Office de la Proprieté Canadian CA 2657125 C 2014/11/18

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 657 1 25
L.|5J|n gfgamsg'e ; 'f*fc‘j age”%y of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2007/07/02 (51) CLInt./Int.Cl. CO8F 4/6592(2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/01/24 CO8F- 10/00(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2014/11/18 LUO. LUBIN. US
(85) Entree phase nationale/National Entry: 2009/01/07 WANG, ZHIKE, US;
(86) N° demande PCT/PCT Application No.: US 2007/072645 DIEFENBACH, STEVEN P., US

(87) N° publication PCT/PCT Publication No.: 2008/011267 (73) Proprietaire/Owner:

o ALBEMARLE CORPORATION, US
(30) Priorité/Priority: 2006/07/17 (US60/831,385)
(74) Agent: MACRAE & CO.

(54) Titre : ACTIVATEURS DE CATALYSEURS, LEURS PROCEDES DE FABRICATION ET LEUR UTILISATION DANS
DES CATALYSEURS ET POLYMERISATION D'OLEFINES

(54) Title: CATALYST ACTIVATORS, PROCESSES FOR MAKING SAME, AND USE THEREOF IN CATALYSTS AND
POLYMERIZATION OF OLEFINS

(57) Abregé/Abstract:

A composition useful for activating catalysts for olefin polymerization is provided. The composition Is derived from at least: carrier;
organoaluminoxy compound; N,N- dimethylaniline and pentaflurophenol in amounts such that them are at least two equivalents of
pentafluorophenol per equivalent of the N, N-dimefhylaniline.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




2008/011267 A3 IV 00 0000 A0 00 R 0

O
=

CA 02657125 2009-01-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
24 January 2008 (24.01.2008)

(51) International Patent Classification:
CO8F 4/6592 (2006.01) CO8F 10/00 (2006.01)

(21) International Application Number:
PCT/US2007/072645

(22) International Filing Date: 2 July 2007 (02.07.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/831,385 17 July 2006 (17.07.2006) US

(71) Applicant (for all designated States except US): ALBE-
MARLE CORPORATION [US/US]J; 451 Florida Street,
Baton Rouge, LA 70801-1765 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LUQO, Lubin
[US/US]; 649 Charnforth Drive, Baton Rouge, LA 70810
(US). WANG, Zhike [CN/US]; 12766 Stutgart Avenue,
Baton Rouge, LA 70816 (US). DIEFENBACH, Steven,
P. [US/US]; 1457 Bullrush Drive, Baton Rouge, LA 70810
(US).

(74) Agents: HOEFLING, Marcy, M. et al.; Albemarle Cor-
poration, 451 Florida Street, Baton Rouge, LA 70801-1765
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(10) International Publication Number

WO 2008/011267 A3

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EL, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:
with international search report

(88) Date of publication of the international search report:
24 April 2008

(54) Title: CATALYST ACTIVATORS, PROCESSES FOR MAKING SAME, AND USE THEREOF IN CATALYSTS AND

POLYMERIZATION OF OLEFINS

(57) Abstract: A composition useful for activating catalysts for olefin polymerization is provided. The composition is derived from
at least: carrier; organoaluminoxy compound; N,N- dimethylaniline and pentaflurophenol in amounts such that them are at least two
equivalents of pentafluorophenol per equivalent of the N, N-dimefhylaniline.



CA 02657125 2009-01-07

WO 2008/011267 PCT/US2007/072645
CATALYST ACTWATORS, PROCESSES FOR MAKING SANE,

AND b&_g ?wt*‘{t@? N QAT&L"{S?S ARND POLYMERIFATION OF OLEFINS

BACKGROUND

RO0TY  Parlially hydrolvzed alminum alkyl compounds known 8s giuminoxanss (A

nerization activity. One such

are used for activaling transition metals for olefin polw
compound, methylaluminoxane (MAQ), is a frequently chosen aluminum

co-cataiyst/activator in the ngustry. Congidergbie affor has been devated o zmﬁﬁ"{j‘ﬂﬁg

the effe atéye:s;egg;-mfi.:;ams;ysi systems based on use of aluminoxanes or modifie
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aluminoxanes for polymerization of clefins. Representative paterts and ;‘s*sba‘,é ation
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the fiald aaiammaxm&uaage nelude the following: U.S. Patent No. 5,324,800 o
Welbomatal, US , Patent N@.,..s‘i 752,587 fo Turner; U.8. Pa’i ot Nos. 4,980,878 and
5{3@ a o mam ot al.s WO 98102580 to Dalfocco, el al BP0 277 003 and ER O
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z\% Desp E-ﬁe"ﬁemmmgma advances, many azi-*srmsin’::sxaﬁeﬁﬁasmi. oolymerization

I‘fh

catalyst g{:ﬁ ors st ,i fack ithe activity ar«d ar therm :Ei | stabi *ﬁy neﬁded for commercial

I

-aggsgais;f;&biﬁﬁfy, requirs Eﬂmmemta?ymamﬁm&my 1 gh aiurminum bads :‘m are emewsme
(especially MAD), and have other impediments to commercial implementation.
DO Many of the limiting features surrounding the use of sluminoxanes as
activators for transition metals, for example, activity imitalions - and the nead for high

A

auminum oas mg can be addressed b hy the use of stable or metastable

,;;:scssymers forme af fr m'suzci‘%--;i:amiy&t compositions. One sf:at-'g;s:reseniaiéve

Wdrosyaluminoxane is hydroxyiscbutyialuminoxane (HO-BAD), which can bea derived

from the low-temperalurs: hmm ysis of triisobutyialianinum {(TIBA)L

,-'ff},-

Hydroxyaluminoxans compositions are disclosad in U.8. Patent Nos. 8,562 881,
8,555.404 644872 287 8482 212 and 8,160,145,
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0003} In contrast fo aluminoxanes, which appear to act as Lewis acids to activate

transition matal 18, hyc:ﬂmxya%um*m:{ar& species agﬁr‘;ﬁ*‘aiiu abhreviated HO A*‘}

compriag aclive protons, and appear to activate fransition metais by funclioning as
Brensted acids. As used hersin, an active proton is 2 proten capable of metal alky]
orotonation. A typical hydroxyaluminoxane comprises a hydroxy! group bonded fo at
ieast one of ds aluminum atoms. T form hydrmivaiuminoxanss, iypicaily a sufficient

amount of watsr is reacted with an RIKYY SLTINLm Cor mmmd undee apummimm
conditions, for example at low temperature in hydrocarbon solvents, such that a
compound having at least one HG-Al group is generated, which is capsble of
orotonating @ hydrocarby! ligand from a d- or f-block organemstallic compound to form
a hydrocarbon, Therefors, g:smmes'mt;@n amaivsts derived from a
Tyaroxyaiuminexane usually Comprisel 1) a cation derved front & fransition, anthanids
or actinkle metal compound, for example a metallocene, by loss of a leaving group, and
2) an aluminoxate anion derived i‘is‘y-ti;aznzsfe};‘ 'a:;}f a;gam-;.cm from a stabf‘-em n*a&ta;mam;e
zmeaa.meu ral ;,ytims,,a{bm thus z'anéﬂ ng the caaag %f~f(‘:m?=§°§i‘i reaction irrewef‘ssai
00041 One feature of hydroxyaluminoxanes is that thelr active profons are often
thermally unstable when maintained in solution at ambient temperatures, kely due to
the Emsz.:e:-'sf-'saﬁciﬁ.v&‘pmmns through alkane efimination. Thus, hydroxyaluminoxanes are
frequently stored at temperatures jower than ambient femperature fo maintain 'i.ha

o‘a¢

active proton concentration. Typical low termperature storage is from abowt -20°C

about §°C. In the absence of such fow -i&m;aeramfehandizsng;. the hydroxyaluminexane

J”{ﬂ
I

activily decreases rapidly. Low-demperature slorage is commaeioially cost prohibitive,

sspacially over extended perfods of time
0008]  Thus, a need sxists for %"syamxycs uminoxane-type compositions that have

more thermak y~=~oi:m*at active ;:s*ais:ms as compared o awenﬂy avaiiahle

Bﬁ;}m@ﬁm?w

THE INVENTION

J0008] This invention provides activator compositions derived from at lsast: a} carvier;

";'}} ar:ﬁaﬁ@aiu nﬁxy COMpou nﬁ:?}' and o) N N-dimethylaniine and pentafivorphenst in
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equivaiant of the N N-dimethylaniline, which mmpmsiﬁmtﬁs-;nfi&efﬁi,:.‘ihﬂames;fsiesczrihedé:j

need. This invention also provides methods of preparing compositions comprising

combining at least: &) camer; b} organocaiumingxy compound; and ¢}

?x\em nethyianiling and pentaflucrphencl in amounts such that there are al least two

f

equivalents of pentafiuorophencl per equivalent of the N N-dimethyianiine. Use of the

E&E"‘““ “at igast” inaieates that other components may possibly be included when

y ol

ombining the carrier, erganoaiuminoxy compound, and N N-dimethyla n‘,iine and
pen&a‘f uarphemim amounts such that there ; are at | eam o eguivalents of

nentafluoraphenct per equivalent of the N N-dimethylaniling, or deriving a mﬁ“pamd

. r.rrr:
v

therefrom. For example, 3 compound of this invention could be derived from, or made

froom a methad mmmﬁﬁ g f’fm nm;m {f 3 harfaéf mfga*‘ssa wsw compoLUng, ang

x>

eméz&mi s of pentaflucropheno! per equivalent of this N \»dmeﬁhyi miling, and (§

additional N M-dimethylanitine. Tt fa}s‘ mvention also provides sotivator compositions

gerived from alicash: g} camrien b arg

#

anvaluminoxy compound; ¢ N N-dimsthylaniline

and d} at least two {2} egquivalents {e.g., moles) of peniafluorophencl per equivalent

(.9, moie) of the ?\;-- -dimethylaniing. The pentafiucrophenol and N N-dimethyianiline

I

0 the prescribed 2 fo 1 equivalent relationship form a particudarly conductive Bronsted

acidic ionic compound that enhances the @zwsty of activator compositions accaiding to

“ssaa‘west O, 5_-*}% ..__P-iefé‘;iﬂﬁi}ﬁfa 80 provides compositions derived from at least, a}
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3
sombined with the amaneaiummexy mmp@mc’z o f{‘}rm Nrst pro aduet, at least g mstsm

.}'

-:anzcéi at 'iaa st a portion ﬁf the ges.,mi pmdu(ﬁt can be w@iﬁb‘ i“ié"ﬂ with the N N-
*dﬁ"@iz?}f\aﬁ e, Ac‘i ator composition can be derived from carrier, organcaluminoxy
_@Ed@r "%“*"‘sﬁ::': OGS ui’)ﬁ“m}bf‘d having. a’? laast one active er‘ian can be uerwe{i from
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§$&§33§ ?’h-@f.-gmﬁbéﬁéﬁg can be conducted in an inert gas atmosphere; at & temperaturs

from aboul -80°C {0 abowd 200°C., or from about §°C to about 120°0: the mmi};mn:}
time can be fom about 1 minute o aboit 38 hours, or from about 10 minutes to shout
24 hours. Selvent used for preparing activator composition can comprise aliphatic
saivant or aromatic solvent, either of which is inert 1o carrier, organoaiumi raﬁxy

compound, N, N-dimethylaniline, and pentafivorophenol and/or fonic compound derived

from N, w»ﬁgmmm anifin @ ana a %32 eﬁwaimﬁ mﬁe‘z‘iiﬁuma“@ﬁe per aquivatent

»,
i 3
g
3
(7
e
”:"
£k
=
@
=y
':"5.';
?.:*‘Z
=
111
¢
&‘9
‘é,
N
g
115
o
=
03
;:?;
7
0
s
il
Sy
3
&2
o
E2a
114
%)
=
‘:,'3'

{tha combining

operati o ;ncwﬁe ﬁét ration of a:ug}ema‘iam followed b .y washing wi th inert solvent '-:w;‘ﬁ

>/
l

i

ié‘iié‘:ﬁ'iﬁ 32&%@ including fluid, dry, or semi-dry powder, and may be used for

eiymer;z fc}ﬁ i the state of immg suape“zéeﬁ Finert solvent.  The combis **zz**;g:; of

about 8070 o abowt ?2""9" al'a combining fime of ‘fmi out ’3"’: minuies o about §
nours, Afleasta mﬁ o of resulling ;}mamt is combined with ionic compound having
at least one active proton, which is separately derived from N N-dimesthylaniiine and at
east 2 equivaients of pentafiuaroghanol per equ ivatent of the N, N-dimethylaniline.
00081 Organoshuminoxy compound can be combined with pentafiuorophenos! to form
g first proguct, Wsm CAN thgn b&z cc:smtmed With sarz ey and .&4 N-dimetiylan if 1@ {o form
an activstor composition, all such that the activator cammﬁtit*an comprises at least 2
equivalents of pentafiucropheno! per equivalent of the N, N-dimethylaniline,

0010]  The amount of aluminum atom in alkylaluminoxans in the product, e.g., sofid

component, obiained hy combining carrier with aii-w aluminoxane ¢an bs not loss than

J’

abouwt 0.1 m_mei_,B;Eumtsmm'amm or not less than about 1 mmel aluminum atom, in 1 g

&

of the solid compaonent in the dry state, Wi‘re% solic componeand obtained by combining
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carsier with asky;a,um noxane is combined Wﬁh el Qﬁmp{}aﬂﬁ ﬁavmgai. east one

100411

IOrganic

Carriers useful in activatar compositions according to this invention comprise

bfffg

arriers o organic carrars. A pluralty of carriers can be used as & mixture,
and carriers of this invention maﬂg wmm s water, 8.9, 88 absorbed waier or in hydrate

'y

iess than 0.1 *‘*‘si*g { silicg, or ot less *ham} msig A&a*re of ih*k nvaniion may

have a micro pore volume of about 1.8 m%*’g of silica. The average particle Q,as?*g ef}?

-----

?SQ‘EEE ﬁﬁe sifica usefid in this invention is porous and has a surface ares in the

I,

range of from ghout 10 e g silice to apout 780 ng SR, a fotal pore volume m the
range of from about 0.1 cofg silica o about 4.0 cclg silice, and an average parlicls
;:ametef r J@e range »‘:ﬁ* from amu‘i 10 u‘emetérs o ﬁmm i‘i{}{} micromelers. 4 osilica
aseful in imgf nvention gcan have a su'fabe area in the range of from about 50 m’?fﬁ to
about 500 m ,!-** 8 pore wolume in the range of fram about 8.5 SCliy o about 3.5 cofy,
and an akc‘@mgﬁa ;}aﬁtc’: & a af“?}ete? it the ran Ge m‘ om about ‘E::: mmmm&t&zs o sbowt
150 micrometers. & bsefu SHica may have g surface area i he range of fram apot

EGL f"‘“"“r’ﬁ e abmi 350 mg. a pore volume in the range of from about 1.0 cofg to about
Q & o

article diameter in the range of from -a,ﬁt}wﬁ 13 micrometers to

.abew 4 ’iG micrometers,

10013 Anasf&fage core diameter of a typical porous sificon dioxide camler usefulin

this invention is iy e range of fram aboait 10 angstr@mg o about 1000 angstroms, o

¥

angstroms {o
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about 350 angsirams:, .ﬁ.wgﬁa@m .sc-c:sntemm:s';gdmx;f{,g; Qed-?ﬁ«i& from about .04 mmaol

OHig sifica to about 3.0 mmol QMg silica, with or without the presence of free hydroxy!

AN

aroups, as determined by the following Grignard reaction. Most of these active OH

groups react readily with benzyimagnesium chioride Grignard to produce toluene, and
this reaction can be used fo quantify the conceniration of active OM groups on &
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particular siica. A typicad content of hydroxy! groups is from about 810 mmal C}Wg
sifica to about 2.0 mmol OM/g silics, or from about 0.4 rmol Oy silics to sbout 1.8

minol ’L}ng s@ca

[0014]  Example inorganic carriers that may be useful in this invention includs

NCrGany mides mmnemam mmpc}ﬂd& c&v minerals and the ke, ?i"?msfémmgargiﬁ-

clays. Dxample inorganic oxides us @f it in t§ 1Y r&vaniéﬂnéimifur:ie; W’iﬁﬁ.{}ut"i§‘ﬂ‘}'§%’aﬁi}ﬁ\.-
Si0;, AQa, MgO, Zr0s, TiOy, BoOs, Cal, Zn0, 8a0, ThG; and double oxides thereof,
8.4 Sng»AgQ S {Jg*ﬁﬁgm‘ S!szi{:}g} S Qi;ﬁiﬁgmﬁﬁaﬂg;_Exﬁmiﬁe maghesium
compounds useful in this invention include MgCh, MgCl (}E‘:\ angd the like. Exampie
clay mi nerals useful in this invention include kaofin, bentonite, kKibushi clay, g ,yiaam

clay, aliobnaneg, usingeris, pyrophyiite, Isic, micas, monimoriionites, vermiculie

:‘:

chioriles, g::msyssmskne kaolinite, nagnte, dickite, hal {)?’wsi‘@ and the like,

i@ﬁr“ﬁm Example organic  CRMSs that may t}& ugefi | m thfv: rwam O mcmda acrylic

TONGMers guchagrafswéﬁm e, mstf‘*yi actylate, metby meﬁhacw aty, 5‘*‘@‘&‘*3{:*}!3{3“ trile

and {he ke, and copolymerns of the monoamers and crosst ﬁkmg polymerizable

compounds havmg a‘t i@a«i‘ tw 331&?&&@{& honds. Exam %‘z&‘_,styfeﬁe mzfymefs *ﬁaﬁ'

*@:ﬁiﬁ?ﬁi&iﬁﬁﬁﬂ gﬁymnviuanzene and thﬁ: sﬁxe aﬁd copolymers z:::f ths:f monemars ang

crossiink g po ymwswtﬁ& COMPOoUnUs hmmg at least two unsaturated bonds. Exampie

crosslinking polymerizable compound having at least two unsaturated bonds inciude

Ry

wmienzema trivinylbenzene, dwyimme«zemwzmaﬂe dially! phthalate, diafiyl
maleate, E\é N’ maaﬁhy ensbisac acrylamide, ethylena g ya { i ms‘ihasfyimte pol ye{hvieﬂe

giveo! dimethacnviats and the ke,

II

[3018) {\s"ga% carder useful i this invention has at least one polar functional »::%*‘ WP,

Examples of suifable polar functional groups include primary amino group, secondary

amine grouy, imino group, amide group, imide group, hydrazide groug, amidine group

:f?x;y FORY Group, rwa OPEIOXY-GroupR, Qam@xy‘ OUD, fﬁrmyiqmamstwmxwamony}

group, mmgmay; Sroup, --wifz::s gmﬁip.ﬁ. sulfino group, sulfeno group, thio} Qroup,

...... 2

thiocarboxy! group, thioformyi gr oyivolyt group, imidazalyl aroup, piperidy! group,

indazolyl group and carbazoly! group. When the organic carrier mgma iy has at least

a .....

one polar functional group, the organic carrler can be used as it is. One or more kinds
&
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of polar functional groups can also be introduced by subjecting the organic

carrier as a matrix to a suitable chemical treatment. The chemical treatment
may be any method capable of introducing one or more polar functional groups
Into the organic carrier. For example, it may be a reaction between acrylic
polymer and polyalkylenepolyamine such as ethylenediamine,

propanediamine, diethylenetriamine, tetraethylenepentamine,
dipropylenetriamine or the like. As the specific method of such a reaction, for
exampie, there is a method of treating an acrylic polymer (e.g. polyacrylonitrile)
In a slurry state in a mixed solution of ethylenediamine and water at 100°C or
more, for example from 120°C to 150°C. The amount of polar functional group
per unit gram in the organic carrier having a polar functional group may be from

0.01 to 50 mmol/g, or from 0.1 to 20 mmol/g.

Activator Compositions - Organoaluminoxy Compounds

[0017] Organoaluminoxy compounds useful in activator compositions of
this Invention can comprise one or more organoaluminoxy compounds,
Including aluminoxanes and modified aluminoxanes. Non-limiting examples
include cyclic aluminoxane, for example (-Al(R")-O-), and/or linear
aluminoxane, for example, R'(-Al(R")-O-), AIR', (wherein, R" represents
hydrogen or hydrocarbon group having 1 to about 20 carbon atoms, each R’
may be the same or different; and each of "a" and "b" represents an integer of
not less than 1).

[0018] Specific examples of R' include alkyl groups having from 1 to

about 20 carbon atoms such as methyl, ethyl, n-propyl, isopropy, —butyl,

Isobutyl, n-pentyl, neopentyl and the like. Each of "a" and "b" represent an
integer of 1 to 40, or an integer of 3 to 20.

[0018a] In preferred embodiments, the organoaluminoxy compound is
selected from the group consisting of methylaluminoxane, ethylaluminoxane,
n-propylaluminoxane, iso-propylaluminoxane, n-butylaluminoxane,
Iso-butylaluminoxane, sec-butylaluminoxane, n-pentylaluminoxane,

n-hexylaluminoxane, n-heptylaluminoxane, and n-octylaluminoxane.
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[0019] Organoaluminoxy compounds of this invention can be prepared
by any suitable method, including currently known methods. For exampie,
alkylaluminoxane can be prepared by dissolving at least one trialkylaluminum
(e.g. trimethylaluminum, etc.) in organic solvent (e.g. toluene, aliphatic
hydrocarbon, etc.). The organic solvent may comprise aqueous organic
solvent. Suitable ratios of trialkylaluminum to organic solvent include: 0.01:1 to
10:1 (moil:mol). According to another method, alkylaluminoxane can be
prepared by combining at least one trialkylaluminum (e.g. trimethylaluminum,
etc.) with metal salt hydrate (e.g. copper sulfate hydrate, etc.). Suitable ratios

of trialkylaluminum to metal salt hydrate include: 0.01:1 to 10:1

/a
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(mobmod). Alkylaluminoxane Ty mmsrtsﬂeiﬂaiwiaiumﬁ m andfor other materials,

I —

]

which are produced during preparation or stherwis
Activator Compositions - iewis Base

[0020] Lewis base can comprise primary amine NH; R, seco ndary amine NHR?,, o
tertiary amine %Rz or any mixture theraof, wherein R” in each coourrencs is selected
Hdspangently from hydrotarbyl groud having up 1o about 20 carbon aloms, or
hydrogen. ?‘»;-‘Jr-*m:ampi& Lewis base can comprise a vfa;é?i@%:yf'::a:sfﬁ“rlasmzifma.é-iﬁ&iﬁdﬁ@ﬁg. bt
not fimited to, NMa:Ph, NMe{CH.Ph), NEGPh, NEL{CH,Ph), or Lewis base can

-w{:smm iBe ONe O more ic.tnf:; chain amines such as MMe{CHy ;wdgﬁ,m et s

.""

NMa{Cotanst), NEHC Hana {Caome 1), of NEB{CiHone ), wherein n and m are selected

swﬁ@wndmﬁy from an integer fs"tm avoit 2 to amu 20, =xampies of iong ¢hain

Lfi
(D
Uﬁ
M
o
(fs:
ety
%
-
{1y
§
L
i,
@)
£
i
V¥
r.ri
I.',..,a
. Iy
(3
=3
redos
T2
3
}.
.,3
T
-
{od
»
R
1.
ey
13
>rs,
1
v
o
R ek
%
B
&3
oy
£2

NMEiQw%‘gs}{ﬁ«g,m}; ?‘»EME{Q i 35}{\;15?*3?*; an«:ﬁ ti*e Eme Fm' &}»ﬁampi& \éf‘ﬁﬁ\wga }

!

s typically the major species in a commercial long chain amine composition that usually

comprises a mixture of several amines. Lewis base may comprise NMe,Ph,
NMe{UHPRY, NELPR, NELICHPh), NMe{Cigl

phosphines.

HMiale. Lewis base can aiso comprise

ﬂ:’!

.....

B821Y  Achivator compositions of this invention arg useful in catalysis for oiefin

polymernization.  Activator composition according -'i@ this invention and transition metal
component may sach be added independently, vet substantially simullansously, to

mwenomer o cats 53{2& :}@Ewnef‘wm oh. Activator composilion ang ransiionh maigl

510 2 or alnost 1

QEEE Activator composd m;"; 8 sy ?aﬁaim for acti ma., ng t*as‘aﬂ tion metal component by

V”I

B—rgﬁﬁnsiaﬁsfamgmf 8. *}} urotonating alkviated transdion metal component, Achivator
composition is also suitable for activating transition metal component by Lewis acidity,

Le., by accepting at least one electron palr from ransition metal component. The
rom fransiion m b

W
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amount of activalor composition combined with transition metal compenent may be

-'

sufficient fo aliow activation of iransition metal component predominantly by Bronsted
acidity: e.g ?i}% OF More, Q% ar more, or 30% or more of activation may ogour dus to
Bronsted goidity. The amount of activator composition combined with transition metal
component may be sufficient to allow activation of ransition metal « ﬁﬁ*ﬁ-pﬂﬁ@:ﬁ‘i
substantially by Bronsted acidity, e.g., 5% or more, or 88% or more of activation may

accur die o dransieq acaily. Activator composition may be combined with tfransition

'"3

”

metal componant either before combining with monomer or while simultanecusly

aitaie mis‘*g With monomaey, Qz a3 mmwn activalor composition and a Known fransifion

metal comp

ponent. one skilled i the art can determine the amount of the activator

rT

"-"

composition to combine with fransition metal cem;:ﬁeﬁer to allow ac Natiﬁi?‘

predominant ny ar su:}saani aily by Branstad acidi ity

Catalysts for olefin polymerization - Transition metal component

fransition matal

{0023] Transifion metal component can comprise any alkylated

......

component having olefin polymerization potential. For exampile, without lmitatio
transition melal component can com psriﬁamamms:_::re;mrzai&fim:eﬁei*imnsﬁtzém- mam;
components.

Old4] Transiion metg component can comprise alkyiaied calalyst precursor

M R (whereln M represents {ransition metal atom of the 4th Group or Lanthanide
Series of the Pef‘im’ée'"E‘fabgiam%éiéiemams {1883, {UPAQC), and examples thereof include
transition metals of the 4th Group of the Periodic Table, such a8 tlanium atom,
Zirconium atom amjﬁ.,mfﬁia my atom and ransition metals of the Lanthanide Series, such
:aca samanium; L represents group having oye ;@g:;eﬂtgaaewi sk\.,aetm of grmp having at

and a plural f‘g of Lom ay- be the same or s:é;ﬁ‘“ rent mﬁd may &}e Croasii ﬁ&ed 0 each other;

R represants i*yé*aaarb& Group n \m@ 1o ab&.ﬁ 3€} carbon amrm rap;&s«ﬂmw a3

{.’.'J
o
o~
s
%

numeral satisfying the expression O<asn; and n represents valenos of transifi

oan ;:-e:m*s-@-rise-: | fae axam p‘e Cﬁgiﬁﬁ;ﬁﬁﬁi&ﬁi@WE . qrwp; siibst -1?51%»@@ -aw,;cmemamemys Group

Qf *}f}iyﬁyﬁisc: Group hav G wz:ieg:seﬁ'{ad,enya &xa*e’mﬂ D:am;:ne subs*k tee»i

N

cyclopentadieny! groups include hydracarbon qroup having 1 to about 20 carborn atoms,

. rfr;f

-----
.....
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halogenated hydrocarbon group | naving 1 to about 20 carbon atoms, &ia}'g group having

1 to about 20 carbon atoms and the m{e Sityl group accarding to this invention can
nclude SiMes and the like. Examples of polycyclic group having cyclopentadienyt
skelelon include indenyl group, fuoreny! group and the like. Examples of hetero atom
of the group having at lsast one hetero atom include nitrogen atom, oxygen atom,
ahosphorous atom, sudfur alony and the ike.

00281 Example substitut es:’;i :ﬁycieg:se;ﬁsia& ienyl groups include methyleyclopentadieny!
group, ethyloyclopentadieny! group, n-propylcyciopentadiany! group, -

butvleyciopentadieny! group, sopropyleyclopentadienyt group, isobutyleyclopentadienyt

group, sec-butyvleyclopentadieny! group, tertbutylcyclopentadieny! group, 1,2-

)

i meimeh.,y{:b@;}ema@ ewy* grm.s;} 1.3- ﬁa**s:& m {;S,!{Z‘ ag:»emamgeﬁy gmap 23«

~

fietra %e*hyécyemwn aﬁiﬁ-ﬁys gz*m:a. pe**st&,,eir‘ewcyaiiﬂpemaﬁ,my grms;z and the like.

QIouUg, 45&)}’ -{eire "z fe;“m;ndewi group, ﬁmferyi gmup and i"wei

{ﬁ“ﬁ&ﬁ Example gmups navi s*sg at legst one hetero atom include memyéamme qroup,

......

..........

-,aifm‘;it,,;m&%«:‘#m. 0 saimaﬁe with {s‘% a:?i{yim&gmup such as ei:hyienez.. pwpyiesne and the

*a%:e);s} substituted a%’éfyiene group such as ;suprawﬁ idene, diy henyi ‘ﬁemy ene and the

.....

;ﬁ@&&;ﬁ %-? n transition tmeiai;mnf*smnes‘zi- mmpnms r;ydmg&n '.-a-rhysimcwmﬂ group
aﬁb‘amﬁ:f?ﬁ mrbs:}'n.a.a'i‘s;}m'sasuﬁh a-;."-%-..ﬁ?ﬁé‘ih?? '.g:srmsrég;, eihyi group, ﬂpmg&yE group, 'Esag}mmf&
10031] i—xam, as csf transition metal mmmnem fMlg Rug, wherein M comprises
Kfixi‘?ﬁ{}%‘i i.&m‘z NG m@ezbiesifcmi}p&ﬁi&di@@ﬁﬁ}zsmemu,md imethyl,

'i‘

.‘3 r\enim‘s ng Gy r}p&ﬂmﬁ yi,z Fooniy mcﬁme{%ﬂy bis{indenvilzirconiumaimesthv,
bis f%m,.... 7 -tetrah \;ﬁi wa&wi}g;mn-mwmmeihy %:ae-és §f.ga*"em* }z rooniumo mm&;»}h

sthylenebis(indenyljzirconitmdimethyl,

i
L
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dimeth ge« v lenef, rys: cpﬂﬂtag_,sewiﬂ LOTe mi conumdimsthyl,
diph snyisitylenehi is{in ndenyiizircon mmmmathygg
cyciopeniadienyidimethviaminozireonittndimethyl, cycicpentadienyiphenoxyzirconium

Eimeth\f tiéfimeﬁ:‘hg#i{iﬁéﬁ&vmwa-amzm-}i-sgte:i:ﬁa.metw (:ymm&maﬁsew;}

siianesirconiumd) **“ﬂ%:m*i ;@»‘s(}m@py td@r‘segcya: ag}ﬁn*a aewmﬁ-%efim &Weﬁw—?-
VIZ

DRSO

Foonmumoimetnyd, dimethyigiiv ewe{*etraﬁ*efm ::ysiap@ntad e*‘ayﬁ*’ *te;"“buiyi G-
mathyi-2-phenoxy) zircconiumdimethy! and the ke,

g@mz Aﬁd;taa*';a exe f‘é“ﬁm,}f *‘ar*%ﬁ: oiy meiai componeant \éta Mres m{:*us:ie componems
whargin Zirconium is repiacsd with ftanium of hafhilm in the above zirconium
components,

0 *“3“3‘5 Other a §§a tated © aﬁ:&ivsi precursors usefid m this | m’e Hon ares et

gimethwisiivibis{@-methyi-d-phenvi-indenyiizirconium *‘t‘?‘*m“w {&ﬁ} a0~ ""”EEZ*"E}? sily bss-.

.ﬂ'

(2-mathyl-1-indenyl) zirconium dimethyd {é"ﬁ ), rao-dinnsthyls! ty bis{2-methyl-4,5

."

nenzoindenyl} zivconium s:if"f';@’mv 1%%3} ' fses“f:::} s{lstrahydrongdeny ZIrcenilm
cﬁmeth*g {4}, and ethylenabis{indenyl) zirconium dimethyl (M8). Alkylated catalyst
precursor can be generated in-siti through reaction of alkylation agent with the
i“zmgma’zewemw of the catalyst precursor. For example,

\

bis{cyclopentadienyiizirconium dichloride can be freated with triisobutvialuminusy

<

{TIBA) and then combined with activator compuosition.

........................................

10034 When using activalor compositions of the presernt invention in polymerization,
any olefin or dicelfin having 2 to 20 carbon atoms can be used as a monomer for
nolymerization. Specific axamples thereof include sthylene, propyieng, butene-1,
sentang-1, hexens-1, heplene-1, ogtens-1, nonene-1, dscens-1, haxadecanag-1,

ﬂeiémceg‘ﬁ-e 4 &meﬁ*yipemewe-v umhihyi ;}eﬁ*emfa Y f‘tyiwc Gi‘emne sty rens,

OF IMOre MONCMErs, simy E:tanesuasy; Sg:semﬁcemmg ies .@ffm@-m@ﬂ@m&f&éGﬁﬁ.&ﬁi?ﬁﬁﬁg
the copolymer include elhyiene/an o olefin such as sthyisns/propyiens,
ethylene/butene-1, ethylene/hexene-1, ethylene/propylena/butens-1,

2

e

ethylenelpropylene/S-ethylidene-2-norbormene and the ike, propylenelbutene-1, a

the like, but are not limited thereto, ,.
11
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§j §3§§§ ,r:m mﬁvm rization method is not imited, and both liquid p%’*ase:- msyﬁ erization
1o s:gmd ph sa miywar.zazsﬁﬁ neciuds aliphatic m@ww IDONS such as butan o mne
5}
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msmhiﬂ 1o use al ieast a portion of the olsetin o be D03 y *g;aﬁz.aﬁ .ggg,mwem The

solymerization can be conducted ina batchnwzse semibatch-wise or continuous

g

manner, and pe?vmem@t on may be conductad in two or more stages which differ in

regction conditions “é'”he g—%@s@@metsém;o:n tempem@m can be from about ~506°C to about

iﬂ{gfﬁrﬂ"‘ Ap wapriale polymerization time f;m i}e ae%ermmﬁﬁbymﬁam kmwn iﬁ' a‘,%-*sam
skified in the ant according to the desired olefin polymer and reaction apparatus, and is

¥ o o

typically within the range from about 1 minuté to about 20 howrs. In the present

. - - :

invention, a chain transfer agent such as hyd

remiar-waégﬁ';isf- of plefin polymer o be mbtasneu’ in poiyimen zation.

.’,' :
s

NS

gie

.....

38} Organealuminum compound ¢an be added during polymerization {o remove

I&
A

y‘lld‘
b

'
. «

imptirities, such as water. Organcaluminum compound useful hereln can comprise a

O

vanety of organosiuminum cmnﬁmmﬁﬁ maéumm at isast one currently known
SIGAannRARIMINGT compoaund, Ior xampis, organoaluiminian compoung R“f AlYae

{wharein R'--fr&?g}@’meﬁt& a hydrocarbon group having 1 to abowt 20 carbon atoms; Y

epresents hyﬁm en atom and/or hal QGen azems and "g" reweqawtm an integer of 0 to

33 5gsem ary :iesg R include meiw* JrOUR, w«‘hy GYoug, N-Drep y Groug, n-bisdy

atom for Y include ﬂuc}*ﬁe atom, chiorine atom, bmmma atom and indine stom.
Specific exampies of the organogiumirum compound R?“,;, AlYs o ciuds

triatkylalurinums such as trimethylaluminum, tethylalurminum, t-n-propyialurminum,

trisobutylaiuminuny, ti-n-hexylaluminiim and the fike; dialkylaluminum chioride such as
dimethyialuminum chioride, disthyisluminum chioride, di-n-propyiaiuminum chioride,
ditscbutylaluminum chioride, di-n-hexylaluminum chioride and the ke alkylaluminum

dishiorides such as methylaluminumdichloride, ethylaluminum dichioride,

o
£2
{_‘h .

a-propyiaivminum dichiorde, isobutviaiuminum dichioride, n-hexyialuminum dichion

and the bke; and dia Exy alwminum hydrides such as dimethvialuminum hydride,

12
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disthydatuminum hvdride, di-n-propylaluminum hydride, ﬁi%ﬁbd‘i}‘i&ii}m nUm nyms:ée

f

di-n-hexylaluminum hydride and the like.

Examples
Preparation aﬁ%“* \onic Sﬁmrmmm
{00371 In a dryvbox, 2.00 g {0.0108 mol) of CeF:OH fﬁawiaﬁma*wh@qﬂ} wag mixed

r;'W;‘Ef’i 0.857 g {f} 80540 mol} of MNMe gPh t}\s N bm*‘bt“zy; nifing) ina visl Aﬁgrﬁfgw

w ‘-

R

r}eﬂi&mgfmesmi msmieam M ai“wian ling ;si**uc Ui eswwmeiw}

gsma;s Tabie 1 lists the conduct :&fif{{gf of aamfasgames

?‘e*ﬂ &mmw

Eh.“_hﬁwwn . y “‘q_-g“\“‘q_‘\““““]{u‘m— _____ w - - - r—h—.—.ﬂm&mhhhh‘hh‘\“\“\\h“hh‘hhh‘\\h\\\\\\\\\\\\\\\'\\\1 -
~ N 3
_Samgp ﬁ Nﬁs . & ;
t \ S S \ 1,'\\“!.\\'\\\'\\‘.\\ o, . - """’-h : 2 2 2R R 2R R T hh‘h—h\h‘\hh \\\\\\\\\\ 'E\\\\\\\\\\\\\\WM ............. .1'
. Samy FsOH | PhNMey | CgFgOH
\ ’ : N
. .
s\ . ..
\ . ' \ )
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y = | ] 1¢
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= é‘ mmolig @? | | ~
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h ] ™
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N \ : .
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. N : ( 1\
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038 The increases vy conduchivty of samples 3 and 4 {over that of gmm sles 1 ang

gt ¢ L owOeT SRR

21 confirms the formation of ionic species.  In sample 3, the excess amine adds to the

,3.;;

conguctivity, bt not subst awiz“"gf The sxcess amount of amine in the 111 mafqeu

sampie (sampie 3) does not form significantyy v more ionic compound. Thereforg, a 1
charge of the Wwo ¢ somponents only forms 0.5 eguivalent of the lonic species with 0.5

squdvalent of excess aming,

f

TEY
\
N

Q401 In these examples, IBA was prepared accordi ""iG; ta the method desgcribed
above. Also the amount of IBAA] ratio was haif of C8F50H: Al becauss thers are two

':mefée‘s of *353’*: 0*%? i iEA Samaa ﬁf the examples ii%@{ﬁ IBA only (CSFEONAmine = 2:1)

f:a’}

and 10 through 13} and soms of the sxamples used a8 mixiure of IBA

{ges entties §
and Amine {CBFE0H Amine = 2:2) (see entries 5 and 7 through 9). Conductivity data
}frs{‘i*{: ates that the species with bﬁ“ﬁ@i“ﬁ Amine = J12 was a mixiure of 1IBA ang amine,
not another new species. Also, whan the reaction ‘.sf%f&srdﬁﬁeiﬂy3}8‘0-%8&&?&& IBA was the

solid precipitate and the excess amine was washed away during isolation.
Comparative Examples {Entries 1 through 4 in Table 2):

Fo0441  Sifica was first calcined atthe *‘em;}&;:ﬁ?me indicated in Table 2 for 4 howrs {"z}

I

;gfnd coolad & room tfemperature. fk tésmmgmne i i@iﬁﬂﬂ& was added émh&suw of
sitica and {oluene siﬁmf at room *emﬂera‘?u - he resu tmg sturry was heated and then
stirred for 3 b at 100°C. The sofid support was then ‘fiterem washed three times with

isohexane and dried under vacuum. Metallocgne and olusns werg aades::s {¢] {he sai z:%

'fthg’f@e-ism?% with toluene and three times wsth asmexaw a*‘ad then dried under vacuum.

{see data i Table 2}

Examples of Invention {(Entries § through 13 in Table 2):

0 mm ‘%s ica was first calcined at iﬁe temperature ;s‘mr’*atae:i i “?ami f@?e@% and

}‘tf

--c:mied 1o room lemperature. Aluminoxane 1 oluene was added {o the siumy of silica

and toluane Si’ﬁwiy" a"i*i’-{}{}m ternperature; the resulting shurry was heated and then
%is%arma for 3 hat 100°C. *’f@ B0 ';d support was ther’* i‘aEi&*@a w:’—ss:;m lree fin Nes with
isohaxane and dried under vacuum. 1BA or lBA and amie N, N-dimethyigniiing
mixture was dissolved in toluene and added to the support/ tolusns slurry. The reaction
was shaken ‘;f 2-4 h to form the supported activator. Metaliocene and toluene were
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added o the supported aclivator and the reaction was shaken overnight. The catlaiyst
wags filterad, washad thres times with toluene and thres Hmes with zsahemna and then

dried under vacuum. (see data in Table 2)
Ethylens Polymerization Test

-

00431 A 4L reacior was dried m heating at 100°C for 18 m inutes minimum under low

g

oressure nitrogen flow. After cooling to ambient, the reactor was pressurized with
sobutane and vented three times 1o remove nitrogen.  iscbutane {1800 mi) was

z:he?rﬁex:i into the reactor while adding 40 mi of dried 1- ha}s:e,&'*e and 2 mibof 10% TIBA

‘*i‘*e reacior was marged ’srui"'ih eth yimf*e up t0 320 psi while at the same time ?bg-'-iéﬁag‘mffﬁ@?
en“;*;@mm:gg‘ me ‘wm?;m up to Si’}C an, 3{3-?{}{} mg of ssm:i = M? {*\M Ms‘t Was
urtied in 2 miof hexane inthe gfwﬁémx and then injested into the reaclor. The

rgaction Qi&&%u@ was maintained at 320 psi and the polymerization was cardad out

A
&"E

v.n"

or
T hour gt 80°C. The reaction was stopped by venting off the sthylene and isobitans,

The polymer was isolated, dried, and weighed.

'y

Py

o

ouyiene Polymerization Test

0044 A 4L reactor was dried by heating at 100°C for 15 minutes minimum under

low-pressure nitrogen flow. After cooling to ambient, the reactor was charged with

2200 mi of propyiene. Mydrogen was then added by measwing a 180 psi pressure

drog from a2 B0 mi bomb. 2miof 10% TiBA scavmger. such as o amasums%m

sfﬂs“ef;i s‘"@r 5 minutes, The re*af:imf ag tator was set at 800 rpm. Then, 30-80 myg of

into the reactor. The reaction was heated fo ;G“‘ and the ;}aiymargzafam was aarfseé

outfor 1 hour at 70°C. The reaction was stopped by venting off the propylene. The

po i‘*f‘“"%"‘ was isoiated, dried, and weighed. The polymerization productivity and activity

of each catalysi were calculated and are listed in Table 2.
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T’as!e 2 I B BEE——
o | e TR oy | [ | 2 | Pty | AGHE .
S ~ {mol%AlL i’ Wt% : o ¥ z i
1 G852 7800°C | MAD R e SO S cat fh 5 {Kg/g Zrih}
(7 NSI0IP/600°C | EAD 5 ‘ 9. .. 1800 . 379
R I I )
| GB52/800°C | IBAD 3

&
|5 {MS3030/800°C | EAC
‘ iegsz 1800°C NAG T

8
g_} % GQ&?&OQ“C t EAQ 29
| 8 6952}'390”(3 BAL
g '

[0048] The scope of the claims should not be limited by the preferred embodiments

set forth in the examples, but should be given the broadest interpretation consistent
with the description as a whole.

$Q
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CLAIMS:

1. A composition derived from at least :
a) carrier,
b) organoaluminoxy compound; and
C) N,N-dimethylaniline, and pentafluorophenol in amounts such that
there are at least two equivalents of pentafluorophenol per

equivalent of the N,N-dimethylaniline.

2. The composition of claim 1, wherein the carrier comprises an inorganic
oxide.
3. The composition of claim 2, wherein, the inorganic oxide has a micro

pore volume of not less than 0.3 ml/g and an average particle diameter of 10
micrometers to 500 micrometers.

4. The composition of claim 2 wherein the inorganic oxide is selected from
the group consisting of silica, alumina, silica-alumina, magnesia, titania,

zirconia, and clays.

O. The composition of claim 2 wherein the inorganic oxide comprises silica.

6. The composition et claim 1 wherein the organoaluminoxy compound is

selected from the group consisting of methylaluminoxane, ethylaluminoxane,
n-propylaluminoxane, iso-propyialuminoxane, n-butylaluminoxane,
iso-butylaluminoxane, sec-butylaluminoxane, n-pentylaluminoxane,

n-hexylaluminoxane, n-heptylaluminoxane, and n-octylaluminoxane.

7. The composition of claim 1, wherein the composition is suitable for

activating an alkylated transition metal component by protonation.

17
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8. A catalyst for olefin polymerization, wherein the catalyst comprises a

composition according to claim 1 and an alkylated transition, metal component.

9. A method of preparing a composition comprising combining at least:
a) carrier;
b) organoaluminoxy compound; and
C) N,N-dimethylaniline and pentafluorophenol in amounts such that
there are at least two equivalents of pentafluorophenol per

equivalent of the N,N-dimethylaniline.

10. The method of claim 9 wherein the carrier, the organoaluminoxy
compound, the N,N-dimethylaniline, and the pentafluorophenol are combined
in amounts sufficient and under conditions sufficient such that the composition

is suitable for activating alkylated transition metal component by protonation.

11. A method of preparing a catalyst for olefin polymerization, comprising
combining alkylated transition metal component with composition derived from
at least carrier; organoaluminoxy compound; N,N-dimethylaniline; and at least

2 equivalents of pentafluorophenol per equivalent of the N,N-dimethylaniiine.

12. A method of polymerizing monomer comprising combining a catalyst,

according to claim 8 and the monomer.

13. A method of polymerizing monomer comprising combining a

composition according to claim 1, an alkylated transition metal component, and

monomer.

14. A composition derived from at least:
a) carrier,
b) organoaluminoxy compound;
C) jonic compound having at least one active proton; and

d) Lewis base;
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wherein the ionic compound having at least one active proton is derived from
N,N-dimethylaniline and at least two (2) equivalents of pentafluorophenol per

equivalent of the N,N-dimethylaniline.

15. A composition derived from at least:
a) carrier,
b) organoaluminoxy compound; and
C) lonic compound having at least one active proton, which is

derived from N,N-dimethylaniline and pentafluorophenol.

16. A method of preparing a composition comprising combining at least:
a) carrier;
b) organoaluminoxy compound; and
C) jonic compound having at least one active proton, which is

derived from N,N-dimethylaniline and pentafluorophenol.
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