WD 2008/ 030387 PCT/ US2007/ 019101 PROCESS FOR REMOVAL COF RESI DUAL CATALYST
COVPONENTS BACKGROUND OF THE | NVENTI ON 1. Technical Field [0006] The

" present invention generally relates to a process for substantially

removi ng wesioosieshssrat al yst conponents from crude or ganiggrasReaiso: €. 9. ,
crude polyal phaol efin polynerization products. 2. Description of the

Rel ated Art 100071 Cenerally, in organic synthesis, catalysts are very
often soluble in the resulting crude organic product and cannot be renoved
by sinmple filtration. For exanple, follow ng the polynerization of an
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hydr ogenati on. Accordingly, in finishing PAO, considerable amunts of noney

are spent on hydrogenation catal yst and hydrogen usage. Mich of this cost
is a direcﬂiﬁ@E@B&ﬂgigﬂﬁﬁﬂﬂ&ﬂﬁﬂﬁﬂﬁgmduaI pol yneri zation catal yst |evels
remai ning in the unfinished product, since the residual netal and hal ogen
fromthe pol yhehnizathidd cat al yst render hi gher hydrogenation catalyst

| oadi ngs necessary during hydrogenation of the crude PAO product due to the
hydr ogenat i jgoogiat al yShe bk inpentionederbly fehes kot pgess fdrG0R8ntidine
insufficient renoval of catalysts, e.g., olefin polynerization catal ysts,
and, in parFein%b'i'n@rresiéuﬁﬂiafalﬁ?&c_ﬁzﬁc}:‘dn@ntél_ﬂdmhﬁld@gﬁganﬁmﬁﬁm.%g crhiom a i quid
organi ¢ product “such as liquid olefin polyner also results in other
undesirablch%&?hggﬁn &?ﬁ£§%@HRPEMU&Qe presence of catalyst residues may
cause discolofation of e resulting polynerization products, the

. generation ?fDQXH&ﬁgﬁﬂiﬂﬁﬁéﬂgiﬂﬂs owing to the therrmal degradation of the

[0007} Generally, in organic synthesis, catalysts are very often soluble in the
resulting crude organic product and cannot be removed by simple filtration. For example,-
following the polymerization of an alphaolefin, the polyalphaoclefin (PAQ) polymerization
product will contain dissolved catalyst, which needs to be removed prior to the step of
hydrogenation. Accordingly, in finishing PAQ, conéiderable amounts of money are spent
on hydrogenation catalyst and hydrogen usage. Much ofthis cost is a direct result of the
high residual polymerization catalyst levels remaining in the unfinished product, since the
residual metal and halogen from the polymerization catalyst render higher hydrogenation
catalyst loadings necessary during hydrogenation of the crude PAO product due to the
hydrogenation catalyst being poisoned by the halogen.

[0008] The insufficient removal of catalysts, e.g., olefin polymerization catalysts,
and, in particular, their metallic and halogen components, from a liquid organic product
such as liquid olefin polymer also results in other undesirable problems. For example, the
presence of catalyst residues may cause discoloration of the resulting polymenzation
produéts, the generation of hydrogen halide gas owing to the thermal degradation of the

catalyst, the degradation or decomposition of the organic compounds owing to structural




catal yst, the degradation or deconposition of the organic conpounds ow ng
to structural WO 2008/ 030387 PCT/ US2007/019101 change duri ng subsequent
~distillation, the poisoning by hal ogen contam nants of hydrogenation

cat al yst swiidohdasossabsequent pol yner treatnent, the for matim@ae@foiabum num
hydr oxi de slinmes which are difficult to handle and the |ike. (0009] Efforts
have been made to renove ol efin polynerization catalysts fromthe liquid
ol efin polymer. For exanple, U S. Patent No. 4,028, 485 di scl oses a process
for renoving hydrogenation catal yst residue from sol utions of hydrogenated

olefins or olefinic polyners containing the ri sing.treating such
sol uti ons wihareedluppp sehgeRvETdstEiRben, {5 RO agg]xlﬁﬁg%f‘rcai“?'g‘é[tﬁl“aﬁ%m th an
anhydrous base and filtration. U S Patent No. 4,122 126 disc|oses a

met hod for hyermpenatign astalybla dimngsuhsaabens pelymet Ecagpensl ths fogmationypd pluriigin o

pol yneri zati on product conprising the steps of adding to the polynerization
product an a@rddestipeb ahichatedifitcultto andigrmod tie like. | t hrough 6 nol per one
nol of the alum numhalide in the catalyst present in the product and

suf fici entlyosd)xi Ng tEIRME Ahvebeei MADEHAEHEE (finfdGnidizatighakbAC fraandet hen
filtering the m xture at a tenperature of 70C through 150C. The addition

of the aprofd gq RRERPoISALY & ek AthiL U .8t B%nt R6. SERABAUIOR:s R prédess foat al yst
fromthe p8$$%eri£aF?2ﬂ brodﬁcﬁﬁﬂ(00101 U S. Patent No. 4,476, 297 discl oses

that the content glf cé%o'gén%ﬂ'oﬁ' Egtﬁpg rr]égs'lcglrg t(t)'roni'ltrﬁﬁ¥u"f’il:)11m hiyﬁlr%ﬁel?a&q AL UlT

conmpounds i T Poly As enanat | mthe catal yst system can be
nt wi.th

i phat | o Wehoe B pee bt RR s hy i Rl BAGRER A FRAREIR o
PR 10, e el AR TR R T AR,
ol gorer] Zaa,ilgquéGndiscloses a method for removing an aluminum halide or its complex catalyst
from a polymerization product comprising the steps of adding to the polymerization
product an aprotic polar solvent in an amount of I through 6 mol per one mol of the
aluminum halide in the catalyst present in the product and sufficiently mixing them at a
temperature of 70°C through 150°C, and then filtering the mixture at a temperature of
70°C through 150°C. The addition of the aprotic polar solvent facilitates the separation of
the catalyst from the polymerization product.
{0014 U.S. Patent No. 4,476,297 discloses that the content of titanium and light
metal halides and aluminum compounds in polyolefins emanating from the catalyst system
can be considerably reduced by treatment with a higher, preferably branched, aliphatic
monocarboxylic acid having 6 to 10 carbon atoms.
0011} {J.S. Patent No. 4,642,408 discloses the removal of nickel, aluminum and
chlorine derivatives, which remain dissolved in olefin oligomers after oligomerization in

the presence of a catalyst containing such derivatives by treatment with oxygen or a gas

containing oxygen, anhydrous ammonia, and a solution of an alkali metal hydroxide.



the presence of a catal yst containing such derivatives by treatnent with
oxygen or a gas containing oxygen, anhydrous anmmoni a, and a solution of an
" al kali netal hydroxide. 2 WD 2008/ 030387 PCT/ US2007/019101 [00121 U.S.

Pat ent Nowa@hoi€d30889 di scl oses that the catal yst resi duossAszesantiorn an
on- pur pose produced anorphous pol yal phaol efin are deactivated by contacting
the nolten polynmer with sufficient water to provide at least a 3:1
water/ Al nole ratio and then the polynmer is stabilized with a hindered
phenolic antioxidant. 10013] U.S. Patent Application Publ i cati on No.

2005/ 01017671 dj scl ed i
onc- o oup 0B o O LSRR LB S Rl i
f tal yst t d G
Rhor ei -t heomtmes RSB SESPhapolABHOR? ?afﬁedee&wa@d%alcwaetwﬁéh rgl?qnm i th
water; (b) separating the aqueous and organi ¢ phases; (c¢) addln

adsor bent  spdlpoereittt aubiei avateg koprevieo AdFast 3 Hg o er/l‘?ﬁ@??é‘“siaﬂ?rf“éq (20
calciumsilicates, alumnumsilicates, alum num oxides, and clays to t he
or gani ¢ phagslyier if etebilizedsbitir 4 hind¢red) phmalﬁq' angoxitdnt.s| urry under reduced
pressure at a tenperature of at |east about 180C for at |east about thirty
mnutes; apishen (a).ssepaialphigitivh eudidstuntan2065/0101Tbiedisdlases y methodever
this water mashlng method is overly conplicated, enploys additional steps,

e.dg., decamfcﬁtrécﬁ)l@mgﬁévlefsroﬁgésﬁlﬁaﬁﬁﬂ) el indl G@up EOERIOGUE e9d@pdialalpRa-aradunt of
aqueous waste. rs al so dlfflcult to run on a continuous basis. [0014]

Addi ti onal | é?lyn 1{1 etaqlb[‘?}e g&%ﬁ%&ga%&a@ tycf)ﬁﬁﬁsn&gadhgﬂa%?&xal d@ﬁotﬂh@lﬁlﬂlﬁﬁmw ene or

. vi nyl benzen ene ormed by firs kyl at'i ng benzene, by

;lr aklglsglt Ik %lgaz\}gl?% vgom\el§106¥érplgrqge§rtg)swz(sﬁﬁgﬁe’ enfife pgﬁr(gﬁ{aholbﬂl)twhﬁl \pf[tﬁ',sﬁi'j'ce of an

separating the aqueous and organic phases; (c) adding an adsorbent selected from the
group consisting of magnesium silicates, calcium silicates, aluminum silicates, aluminum
oxides, and clays to the organic phase to form a sturry; (d) heating the shurry under
reduced pressure at a temperature of at least about 180°C for at least about thirty minutes;
and then (e) separating the adsorbent from the slurry. However, this water washing
method is overly complicated, employs additional steps, e.g., decantation, tiltration and
drying, and produces a large amount of aqueous waste. It is also difficult to run on a
continuous basis.

[0014] Additionally, in the production of styrene (also known as phenylethylene or
vinylbenzene), ethylbenzene (EB) is formed by first alkylating benzene, by transalkylating
polyethylbenzenes (PEBs), or by both in the presence of an alkylating catalyst, e.g.,
aluminum chloride, and then the EB is dehydrogenated to produce styrene. Styrene is an
important monomer used in the manufacture of, e.g., plastics. As with the olefin

polymerization catalysts discussed above, the insufficient removal of alkylating catalysts



al um num chl oride, and then the EB is dehydrogenated to produce styrene.
Styrene is an inportant nononer used in the manufacture of, e.g.,

plastics. As with the olefin polynerization catalysts di scussed above, the
i nsuf ficiwt2onszoesal of al kyl ating catal ysts 3 WO 2008/pQ3@88007/019101

PCT/ 13S2007/ 019101 and, in particular, their hal ogen conponents, fromthe
liquid ethyl benzene results in additional steps that require water which
is problematic. [0015] It would be desirable to provide an inproved process
for renoving the catalyst resi dues fron1reaction products such as an

ol efin poly I; p t or an on product, as fully
as possi bl qudr’luégatr{ 8.par g‘ééclgﬁ?n Ctané’gT ﬁ‘“aﬁ%% lbcf““ﬁ%tgylh?“ze‘éedéwhﬁF'bduct s.
SUMVARY OF TH INYENTI&N %%@;61 I n gﬁcordance wi th an enbodi nent of the
present i nv &MY Sepsshy ceauuremgter which itFrABeMAE. | evel of residual catal yst
conprising one_or nore al kyl halide, al koxyhalide, netal halide, netal
oxyhal i de, &%yl net &t WOHWH’@)@?S'WB{%I) protigie on insprapesipidceantir rameoiigjthat ed net al
conmpound wherein the netal is a Goup IIl, Goup IV, Goup V, Goup WV
and/or G ousatvwIremleatromfrpmapmﬂumlesmh gaan defpr pdyntnA0MPsLaidngr ihe
residual catalyst is provided, the process conprising contacting the crude
organi ¢ pr odiglation tehctmwnpoddudt, afitip abgRtiblepriaNoddsRERGNEIME 18N/l QALF[ The
process of the present invention is advantageously shorter by avoiding the
use of a wakesh paatsbisng step, decantation step and a drying step, can be run
continuously and produces only solid waste which is relatively

non- hazar dous. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

SUMMARY OF THE INVENTION

{0016} In accordance with an embodiment of the present invention, a process for
reducing the level of residual catatyst comprising one or more alkylhalide, alkoxyhalide,
metal halide, metal oxyhalide, alkyl metal, alkoxy metal, boron compound and
coordinated metal compound wherein the metal ts a Group 111, Group 1V, Group V, Group
VI and/or Group VI metal, from a crude organic product comprising the residual catalyst
is provided, the process connpriéing contacting the crude organic product with a solid
adsorbent in an adsorbent system.

[0017] The process of the present invention is advantageously shorter by avoiding
the use of a water washing step, decantation step and a drying step, can be run

continuously and produces only solid waste which is relatively non-hazardous.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018} The present invention is directed to a process for reducing the level of
residual catalyst comprising one or more atkylhalide, alkoxyhalide, metal halide, metal

oxyhalide, alkyl metal, alkoxy metal, boron compound and coordinated metal compound




[0018) The present invention is directed to a process for reducing the

| evel of residual catalyst conprising one or nore al kyl halide,

"~ al koxyhal i de, netal halide, netal oxyhalide, alkyl netal, al koxy netal

bor on conpaumnds/emoss7coor di nated netal conmpound 4 WO 20080288 H19101

PCT/ US2007/ 019101 wherein the netal is a Goup 111, Goup IV, Goup V,
Goup VI and/or Goup VIII metal, froma crude organic product, i.e., an
organi ¢ product produced from an organi c synthesis enploying the catal yst
such as, for exanple, a polyal phaol efin polynerization product, al kyl ated
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obtai ned by polynerizing or copoly ner|2|ng under ﬁg}able ynerization
reaction cofiemntacoils caganicpaduct, éﬁea‘h‘l’fﬂﬁﬁcl&o $Gt grodyead “bf“é%’éﬁ&%sﬂheé'ﬁ olefin
pol ymeri zation catalyst conprising an alkylhalide, alkoxyhalide, netal

hal i de, et ehploxinbaid @elyshiucly hs, ﬁcsteamnplala Ipheelafin pelpnerratioomedumd and
coordi nated netal compounds used al one or in any conbination wherein the
metal is froryi@edapnidit coi@pamd, dIkjlatéd anipe,tc. Gamaplly/] in andérobodGnewphd/l | | .
X00191 As used herein, the teen al pha olefin shall be understood to nean a

linear or Qhé@@r?@ﬂc@ﬂﬂ@éﬂc@iﬁ b@aﬁcﬂyéﬂﬁha@i&ﬁh helygetbdtien bevddcitddenedhyi s at the
al pha position of the carbon chain of the nonoolefin. The al pha ol efins

sui tabl e f of,Ys€idiRe bh@pbkaRALAE LRy aﬁtabltellse zymhyﬁionh@b@h@f¢dadmhymabtzatI on
products descri bed %EFEIH can contain from2 to about 20 carbon atons.

Exanpl es of gﬁyﬁ{;\haat}l%ﬁn%ee};r]e{%ﬁ%é a6k ldf\i-:%g p@f%ﬁﬁ?;ﬁioﬂ QEtafykt@oEﬁ%:R%an et hyl ene,

propyl ene, ut ene but éne, T-pentene,

4-met hyl - ]&elﬁ}al&ﬂ; C altlfgxyh?ﬁ%( ehs tal %ah'&%pr%eiﬁﬁx H‘a-igecgﬁr il1c{ﬂ],qu%"?g§1’etai]"bg%%ene’

1- undecene, ecene

1- hexadecene, 1- gdecg Ftadec%p ,(J nonadece
compoun and coordinated meta compournds use alone or in any coinb:mtlon wherein

the metal is from Group III, Group 1V, Group V, Group VI and/or Group VIII.

[0019] As used herein, the term alpha olefin shall be understood to mean a linear
or branched monoolefin in which the double bond thereof is at the alpha position of the
carbon chain of the monoolefin. The alpha olefins suitable for use in the preparation of
the polyalphaolefin polymerization products described herein can contain from 2 fo about
20 carbon atoms. Examples of such alpha olefins include, but are not limited to, ethylene,
propylene, 2-methylpropene, 1-butene, 3-methyl-1-butene, I-pentene, 4-methyl-1-pentene,
1-hexene, 1-heptene, 1-octene, 1-nonene, I-decene, 1-undecene, I-dodecene, 1-tridecene,
1-tetradecene, 1-pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, I-nonadecene,
1-eicosene and the like and viny! aromatic monomers such as styrene, a-methyl styrene
and the like and mixtures thereof. An alpha olefin used in the manufacture of the
polyaiphaoleﬁn polymerization products of the inventive process can contain substantially
one type, i.e., number of carbon atoms per molecule, of alpha olefin or it can be a mixture

of two or more types of alpha olefins.




| -eicosene and the |like and vinyl aromatic nononers such as styrene,
a-nmethyl styrene and the like and nixtures thereof. An al pha ol efin used
in the manufacture of the polyal phaol efin polynerization products of the
i nvent i veww megessgzan contain substantially one type, rcTauszoomsmdzer of
carbon atons per nol ecule, of alpha olefin or it can be a mxture of two
or nore types of alpha olefins. 5 WD 2008/ 030387 PCT/ US2007/019101 [0020]
Sui tabl e ol efin polynerization catalysts and co catal ysts containing at

| east one al kyl hal i de, al koxyhalide, nmetal halide, nmetal oxyhalide, alkyl

metal , al ko tal, [ ed al conpound used
al one or in¥§ﬁ??conbiﬁgg?%%k%%ﬁgggQ%ﬁggﬂéﬁgﬁég%ﬁf%%ﬁ¥%§%ﬂﬁnﬁﬁgé b 1V,
Goup V, G | and/ up Viii, . .for se i r ring the
ponaIphaolgﬁ?%¥g8%§%%$k?§%?5%”8?3@“@?%"5?@0 aﬂdiﬁ@&ﬂﬁ$ﬁgﬁﬁéxbﬁ@mh
Representative exanples qof such catalysts include, but are not limted to,
Fri edel - Or aPPOn <PippRUNdANG cpox 1&?‘9@?@@ ¢ogpoanchsst alongar iglany gobieaticsuch as

al um num hal i des, boron halides, titanium oxyhalides, vanadi um oxyhalides
and the | i kavhegs the meta] sfrom Gromp H1, GrpwslV, BiFaup VEG@I08p VBBn@pr GioGh & IHNr t he

l'i ke, al kyl alum num halides, e.g., those having the general fornulae
R2AI A and R#A i@pPepaningthe pRlyilphdvefinggbmedration paddayts agrwoelpkrddvamviinghefsiom | to
about 10 carbon atons, and the al kyl alum nuns, e.g., those having the

gener al for Rep@senRBikt cxarpesef Ridhgarlybt @iclidy oge moOimAd B! KyddeQrQHp havi ng
froml to about 10 carbon atons, alkyl halides of the fornmula RX, wherein

Ris an al kWpegbiﬂtt@tag_,@ﬂ@,eﬁ)aéﬂaﬁlpﬂf}iﬂeﬂghdcliﬂ%cﬁastzﬂulﬁ#ﬂghﬁthai‘ig& SRR £ar bon
atonms, but, nore typically, fromabout 10 to about 40 carbon atons, e.g.,

an organi ¢ GhinQih Se/hSHES, Bfadid BkyHaQRh e 1AL, %, Algf , 9@@,‘ At §an

i nclude, either alone or in conbination wth a i'edet SCrafts cat’al yst, an

ionic liqui gcif @By, Ticl, and the like, alkyl aluminum halides, e.g., those having the general
formulae R2AICI and RAICl,, where R is hydrogen or an alkyl group having from 1 1o
about 10 carbon atoms, and the alkyl aluminums, ¢.g., those having the general formula
R3Al, where R is either hydrogen or an alky] group having from 1 to about 10 carbon
atoms, alkyl halides of the formula RX, wherein R is an alkyl group generatly having from
4 to about 100 or more carbon atoms, but, more typically, from about 10 to about 40
carbon atoms, e.g., an organic chloride such as alkyl chloride. Also, the catalyst can
include, either alone or in combination with a Friedel-Crafts catalyst, an ionic liquid, for
example, those compounds having a general formuta Q*A’", where Q" is a quaternary
ammonium, quaternary phosphonium, or quaternary sulfonium, and A’ is negatively
charged ion such as CI', Br, OCly, NOs', BFy, BCly, Pfy’, SbF¢, AICly, ArFy, TaFg,
CuCly’, FeCly, SO;CF7, and the like.
[0021] Another suitable olefin polymerization catalyst for use herein includes a

supported or unsupported metallocene catalyst. The terms "metallocene” and

"metallocene procatalyst" as used herein shail be understood to refer to compounds



exanpl e, those conpounds having a general formula Q+tA", where Q is a
quaternary ammoni um quaternary phosphonium or quaternary sul fonium and
A- is negatively charged ion such as -, Br', OCl4 , NO3 BF4, BC 4-, Pf6
, SbF6 , WbChds/038s8F5 TaF6 CuClZ , FeCl3 SO3CF7 , and tPleg/us2405/01410021]

Anot her suitable olefin polynerization catalyst for use herein includes a
supported or unsupported netall ocene catalyst. The terns "netal |l ocene" and
"met al | ocene procatal yst" as used herein shall be understood to refer to
conpounds 6 WD 2008/ 030387 PCTI US2007/ 019101 possessing a transition netal

Mof the Goup |V, Vor. V S | east - 3

cycl opent adPESSI Y I5Egn IW%&LOF)@%WHQ.?DV%QOI_Q%QF@% A P O Nt i ni ng
ligand Y, the 1|igand bei ng .coqrdinated to g/l and corr na:Lsff:)on i ng \; r&}enunber to
the val encevelnemiasionysityed Hgd StHdLeros ORE BFGORIOMIOBRIINE B P e
activation to provide a netall ocene catalyst that may be enpl oyed for the
pol ymer i zatligond bfinpteidinged to l\;bmlma@sr@néwgybmwb%t%@i%ﬁ@?%@@fﬁofa geh

copol yner and/ or pol ynerization processes enploying one or nore of the

net al | oceneonpatialsysicstalyste uskés don thedactimaticarte nrpvolelraraiallogers, capdse gt Nos.
4,752,597, 4,892,851; 4,931,417; 4,931,517; 4,933,403; 5,001, 205;

3,017, 714; 52 PEbenff18yed FoORé pSitheriZatiCrdat, d&is to Pro0fb a 488 plefp 06HmoBU gmer

5,086, 134; 5,087,677, 5,126,301; 5,126,303; 5, 132,262; 5,132, 380;

S, 132, 381; egﬂdjcﬁgolgﬁl@é an@/cﬁg@l therfiatifn ProBestdQinphoy2ifore @ mobs &Alfs #hié@locene

5,241, 025; 5,243,002; 5, 73, 119; 5,278, 265; 5, 281, 679; 5, 296, 434,

5,331 057; 9EG G5hedeeil e oo S e R 7501 20,

o 3501780 Soseh g Syt S Ul A TR P B

S, 493, 4107 213024 3864 302 3088984; 50872 97.251126,301; 5,126,303; 5,132,262; 5,132,380;

5,132,381; 5,145,819; 5,153,157; 5,155,080; 5,225,501; 5,227,478; 5,241,025, 5,243,002,

5278,119; 5,278,265; 5,281,679; 5,296,434; 5,304,614; 5,308,817; 5,324,800; 5,328,969;
5,329.031: 5,330,948; 5,331,057; 5,349,032; 5,372,980 5,374,753; 5,385,877, 5,391,629;
5,391,789; 5,399,636, 5,401,817, 5,406,013; 5,416,177; 5,416,178; 5,416,228; 5,427,991,
5.439,994; 5,441,920; 5,442,020; 5,449,651; 5,453,410; 5,455,365; 5,455,360, 5,459, E7;
5.466,649; 5,470,811; 5,470,927, 5,477,895, 5,491,205, and, 5,491,207, the contents of
which are incorporated by reference heretn.
[0022] The metallocene catalyst composition for use herein is formed by activating
a metallocene procatalyst with a suitable cocatalyst or activator. The metallocene
procatalyst is preferably one or a mixture of metallocene compounds of the following
general formulae I or Il:

(Cp'R' R (Cp'R)MX, M

(Cp'R' ) Cp*R%pIMX, (D)



5, 466, 649; 5,470, 811; 5,470,927; 5,477,895; 5,491, 205; and, 5,491, 207, the
contents of which are incorporated by reference herein. 10022] The

net al | ocene catal yst conposition for use herein is formed by activating a
nmet al | ocewe posazadsal yst with a suitable cocatal yst or actriusatcnioiihe

netal | ocene procatalyst is preferably one or a m xture of netall ocene
conpounds of the followng general forrmulae | or Il: (Cp' R m R3(Cp2R2p) MX,
(1y (Cp'R,")(Cp2R2p)MXa (I1) 7 WD 2008/ 030387 PCT/US2007/019101 wherein
Cp' of ligand (Cp'R,,,) and Cp 2 of ligand (Cp2R2p) are the same or

different and _are, cyclo tadi en cqnt ai,nj 200N t he
sane or di f“f"@Ff‘é‘hf:Pla?%‘gé?‘gF&r@d' 6‘5&‘1"2&? ﬂﬁmﬁlgg% r%%ﬁﬁ? S%ﬁ %rcﬁﬁf yllﬁ,aam
het er ocar byl , h{drocarb | -substituted organgnetall o(%.

qg

) or
hal ocar by| -sabystopeuiediend copnBRefiags 8 adit ipeSHEGrN lgfﬁreﬂtpa"fjc?reabout 20

carbon atons, inis Oto5 pis O0Oto 5 and tw R and/or R2 substituents
on adj acenthydmaebona mtdoererbyt, halhearey)chegsesarbat hadiprarpylgbsaddeti at ed therewith
can be joined together to forma ring fused to the cycl opentadienyl ring,
the fused rdrggoaRilaidnr halotaroyhsdbstiontabmganomzelicid ghuom castoimg Wt ebttbe a
bridging group bridging Cp' and Cpl , Mis a netal from group IV, V or Vi
of the Periggipohalls nfi90 (@5 WPbes 5 hid @diRinhd/zi Rtabbtitoenthat adjanent

vanadi um niobium tantalum chrom um nolybdenum or tungsten, and

preferably _.aif _Ca?&{.l#@th@ cﬁ)ip!:'x{ﬁ&?ényi lib @Rk dbmted@B&Bwh tdh B joined together to
non- cycl open agleny l'tgand and i s i ndependently, hal ogen or a

R s e L T
20 carbon atoms, R* can be a bridging group bridging Cp' and Cp®, M is a metal from
group IV, V or VI of the Periodic Table, for example, titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromium, molybdenum or tungsten, and preferably
zirconium, hafnium or titanium, each X is a non-cyclopentadienyl tigand and 1s,
independently, halogen or a hydrocarbyl, oxyhydrocarbyl, hatocarbyl, hydrocarbyl-
substituted organometalloid, oxyhydrocarbyl-substituted organometalloid or halocarbyl-
substituted organometalloid group containing up to about 20 carbon atoms, and q is equal

to the valence of M minus 2. Examples of bridging group R* can be a bridging group

possessing a structure of the following formulae

R R’

| |
—C— or -——-I\lfi —

r'zs R’

wherein R? and R’ each, independently, is, or contains, a hydrocarbyl or cyclohydrocarbyl
group containing up to about 20 carbon atoms, and from 0 to 3 heteroatoms such as
oxygen, sulfur, tertiary nitrogen, boron or phosphorus, and M is, for example, silicon or

germanium.



substituted organonetal | oid group containing up to about 20 carbon atons,
and g is equal to the valence of Mmnus 2. Exanples of bridging group R
can be a bridging group possessing a structure of the follow ng fornmnul ae
R4 R4 - Cwoomosidebss7RS RS wherein R4 and R5 each, i ndependarstéoypoigis; or
contai ns, a hydrocarbyl or cycl ohydrocarbyl group containing up to about
20 carbon atons, and fromO to 3 heteroatons such as oxygen, sulfur
tertiary nitrogen, boron or phosphorus, and M is, for exanple, silicon or
germanium 8 WD 2008/ 030387 PCT/ US2007/019101 [00231 Exanpl es of bridged

met al | ocen ﬁg;};{] for ”%%gﬁi?seogfbpagﬁ thQatd2E RLPRE R P Forlk & thl 996@5935%3

i ncl ude, e not

dlnethyIS|IyI(2 nethyllndenyl ) on| di,chl

G pheny| nedhyPGRBTE TR SHERE B! W%Ete:f%g?ﬁﬂl}%@ o RPN D

di phenyl net hyl ene(i ndenyl ) (fl uorenyl)zirconium dichl ori de,

di pl enyl net#ighene(dspdrisisctiprayiamh %‘&(CBCI@Wtaé‘éf‘if}Hﬁer’?ﬂl FHA8R ) zi r coni um
di chl oride, diphenyl et hyl ene(cyel opentadi enyl ) (2-net hylindenyl) zirconium
di chl or i de, dichibrpleediphenylnedtiyéretiefeeydorendizgbriym dishisideadi enyl ) (3, 5' -

di met hyl cycl opent adi enyl ) zi r coni umm di chl ori de,

di phenyl rretdnmheam(e&ymtewue;aentzarehyl)cm;@n-mm;@mdmdjzamigm dichloride,

(3" -tert-butyl - nethylcyclopentadienyl)zirconiun1dich|oride
di xyl yl met h&'il:ﬁé}‘l Ol 1 blBFénWie@lYﬁdZQﬁ@ﬂjilﬁldbr@/ﬂ)ﬂu):on(lﬁn dch)dide,
trimet hyl cycl opéent adi )Z|rcon|un1d|chlor|de di xyl yl met hyl ene( 2, 4-

d1phenylmethylene(z,f-l-dunethylcyclo-pentadlenyl)(3 5
dimethylcyclopentadienyl)zirconium dichloride, diphenylmethylene(2-methyi-4-tert-
butylcyclo-pentadienyl) (3'~tert-butyl-5'-methylcyclopentadienyl)zirconium dichloride,
dixylylmethylene(2,3,5-trimethylcyclopentadienyl) (2',4',5'-
trimethyleyclopentadienyl)zirconium dichloride, dixylylmethylene(2,4-
dimethylcyclopentadienyl)(3’,5'-dimethylcyclopentadienyl)zirconium dichioride,
dixylylmethylene(2-methyl-4-tert-butylcyclopentadienyl) (3'-tert-butyl-5-
methyleyclopentadienyl)zirconium dichloride,
dixylylmethylene(cyclopentadienyl){fivorenyl)zirconium dichloride, di-o-
to]yimethylene(cyclopentadienyl)(?;,4—dimethy1-cyc10pentadienyl)zirconium dichloride,
di-o-tolylmethylene(cyclopentadienyl)(3,4-dimethyl-cyclopentadienyl)zirconium
dichloride, di-o-tolylmethylene{cyclopentadienyi)(3,4-
dimethylcyclopentadienyl)zirconium dichloride, di-o-
tolylmethylene(cyclopentadienyl)(indenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(tetramethylcyclopentadienyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyt)(indenyt)zirconium dichloride,

dibenzylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride,




di net hyl cycl opent adi enyl ) (3", 5' -di net hyl cycl opent adi enyl ) zi r coni um

di chl oride, dixylylnethylene(2-nethyl-4-tert-butylcycl opentadi enyl)

(3" -tert-butyl-5- netlryl cycl opentadi enyl ) zirconium di chl ori de,

di xyl yl newydoenspssycl opent adi enyl ) (f1 uorenyl) zi r coni umpditeddzarziodeo1 di - o-
t ol yl met hyl ene(cycl opent adi enyl ) (3, 4-di net hyl - cycl opent adi enyl ) zi r coni um
dichloride, di-o-tol ylnethylene(cycl

opent adi enyl ) ( 3, 4-di met hyl - eyel opent adi enyl ) zi rconi um di chl ori de,

di - o-t ol yl net hyl ene(cycl opent adi enyl ) (3, 4-

di met hvl . : . Cumd chl or i di - o _
ol yl ot oyl Geg A S SR B M i SRS 1 e

dib | met hyl I t adi 1) (tet) t hyl | opent adi [ [
i chl o 1 do. Ve BERISTORRDP SR RO S He SeTr TRy s o E e
dichloride,n§g&%5%éylnethylene(cyclopentadienyl)(fluoregﬁl)zirconium

di chl ori de, pataseryBlvoeeny Yspounmpdishlonde, diphenylsilyi(2,4-

di cycl ohexyl rnet hyl ene(cycl opent adi enyl ) (i ndenyl ) zi r coni um di chl ori de,
di cycl ohexy Himyioileystoptrtadieny (3’ (5f-Husttohgydaientedinn yiypirdodinh didhiteide,

di cycl ohexyl net hyl ene(2- nethyl cycl opent adi enyl ) (fluorenyl) zirconium

di chl ori de, dhetigsyl(suldihédyyclopentadienyl)(3’,5' -dimethyl-cyclopentadienyl)zirconi
dinethylcyclopentadienyl)(Sy,g'}ainet %F-cyclopé%tgﬁﬁgﬁﬂﬂﬂ%?gﬁgﬁpﬁ%

h
0 o0 ) et (2L |
EcapItek e TR
e e SBE LhA  e hsoabls
dichloride, methylcyclopentadienyl)(indenyl) zirconium dichloride,
tetraphenyldisilyl(cyclopentadienyl}(fluorenyl)zirconium dichloride, di-o-
tolylsilyl(cyclopentadienyl)(trimethylcyclopentadienyl) zirconium dichloride, di-o-
tolylsilyl(cyclopentadienyl)(tetramethylcyclopentadienyl)zirconium dichloride, di-o-
tolylsilyl(cyclopentadienyl)(3,4-diethylcyclopentadienyl)zirconium dichloride, di-o-
tolylsilyl(cyclopentadienyl)(triethylcyclopentadienyl) zirconium dichloride,
dibenzylsilyl(cyclopentadienyl)(fluorenyl)zirconium dichloride,
dibenzylsilyl(cyclopentadienyl)(2,7-di-t-—butyl-ﬂuorenyl)zircdnium dichloride,
dicyclohexylsilyl(cyclopentadienyl)(fluorenyl)zirconium dichloride the analogous
titanium compounds and the like and combinations thereof,
{0024} Examples of unbridged metallocenes of formula II for use in the process of
this invention include, but are not limited to, {2-methylindenyl)(2-methylindenyl)
zirconium dichloride, (cyclopentadienyl)(fluorenyl) zirconium dichloride,

(indenyl)(fluorenyl) zirconium dichloride, {cyclopentadienyl)(4,5,6,7-tetrahiydro-indenyl)

zircontum dichloride, (cyclopentadienyl)}(2-methylindenyl) zirconium dichloride, (2,4-
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tetraphenyl disilyl (cycl opentadi enyl) (flttorenyl)zirconiumdichloride, di-o-
tolylsilyl (cycl opentadienyl) (trinethylcycl opentadi enyl) zirconium
di chl ori de, di-o-

t ol yl si | yWwocyehomsnt adi enyl ) (t etranet hyl cycl opent adi enPCYAISE@aloaaeh

di chl ori de, di-o-

tolyl silyl (cycl opentadi enyl) (3, 4-di et hyl cycl opent adi enyl ) zi rconi um
dichloride, di-o- tolylsilyl(cyclopentadienyl)(triethyl cyclopentadienyl)
zirconiumdichloride, dibenzylsilyl(cyclopentadienyl)(fluorenyl)zirconium
di chl ori de

di benzyl si Fiwe(ﬂb)ﬂ}%ﬂc%‘éq’ff@bqng%?l )5 ( %',mfzh feyglo %ed‘ttaf?fe-“ ?(lpﬂ!(')croglr?i}]l 3‘%&1?%%ehg2um

di chl oride, dicyclohexylsilyl(cyclgpentadienyl | uprenyl.) zi.r coni.um

di chl ori de ﬂteﬁé’l’éﬁﬁﬁ‘é%lfé/dﬁﬁe%ﬁé‘G'PﬁﬁbéW%W%a%‘b&}{}&(gcﬁp%‘ﬁXCL\%‘}B'DCZH%PWEt i ons
thereof. 100241 Exanpl es of unbridged netal |l ocenes of formula Il for use in
t he procesdichforideHR23, 5 mveatitvieyigloperiadieny!) (Beft'-3are not linmited to,

(2-methyl i ndenyl) (2- et hyl i ndenyl) zirconi umdichl oride,

(cycl opent agihethylcy(dpeumdenyi)irconinmotihinriddi GivtlopengadienyD3ettdimpthyif | uor enyl )
zirconiumdichl oride, (cyclopentadienyl)(4,5,6,7-tetrahydro-indenyl)

zi rconi um ¢iabpRrdatayl)iealuapdiniiaddes eytippdiadenlyliidedgipcynizinrdichitrdm
dichloride, (2,4 10 WD 2008/ 030387 PCT/ US2007/ 019101

di met hyl cy R &di @ mckhfndthy Rycl bR Ry BMebme dichttirgey | ) zi r coni um
di chi or | de?%%}&%rrét hylﬁ}}- tert- %u%'i/fd'“t’:ycl o-%gfadi enyl )

R R

(oyer opon: Aot AR IRAE SRR AL Bk diane, o

ke G N T R e

(cyclopent adcg!t-ebm/yll-)ﬂggt!egﬁgz?g;gLi)Liﬁli c{iaﬁggd’é,r?ﬁli]gtﬁ)lflgfcio%gﬂtadienyi)(ﬂuorenyl)
zirconium dichloride, (3-methylcyclopentadienyl)(indenyl) zirconium dichloride, the
analogous titanium compounds and the like and combinations thereof.
[0025] The cocatalyst, or activator, employed with the bridged or unbridged
metallocene procatalysts to form a metallocene catalyst composition can be any of the
aluminoxanes known to activate metallocene procatalysts. For further details of the
aluminoxane cocatalysts including such alkylaluminoxanes as MAO seg, e.g., U.S. Patent
No. 5,229,478. If desired, the metallocene catalyst can be supported on any known
support.
[0026] When employing an aluminoxane cocatalyst, it can be advantageous to
include a trialkytaluminum such as trimethylaluminum, triethylaluminum, tri{n-
propyl)aluminum, triisopropyaluminum, tri(n-butyl)aluminum, triisobutyl-aluminum, and

the like, to reduce the amount of aluminoxane required for suitable activation of the

metallocene procatalyst.

il




(cycl opent adi enyl ) (tri met hyl cycl opent adi enyl) zirconi um dichl oride,

(cycl opent adi enyl ) (tri et hyl cycl opent adi enyl ) zirconium dichl ori de,

(cycl opentadi enyl ) (2, 7- di-t-butyl-fluorenyl)zirconiumdichloride,

(2- et hyl eyocloopmnisadi enyl ) (fl uorenyl)  zirconi um di chl eoTdes2007/019101

(3-net hyl cycl opent adi enyl ) (i ndenyl ) zirconiumdichloride, the anal ogous
titani um conpounds and the |i ke and conbi nations thereof. 100251 The
cocatal yst, or activator, enployed with the bridged or unbridged

nmet al | ocene procatal ysts to forma netall ocene catal yst conposition can be

any of the alum noxanes known to activate netalloce s. For
further def®27s of tMsthods W%W@@X‘J&f’%ﬁ Rrggalalys calng g?eg%&g‘%%ﬁéy%%

al kyl al um noxanes as MAO see, e.g., U S Patent No. 5 §29 478.. 1 f desired,
the metal | semosct neallgeme calalyHEoBRRHETS atr 'WRVARY MR AGARS IL TR 58P M B026)
When enpl oyi ng an al um noxane cocatal yst, it can be advantageous to

i ncl ude a fpaital kylpadserriimeemiisuch as tri nmet hyl al um num tri et hyl al um num
tri(n- propyl)alum num triisopropyal um num tri(n-butyl%aluninunl
triisobutyljp@gym numin @cher thbodimke of the presduideven i, resetic] prpdusbxane
required for suitable activation of the netallocene procatalyst. 111 [II

VIO 2008/ 030357, PFTH 4S2007 1aAR A tiod RAATeh Moo dSertailypmepiaiating snberal | ocene

procat al ysts and the unsupported and supported netall ocene catal yst

compos ! TSR eyl nisy dotamgasiitshiminmih i
the crude rl'ﬁ(?]%édlg{l]‘l tRe &%'Ee%%e of an alkylating catalyst. Examples of suitable organic
molecules which may be alkylated or transalkylated include aromatic compounds such as
benzene, toluene, xylene, naphthalene, anthracene, naphthacene, perylene, coronene,
phenanthrene and the like and mixtures thereof. The preferred aromatic hydrocarbon is
benzene. Mixtures of aromatic hydrocarbons may also be employed.
{0029} Suitable alkylating agents for the alkylation of the aromatic hydrocarbon
include any aliphatic or aromatic orgaric compound having one or inore available
alkylating aliphatic groups capable of reaction with the alkylatable aromatic compound.
Preferably, the alkylating agent employed herein has at least one alkylating aliphatic group
possessing from 1 to about 10 carbon atoms.
[0030] Another example of an alkylating agent include olefins such as those
containing 2 to 5 carbon atoms, €.g., ethylene, propylene, butene-1, trans—b.utene-Q and cis-
butene-2, or mixtures thereof. Preferred olefins are ethylene and propylene.
[0031] When transalkylation is desired, the transalkylating reaction product can be
a polyalkyl aromatic hydrocarbon containing two or more alkyl groups that each may have
from 2 to about 4 carbon atoms. For example, suitable polyalkyl aromatic hydrocarbons

include the di-, tri- and tetra-alkyl aromatic hydrocarbons, such as diethylbenzene,
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is an alkylation and/or transal kyl ation reaction product. Generally, an

al kyl ation and/or transal kyl ation reaction product is obtained by

al kyl ati ng and/or transal kylating an organic nolecule in the presence of
an al kyl awongoszsozslzyst . Exanpl es of suitabl e organi c meGous2es/omhoch may be
al kyl ated or transal kyl ated include aromati ¢ conpounds such as benzene,

tol uene, xyl ene, naphthal ene, anthracene, naphthal ene, peryl ene, coronene,
phenant hrene and the |ike and m xtures thereof. The preferred aromatic
hydrocarbon is benzene. M xtures of aromatic hydrocarbons may al so be

I d. | ati f th
:?E mca)%/?c hyg%lgéb g‘%ntea@%\tgyﬂcf @9 ab%kéz;i&? &}%ﬁ%’i“%’g g'trl oﬁa(ﬁlly ﬁr\ér(’ﬁfieaéftgincOcorrpgu nd
Feact fon wi EHPREIHEGns disfreof St @‘%%y%%%%%t s BT Trenebyany
al kyl ati ng agent | oyed herein has at | east one al kylating aliphatic
group poss@g§FH@ ‘Bﬁ*@mF8“%%%@?“1U“@§WE%N“§W8ﬁ§3ﬂ¥Bmﬁﬁﬁdkﬁdﬂhﬂr exanpl e

of an al kylating agent include olefins such as those containing 2 to 5

car bon at ongromatighydra¢afyandpdiisopropplpernees. but ene- 1, trans-butene-2 and ci s-
butene-2, or mxtures thereof. Preferred olefins are ethyl ene and

propyl ene. [080311 Wheinitablenbalakiyg ettalpsts fos ustaaitleadiylithd procans adikae thdskeng
reaction product can be a polyal kyl aromati c hydrocarbon contai ning two or

nore al kyl gomaigiag bhiasst eacknlcpY, GRve I1LIGom B/, [Gro@bVuhdbr CRRBON natkrs, For
exanpl e, suitable polyal kyl aromatic hydrocarbons include the di-, tri-

and tetra- aEkythplad SMRBET GardIy 06 A6LANS abSHCIdREn BE LAYl AR
5008/ 030387 PCT) 0S2007] G1OTOL — £r e hyl benzene. di et h‘yFi Ehﬁaﬁ‘f)“ee%ge’%e

(di et hyl t ol yen@kd afkiyl5i8R ARV RENZSH .sopr opyl benzene,
diisopropylFqueng ylclzllbuty %énzeﬁe %mcﬂ&h% | i ke. Preferred polyal ky

(0033} Preferred organic reaction products which may be used in the process of the
present invention include ethylbenzene from the reaction of benzene with either ethylene
or polyethylbenzenes, cumene from the reaction of benzene with propylene or
polyisopropylbenzenes, ethyltoluene from the reaction of toluene with ethylene or
polyethyltoluenes, cymenes from the reactfon of toluene with propylene or
polyisopropyltoluenes, and sec-butylbenzene from the reaction of benzene and n-butenes
or polybutylbenzenes.

[0034]} As an example of alkylation of amines is the production of nonylated
diphenylamine.

[0035] Methods for preparing the alkylation and/or transalkylation reaction
products for use in the process in the present invention are known in the art and do not
constitute a part of the present invention.

[0036] In the process of the present invention, the crude organic product, e.g.,
crude PAOQ polymerization product or crude alkylation and/or transaikylation reaction

product containing residual catalyst comprising an alkylhalide, alkoxyhalide, metal halide,
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aromati c hydrocarbons are the dial kyl benzenes. A particularly preferred
pol yal kyl aromati c hydrocarbon is diisopropyl benzene. [00321 Suitable

al kylating catalysts for use in the al kylation process include those

cont ai ni ngoabeddezsy one hal ogen, Goup |Il, Goup |V, @wws2047amdéor G oup
VI metals. Exanples of such catalysts are described above and can be used
in this enbodinment. A preferred al kylation catalyst is alum num chlori de.

[ 00331 Preferred organic reaction products which my be used in the process
of the present invention incI ude et hyl benzene fromthe reaction of benzene
with either eth 0 Ibenz nes, cunene fromthe reaction of
benzene witHK' Eﬂjéﬁ-‘& gﬂ% ag}yp 'Iyg Q%fﬁ 6‘5&? 198??2&[%@20““&%9F?Qsﬁlaétﬁ@nﬁ%m t he
reaction of toluene with eth | ene or et hyl tol uenes, cyrnenes fromthe
reaction of “PBPYUHEHASH %IW’Wé‘bWYé%ﬁ‘é‘béﬂa“%U%VP@dbﬁ?1@9“’91 is Gomepiresp Haroup

sec- butyl benzene fromthe reacti on of benzene and n-butenes or

pol ybut yl behY ehwsp Y, 6oa1V landén Geseniplikis obntadtédvigh & satidafisabinnasani s t he
production of nonylated diphenylam ne. [00351 Methods for preparing the

al kyl ati on adutent $ysemstalrédocath devel efabd fesidual patalyste 1S9itdbds ad46®eith idc@e Pr ocess
in the present invention are known in the art and do not constitute a part

of the presentart ivdnitedno, HaOaferibB, & fea PLRCREDHo@{d IR aREBREN L LRKENt | ON,
t he crude organic product e.g., crude PAO pol ymeri zati on product or cr ude

al kyl ation an@éfcQfatdi)83! kikALd oOhdeaRl 48 LQg residual
cat al yst corrprfsﬁng an % yll h% |det al kc?xyﬁqéﬁpfjég%k(ﬁo[?;@h% ﬂ% 13 WO

2008/ 030387 cggél}uﬁg QPM&H@ J:% metal include oxides, hydroxides, carbonates, bicarbonates or

a mixture thereof of magnesium, calcium, strontium or barium and most preferably
calcium. Preferred basic compounds are calcium oxide or calcium hydroxide (e.g., quick
lime or slaked lime).

[0037) The adsorption may be achieved by mixing the liquid crude organic product
with an absorbent in certain proportions and subsequently removing the adsorbent by
separation (e.g. filtration, centrifugation, settling) or by passing the liquid crude organic
product through a fixed bed, e.g., a packed column, containing the adsorbent. A suitable
filter can be any pressure filter or vacuum ﬁllter, of suitable porosity to separatc the
adsorbent. A suitable column can be a column sized to give adequate residence time and
velocity for the adsorption to take place packed with adsorbent. If desired, when using a
filter, a filter aid may be employed to expedite the filtering of the crude reaction product,
e.g., diatomaceous earth. Generally, the amount of adsorbent used in the adsorbent system
can vary widely depending on the amount of liquid crude organic prodﬁct used in the
process and can readily be determined by one skilled in the art. The temperature of
adsorption should be from room temperature to about 150°C, and preferably about 40°C to

about 60°C; the residence time from about 1 minute to about 60 minutes, and preferably
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nmet al oxyhal ide, alkyl netal, alkoxy netal, boron conpound and coordi nat ed
nmetal conpound used alone or in any conbination wherein the netal is from
Goup IIl, Goup 1V, Goup V, Goup VI and/or Goup VIII is contacted with
a solid adzomnbsessgrn an adsorbent systemto reduce thedraszboreismnhe
residual catalyst. Suitable adsorbents include, but are not limted to,
basic materials, e.g., a basic conpound of an alkaline earth netal, acidic
materials, e.g., silica gel, and the Iike and m xtures thereof. Useful
basi c conpounds of al kaline earth netal include oxides, hydroxides,

carbonat es, . hi carbonates, or ,a nmi.xture thereof of magnesium calcium
strontium oFm‘B’aa$P'ﬂfgl]%dﬂlgu%é’tabﬁ?tgpé?‘%tle§/ AMOUETAT appabest saaderhleny 2bepounds
are cal ci um oxi de or,  cal cium hydroxide (e.g., quick lime or slaked line).
10037] The hd<eripPh ahpubdynakeotsatalysived by m xing the Iiquid crude organic
product wth an absorbent in certain proportions and subsequently renoving
t he adsor bel038ly sepiraliinonti¢reofgAiChi dndrodter owial batides arfdugahdlides, tisaiidei ng) or
by passing the liquid crude organic product through a fixed bed, e.g., a

packed col upmdusom bd fishigedidderigdsoidliemiounfoSudtérad foem Hakik E8fs sGa@wsbe any
pressure filter or vacuumfilter, of suitable porosity to separate the

adsor bent. ALSUH}ARCIE (WIrel AT CAUNBSIA ab@lheMMefbERfth [iRe W éﬁ%st%q%@lgate .
residence tinme and velocity for the adsorption to take place packed with

adsor bent. bfmgleiH@d NoMaERatk 2l pidase s fbrtn?erdby‘?fhig bhdifdn. 3hd JRYAD8 watly | oyed
to expedite the filtering of the crude reaction product, e.g.,

di at omaceous, akJ kgl Q I 1, .use in_&%g
adsor bent sygﬁeé% ggh vafgﬂgyyé{gﬁﬁgggﬁgéﬁggéﬁgf(Eqﬁﬁﬁﬁﬁﬁ“gﬂ“V? id crude
organic proﬁ%gﬁdysed in the process and can readily be determ ned by one

skilled in the art. The tenperature of adsorption should be fromroom
t enperature about 15 and pref er abl bout , 40C to _about 60C, the
resi dence tvﬁﬁgkron1éé53%hT“H$ﬂ ngﬁﬁgéb%ﬁﬁﬁﬁﬁeHWﬁﬁ¥@§Pf@ﬁ6“§Wéferably

invention.

EXAMPLE 1
[0040} 100 g of crude polydecene material, produced with a metallocene catalyst
and methylalumoxane (MAO) co catalyst, containing 348 ppm aluminum was ireated with
2 g solid CaO (-20 mesh) in a beaker with a magnetic stirrer at 50°C for 10 minutes. The
crude material was then filtered through a 10 micron asbestos pr;:ssure filter using 20 to 80
psi nitrogen pressure. The rate of filtration was 10 L/m*/min. The level of aluminum in
the crude polydecene material after filtration was reduced to less than 6 ppm aluminum.

The filtered CaO contained 0.54% Al (5400 ppm).
COMPARATIVE EXAMPLE A

[0041] 100 g of crude polydecene material, produced with a metatlocene catalyst

and methylalumoxane (MAO) co catalyst, containing 348 ppm aluminum was washed
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14 WO 2008/ 030387 PCT/ US2007/ 019101 from about 15 minutes to about 30

m nutes. The anmount of adsorbent can be at |east about 1.1 nole on about |
nol e of catalyst. 100381 For elimnation of AICI3, and other netal halides
and oxyhatviod®esiosbize crude product can be first treatedcwiusao@ossted | anount
of water to formbasic salts such as A 2(OH)(s_,)d. (where xis 1-4) and
HCI and then treated with linme to substantially elimnate HCl. No separate
wat er phase is formed by this addition. The anmount of water can range from
about 0.001 %to about 10 weight % based on the wei ght of the crude

product. [00391 The followi ng non-lim{ing, exanples. a L tjve of the

present i AE ‘Bh‘?atE)QAWEEte%PirGW%’%Pﬂ%W‘"g‘te&fSen%)rﬁtaé a%%ﬁg}%fgé:@?fged’gﬁﬁberi al

produced with a netall ocene catal yst and ne]{élgo%;l al ynoxane %M@%CP

catal yst, corsasfinngiadBuphmheomanifabrstaes seRAAkpngic iporge % cao (-20

mesh) in a beaker with a magnetic stirrer at 50C for 10 m nutes. The crude

mat eri al wasudelpelydbicht mredakdoniaingth less then AbpRBRIMEEEBSt 0s pressure filter

using 20 to 80 psi nitrogen pressure. The rate of filtration was 10

L/n2/ m n. The level of alumnumin the crude polydecene material after

filtration was reduced to less than 6 ppmalum num The filtered CaO

contai ned 0.54% Al (5400 ppm . COVPARAMME EXAMPLE A [00411 100 g of crude

pol ydecene material, produced with a netall ocene catal yst and

met hyl al UMO g4 (MA‘O)ZO(?gcﬁl@I: A1y ddcenCi@htbrl Bbdi&iniAg 80P ppth AludiThitd Mawasatwas hed
with 1 g silica gel by substantially the same method as in example 1 at 50°C for 15

minutes. The level of aluminum in the crude polydecene material after filtration was

reduced to less than 2 ppm aluminum and the silica gel contained 1.66% aluminum.

EXAMPLE 3
{0043 150 g crude polydecene material produced with
trialkylaluminunvisobutylbromide catalyst containing 0.086% (860 ppm) aluminum and
5 24% bromine was diluted with 50 g of decene and treated with 5 g CaO by substantially
the same method as in Example 1 at 50°C for 15 minutes. The level of aluminum and
bromine in the polydecene material after filtration was reduced to 5 ppm aluminum and
0.27% bromine. The filtered CaQ contained 1.71% Al. The amount of aluminum and

bromine removed was 99.42% and 89.3%, respectively.

EXAMPLE 4
|0044] Crude polydecene (200 g) containing 145 ppm Al was treated with MgO
powder (0.65 g) at 50°C over 30 minutes. After filtration, the polydecene product

contained <0.5 ppm Al; MgO precipitate (0.84 g) contained 3.2% Al
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15 WO 2008/ 030387 PCT/ US2007/ 019101 wth 25 m water at roomtenperature
for 15 mnutes, separated and filtered through an asbestos fine filter (I
gnm) . The organi c phase was separated and evaporated. The final crude

pol ydecenwommtsaoal cont ai ned | ess than 6 ppm al um numpPCENARRIZELIQ0] 0042]

200 g crude pol ydecene material containing 392 ppm al um num was treated
with |l g silica gel by substantially the sane nethod as in exanple | at 50C
for 15 mnutes. The |evel of alumnumin the crude pol ydecene nateri al
after filtration was reduced to less than 2 ppmalum numand the silica

gel contained 1.66% al um num  EXAMELAz,\2o1[{0943] 150 g crude pol ydecene
mat eri al produced with trialkylalumnuniisobutyl brom de catal yst

cont ai ni ng 0 6% (8 and < (o] with 50
g of decenel trea%é#%%#a@gglp%%@Wn%bﬁﬁ)ﬁﬁgr@qbélﬁ%@ﬁ\"ﬁ@g%@qtﬁg?hod as
in Exanple | at 50C for 15 m nutes he | f.al,ym num and . brom ne in
t he pol ydeckWs GhatremirdChgaiplyst) pap f"l"‘:fgwdﬁli‘ fﬁ%@@@gﬂ § yasr ?T@rﬁ“g%?ﬁ num and
0.27% brom ne. The filtered CaO contained 1.71% A 1. The anpunt_of al um num
and br o n¥°€erovietbunathaoinpesvanhesbitatyl. Adspblbalion e nopyaigdi 4 | 0044)
Crude pol ydecene (200 g) containing 145 ppm Al was treated wwth MgO powder
(0.65 g) atpibBLGt ovesin@iessithant isqpmAd L (D.001 1% randiloi s Ehelipsipyetadieife product
contained <0.5 ppm Al; MyO precipitate (0.84 g) contained 3.2% Al . 16

analysis showed 3.3% Al and 11.1% Ci. Thus, 100% Al and 88.2% Cl have been

eliminaled.

EXAMPLE 6
10046) Crude nonylated DPA (100 g) containing 0.39% Al and 1.7% CI (from
AlCl; catalyst) was mixed with 7 g of 200 mesh slaked lime (Ca(OH)s) and | g of water
and stitred at 50°C over 1 hour. The mixture was then filerated. After filtration, nonylated
DPA contained less than 15 ppm Al (<0.0015%) and less than 10 ppm C1 (<0.001%). Thus

elimination of both Al and Cl was 100%.

EXAMPLE 7
[0047] 100 g nonylated DPA, contained 0.38% Al and 1.7% Cl (from AICl,
catalyst) was mixed with 2 g water and stirred at 50°C over 1 hour. A precipitate was
formed and after filtration nonylated DPA was mixed with 5 g Ca(OH), adsorbent and
stirred at 50°C for 1 hr. The final product contained less than 15 ppm both Aland Cl. The
precipitate was 3.6 g and contained 11.2% Al and 39.96% Cl; the resulting calcium

hydroxide adsorbent weighed 5.6 g and contained 0.18% Al and 6.02% Cl.
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WO 2008/ 030387 PCT/ US2007/ 019101 EXAMPLES 100451 Crude nonyl at ed

di phenyl am ne (DPA) (100 g) containing 0.39% A and 1.7%C (from AlCl3
catal yst) was mxed with 10 g of CaO and 1 g water and stirred at 50C over
1 hour. Tiwe 2o0sxBesse was then filtrated. After filtrati @ex/ushe@7aonyl at ed DPA
product contained | ess than 15 ppm Al (<0.0015% and 0.17% C . Line
precipitate analysis showed 3.3% Al and 11.1% d . Thus, 100% Al and 88. 2%
Cl have been elimnated. EXAMPLE 6 100461 Crude nonyl ated DPA (100 Q)
containing 0.39% Al and 1.7% d (front AICl13 catalyst) was mxed with 7 g

of 200 mesh sl aked linme (Ca(CH)2) a?géh water and stirred at 50C over
| hour. The m xture was then filtra ter fiItration nonylated DPA

contained |l ess than 15 ppm Al (<0.0015% <0. 001
% . Thus dP¥4Blnati od 66@%89@:@29#@@153 "16@7?/5 e‘é %g&i “}“(T 100 g
nonyl ated DPA, contained 0.38% Al and 1.7% C (from AlCl3 catalyst) was
mi xed Wit h 2agdat @rmianes sith Breed Gad a66LCov e beakeirayipped Wb dcnefneit e was

formed and after filtration nonylated DPA was mxed with 5 g Ca( 2

adsorbent agger SA ipfdcRitadtvab@Emkotnd affer filtrktien th fiadl epraodisoiutionwoetrined | ess
than 15 ppm bot h ,g\l and C. The precipitate was 3.6 g and contai ned 11.2%

and cont ai e B g FEa B e 008 030357 PCT US20031 010301
iron from the solution into the precipitate was 100%. The residue chlorine remaining in
the ethanol solution was 0.09% and thus 91.2% of the chlorine was also absorbed by the
precipitate.
[0049] It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should not be construed
as limiting, but merely as exemplifications of preferred embodiments. For example, the
functions described above and implemented as the best mode for operating the present
invention are for illustration purposes only. Other arrangements and methods inay be
implemented by those skilled in the art without departing from the scope and spirit of this

invention. Moreover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended herefo.
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- EXAMPLE 8 100481 2.66 g of FeCl 3. 6H20 was di ssolved in 100 g ethanol. The
solution was treated for 30 mnutes with 3 g of CaO at 40C in a beaker

equi pped with a nmagnetic stirrer. A precipitate was forned and after
filtration the final ethanol solution contained less than 15 ppm Fe and
the precipitate contained 14.1 % Fe. Accordingly, the renoval of iron from
t he sol Mkl InEQAINEDIRCi pitate was 100% The residue chlorine remaining
in the ethanol solution was 0.09% and thus 91.2% of the chlorine was al so
absorbed by the precipitate. [0049] It will be understood that various

modi fi cat.i 0Grodys e f@d@n?oﬁbﬁh&a i BigaRidt srodi@C esrdelher girbsidddher ef ore
t he above desc;@ft' on should not be construed as |imting, but nerely as
exenpl i feaEdyst ol toffosn an ergapis Epdidi the atosessEempeiRiigpl e, the functions

descr i bed aboyguAf MIPLATREHESAR NAR o TRAGLPTcoRRSLA b1 i Presen

invention are l'ustratio poses on rrangenents
met hods ddeyrbbet, | npl enment ed by those skill ed in the art wthout departl ng

fromthe scope and spirj f this invention, Mreover, those skilled in
the art will ‘@h@nﬂ@. ﬁS%IfCLé SORRSA 15 Yekgcfeshaomy the grpuprRonsisingel ahaxidsi rit of

h |
t he cl aigjg, Wﬁ%eﬁhﬂl cél&uwoﬁtﬁngiﬁh@sécﬁum]and'%o& Q6&Ssnd Or

r educi ng, organi ¢ product, the |ével of a reS|duaI cat al yst
used to for mxa}nercmghmrcsupmd)damty,st tsmlq:n:mfcﬁem thorgorups cogistiogtodictriery t he

crude or ﬁ‘t r nt _consi sting of %tdnl d .adsorbent,
wher ei n 1oRdedBRRCoa el allef meldan B SRl Shin e turuals E5h st fRgTor an
oxide  metal compounds, the metal of the residual catalyst is selected from the group

consisting of Group IIIb, Group 1Va Group Va, Group VIa and Group VIIla metal;

and

filtering the crude organic product to remove the metal of the residual catalyst.

2. The process of Claim 1, wherein the crude organic product is a polymer.

3. The process of Claim 1, wherein the crude organic product is a polyolefin.

4. The process of Claim 1, wherein the crude organic product is a polyalphaolefin.

5. The process of Claim 1, wherein the crude organic product is polydecene.

6. The process of Claim 1, wherein the crude organic product is derived from an

alkylation or transalkylation reaction.

7. The process of Claim 1, wherein the crude organic product is an alkylated benzene.
8. The process of Claim 1, wherein the crude organic product is ethyl benzene.

9. The process of Claim 1, wherein the crude organic product is an alkylated

diphenylamine.
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or hydroxi de of magnesium calcium strontium barium sodium and
potassium and wherein the residual catalyst is selected fromthe group
consisting of netal halide, nmetal oxyhalide, alkyl nmetal, alkoxy netal,
boron conpounds and coordi nated mnetal conpounds, the netal of the residual
catalyst is selected fromthe group consisting of Goup IIlb, Goup IVa

G oup Val0.GBup pwecgssaed Gabupl.vivheginrghe crudeankaficl pedpelgis hendpigde or gani ¢
pr oduct &ﬁﬂéFﬂR%% the netal of the residual catalyst. 2. The process of
Claim1, ereln the crude organi c product is a polyner. 3. The process of
Claim1, wherein the crude organic product is a polyolefin. 4. The process
of Claiml1, wherein the crude onganlcziroduct is a polyal phaolefin. 5. The

process b Treapieress ohkddiel h whesein rerdduad egjabysicis privefalchalids apdthedudidae. 6. The
Process igfsel%tg{? oy th}é\%ﬁfu&' &ngiggréééf‘&?orﬁfegmﬁfﬁn@ LRAYEL S Fh% dgved from an
yl at 7. ep a

al kyl ation or transa I'on reaction. rocess o im1l, wherein
the crude organic product is an al kyl ated benzene. 8. The process of Caim
1, wherejn the crude _grganic product js ethyl. benzene. 9. The process of

c aiwn1JZWH3FéFﬂ“$ﬁ8f€LWHé»&W&ﬁﬁ?QW§WB@%@Fhﬁ§m§n al kyl ated di phenyl am ne.
19 10. The process of Claim1l, wherein the crude organic product is

nonyl ated di phenylam ne. 11. The process of Claim1l, wherein residual

cat al ystl3. sThe pretca$ oh@laide , ahereiththehalidels bromsinsel ected from the group
consisting of chlorine, bromne and m xtures thereof. 12. The process of
Claim1, wherein the halide is chlorine.

14. The process of Claim 1, wherein the Group Illa metal is aluminum.

15. The process of Claim [, wherein the Group VIIIb metal is iron.

16. The process of Claim 1, wherein the Group IVb-VIb metal is selected from the
group consisting of titanium, zirconium, hafnium, vanadium, niobium, tantalum,

chromium, molybdenum, tungsten and mixtures thereof.

17. The process of Claim I, wherein the adsorbent is an oxide or hydroxide of

calcium.
18. The process of Claim 1, wherein the adsorbent system 1s a fixed or fluidized bed.

19. The process of Claim 1, wherein the adsorbent system is contained in a packed

column.

20. The process of Claim 1, wherein the adsorbent system is mixed with the crude

product and then separated.
21. The process of Claim 20, wherein the adsorbent is removed by filtration.

22. The process of Claim 1, wherein a diluent is added to the crude organic product.
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13. The process of Claim1, wherein the halide is bromne. 14. The process
of Claiml1, wherein the Goup Illa netal is alumnum 15. The process of
Claim1, wherein the Goup VIIIb netal is iron. 16. The process of Caiml,
wherein the Goup IVb-Vib netal is selected fromthe group consisting of
titanium zirconium hafnium vanadium niobium tantalum chrom um

nol ybdeniim Thaprgesse af fdmnl, xtheress a selgemsos added to theecryteovgayc pfodarai m 1,
wherein the adsorbent is an oxide or hydroxide of calcium 18. The process
of Claim1l, wherein the adsorbent systemis a fixed or fluidized bed. 19.
The pr ocessTI plebésk B TlaihBhidieih ke adaobhenic Hydie® pdydebidinitei n a
packed colum. 20. The process of Caim1, wherein the adsorbent systemis
m xed wiRFRcesh durden demppses adéingsgeeneie Rodprenat ed. 21. The process of daim
20, wherein the adsorbent is renoved by filtration. 22. The process of
Claim1, wherein a diluent is added to the crude organic product. 20 23.
The process of Caiml, wherein a solvent is added to the crude organic
product. 24. The process of Claim1, wherein the crude organic product is
pol ydecene and the process further conprises addi ng decene to pol ydecene.
21
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