrogen atmosphere at 60°C under a
pressure of 0 kg/cmZG in a mixer (12000 ipm) for 5
minutes. After stirring, 500 ml of pure water
(saturated with air and having air dissolved therein
under atmospheric pressure) was further added, and the
mixture was mixed with stirring in a mixer (12000 rpm)

for an additional 5 minutes. After the mixture was left

- to stand for about 10 minutes to separate an agqueous

phase, the 'pH of the agueous phase was measured and

found to be 13.4. To the separated oily phase was added

C, and-preferably 50[err] to 100[err] C

al i ne
solution and the stage of separating the aqueous phasg;ane:Hai® kl?%

e thus
dto a

-500 ml of neutral pure water, and the mixture was mixed

20

with stirring in a mixer (12000 rpm) for 5 minutes to
carry out washing.' Hexane was distilled off from the
oily phase by heating to isolate the copolymer. The

content of ashes in the copolymer was determined by



‘treaffnent stage. For exanple, the hydrocarbon solvent distilled off by
evapqration upon heating, and the residue is dried to--obtain the desired
ethylene-[err]-ol efin copolymer. The function of the first invention is...
illudtrated be- low. Wile the characteristic featureslbbsmhﬂﬁpgg% t
“invenq- tion have been described above, the inpgrtant chjmﬂgm gtﬁ‘m&d
featyre of the present invention resides in mxing and l

pol yrferi zation reaction m xture with the aqueous al kaline s i IMhen

t he Hfal ogenated ester conpound is treated with an aqueous al kal i ne sol ution
havirjg a rel atively high.pH value, the com pound is easily deconposed and

extrdcted into the aque-. ous phase. On the contrary, the deconposition
reactli on of the means of X-ray fluorometry. The coloration of the

copolymer was visually evaluated. The results are shown

in Table 3.

EXAMPLES 10 AND 11

5 The procedures of Example 9 were essentially
| repeated except that the concentration of the aqueous
alkaline solution ahd the amount thereof to be added
were changed. The results together with conditions are

shown in Table 3.

10 " COMPARATIVE EXAMPLE 4

The procedures of Example 9 were essentially
repeated except that the aqueous alkaline solution was
omitted. The results are shown in Table 3.

EXAMPLE 12

15 Into a 50 liter-volume polymerizer were continu-

ously introduced 913 g/hr of ethylene, 1630 g/hr of
propylene, 4.08 ¢/hr of hexane, 0.32 mmol/hr of vanadium
oxytrichloride, 6.8 mmol/hr of ethylaluminum sesqui-
.chloride and 0.28 g/h of' BPCC (manufactured .,by Marine
20 Crott, U.S.A.) as a polymerization activator. While
7.2 Uhr of hydrogen as a molecular weight modifier was
fed to the mixture, a polymerization reaction was carried
out at a temperature of sp°C under a pressure of 13
kg/em26. The react%on mixture in the polymerizer was

25 continuously drawn out soO that the volume of the




hal ogenat ed ester conmpound proceeds very slowy at a pH of not higher than
10. 0 or under neutral or acidic conditions, and it is substantially
‘npossi ble to com pletely deconpose and renove the hallogenated ester
conmpound. - Further, the treatnment with the aqueougu@kkdefifas Bednkeplhde®n does

ot interfere wwth the deconposition and28x= tracti ue of the
yanadi um conpound and or ganoal um num conpound- basedﬂ%ﬂlﬂﬁm!ﬂ[ “at her has
an effect of accelerating the deconposition and extr

fccordingly, the purification nmethod of the present invention is very

pf fective as a nethod for deconposing and renoving both the nmetal- lic

'"ZL?;ZZLEL?Sgﬁggf qgntg&xQuk%genal ee§%f§mggfzepoggg cggk%oiiehh%o 25

liters. The- drawn-out reaction mixture was led to a
flash drum where the reaction mixture was flashed at a
temperature of 60°C under a pressure of 0.8 kg/cm?G to
5 thereby remove the monomer gases. In order to maintain the
femperature of the flashed solution, heated hexane was
added. To 11.6 kg/hr (about 18 ¢/hr) of the thus

obtained polymerization mixture was added an aqueous

sodium hydroxide solution (concentration: 0.16 mol/ée,
10 pH: 13.2) at a rate of 200 ml/hr. The mixture was
mixed in a mixer. Subsequently, 5 ¢/hr of water

" saturated with air (deaerated pure water was saturated

with air at a temperature of 20°C under a pressure of 1
kg/cm?G, iron content: 0.1 ppm or less) was added to

15 the mixture. The mixture was mixed in a mixer, and an
organic phase was separated from an aqueous phase in a
stationary separation drum. The organic phase was

washed with water to obtain the final organic phase.

Hexane was then distilled off from the final organic

20 phase by flash distillation. The residue was dried to
obtain an ethylene-propylene copolymer. The contents of

Cl, Al,0; and V,0, in the copolymer were determined by X-

ray fluorometry. The coloration of the copolymer was

visually evaluated. The results are shown in Table 4.




-9 -] Then, the second invention of the present invention is illustrated
bel qw. The second invention of the present invention relates to a method
fior Jourifying an ethylene- a-ol efin copolyner, the nethod Tncluding—a-step
of gn oxidation treatment of the above-described polynahis BReet fids BBenREASL] ON
ni xtjure in an aqueous al kaline solution i A €%A an anou n
aqugous phase having a pH of not |lower than 10.0 after qmmabmﬂ
tregtment. A preferred nethod thereof is a nethod conpri W ng

fir and second stages. First stage: A stage wherein the pol ynerization
reaqg tion mxture is oxidized with an aqueous sol ution con-

EXAMPLE 13

The “procedures of Example 9 were essentially
repeated except that the polymerization activator was
omitted. The results are shown in Table 4.

5 EXAMPLE 14
| The procedures of Example 9 were essentially
repeated except that l-butene as the a-olefin was used
in place of propylene that and a deaerated aqueous
;lkaline solution was used. The results shown in Table
10 4.

COMPARATIVE EXAMPLES 4 AND 6

The' procedures of Example 9 or 10 was
essentially repeated exéept that deaerated pure water
containing no air was used in pléce of air-saturated

15 water used in Example 12 or 13. The results are shown

in Table 4.
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tai ni ng an-exidizing agent in at |east a stoichionetric amount required for
oxi di zi ng va ﬁgg@ﬂ%%&ﬁrﬁeilmdt he pol ynerization reaction mxture to a

pent aval ent ! al i ne conpound in such an anount that an
aqueous phase Bm i e subsequent second stage has a pH of not

| ower than 10. O stage: A stage wmr-in the m xture obtained in the
first stage is separated into an aqueous phase and *an orgafli c pBase, and
the organic phase is washed with neutral water. Another pre®erred nethod of

the seconds ijnvention is a nmethod conprising the follow ng &irstgto three
st ages. Figlst sta@: A stage wherein the pol yrrerizag Zon reag- tifn mixture
obt ai ned by|dlhe pdiyeerjzati § rga®ion i snmxed-apd=stirred in -§ﬂ aqueous
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phase forned in the subsequent second stage has a pH-of +oet—| ower—ttan—

10. 0.
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t
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A stage wherein 1/5 to 10 parts by v

econd st age:

| east a stoichi one

in at

di zi ng vanadiumin the pol ynerizati on.

f

i ng an oxi di zi ng agent

cont ai
for o

reacti on

ned in

|l ent state.is added to one part by volumds ef the ﬂ

pent a

A stage wherein the m xture obtained in- the

st stage. Third stage:
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“preferably not | ower than 13, is used, and 1/1000 to 10 parts by vol ume of

.of the polynerization reaction m xture. Exanpl es “of ‘the oxi OX|d|2|ng agent

“whi ch can be useqhkghgeheasggee& Iced NVENtion incl ude Mm”n“]rl tes,
per- sul fates, r Ior| tes oxygen ““Lm ch as
sodiumnitrite, oﬂwmw m afen per oxi de andt hydr dxylai ne
hydr ochl ori de. oxygen is particularly preferred as the
oxi - dizing agent because not only air or oxygen is easy to handle, but
there is no digggmgt all that air or oxygen remains in the copolynmer. The
~oxidizing agent is used in at |east a stoichiometric amount required for

oxi di zing all of wanadidihdy &eHur ey QPA Ve y ZeH d -Of-d @ACHH Qb dB ik O
a pentaval ent state. When the anmpunt of th
obtained by polymerizing ethyLene with an ~olefin having
at least 3 carﬁona-toms, optionally with a non-conjugated
diene compound, in a hydrocarbon solvent in the present
of a catalyst comprising a vanadium compound, an organoatu-
m%num compound, and a halogenated ester compound, said
method comprising mixing and stirring. a polymerization
reaction mixeure obtained by the polymerization reaction
in an aqueous alkaline solution in such an amount as to
‘give an aqueons phase having a pH of not Llower than 10.0
after mixing.and stirring.
2. A method as claimed in Claim 1, wherein said mixing
and stirring comprises:
a first step wherein the nixing and stirring of the
i pelymerjzation reaction mixture obtained by the polymerizat-
ionm reaction is carried out in an aqueous soclution contain-
ing an alkaline compeund in such an amount that an aqueous
phase separated in the subsequent second step has a pH

of not Lower than 10.0; and

a secend step wherein the mixture obtained fn the
first step is separated into an aqueous phase and an organic
phase, and the organic phase is washed with neutral water.

3. A method aé claimed in Claim 2, wherein said eecond
step comprises:

(a) 1/5 to 10 parts by volume of neutral wéter is

mixed with one part by volume of the mixture obtained in

the first step; and




!
pxi di zi ng agent is |nsuff|C|ent ced Ne removal of the cata- lytic

ngredi ents, et c.ThisShee el ently made, and the effect of the present
[ ‘ V\hen t he oxi di zi ng agent i's used in an

*nventi on can not

mount of tw ce orm ch| onmetric anount, n uﬂm‘ﬁuﬂmﬂln
anadi um can be br into a pentavaleBly axi datlon m nt
yanadi umis colorless and transparent and, hence, the*fi%halt pfodéict™
topol yner can be com pletely prevented from bei ng col ored. However, when

he oxidi zi ng agenbs theh1&haﬂe05399mnaae1ﬂXQﬂ§S%¥@bMdU§Qg8 H@esgéaQE4lng
hgents remain in the final product copolyner. Hence, it is desirable that

he oxi di si ngdagéemts airheaquBaosoxytgaye anadusesl iorgam i@ WpRhsef I1fhd | FRS OF
ess the stoichionetric anount. There is no fear that oxygen renmains in the

copol yner, eveganhienpbrge genwashedcesshvekytdaedwaklewever, when a | arge
PXCess 4. A method of purifying an ethyLeng*l-otefin copolymer
obtained by polymerizing ethylene with an (X-olefin having
at least 3 carbon atoms, optionally with a non-conjugated
diene compound, in a hydrocarbon solvent in the presence
of a catalyst comprising a vanadium compound and an organo-
aluminum compound and optionally a halogenated ester
compound, said method comprising an oxidation treatment
of the polymerization reaction mixture obtained by the
‘polymerization reaction in an aqueous alkaline solution
in §uch én amount that an aqueous phase obtained after the
oxidation treatment has a pH of not Lower than 10.0.

5. A method as claimed 1in Claim 4, wherein said
oxidation treatment comprises:

a first step wherein the oxidation treatment of the
polymerization reaction mixture obtained by the polymerizat-
ion reaction is carried out in an aqueous solution contain-
ing (i) an oxidiz%ng agent in at Lleast a stoichiometric
amount required for oxidizing vanadium present in said
mixture to a pentavalent state and (ii) an alkaline compound
in such an amount that an aqueous phase separated in the
subsequent second stage has a pH of not LlLower than 10.0;
and .

a second step wherein the mixture obtained 1in the
first step is separated into an aqueous phase and an organic

phase, and the organic phase is washed with neutral water.




®ht of oxygen is used in the continuous polymeriza- tion process

B udi ng a setvent—recycting process), oxygen is accurulated in the
ents, andT%h cqpoly- -ner Js oxi di zed and deteriorated. Hence, it is

gosi rabl e t hatt™ SRRl n an ampunt of 50.tirreﬁlmu "Uﬂ JU"L _

3-0i chionetric l l qier, when an oxidi zi ng age e 4 olkess s

grovided in an _ WBuch consideTal®on is not required. Ih the

bxi dati on treatnment, water is used in an anount sufficient to effectively

Extract therewith ashes mainly forned fromthe catalytic ingredients and to

peparate the organjc d. i he eous phase. Specifically, water is_
Es_ed in an anount néo'f “Sp@?‘g"r%%%} 17‘556111 oe‘gonbagﬁ fio &Pt {5145 % aat

ion treatment comprises:

a first step wherein the oxidation treatment of the
polymerization reaction mixture obtained by the polymerizat-
ion reaction is carried out in an aqueous solution contain-
ing (i) an alkaline compound in such an amount that an aqueous
phase formed in the subsequent second step has a pH of

not lower than 10.0;
a second step wherein 1/5 to 10 parts by volume of

water containing (ii) an oxidizing agent in at least a stoichio-

metric amount required for oxidizing vanadium present in

said mixture to a pentavalent state is added to one part

by volume of'water obtained in the first step; and

a third step wherein the mixture obtained in the second
step 1is separated into an aqueous phaSe and an organic
phase, and the organic phase is washed with neutral water.

7. A method as claimed in Claim 4, 5 or 6, wherein
said oxidizing agent is oxygen.

8. A mefhod as claimed in any preceding claim, wherein

said vanadium compound is selected from V(L VCL4, VOCL

37 3
and VO(OR)3_mCLm,-wherein R is a straight or branched alkyl
group, a cycloaltkyt group, or aﬁ aryl group, each having
1 to 10 carbon atoms; and 32m>0. |

9. A method: as cLaimgd in any preceding claim, wherein

said organocaluminum compound is selected from ALR'nCL and

3-n

ALR'n(OR')3, wherein R' dis a straight chain or branched

alkyl grbup having 1 to 8 carbon atoms; and 3;.m>0.




volume, and nore preferably [err] to 5 parts by volune per part by

| ume of the poLyﬁerTZation.rea%&&pn m x- ture. It is preferred that water

dlo be used has an %&ogmgqmsﬁy als | ow as possible. Wen iron conponents
ist in water, thd™AesniBll mer is apt to be | n “m ably,

tihhe concentration of} ! nent_s%f not rmrm Imm ul l he

ty eat nent of the pol ation.reaction xture with ah agudoud afFkaline

spl uti on and an aqueous al ka- |ine solution containing an oxidizi ng agent
y be car- ried out by using any nmethod, so long as the catalytic

ipgredients, etc. £@n Pen@fdd& £NTEYa MOYINE AR§ O FOLL@Fhg M LDih NEFRerein
splutions to extract the catalytic ingredients, etc. 1nto the agueous

phase. Speci fé£ad| Yha Bo f@h HiOdd USé §ie @ | ¢ WP HLXET . i €1 Cre §R8s DRt 81§ETpy ASt Re
thod for separat-

formula:

wherein R" represents an organic gEoup having 1 to 20 carbon
atoms, which is partially or wholly substituted by a halogen

atom; and R"' represents a hydrocarbon group having 1 to

20 carbon atoms.




L
ng the aqueous—phase~and~%he—nganlc phase, for exanr
stationary se aratlng drum can be used, though there

finitation. Th H %ﬂg the pol ymeri zation reactio
he aqueous alka
ont ai ni ng an ox

and the aqueous al kal i ne sal u- thﬂ
and the stag ? of sepa- rating the aq S
hase and t he organlc phase are carried out at a tenperature of™ generalry
O[err] to 160[err] C, and preferably 50[err] to 100 C. under a pressure
f 0 to 20 [#psirant preferably 2 to 10 [err] In the prac- tice of the
resent invention, it is preferred that after the stage of treating the

ol yneri zation reaction n1&FEF%DmPfhRfﬂgvaﬁﬁeSﬁEAhrﬁﬁlFﬂ@"solutlon and t he
queous al kai ne sol ution cont | an oxidi zin nt and the stage of
eparating the aqueous phase E?ﬁ&"t%ﬁlé "f'é)é'rﬁ é"pf?g)spé’q-avr"@'*carrl ed out, water
yashing is carried out

After a copplymer of ethylene and an alpha-olefin
of at least 3 carbon atoms (e.g. propylene) and optionalty
also a non-cenjugated diene has been prepared with the
use of a vanaqium cataLysf and an organoaluminum (e.g.
alkyl) compound, the residual catalyst is removed from
the polymerisation reaction mixture in a hydrocarbon Solvent
(e.g. hexane) by

(a) when the catalyst also includes a halogenated
ester compound, mixing the reactiom mixture with stirring

. into an aqueous solution of an aLkaLine compound (e.g.
hydroxide of Li, Na or K) in an amount to give an aqueous
phase pH. of at least 10; or

(b) the halogenated ester compound being optional,
oxidising the react%on mixture with an oxidising agent
(preferably 02), e.g. to convert the vanadium to pentavalent
V,in an aqueoas alkaline solution as in (a)..

The organic phase is then separated and washed with
water and the polymer is recovered therefrom.

The <catalyst residue is thus reduced to very Llow

levels, so that the copolymer is not affected thereby.
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METHOD FOR PURIFYING
ETHYLENE-a-OLEFIN COPOLYMER

FIELD OF THE INVENTION

This invention relates to a method for punfymg an
ethylene-a-olefin copolymer. More particularly, it re-
lates to a method for purifying an ethylcnc-a.-oleﬁn
copolymer which comprises removing catalytic ingre-
dients, etc. from an ethylene-a-olefin copolymer ob-
tained by copolymerizing ethylene with an c-olefin
having at least 3 carbon atoms, or ethylene with an
a-olefin having at least 3 carbon atoms and a non-conju-
gated diene compound, in a hydrocarbon solvent in the
presence of a catalyst comprising a vanadium com-
pound and an organcaluminum compound, or 2 catalyst
comprising a vanadium compound, an organoalun-* sum
compound, and a halogenated ester compound.

BACKGROUND OF THE INVENTION

In the preparation of an ethylene-a-olefin copolymer
in a hydrocarbon solvent in the presence of a catalyst
comprising a vanadium compound and an organoalumi-
aum compound, or a catalyst comprising a vanadium
-compound, an organoaluminum compound, and a halo-
genated: ester compound, if the catalytic ingredients,
etc: remain or are incorporated in the copolymer as a
final product, problems such as discoloration of the
copolymer and deterioration in weather resistance and’
heat resistance of the copolymer occur. Hence, the
catalytic ingredients, etc. remained:in the copolymer
.obtained by the polymenzanon reaction must be com-
pletely removed from the copolymer.

Conventional methods for removing the catalytic
mgredxcnts from the ethylene-a-olefin copolymer pre-
pared in the presence of a vanadium-based catalyst
include a method wherein a large amount of water is
‘added to a. polymer solution, the mixture is mixed in a
mixer, the catalyst is extracted into an aqueous phase,
- the aqueous phase is se;parated from an organic phasg,
and' the polymer conta:nmg a reduced amount of the

_ catalytic ingredients s recovered from the organic
phase; and 2 method wherein water or-an alcohol is
‘added to a slurry obtained by a copolymerization reac-

This is the repiac

pate: V& DEC 1997
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second- i nvention resides in the oxidation treatnment in an aqueous al kal i ne
solution. The present inventors have nmade extensive studies to examne if
effect of the pres- ent invention can be obtained by such a characteristic
construction and reached the foll ow ng concl usion. Wen the pol ynerization
reaction mxture is treated wth an aqueous al kaline solution, a
wat eri nsol ubl e | ow val ent vanadi um conpound renmains in the organic phase.
When t he vanadi um conpound is oxidized with an om dizing agent to a
pentaval ent state, since a hy- droxide qfppentaval ent vanadiumis well
soluble in wa- ter, the hydroxi de of pentaval ent vanadiumm grates into the
aqueous phase and is renoved fromthe organic phase. On the contrary, when
the polynerization reac- tion mxture is subjected to the oxidation
treat nent under neutionlinos sabjett whiohdioes et dissolvexibdeeinftheana-

polymer, to reduce the amount of catalytic residue in

the polymer [see, Yasuharu Saeki, Polymer Production

Process, published by Kogyo Chosakai (1971)].

 'However, these methods have some disadvantages

described below.

In the method wherein a polymer solution is treated

with a large amount of water, it is considered that the

catalytic mgredlents which are solubilized in water by

bringing them into contact. with water are extracted

with water. However, when one expects that the cata-

lytxc ingredients are -more completely removed, the

mixing of the polymer solution with water must be

thoroughly made, and a largesize, heavy-duty mixer

must be used at a high speed (at high revolution num-

ber). Hence, much costs of equipment and power are

required and, therefore, the. method is not mdustnally

advantageous.

" In the method using an alcohol, etc., the alcohol must

be purified and reused and, hence, not only the process

is complicated, but an energy consumption is increased.

Thus, the method is not industrially advantageous, too.

As other methods, JP-A-63-275605 (the term “JP-A™

"'as used herein means an “unexamined published Jana-
nese patent apphcat:on”) discloses a method wherein

copolymers prepared in the presence of a titanium-
based catalyst are washed with water containing an
alkaline compound; and JP-B-43-6471 (the term “JP-B”
as used herein means an “examined Japanese patent
publication™) discloses a method wherein copolymers
prepared in the presence of a vanadium-based catalyst
are oxidized and then washed with water containing an
alkaline compound.

In recent years, since ethylene-a-olefin rubbery co-
‘polymers are mixed with other resins such as polypro-
pylene and widely used in the ficlds of automobile parts
and packaging materials, the requirements on weather
resistance, non-discoloration, etc. of the rubbery co-
polymers have become severer. In order to meet the
requirements, it is highly demanded to further reduce
the amount of the catalytic ingredients remained in the
rubbery copolymer. For example, it is demanded that
the amount of the vanadium compound remained in the
copolymer is reduced to not hlgher than { ppm in terms
of V20s. ~

This is the replacement sheet
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diumi§ fornmed. This conpound is poor in solubility in water even under

al kaline conditions and difficultly mgrates into the aqueous phase and,
hence, it is difficult to renove the conpound. As a result, the vanadi um
conpound remains in the desired copol yner. The or- ganoal um num conpound
and the hal ogenated ester. conpound as a pol ynerization activator can be
decom posed and extracted into the aqL Uﬁous phase when treated with an
aqueous al kaline solution. The oxidation treatnment does not interfere with
the extraction of the vanadi um conpound but rather has an effect of
acceler- ating the extractlon of the vanadi um conpound into the aqueous
phase. The present Ve t|o I S. NOW | Lwtéﬁbed in greater detail by

reference to the foI Sis| B PIG Reddditionrte thet to be construed
as limting the in@skllic ca talytic ingredients, halogenated ester com-

pounds used as actxvanng agents for the polymerization
reaction are remained in the copolymer. When the halo-
genated ester compounds are remained in the copoly-
mer, such a problem as lowering in the quality of the
copolymer caused by halogens occurs, that is, corrosion
of processing machines and coloration of the copoly-
mers occur so that the copolymers are no longer appli-
cable to vessels and packaging materials for foods and
medicines.

. Under these circumstances, the conventional tech-
niques described in the aforesaid patent specifications
"are not yet satisfactory.

Thus, in order to solve such problems as mentioned
above, the present inventors have made extensive re-
searches and eventually accomplished the present in-
wvention.

SUMMARY OF THE INVENTION

An object of the present invention - is to provide a
method capable of removing catalytic ingredients, etc.
to a level which could not be achieved by conventional’
methods in-purifying an ethylene-a-olefin copolymer
obtained by polymerizing ethylene with an a-olefin
having at least 3 carbon atoms, or ethylene with an
ux-olefin having at least 3 carbon atoms and a nonconju-
‘gated diene compound, in a hydrocarbon solvent in the
.presence of s catalyst comprising a vanadium com-
-pound and an organoaluminum compound, or a catalyst
comprising a vanadium compound, an organoaluminum
‘¢ompound, and a halogenated ester compound.

_ Aocordmgly, in one embodiment (first invention), the
present invention relates to a method for purifying an
ethylene-a-olefin copolymier obtained by polymerizing
ethylene with an a-olefin having at least 3 carbon
‘atoms, or ethylene with an a-olefin having at least 3
carbon atoms and a non-conjugated diene compound, in
a hydrocarbon solvent in the presence of a catalyst
comprising a vanadium compound, an organcaluminum
compound, and a halogenated ester compound, the
‘method including a step of mixing and stirring a poly-
merization reaction mixture obtained by the polymen-
‘zation reaction in an aqueous alkaline solution in such
an amount as to give an aqueous phase havmg apHof
not glower than 10.0 after mixing and sumng

This is the replacement sheet
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tion i any way. First, the first invention is illustrated by neans of the
fokl ow ng exanpl es and conparative exanples. . -13- EXAMPLE | Ethyl ene and
propyl ene were copol ynerized in the presence of a catal yst conprising
vanadi um oxytrichlo- ride, ethylalum num sesquichlorid, and BPCC (manu-
factured by Marine Crott, U S. A n-butyl perchlorocro- tonate according to
a catal og of said conpany) by a conventional nethod (e.g., the nethod
described in JP-B-44-9390) to prepare a hexane solution containing an

et hyl ene- propyl ene copol yner.

-4-

in another embodiment (second invention), the pres-
it invention relates to a method for purifying an ethy-
jene-a-olefin copolymer obtained by polymerizing eth-
ylene with an a-olefin having at least 3 carbon atoms, or
cthylene with an a-olefin having at least 3 carbon atoms
and a non-conjugated diene compound, in a hydrocar-
bon solvent in the presence of a catalyst comprising a
vanadium compound and an organcaluminum com-
pound, the method including a step of treating a poly-
merization reaction mixture obtained by the polymeri-
zation reaction with an oxidizing agent in an aqueous
alkaline solution in such an amount as to give an aque-
ous phase having a pH of not lower than 10.0 after

_oxidation.

DETAILED DESCRIPTION OF THE
INVENTION

Materials to be purified in the present invention are
polymerization reaction mixtures containing an ethy-’
lene-a-olefin copolymer obtained by polymerizing eth-
ylene with an a-olefin having at least 3 carbon atoms, or
ethylene with an a-olefin having at least 3 carbon atoms
and 2 non-conjugated diene compound, in a hydrocar-
bon solvent in the presence of a catalyst comprising a
vanadium compound and an organoaluminum com-

. pound, or a catalyst comprising a vanadium compound,
an organoaluminum compound, and 2 halogenated ester
compound.

Any of solvents in which the copolymer is soluble or

"insoluble can be used as the hydrocarbon solvent. Ex-
amples of the solvents which can be suitably used in-
clude aromatic compounds such as benzene and tolu-
ene; aliphatic hydrocarbon compounds such as pentane,
hexane, and heptane; alicyclic hydrocarbon compounds
such as cyclopentane, methylcyclopentane, and cyclo-

. hexane; a-olefins such as liquefied propylene, liquefied
1-butene, and 4-methylpentene-1; and mixtures thereof. -

Examples of the vanadium compound which can be
used in the present invention include VCl;, VCly,
VOCl3, and VO(OR)3-mClim (Wherein R is a straight
chain or branched alkyl group, a cycloalkyl group, or
an aryl group, each having 1 to 10 carbon atoms; and
32mz=0), such as VO(OCH;)Cly, VO(OCH}j),Cl, VO-

This is the replacement sheet
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Thi s uni form hexane sol ution (containing about 8 wt % of the copol yner) of
t he et hyl ene-propyl ene copoly- nmer (ethylene content: 73 w % contai ned 47
ppmof [err] 560 ppmof [err] 700 ppmof C, and about 110 .ppm of BPCC,

cal cul ated as the copolyner. To 1000 m of the hexane solution of the

copol ynmer was added 500 ml of an aqueous sodi um hydroxi de sol ution having a
pH of 13. The m xture was mxed with stirring at 60[err] C. under

at nospheric pressure in a mxer (10000 rpn) for 5 mnutes. After the
mxture was left to stand for about 10 mM@t®es to separate an aqueous
phase, the pH of the aqueous phase' was neasured and found to be 12.6. A 50

m portion was sanp om e 5 ed‘?' 3 : angyepoured into 50 ni
of nethanol with stgg ;t OW ccqgkge\%g%e %g.unt of BPCC
remained in the thugs Bigne Tt _5%?2(2 VO(OisoCsH1)Cl,
VO(OisoC;iHy)3, V(OCHj)3, and V(OCH2COOCH3)a.
Examples of the organoaluminum compound which
can be used include AIR',Cl;., and AIR',(OR"):
(whercin R’ is a Straight chain or branched alkyl group
having 1 to 8 carbon atoms; and 3=n=0), such as
(C2Hs):AICI, (C4Hs)AlC], (CeH13nAIC,
(CaH3)1sAICl s, (C4HohsAIClLs, (CeHishsAIChs,
CaHAICI, C4HAICI,, and CeHi3AICkH.
The halogenated ester compound which can be effec-
tively used is a compound represented by the following
formula:

Rn_'c‘_o_-nnl
0]

wherein R"” represents an organic group having 1 to 20
carbon atoms, which is partially or wholly substituted
by a halogen atom; and R’ represents a hydrocarbon
group having 1 to 20 carbon atoms. Compounds
: wherein R" is wholly substituted by chlorine atoms and
compounds having a phenyl group and a chlorine-sub-
stituted alkyl group are preferred. More preferred are
perchlorocrotonic acid esters, perchloro-3-butenoic
acid esters, and phenyldichloroacetic acid esters.
~ Specific examples of the halogenated ester compound
include ethyl dichloroacetate, methyl trichloroacetate,
ethyl trichloroacetate, methyl dichlorophenylacetate,
ethyl dichlorophenylacetate, methyl perchlorocroton- ;
ate, ethyl perchlorocrotonate, propyl perchlorocroton-
ate, isopropyl perchlorocrotonate, butyl perchlorocro-
tonate, cyclopropyl perchlorocrotonate, phenyl per-
chlorocrotonate, methyl perchloro-3-butenoate, ethyl
perchloro-3-butencate, propyl perchloro-3-butenoate,
and butyl perchloro-3-butenoate.

In addition to these catalytic ingredients, hydrogen,
etc. as a molecular weight modifier may be used in the
present invention.

Examples of a-olefin having at least 3 carbon atoms
include propylene, l-butene, l-pentene, 1-hexene, 4-
methylpentene-1, 1-octene, and 1-decene.

. Examples of the non-conjugated diene compound
‘inciude dicvclopentadiene, tricyclopentadiene, 5-meth-
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m xed*sol uti on was quantitatively determ ned by nean of gas chromatography
(measuring conditions being described below). To the remainder of the oily
phase was added 500 ml of pure water. The mixture was mxed with stirring
in a mxer (10000 rpnm) for 5 mnutes and then left to stand to separate the
oi |y phase. Hexane was distilled off fromthe oily phase by heating to
I sol ate the copolyner. The content of ashes in the copolyner was determ ned
by neans of X-ray fluoronetry. The coloration of the copol yner was visually
eval uated. An odor based on the hal ogenal ed ester conpound, etc. was not
detected at alL The results are shown in Table 1.. Gas chromat oqr aphic
measur enent conditions Type of device: H tachi Gas Chromat ograph 663-50.
Col um: 3 mm di anet yk-2,5-norBardicne, S-methylene-2-norbornene, 5-
ethylidene-2-norbornene,  S-isopropylidene-2-norbor-
nene, S-isopropenyl-2-norbornene, 5-(1°-butenyl)-2-nor-
bornene, 5-(2'-butenyl)- 2-norbornene, 1,4-hexadiene,
1,6-octadiene, and 6-methyl-1,5-beptadiene.
There is no particular limitation with regard to other
polymerization conditions than those described above.
The polymerization reaction mixtures to be purified
in the present invention can be obtained in the manner
mentioned above.
The purification method of the present invention is
illustrated below.
First, the first invention of the present invention is
illustrated below. The first invention of the present
invention relates to 2 method for purifying an ethylene-
a-olefin copolymer, the method including a step of
mixing and stirring the above-described polymerization
reaction mixture in an agueous alkaline solution in such
an amount as to give an aqueous phase having a pH of
not lower than 10.0 after mixing and stirring.
A more specific and preferred method thereof is a
method comprising the following first and second
stages.
First stage: A stage wherein the polymerization reac-
tion mixture is mixed and stirred in an aqueous solution
containing an alkaline compound in such an amount
that an aqueous phase separated in the subsequent sec-
ond stage-has a pH of not lower than 10.0.
Second stage: A stage wherein the mixture obtained
in the first stage is separated into an aqueons phase and
an organic phase, and the organic phase is washed with
neutral water.
Another preferred method is a method comprising
the following first to three stages.
First stage: A stage wherein the polymerization reac-
tion mixture obtained by the polymerization reaction is
mixed and stirred in an aqueous solution containing an.
alkaline compound in such an amount that an aqueous
phase formed in the subsequent second stage has 2 pH of
not lower than 10.0.
Second stage: A stage wherein one part by volume of
the mixture obtained in the first stage is mixed with 1/5 .
to 10 parts by volume of neutral water.
Third stage: A stage wherein the mixture obtained in
the second stage is scparated into an aqueous phase and
an organic phase, and the organic phase is washed with
neutral water.

This is the replacement sheet

12 DEC 1997
Date: ‘



Det ection: FID 200[err] C. -14- [err] Tenperature rise condition: _
100[err] C. constant (10 mn)elevated at a heating rate of 20[err] C./mn
(for 5 mn) to 200 C 200[err] C constant (15 nmn) Retention tine: BPCC
24.5 mnutes; Ethyl di- chlorophenyl acetate: 22 mnutes; Methyl
trichloroace- tate: 7.7 mnutes. EXAMPLES 2 TO 5 AND COVPARATI VE EXAMPLES 1

AND 2 The procedures of Exanple 1 were repeated except that the type of the
hal ogenat ed ester conpound and aye

Examples of the alkaline compound which-can be
gsed in the present invention include lithium hydroxide,
sodium hydroxide, potassium hydroxide, concentrated

.ammonia, and ammonium hydroxide. Among them,
lithium hydroxide, potassium hydroxide, and sodium
hydroxide are particularly- preferred. The alkaline
compound must be used in an amount sufficient to give
an aqueous phase having a pH of not lower than 10.0,
and preferably not lower than 11.0, the aqueous phase
being separated from the organic phase after mixing and

- stirring.. When the amount of the alkaline compound is
insufficient, the removal of the catalytic ingredients,
etc. is insufficiently made,

A preferred embodiment for adding the aqueous alka-
line solution is concerned with a method wherein an
aqueous alkaline solution having a pH of not lower than
12, and preferably nat lower than 13, is nsed, 1/1000 to

. 10'parts by volume of the aqueous alkaline solution is’
added to and mixed with one part by volume of the.

- polymerization reaction mixture with stirring, and 1/5

-t0 10 parts by volume of- water is. additionally added
thereto and mixed therewith to separate the mixture
into an oily phase and an aqueous phase.

As mentioned above, water must be added in an
amount sufficient to extract therewith ashes mainly
formed: from the catalytic ingredients and to separate
the mixture into an organic phase and an aqueous phase.
Specifically, the amount of water added is 1/5 to 10
parts by volume, and preferably { to 5 parts by volume,

- per part by volume of the polymerization reaction mix-
ture. :

It is preferred that water to be added has an iron
‘content as low as possible. When iron components exist
in water, the desired copolymer is apt.to be colored.
Preferably, the concentration of the iron components is

- not higher than 0.1 ppm.”™ '

The mixing and stirring of the polymerization reac-
tion mixture with the aqueous alkaline solution may be -
carried out by using any method, so long as the catalytic
ingredients, etc. can be efficiently brought into contact
with the aqueous alkaline solution to extract the cata-
lytic ingredients, etc. into the aqueous phase. Specifi-
«cally, a method using a line mixer, etc. can be used. As
a method for separating the‘aqueous phase and the or-
ganic. phase, for example, a method using a stationary’
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the pH of the aqueous al kaline solution for use in the mxing and stirring
treatnment were changed. The results are shown in Table 1. EXAMPLE 6 An
aqueous al kal i ne solution (NaOH content: 1.25 nol/l, pH at |east 14)
formed by dissolving 5 g of so- dium hydroxide In 100 ml of water was added
to 1000 m of the hexane solution of the copolynmer prepared in Exanple 1.
The m xture was mxed with stirring at 60 C under atnospheric pressure in
m xer (10000 rpm for 5 mnutes. Subsequently 500 m of pure water was
added thereto, and the m xture was mxgé¢ with stirring in a m xer (10000
rpm) for an additional 5 mnutes. After the mxture was left to stand for
about 10 m nutes to sepa- rate an aqueous phase. the pH of the aqueous

phase was ‘separating drum can be used, though there is no particu-

lar limitation. The stage of mixing and stirring the poly-
-merization reaction mixture with the aqueous alkaline
solution and the stage of separating the aqueous phase
and the organic phase are carried out at a temperature
of generally 20° to 160° C, and preferably 50° to 100° C.
‘under a pressure of 0 to 20 kg/cm2G, and preferably 2
to 10 kg/cm?G. In the practice of the present invention,
‘it is preferred thiat after the stage of treating the poly-
merization reaction mixture with the aqueous alkaline
solution and the stage of separating the aqueous phase
--and the organic phase are carried out water washing is
carried out several times.

‘The thus obtained organic phase containing the de-
sired copolymer-is subjected to a conventional after.’
treatment stage. For example, the hydrocarbon solvent
is distilled off by evaporation upon heating, and the
residue is dried to obtain the desired ethylcne-a-oleﬁn
copolymer.

. The function -of the first mvennon is illustrated be-
. low.

While the characteristic features of the present inven-

tion have been described -above, the important charac-

teristic feature of the present invention resides in mixing
and stirring the polymerization reaction mixture with
* the aqueous alkaline solution. When the halogenated
_ester compound is treated with an aqueous alkaline
solution having a relatively high pH value, the com-
pound is easily decomposed and extracted into the aque-
ous phase.

On the contrary, the decomposition reaction of the
halogenated ester compound proceeds very slowly at a

- pH of not higher than 10.0 or under neutral or acidic
conditions, and it is substantially impossible to com-
pletely decompose and remove the halogenated ester

. compound. -

Further, the treatmcnt with the aqueous alkaline solu-
tion does not interfere with the decomposition and ex-
traction of the residue of the vanadium compound and

- Organoaluminum compound-based catalyst but rather

- has an effect of accelerating the decomposition and
extraction thereof. Accordingly, the purification
method of the present invention is very effective as a
method for decomposing and removing both the metal-
lic catalyst residue and the halogenated ester com-
pound. :
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-15- measured and found to be 13;6. The ampbunt of BPCC remained in the oily

phase was quantitatively deter-

To the separated oily phase was added 500 m of neutral pure
m xture was mxed with stirring in a mxer (10000 rpm for 5 mnutes to

carry out washi ng. Hexane was distilled off by heating,

mned in the sane nmanner as in Exanple 1.

wat er, and the

and the content of

ashes was determ ned -by neans of X-ray fluoronetry. The coloration of the
copol ymer was visually evalu- ated. The results are shown in Table 2.
EXAMPLES 7 AND 8 AND COVPARATI VE Th[ errd e procedures of Exanple 6 were

repeat ed- except

Then, the second invention of the present invention is
illustrated below. The second invention of the present
invention relates to a method for purifying an ethylene-
a-olefin copolymer, the method including a step of an
oxidation treatment of the above-described polymeriza-
tion reaction mixture in an aqueous alkaline solution in
such an amount as to give an aqueous phase having a pH
of not lower than 10.0 after the oxidation treatment.

A preferred method thereof is a method comprising

~ the following first and second stages.

First stage: A stage wherein the polymerization reac-
tion mixture is oxidized with an aqueous solution con-
taining an oxidizing agent in at least a stoichiometric
amount required for oxidizing vanadium present in the
polymerization reaction mixture to a pentavalent state

and an alkaline compound in such an amount that an’

aqueous phase separated in the subscquent second stage
has = pH of not lower than 10.0."
Second stage: A stage wherein the mixture obtained

in the first stage is separated into an aqueous phase and

-an organic phase, and the organic phase is washed thh
_neutral water,

. Another preferred method of the second invention is -

a methiod comprising the following first to three stages.
First stage: A stage wherein the polymerization reac-

. tion mixture obtained by the polymerization reaction is

mixed and stirred in an aqueous.solution containing an
alkaline compound in such an amount that an aqueous
phase formed in the subsequent second stage has a pH of
not lower than 10.0. _

Second stage: A stage wherein 1/5 to 10 piu'ts by
volume of water containing an -oxidizing agent in at
least a stoichiometric smount reqnu'ed for oxidizing
vanadium in the- polymenzat:on reaction mixture to a
pentavalent state is added to one part by volume of the
-mixture obtained in the first stage.

Third stage: A stage wherein the mixture obtained in-
the second stage is separated into an aqueous phase and

an organic phase, and the organic phase is washed with_

neutral water. _

Examples of the alkaline compound which can be
nsed in the present invention include lithium hydroxide,
sodium hydro:ude. potassmm hydroxide, concentrated
ammonia, and ammonium hydroxide. Among them,
lithium hydroxide, potassium hydroxide, and sodium
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that the pH of the aqueous al kaline solution was changed. The results are

shown in Table 2.

means of the follow ng exanpl es and conparative exanpl es.

[err] - 16 - The second invention is i

| lustrated by

EXAMPLE 9 To 2000

m of the heane solution of the copolynmer prepared in Exanple 1 wa added an
aqueous al kal i ne solution (NaOH content: 1.25 nol/| pH at
by dissolving 10 g of sodi um hydroxidggin 200 ml of pure water (saturated
with air and having air dissolved therein under atnospheric pressure; iron

con-

hydroxide are particularly preferced. The alkaline com-
pound must be used in an amount sufficient to give an
aqueous phase having a pH of not lower than 10, and

preferably - not lower than 11, the aqueous phase being

separated from the organic phase after the oxidation

treatment’. When the amouat of the alkaline compound
x-,;‘nsufﬁcicnt, the removal of the catalytic ingredients,
etc. is insufficiently made.

A preferred embodiment for adding the aikaline com-

und is cancerned with a method wherein an aqueous
glkaline solution having a pH of not lower than 12, and
_preferably not lower than 13, is used, and 1/1000 to 10
parts by volume of the aqueous alkaline solution is
added to and mixed with one part by volume of the
polymerization reaction mixture.

Examples of the oxidizing agent which can be used in
the present invention include alkali metal nitrites, per-
sulfates, peroxides, hypochlorites, oxygen, ozone, and
air, such as sodium nitrite, potassium nitrite, hydrogen
peroxide, and hydroxylamine hydrochloride. Among
them, air or axygen is particularly preferred as the oxi-
dizing agent because not only air or oxygen is easy to
handle, but there is no fear at all that air or oxygen
remains in the copolymer. The oxidizing agent is used in
at Jeast a stoichiometric amount required for oxidizing
all of vanadium present in the polymerization reaction
mixture to a pentavalent state. When the amount of the

. oxidizing agent is insufficient, the removal of the cata-

lytic ingredients, etc. can be insufficiently made, and the
effect of the present invention can not be exhibited.
When the oxidizing agent is used in an amount of twice
or more the stoichiometric amount, the valence of all
vanadium can be brought into a pentavalent oxidation
state. Pentavalent vanadium is colorless and transparent
and, hence, the final product copolymer can be com-
pletely prevented from being colored. However, when
the oxidizing agents other than oxygen are excessively
used, the oxidizing agents remain in the final product
copolymer. Hence, it is desirable that the oxidizing
agents other than oxygen are used in an amount of 10
times or less the stoichiometric amount. Therea is no fear
that oxygen remains in the copolymer, even when oxy-
gen is excessively used. However, when a large excess

-
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tent:+0.1 ppmor less). The mxture was mxed with stirring in a nitrogen
at nosphere at 60[err] C under a pres- sure.of O [err] in a mxer (12000
rpm) for5 mnutes. After stirring, 500 m of pure water (saturated with air
and having air dissolved therein under atnospheric pressure) was further
added, and the m xture was mxed wth stirring in a mxer (12000 rpm for
an additional 5 mnutes. After the mxture was left to stand for about 10
m nutes to separate an aqueous phase; Bie pH of the aqueous phase was
measured and found to be 13.4. To the separated oily phase was added 500 ni
of neutral pure water and the m xture was nixed with stirring in a m xer
(12000 rpm for 5 n1nutes t carry out Fbxane mas distilled off

R etory s S i die o

fromthe oily phase W@F“ content of
ofesshr om

ashes in the copol n%“v%'?cﬁﬁt %r 5
shes Pory oxygen is accum atggs in solvents, and thc copoly-

mer is oxidized and deteriorated. Hence, it is desirable
that oxygen is used in an amount of 50 times or less the -
stoichiometric amount. However, when an oxidizing
agent-removing process is provided in an after-stage,
such consideration is not required.

In the oxidation treatment, water is used in an amount
sufficient to effectively extract therewith ashes mainly
formed from the catalytic ingredients and to separate

. the organic phase and the aqueous phase. Specifically,
water is used in an amount of preferably 1/5 to 10 parts
by volume, and more preferably § to 5 parts by volume
per part by volume of the polymerization reaction mix-
ture. .

It is preferred that water to be used has an iron con-
tent as low as possible. When iron components exist in
water, the desired copolymer is apt to be colored. Pref-
erably, the concentration of the iron components is not
more than 0.1 ppm.

The treatment of the polymerization reaction mixture
with an agueous alkaline solution and an aqueous alka-
line solution containing an oxidizing agent may be car-
ried out by using any method, so long as the catalytic
ingredients, etc. can be efficiently brought into contact
with these solutions to extract the catalytic ingredients,
etc. into the aqueous phase. Specifically, 2 method using
a line mixer, etc. can be used. As a method for separat-
ing the aqueous phase and the organic phase, for exam-
ple, a method using a stationary separating drum can be
used, though there is no particular limitation. The stage
of treating the polymerization reaction mixture with the
aquecous alkaline solution and the aqueous alkaline solu-
tion containing an oxidizing agent and the stage of sepa-
rating the aqueous phase and the organic phase are
carried out at a temperature of generally 20° to 160° C.,
and preferably 50° to 100° C. under a pressure of 0 to 20
kg/cm?G, and preferably 2 to 10 kg/cm?G. In the prac-
tice of the present invention, it is preferred that after the
stage of treating the polymerization reaction mixture
with the aqueous alkaline solution and the aqueous
alkaline solution containing an oxidizing agent and the
stage of separating the aqueous phase and the organic
phase are carried out, water washing is carried out
several times.
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etry. -The coloration of the copolyner was visually evaluated. The results
ar.e shown in Table 3. EXAMPLES 10 AND 11 The procedures of Exanple 9 were
essentially re- peated except that the concentration of the aqueous

al kal i ne solution and the anount thereof to be added were changed. The
results together with conditions are shown in Table 3. COVPARATI VE EXAVPLE
4 The procedures of Exanple 9 were essentially re- peated except that the
aqueous al kaline solution was omtted. The results are shown in Table 3.
EXAMPLE 12 Into a 50 liter-volume pol yr&rtzer were continuously introduced
913 g/ hr of ethylene, 1630 g/ hr of propy-

The thus obtained organic phase containing the de-
sired copolymer is subjected to a conventional after-
treatment stage. For example, the hydrocarbon solvent
is distilled off by evaporation upon heating, and the
residue is dried to obtain the desired ethylene-a-olefin
copolymer.

The function of the second invention is illustrated
below. _

‘While the characteristic features of the present inven-
tion have been described above, the important charac-
teristic feature of the present invention regarding the
second invention resides in the oxidation treatment in an
aqueous alkaline solution. The present inventors have
made extensive studies to examine if effect of the pres-
ent invention can be obtained by such a characteristic
construction and reached the following conclusion.

When the polymerization reaction mixture is treated
with an aqueous alkaline solution, a waterinsoluble low-
valent vanadium compound remains in the organic
phase. When the vanadium compound is oxidized with
an ozidizing agent to a pentavalent state, since a hy-
droxide of pentavalent vanadium is well soluble in wa-
ter, the hydroxide of pentavalent vanadium migrates
into the aqueous phase and is removed from the organic
phase. On the contrary, when the polymerization reac-
tion mixture is subjected to the oxidation treatment
under neutral or acidic conditions, an oxide of vana-
dium is formed. This compound is poor in solubility in
water even under alkaline conditions and difficultly
‘migrates into the aqueous phase and, hence, it is difficult
to remove the compound. As a result, the vanadium
compound remains in the desired copolymer. The or-
ganoaluminum compound and the halogenated ester
compound as a polymerization activator can be decom-
posed and extracted into the aqueous phase when
treated with an agueous alkaline solution. The oxidation
treatment does not interfere with the extraction of the
vanadium compound but rather has an effect of acceler-
ating the extraction of the vanadium compound into the
agqueous phase.

The present invention is now illustrated in greater
detail by reference to the following examples which,
however, are not to be construed as limiting the inven-
tion in any way.

First, the first invention is illustrated by means of the
following examples and comparative examples.

This s the replacement snest

1 2 DEC 1997

Date:



- 17 -*lene, 4.08 1/ hr of hexane, 0.32 mmol/hr of vanadi um oxytrichlori de,
6.8 mmol / hr of ethyl um num sesqui- chloride and 0.28 g/h of BPCC

(manuf actured by Ma- rine Crott, U S.A) as a polynerization activator.
Wihile further 7.2 1/hr of hydrogen as a nol ecul ar weight nodifier was fed,
a polynerization reaction was carried out at a tenperature of 50 C. under a
pressure of 13 kg/cnRG The reaction_q&x}ure in the polynerizer was
continuously drawn out so that the andunt of the reac- tion mxture in the
pol yneri zer was controlled to 25 liter. The. drawn-out reaction m xture was
led to a flash drum where the reaction mxture was flashed at a tem

perature of 60 C. under a pressurg)@‘{wﬁ,&[lerr.] to

Ethylene and propylene were copalymerized in the
resence of a catalyst comprising vanadium oxytrichlo-
ride, ethylaluminum sesquichlorid, and BPCC (manu-
factured by Marine Crott, U.S.A, n-butyl perchlorocro-
tonate according to a catalog of said company) by a
conventional method (e.g., the method described in
JP-B-44-9390) to prepare a hexane solution containing
an ethylene-propylene copolymer.

This uniform hexane solution (containing about 8 wt
% of the copolymer) of the ethylene-propylene copoly-
mer (ethylene content: 73 wt %) contained 47 ppm of
V20s, 560 ppm of Al;03, 700 ppm of C, and about 110
.ppm of BPCC, calculated as the copolymer.

. To 1000 mi of the hexane solution of the copolymer
was added 500 ml of an aqueous sodium hydroxide
solution having a pH of 13. The mixturs was mixed with
stirring at 60" C. under atmospheric pressure in a mixer
-(10000 rpm) for § minutes. After the mixture was left to
stand for about 10 minutes to separate an aqueous phase,
the pH of the aqueous phase’was measured and found to-
be 12.6. A 50 ml portion was sampled from the sepa-
rated oily phase and poured into 50 m! of methanol with
stirring to remove the copolymer. The amount of
“BPCC remained in the thus obtained hexanemethanol
mixed solution was quantitatively determined by mean
of gas chromatography (measuring conditions being
“described below). To the remainder of the oily phase
was added 500 ml of pure water. The mixture was
mixed with stirring in a mixer (10000 rpm) for 5 minutes
-and then left to stard to separate the oily phase. Hexane
was distilled off from the oily phase by heating to isolate
the copolymer. The content of ashes in the copolymer
was determined by means of X-ray fluorometry. The
coloration of the copolymer was visually evaluated. An
odor based on the halogenated ester compound, etc.
was not detected at all. The results are shown in Table

1. : .

Gas chromatoqraphiic measurement conditions

‘Type-of device: Hitachi Gas Chromatograph 663-50.
Column: 3 mm diameterX3 m SE-30.
~ Detection: FID 200° C. |
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t hereby renove the nononer gases. In order to keep the tenperature of the
fl.ashed sol ution, heated hexane was added. To 11.6 kg/hr (about 18 1/hr) of
t he thus obtained polynerization m xture was added an aqueous sodi um

hydr oxi de solution (concentration: 0.16 nol/1, pH 13.2) at a rate of 200
m/hr. The m xture was mxed in a mxer. Subsequently, 5 1/hr of water
saturated with air (deaerated pure watgf-was saturated wth air at a
tenperature of 20[err] C. under a pressure of 1 [err] iron content: 0.1 ppm

or less) was added to the m xture. Th ) re was mxed in a mxer, and an
organic wwgmm.ﬁmww | ,

separation drum The organi c phase

was vashed Bgemgle wat er 10 oht aComp Be
final organi c phase. Hexane was then tlisti2led dff fromthd final orgamic
phase by Z;..@Eiﬁiiﬁtﬂﬂaatlon The residue was dried to obtaln an et hyT ene-

Alaline compound NsOH NaOH NeOH NeOH NaOH NiOH  omined
Concentration (mol/1) - o:1 003 Q! 0.03 003 Ix10~% . ¢
pH 126 119 106 1.8 120 105 67
Ammtofqueomdkﬂmewhm(nl) 50 S0 500 ' $00 500 300 500
pH of ageous phase after separation of oily 126 119 10.6 11.8 120 8.0 45
phase and aqueous phase (pH) )
Halogenated ester compound (1) - BPCC BPCC BPCC DCPAE TCAM DCPAE® BPCC
Residusl amount of halogenated ester ‘mone =@ome none  none  none 8 11
-(nhexsne)ppm ) - .. .
w_ : :
V105 (ppm) <1 2 2 <1 3 s 15
A0 (ppm)- 6 s 14 6 10 3s 7
Cppm) - . 18 21 15 24 15 33 43
Color white white white white while pele pale
. ) _ yellow  yellow
Odor- ) odor- odor- odor- odor- odor-  ester  slightly
less less less fess less odor ester
. odor

() BPCC: n-bmy! perchlorocratonate
DCPAE: ethyl dichlorophenylacetate
TCAM: methyl trichloroacetate

a)ummm«mwmuummmmwmmm
Temperature rise condition: 100° C. constant (10
.min)—¢levated at a heating rate of 20° C./min (for 5
min) to 200° C.—200° C. constant (15 min)
Retention time: BPCC: 24.5 minutes; Ethyl di-
chlorophenylacetatc. 22 minutes; Mct.hyl trichloroace-
tate: 7.7 minutes.

EXAMPLES 2 TO 5§ AND COMPARATIVE
EXAMPLES | AND 2

The procedures of Example 1 were repeated excepf.
that the type of the halogenated ester componnd and
the pH of the aqueous alkaline solution for use in the
mixing and stirring treatment were changed. The results
sre shown in Table 1.

EXAMPLE 6

An aquecus alkaline solution (NaOH content: 1.25
mol/l, pH: at least 14) formed by dissolving 5 g of so-
dium hydroxide in 100 ml of water was added to 1000
mi of the hexane solution of the copolymer prepared in
Exsmple 1. The mixture was mixed with stirring at 60°
C. under atmospheric pressure in mixer (10000 rpm) for
5 minutes.

~ Subsequently 500 ml of pure water was added
thereto, and the mixture was mixed with stirring in a
mixer (10000 rpm) for an additional 5 minutes. After the
mixture was left to stand for about 10 minutes to sepa-
rate an aqueous phase, the pH of the aqueous phase was
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propyl‘ene copol yner. The contents of O, [err] and [err] in the copolyner
were determ ned by X-ray fluo- ronetry. The coloration of the copol yner was
visually evaluated. The results are shown in Table 4. EXAMPLE 13 The
-procedures of Exanple 9 were essentially re- peated except that the

pol yneri zation activator was omtted. The results are shown in Table 4.
EXAMPLE 14 The procedures of Exanple 9 were essentially re- peated except
that 1-butene as the [err]-olefin was-d8ed in place of propylene that and a
deaer at ed aqueous al ka- line solution was used. The results shown in Table

4.

measured and found to be 13.6. The amount of BPCC
remained in the oily phase was quantitatively deter-
mined in the same manner as‘in Example 1. To the
separated oily phase was added 500 ml of neutral pure
water, and the mixture was mixed with stirring in a
mixer (10000 rpm) for 5 minutes to carry out washing.
Hexane was distilled off by heating, and the content of
ashes was determined -by means of X-ray fluorometry.
The coloration of the copolymer was visually evalu-
ated. The results are shown in Table 2.

EXAMPLES 7 AND § AND COMPARATIVE
EXAMPLE 3

“The procedures of Example § were repeated except
_that the pH of the agueous alkaline solution was
changed. The results are shown in Table 2.

TABLE 2
a Example Comp. Ex.
é 7 ] 3
<~ eous alkaline
gtion
Alkaline compound NaOH NaOH NaOH NaOH
Concentration (mol/1) 1.25 0.08 0.05 L]
pH >4 129 27 . 10
Amount of aqueous 100 100 100 100
alkaline solution (ml)
Amount of water addition- 500 500 300 500
ally added (mt)
pH of aqueous phase 13.6 11.4 10.5 43
after separation of
oily phase and aqueous
phase (pH)
Halogenated ester BPCC BPCC BPCC BPCC
compound (1) :
Residual amount of none mone  none 10
halogenated ester )
(in hexane) ppm (2)
Evaluation of copolymer
after purifying
V20s (ppm) <1 <! <1 13
AO; (ppm) 4 8 6 65
Cl (ppm) 3 5 4 48
Color white white white pale
yellow
Odor - odor- odor- odor- slighdy
less less less ester
' odor

(1) and (2) being the same as in Table 1.
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-18 - “COVPARATI VE EXAMPLES 4 AND 6 The procedures of Exanple 9 or 10 was
essentially repeated except that deaerated pure water containing no air was
used in place of air-saturated water used in Exanple 12 or 13. The results
are shown in Table 4. [err] -19 - [err] As described above, the present
I nvention relates to a nethod for purifying an ethylene-[err]-olefin

copol yner obtained by polynerizing ethylene with a [err]-olefin. having at

| east 3 carbon atomns, or ethyl ene w thygan

The second invention is illustrated by means of the
following examples and comparative examples.

EXAMPLE 9

Ta 2000 ml of the hexane solution of the copolymer
prepared in Example 1 wa added an aqueous alkaline
solution (NaOH content: 1.25 mol/], pH: at least 14)
formed by dissolving 10 g of sodium hydroxide in 200
ml of pure water (saturated with air and having air
dissolved therein under atmospheric pressure; iron con-
tent: 0.1 ppm or less). The mixture was mixed with
stirring in a nitrogen atmosphere at 60° C. under a pres-
sure of 0 kg/cm2G in a mixer (12000 rpm) for-S minutes.
After stirring, 500 m! of pure water (saturated with air
and having air dissolved therein under atmospheric
pressure) was further added, and the mixture was mixed
with stirring in a mixer (12000 rpm) for an additional §
minutes. After the mixture was left to stand for about 10
minutes to separate an aqueous phase, the pH of the
aqueous phase was measured and found to be 13.4. To
the separated oily phase was added 500 ml of neutral
pure water and the mixture was mixed with stirring in a
mixer (12000 rpm) for 5 minutes to carry out washing.
Hexane was distilled off from the oily phase by heating
to isolate the copolymer. The content of ashes in the
copolymer was determined by means of X-ray flaorom-

. etry. The coloration of the copolymer was visually
evaluated. The results are shown in Table 3.

EXAMPLES 10 AND 11

The procedures of Example 9 were essentially re-
peated except that the concentration of the aqueous
alkaline solution and the amount thereof to be added
were changed. The results together with conditions are
shown in Table 3.

COMPARATIVE EXAMPLE 4

The procedures of Example 9 were essentially re-
peated except that the aqueous alkaline solution was
omitted. The results are shown in Table 3.

EXAMPLE 12

Into a 50 liter-volume polymerizer were continuously
introduced 913 g/hr of ethylene, 1630 g/hr of propy-
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Lerr]-ol efin having at

| east 3 carbon atons and a nonconju- gated diene

compound, in [err]-hydocarbon solvent in the presence of a catalyst

conprising a vanadi um com

- 20 - pound and an organcal um num conpound,

or a catalyst conprising a vanadi um conpound, an organoal um num conpound,

and a hal ogenated ester conpound.
I nvention the catal ytic ingredients,

Ac- cording to the nethod of the present
hal ogenat ed ester conpound, etc.

t
can be renoved to a | evel which coul d‘rﬁﬁt be achi eved by conventi onal

net hods.

VWil e the present

reference to specific enbodi nents

lene, 4.08 1/hr of hexane, 0.32 mmol/hr of vanadium
oxytrichloride, 6.8 mmol/hr of ethylaluminum sesqui-
chioride and 0.28 g/h of BPCC (manufactured by Ma-
rine Crott, U.S.A.) a3 a polymerization activator. While
further 7.2 I/br of hydrogen as a molecular weight
modifier was fed, a polymerization reaction was carried
out at a temperature of 50° C. under a pressure of 13
kg/cm2G. The reaction mixture in the polymerizer was
continucusly drawn ont so that the amount of the reac-
tion mixture in the polymerizer was controlled to 25
liter. The. drawn-out reaction mixture was led to a flash

~ drum where the reaction mixture was flashed at a tem-

perature of 60° C. under 2 pressure of 0.8 kg/cm?G to
thereby remove the monomer gases. In order to keep
the temperature of the flashed solution, heated hexane
was added. To 11.6 kg/hr (about 18 1/hr) of the thus
obtained polymerization mixture was added an aqueous
sodium hydroxide solution {concentration: 0.16 mol/l,
pH: 13.2) at a rate of 200 ml/hr. The mixture was mixed
in a mixer. Subsequently, § I/hr of water saturated with
air (deacrated pure water was saturated with air at a
temperature of 20° C. under a prassure of 1 kg/cm2G,
iron content: 0.1 ppm or less) was added to the mixture.
The mixture was mixed in a mixer, and an organic phase
was separated from an aqueous phase in a stationary
separation drum. The organic phase was washed with
water to obtain the final organic phase. Hexane was
then distilled off from the final organic phase by flash
distillation. The residue was dried to obtain an ethylene-
propylene copolymer. The contents of Cl, Al203 and
V310sin the copolymer were determined by X-ray fluo-
rometry. The coloration of the copolymer was visually
evaluated. The results are shown in Table 4.

EXAMPLE 13

The -procedures of Example 9 were essentially re-
peated except that the polymerization activator was
omitted. The results are shown in Table 4.

EXAMPLE 14

The procedures of Example 9 were essentially re-
peated except that 1-butene as the a-olefin was used in
place of propylene that and a deaerated aqueous alka-
line solution was used. The results shown in Table 4.

i nvention has been described in detail

and with

This is the replacement sheat



thereof, it is apparent to one skilled in the art that vari- ous changes
and nodifications can be nade therein without departing fromthe spirit and
t he scope of the present invention. What is clained is 1 A nethod for
purifying an ethylene-[err]-olefin co- polynmer obtained by polynerizing
ethylene with an [err]-olefin having at | east 3 carbon atons, or ethylene
with an [err]-olefin having at- | east 3 carbon atons and a nonconj ugat ed

di ene conpound, in a hydrocarbon sol- vent in the presence of. a catalyst
conprising a vana- dium conpond, an organoal um num conpound, and a

hal ogenat ed ester conpound, said nethodl8ncluding a

COMPARATIVE EXAMPLES 4 AND 6

The procedures of Example 9 or 10 was essentially
repeated except that deaerated pure water containing
no air was used in place of air-saturated water used in
Example 12 or 13. The results are shown in Table 4.

TABLE 3
———Example  ___ Comp. Ex
9 10 13 4
Agueous alkaline solution®)
Alkaline compound NsOH NaOH Na2OH omitted
Concentration {mol/l) 125 2.50 2.50 0
pH >4 S >4 7
- Amouat of aqueous 200 10 2 0
TABLE 3-continued
- Example Comp. Ex.
- 9. 10 1 4
gkaline solution’ (ml) : ' ,
Amount of additionally - 500 S00 500 $00
. sdded pure water(?) (ml)
03 fed/equivaient 023) 7 5. s s
‘pH of aqueous phase after 134 124 114 4.0
_ sepasation of aily phase :
. and aqueous phase (pH)
Evaluation of. 1 after
. V20s (ppm) <1 <1 <« s
* Al203 (ppm) 6 4 25 n
- C1 (ppm) 20 24 28 47
Color white white white. pale
O DA irgaturated water was wsed. .

 MEquivalent Oy: Amount of Oz required for oxidizing vansdium to a pentavelent
state, )

The treatment with the aqueous alkaline solution asd the scparation of cily phase
ﬂqmpb.ema_nhdoﬂpﬁ'&udunmofﬂkﬂaé.
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step of mixing and stirring a polynerization reaction mxture obtained by
the polynerization reaction. in an aqueous al kaline solution in such an
anount as to give an agueous phase having a pH of not lower than 10.0 after
m xing and stirring. 2. Anethod as in claim1l. wherein said step com
prises the followng first and second stages: a first stage wherein the

m xing and stirring of the polynerization-rB®acti on m xture obtai ned by the
pol ymeri zation reaction is carried out in an aque- ous solution containing
an al kal i ne compound in such an anount _that an aqueous phase separated in

t he subsequent seco HABLE® | over than 10.0; and a second
stage wherein the m xture obtai ned | N _tEx@mdlé [ St St aQ6img. gxseparat ed into an

aqueous phase and an .12 13 4 5 é
Amount fed during polymerization '
Solvent (I/Hr) 4.1 73 49 34 52
Ethylene (g/Hr) 910 590 6§22 660 430
a-Olefin(®) (3/Hr) 1630 2220 545 1120 1610
Vandium compound® 032 5.7 014 023 4.0
{mmol/Hr) : )
Organcaluminum 68 222 40 4.8 16.1
compound(® ' ’
{mmol/Hr)
Polymerization 028 omitted : 0.13 0.20 omitted
activator{® : _
Polymerization . 5 40 60 50 40
temperature (°C.) ’ '

Agueous alkaline sojution(?) . ) »
Alkaline compound . NaOH. NaOH NaOH NaOH NaOH-
Concentration (nol/!) . 0.18 0.41 030 0l6 05

pH . 1327 136 13.5 132 137
Amount of aqueous 02 Q02 .2 02 02
alkaline’ solution © ) '

Q/Hr) .

Pure water added® 5 5 5 5 S

(VHr)

O fed/eqnivdm 17 2 35 ~0 ~Q

0, . ' :

pH of aqueous phase 104 10.4 11.0 10.6 10.8

after separation of oily i '
phase and aqueous -

phase (pH)

Evaluation of gg ymer sfter purifying . )
V20s(ppm) . . <1 R S | 6 335
‘AlO;3 (ppm) : 9 11 3 2 15
. Cl (ppm) . : 9 <1 3 10 <1
Color white white wlnte Tght grayish

" gray  green
@mue-x in 14 and le-e other
R iy oEnwple p(opy n Eln’les
“’Etbyhlnmu sesquichloride

""Aar-mnnu mmwhmxzmn mwcum

hEnnple 14 snd Comparative Example $ and 6.
ﬂm-mumamw--ah&mbunmm\mewuh

Comparative Exampics § sad 6,
OEquivaient O;:A-o-totO;nqaud r«mma. pentavalent
#ate.
.mmmvﬂthmnhﬂmsdnmnd&mmddndym
Mdnqmﬂmmuﬁdﬂdﬂ&udeamd!tﬂm’ﬁ

* As described sbove, the présent invention rclata toa
method for purifying an ethylene-a-olefin copolymer
obtained by polymerizing ethylene with an a-olefin
having at least 3 carbon atoms, or ethylene -with ‘an:
a-olefin having at least 3 carbon atoms and & noncomu-
gated diene compound, in-a hydrocu‘bon solvent in the
presence of a catalyst’ comprising a vanadium com-
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organi ¢ phase,

and the organic phase is washed with neutral water. 3. A

method as in claim1l, wherein said step com prises the followng first,

second, and third stages:

t he poI ynmerization_reaction -m-xture obtained by they

is carried out
such an anount
his a pH of not

RShedf oL
in.an a ue- ous ol ution contalnlng
“‘mum hase f ogred in the

, a seconhd stage wher

a first stage wherein the nixing—and--sti-rring of

und in
nd stage

ﬁzat i on reaction
parts by

vol ume of neutral water is mxed with one part by volume of the m xture

obtained in the first stage;

and a third stage wherein the m xture,

obtained in the second stage is separated into an aqueous phase and

pound and an organcaluminum compound, or a catalyst
comprising a vanadium compound, an organoaluminum
compound, and a halogenated ester compound. Ac-
cording to the method of the present invention, the
catalytic ingredients, the halogenated ester compound,
etc. can be removed to a level which could not be
achieved by conventional methods.

While the present. invention has been described in
detail and with reference to specific embodiments
thereof, it is apparent to one skilled in the art that vari-
ous changes and modifications can be made therein
without departing from the spmt and the scope of the
present invention.

What is claimed is:

1. A method for purifying an ethylene-a-olefin co-
‘polymer obtained by polymerizing ethylene with an
a-olefin having at least 3 carbon atoms, or ethylene
with an a-olefin having at least 3 carbon atoms and a
nonconjugated diene compound, in a hydrocarbon sol-
vent in the presence of.a catalyst comprising a vana-
dium compound, an organoalurhinum compound, and a
halogenated ester compound, said method including a

step of mixing and stirring a polymerization reaction’

mixture obtained by the polymerization reaction. in an

aqueous alkaline solution in such an amount as to give -

an aqueous phase having a pH of not lower than 10.0
after mixing and stirring.

2. A method as in claim 1, wherein said step com-
prises the following first and second stages:

2 first stage wherein the mixing and stirring of the

polymerization reaction mixture obtained by the.

polymerization reaction is carried. out in an aque-
ous solution containing an alkaline compound in
such an amount that an aqueous phase separated in
the subsequent second stage has a pH of not lower
than 10.0; and _

a second stage wherein the mixture obtained in the
first stage is separated into an aqueous phase and an
organic phase, and the organic phase is washed
with neutral water.

3. A method as in claim 1, wherein said step com-

prises the following first, second, and third stages:

a first stage wherein the mixing and stirring of the

- polymerization reaction mixture ‘obtained by -the

This i8 the 1€
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an organi c phase, and the organi ¢ phase is washed wi th neutral

water. 4. A

method as in claim1, wherein said vanadi umconpound is a conpound sel ected
from[err] [err] and [err] vvhe/eiﬂfR is a stralght or~ branched al kyl group,

a cycl oal kyl group,_

Is a conmpound selec
or branched alkylgr

QL/ar’rar oup, each hav getggwkéh

latsdn at ons;
m corrpound
| ght chain

8 card@n atons: met od as in

and [err] 5. A nethod a wher ein sald
' d [err] Wnere
ng"l o
h

claim1l, wherein sai
by the

alogenated ester conpound is a conpound represent ed

polymerization reaction is carried out in an aquc-
ous solution containing an alkaline compoiind in
such an amount that an aqueous phase formed in
the subsequent second stage has a pH of not lower
than 10.0;

a second stage wherein 1/5 to 10 parts by volume of
neutral water is mixed with one part by volume of
the mixture obtained in the first stage; and

a third stage wherein the mixture obtained in the
second stage is separated into an aqueous phnse and
an organic phase, and the organic phase is washed
with neutral water. .

4. A method as in claim 1, wherein said vanadium
compound is a compound selected from VCl;, VCl,
VOC, and VO(OR)3-mClm, Wherein R is & straight or
branched alkyl group, a cycloalkyl group, or an aryl
group, each having 1 to 10 carbon atoms; and 3=mZ0.

§. A method as in claim 1, wherein said organoslumi.

num compound is a compound selectéd from AIR',Cls.

a and AIR',(OR")s,- wherein R’ is a straight chain or
branched alkyl group -having 1 to 8 carbon atoms; and
32n=0.

6. A method as in claim 1, wherein said halogenated
ester compound is a compound represented by the

following formula :

R"-C—O—R".
i

wherein R" represents an organic group having 1 to 20
carbon atoms, which is partially or wholly substituted
by a halogen atom; and R'” represents a hydrocarbon
group having 1 to 20 carbon atoms.

7. A method for purifying an ethylene-a-olefin co-
polymer obtained by polymerizing ethylene with an
olefin having at least 3 carbon atoms, or ethylene with
an a-olefin having at least 3 carbon atoms and a noncon-
jugated diene compound, in a hydrocarbon solvent in
the presence of a catalyst comprising a vanadium com-
pound and an organcaluminum compound, said method
including a step of an oxidation treatment of the poly-
merization reaction mixture obtained by the polymeri-
zation reaction in an aqueous alkaline solution in such
an amount that an aqueous phase obtained after the
oxidation treatment has a pH of not lower than 10.0.

Thi
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followng formula wherein R' represents an organic group having | to 20
carbon atons, which is partially or wholly substituted by a hal ogen atom
and R'' represents a hydrocarbon group having 1 to 20 carbon atons. 7. A

met hod for purifying an ethylene-[err]-olefin co- potyner..obtained by
pol ymeri zing ethylene with an ol efin having at |east car bon atoms .ar

ethyl ene with an m I r“ g at | east 3 carbof} a noncon-
j ugat ed di ene condmuu,‘ nlu g ‘arbon solvent int “ai
catal yst conpri sing a®vahadluni com poun and an orga ound,
said method including a step of an oxi da on treat nent of t

neri zation reaction m xture obtained by the polyneri- zation reaction in an

aqueous al kaline solutiog i,n such, an,anpynt .t hat an aqueous phase obt ai ned
a19t er the £' H'xod as in claim 7, wherein sai step coFx)n-

prises the following first and second stages:

a first stage wherein the oxidation treatment of the
polymerization reaction mixture obtained by the
polymerization reaction is carried out in an aque-
ous solution containing an oxidizing agent in at

~ least a stoichiometric amount requu'ed for oxidiz-
ing vanadium present in said mixture to a pentava-
lent state and an alkaline compound in such an
amount that an aqueous phase separated in the
subsequent second stage has a pH of not lower than
10.0; and

a second stage wherein the xmxture obtained in the
first stage is separated into an aqueous phase and an
organic phase, and the organic phase is washed
with neutral water.

9. A method as in claim 7, wherein said step com-
prises the following first, second, and third stages:

a first stage wherein the oxidation treatment of the
polymerization reaction mixture obtained by the *
polymerization reaction is carried out in an aque-
ous solution containing an alkaline compound in
such an amount that an aqueous phase formed in
the subsequent second stage has 2 pH of not lower
than 10.0;

a second stage wherein 1/5 to 10 parts by vo!ume of
water containing an oxidizing agent in at least a
stoichiometric amount required for oxidizing vana-
dium present in said mixture to a pentavalent state
is added to one part by volume of water obtamed in
the first stage; and

a third stage wherein the mixture obtained in the
second stage is separated into an aqueous phase and
an organic phase, and the organic phase is washed
with neutral water.

10. A method as in claim 7, wherein said ondtzmg'
-agent is oxygen.

11. A method as in claim 7, wherein said vanadium
compound is a compound selected from VCl;, VClg,
VOCI3, and VO(OR)3-mClm, Wherein R is a straight or
branched alkyl group, a cycloalkyl group, or an aryl
group, cach having 1 to 10 carbon atoms; and 3=Zm =0,

12. A method as in claim 7, wherein said organoalu-
minum compound is a compound selected from
AlIR',Cl3., and AIR',(OR")3, wherein R’ is a straight
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oxi dati on treatnment has a pH of not lower than 10.0. 8. A nethod as in
claim?7, wherein said step com prises the followng first and second
stages: a first_stage wherein the oxidation treatnent of the polynerization

reacti on m xture obtai néd by the—pol yneri zati on reaction is—carried out in

an aque- ous sol i e an oxidi zi ng agent in at least
stoi chiometric ammﬁﬂgmﬂﬂﬂﬂfgﬁr oxi diz- ing va'nade- S laged. |
m xture to a pentdvac lents and an gglkal i ne conp d anount
that an aqueous phase separated in the subsequent sec pH of
not | ower than 10.0; and a second stage wherein the m xture obtained in the
first stage is separated i.nto an agueous phase and an organi ¢ phase, and
t he organi ¢ phase is washed
chain or branched alkyl group having 1 to 8 carbon
atoms; and 3=n=0.,
13. A method as in claim 7, wherein said catalyst is a
catalyst comprising a vanadium compound, an organo-
aluminum compound, and a halogenated ester com-
pound.
14. A method as in claim 13, wherein said halogenat-
ed-ester compound is a compound represented by the
following formula: : :

R—E—O—R"
o
wherein R” represents an organic_'gro\xp having 1 to 20
carbon atoms, which is partially or wholly substituted

by a halogen atom; and R’ represents a hydrocarbon
group having 1 to 20 carbon atoms. '

ine 1eP®
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' : _ Uer7R-v Hes
with neutral water. 9. A nethod as in claim?7, wherein said step com

prises:the following first, second, and-third stages a fi r-st stage wherein
the oxidation treatment of the REPLACEMENT SHEET -

.react ion m xture obtained by the polynerization reacti on [ ﬁ?&?‘ﬁf@ﬁﬁﬁgmﬁ

an aque- ous solution containing an al kaline conpound in such an anount
that an aqueous phase fornmed in the subsequent second stage has a pH of not
| ower than 10.0; second stage wherein 1/5 to 10 parts by vol une of

-20 -

pound and an organcaluminum compound, or a catalyst
comprising a vanadium compound, an organcaluminum
compound, and a halogenated ester compound. Ac-
cording to the method of the present inveation, the
catalytic ingredients, the halogenated ester compound,
etc. can be removed to a level which could not be
achieved by conventional methods.

While the present invention has been described in
detail and with reference to specific embodiments.
‘thereof, it is apparent o one skilled in the art that vari-

o ous changes and modifications can be made therein

without dcpamng from the spxnt and the scope of the
present invention.
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wat er containing an oxidizing agent in at |east a stoichionetric anount
required-for oxidizing vana- diumpresent in said mxture to a ent aval tE
state is added t ume of water obtained in theRE S%‘ ET
and a third stagglm mm“mmnhure obtained in the second stage |s
separated into an*agueous "hase*and an organi c phase, and the organic phase
I's washed wth neutral water. 10. A rrethod as in claim7, wherein said
oxi di zi ng agent is oxygen. 11. A nethaod 2hs-in claim7, wherei n sai d .
vanadi um conpound is a conpound selected from [err] [err] [err] and [err].
wherein Ris a stralgj;&or Lan d al kyl group, a cycloal kyl group, or an
aryl group, each hav &:?q‘aor p %tgnnsethﬁ -L?olrel'm o
‘polymer obtained by polymerizing ethylene with an
c-olefin having at least 3 carbon atoms, or ethylene
with an a-olefin having at least 3 carbon atoms and a
nonconjugated dieze compound, in a hydrocarbon sol-
vent in the presence of a cstalyst comprising a vana-
dium compound, an organoalurthinam compound, and a
halogcnated ester compound said method mcludmg a
step of mixing and stirring a polymerization reaction
mixture obtained by the polymerization reaction.in an
aqueous alkaline solution in such an amount as to give -
an aquecus phase having a pH of not lower than 10.0
- after mixing and stirring.
2. A method as in claim 1, wherein said step com-
prises the following first and second stages:
a first stage wherein the mixing and stirring of the
polymerization reaction mixture obtained by the.
polymerization reaction is carried out in an aque-
ous solution containing an alkaline compound in
such an amount that an aqueous phase separated in
the subsequent second stage has a pH of not lower
than 10.0; and )
a second stage wherein the mixture obtained in the
first stage is separated i into an aqueous phase and an

organic phase, and the organic phase is washed
with neutral water.

3. A method as in claim 1, wherein said step com-
prises the following first, second, and third stages:

Y a first stage wherein the mixing and stirring of the
- polymerization reaction mixture obuuncd by -the
polymcnzanon reaction is carried out in &n aque—
ous solution containing an alkaline compound in
such an amount that an aqueous phase formed in

the subsequent second stage has 2 pH of not lower
than 10.0;

a second stage wherein 1/5 to 10 parts by volume of
neutral water is mixed with one part by volume of
the mixture obtained in the first stage; and

a third stage wheérein the mixture. obtained in the
second stage is separated intoan aqueous phase and
an organic phase, and the organic phase is washed
with neutral water. .

4. A method as in claim 1, wherein szid vanadium
compound is a compound selected from VCl;, VClg,
VOCl;, and VO(OR)3-mClms wherein R is & straight or
branched alkyl group, a cycloalkyl group, or an aryl
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12. A nethod as in-¢laim7, wherein said organoal u- minum conpound is a

conpound sélected fro and [err] whergin R is a straight chain or
ﬁi“ ‘ to 8 carbon atons; and [.err] RERLACEMBENTSHEES
atsal yst is a catal yst conprising a vanadi um .

branched al k
inclaim?7, mﬁ‘m“\n
conmpound, an ot gdno- al um num conpound,- and a hal ogenated ester com pound.
14. A nethod as in claim13, wher ein@ard hal ogenat - ed-ester conmpound is a
conmpound represented -by the follow ng fornula: wherein R' represents an
organi ¢ group havf 45“56”@&113@11&8‘494%“653%&& ly or wholly
substituted by a hat-dy&rthed as inelainel; whepnin ssidtargandulaimincar bon group
having 1 to 20 caRB@Fmpound is a compound sclectéd from AIR',Cly.

a and AIR'(OR)3, wherein R"'is a straight chain or

branched alkyl group having I to § carbon atoms; and

3Zn=0. '

6. A method as in claim 1, wherein said halogenated
ester compound is a compound represented by the

following formula :

R"__,ﬁ_o_nuo

\ wherein R represents an organic group having 1 to 20
carbon atoms, which is partially or wholly substituted
by a halogen atom; and R’ represents a hydrocarbon
group having 1 to 20 carbon atoms.

7. A method for purifying an cthylene-a-olefin co-
polymer cbtained by polymerizing ethylene with an
olefia baving at least 3 carbon atoms, or ethylene with
an a-olefin having at least 3 carbon atoms and a noncon-
jugated diene compound, in a hydrocarbon solvent in
the presence of a catalyst comprising a vanadium com-
pound and an organcaluminum compound, said method
including a step of an oxidation treatment of the poly-
merization reaction mixture obtained by the polymeri-
zation reaction in an aqueous alkaline solution in such
an amount that an aqueous phase obtained after the
oxidation treatment has a pH of not lower than 10.0.

8. A method as in claim 7, wierein said step com-
o/ prises the following first and second stages:

s first stage wherein the oxidation treatment of the
polymerization reaction mixture obtained by the
polymerization reaction is carried out in an aque-
ous solution containing an oxidizing agent in at
least a stoichiometric amount required for oxidiz-

" ing vanadium present in said mixture to a pentava-
Ient state and an alkaline compound in such an
amount that an aqueous phase separated in the
subsequent second stage has a pH of not lower than
10.0; and

a second stage wherein the mixture obtained in the
first stage is separated into an aqueous phase and an
organic phase, and the organic phase is washed
with neutral water. -

9. A method as in claim 7, wherein said step com-

prises the following first, second, and third stages:

a first stage wherein the oxidation treatment of the
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polymerization reaction mixture obtained by the
polymerization reaction is carried out in an aque-
ous solution containing an alkaline compound in
such an amount that an aqueous phase formed in
the subsequent second stage has a pH of not lower
than 10.0;

a second stage wherein 1/5 to 10 parts by volume of
water containing an oxidizing agent in at least a
stoichiometric amount required for oxidizing vana-
dium present in said mixture to a pentavalent state
is added to one part by volume of water obtained in
the first stage; and o

a third stage wherein the mixture obtained in the
second stage is separated into an aqueous phase and
an organic phase, and the organic phase is washed
with peutral water. '

10. A method ss in claim 7, wherein said oxidizing

agent is oxygen.

11 A mecthod as i claim 7, wherein said vanadium
compound is a compound selected from VCls, VCl,
VOCI3, and VO(OR)3-mClm, Wherein R is a straight or
branched aikyl group, a cycloalkyl group, or an aryl
group, cach having 1 to 10 carbon atoms; and 3Zm=0.

12. A method as in claim 7, wherein said organoalu-
minum compound is a compound selected from
AIR',Cly., and AIR',(OR");, wherein R’ is a straight
chain or branched alkyl group having 1 to 8 carbon
atoms; and 3Z=n=0.

13. A method as in claim 7, wherein said catalystis a
catalyst comprising a vanadium compound, an organo-
aluminum compound, and a halogenated ester com-
pound. . o

14. A method as in claim 13, wherein said halogenat-

ed-ester compound is a compound represented by the
following formula:

R"-fl:—o—n'"
o
wherein R” represents an organic group having 1 to 20
carbon atoms, which is partially or wholly substituted

by a halogen atom; and R" represents a hydrocarbon
group having 1 to 20 carbon atoms.
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ABSTRACT

METHOD FOR PURIFYING ETHYLENE-a-OLEFIN COPCLYMER

A method for purifying an ethylene-a-olefin olefin hav-
ing at least 3 carbon atoms, or ethylene with an a-olefin
"having at lesast 3 carbon atoms and a nonconjugated
diene compoand, in 2 hydrocarbon solveat in the pres-
ence of a catalyst comprising a vanadium compound, an
- organoaluminum compound, and a halogenated ester
compound, the method including a step of mixing and
stirring the polymerization reaction mixture obtained
by the polymerization reaction in an aqueous alkaline
“solution in such an amount as to give an aquecus phase
having a pH of not lower than 10.0 after mixing and
' stirring, is disclosed. A method for purifying an ethy-
" lene-a-olefin copolymer is also disclosed, including a
step of an oxidation treatment of the polymerization
reaction mixture in an aqueous alkaline solution in such
. an amount as to give an aqueous phase having a pH of
not lower than 10.0 after the oxidation treatment.
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