WD 2008/ 030387 PCT/ US2007/ 019101 PROCESS FOR REMOVAL
OF RESI DUAL CATALYST COVPONENTS BACKGROUND OF THE

wo BMBRNII®N 1. Technical Field [00061 The presePtT/US2007/019101
i nvention generally relates to a process for
substantially renoving residual catalyst conmponents
fromcrude organi c products, e.g., crude
pol yal phaol efi n polynerlzatlon products
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the resulting crude organic product and cannot be
renmoved by sinple filtration. For exanple, follow ng
BACKORQMRND oatimoYERmI@Nphaol ef i n, the
pol yal phaol efin (PAO) polynerization product wll
¢ontalfafibgRp! ved catal yst, which needs to be renoved
prior to the step of hydrogenation. Accordingly, in
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this cost is a direct result of the high reS|dua
pongie Tesidual satabat canpancI e OPSCIRGRIBN Gigf OfiHFle, .- crude
unfi ni shed product, since the residual netal and
bah%@hmﬂéﬁmmﬁﬂheﬁmﬁbypEﬁhmation cat al yst render higher
hydr ogenation catal yst | oadi ngs necessary during

hy @ea@ftidhiod heHeldtiEARr ude PAO product due to the
hydrogenation catal yst being poi soned by the hal ogen.
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results in other undesirable ens. For
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di scol oration of the resulting polymerization
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to the thermal degradation of the
hydrogenation. Accordingly, in finishing PAO, considerable 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 polymerization

products, 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
organi ¢ conpounds owi ng to structural W) 2008/ 030387
weANs8B8D7/ 019101 change during subsequent PCT/US2007/019101
distillation, the poisoning by hal ogen contam nants of
hydr ogenati on catal ysts during subsequent pol yner
treatnment, the formation of alum num hydroxide slines
which are difficult to handle and the |ike. [0009)
Ef forts have been made to renpve olefin poly nerlzatlpn
Jrnas Jeing fobsaguen distillpén, egosPning By Ih91|?é?“ capgminants o
exanple, U S. Patent No. 4,028,485 discloses a process
hadrogenatimy tang yhy durogesnbdeqoent tpallyaieytsreatmem thadorhmabom of aluminum
sol uti ons of hydrogenated olefins or olefinic
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solutions wth a non-aqueous acid followed by
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removing an al uni num hal i de or e ta
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adding to the polynerization product an aprotic pol ar
sovhoréing hydnogmatoroeatetlyso fesidue Hioousphut®nsrof hyserzenated phefinoér
the alum numhalide in the catalyst present in the
BleFig ol Aéls %Mftfaiinﬁ eRdrh Yofpodim@trédtiapsadh salutibenpel ahon-aqueous
of 70 rough 150 and then filtering the m xture at
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content of titaniumand lig net al Ilde?
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catal yst system can be considerably reduced by
tprehictrenaprotid polar selvghiein anpmefisrdd| throbglaf oteéder one mol of the
al i phatic nonocarboxylic acid having 6 to 10 carbon
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renoval of nickel, alum numand chlorine derivatives,

g’%&%ggﬁfg?@a@fggﬁ?gw eshelNad t8Ed M1t@lneIRBNSurdht £lemperature of
70°C through 150°C. The addition of the aprotic polar solvent facilitates the separation of
the catalyst from the polymerization product.

[0010] 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] U.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 treatnment with oxygen or a gas containing oxygen,
w@ndvgasses anmoni a, and a sol ution of an al kal PCTYESZN7/019101

hydr oxi de. 2 WD 2008/ 030387 PCT/ US2007/019101 [0012]

U. S. Patent No. 4,701,489 discloses that the catal yst

resi dues present in an on-purpose produced anorphous

pol yal phaol efin are deactivated by contacting the

nolten polynmer with sufficient magfr to provide at .
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is stabilized with a hindered phenolic antioxidant.

b 0P FsdpiBduded etphapppolgaphaoieliRui deati vased tyocontacting the molten
2005/ 0101761 discloses a nethod for reducing |evels
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sel ected fromthe group consistiﬁﬁhof magnesi um
$orl redatreslevaadicsidva ihhlogen @l Grapp Fmesiaksiin i catde §oly(alpha-olefin)
al um num oxi des, and clays to the organic phase to
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pressure at a tenperature of at |east about 180C for
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C
separating the adsorbent fromthe slurry. However,
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filtration and drying,. and produces a | arge ampunt qf :
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continuous basis. [0014] Additionally, in the
prottscinideirysfo e preane fhasesto famonsivas, (Bhisiiing theylusyainger

vi nyl benzene), ethyl benzene (EB) is formed by first
gkiotedbiRgirbenzemperaliiye bf @nadl dophatt8onQ for at least about thirty minutes;

pol yet hyl benzenes (PEBs), or by both in the presence

U K¥eh@ali AP tHeAh &) Y&k frofr ®e slurry. However, this water washing
method is overly complicated, employs additional steps, e.g., decantation, filtration and
drying, and produces a large amount of aqueous waste. It is also difficult to runon 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 ori de, and then the EB i s dehydrogenated
to produce styrene. Styrene is an inportant nonomner
wa@e@d/030381 he manufacture of, e.g., plastics. ABCTMIBIN07/019101
the olefin polynerization catalysts discussed above,
the insufficient renoval of alkylating catalysts 3 WO
2008/ 030387 PCT/ US2007/019101 and, in particular,
their hal ogen conponents, fromthe liquid ethylbenzene
re ults in ional steps that require water which
% e ¢ ge"’ E‘%ﬂ@&@fompom éFOBbth@ggwdéﬂlly@ewne results in
prOV|de an i nproved process for renoving the catalyst
radditepnelsstéps dliat regaot water phodiis pebluckicas an ol efin
pol yneri zation product or an alkylation reaction
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treatnent and/or use of such products fﬁé
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oxyhal i de, al kyl metal, al koxy netal, boron conpound
aHeh PRgdBstEi nat ed net al conpound wherein the netal is a
Goup Ill, Goup IV, Goup V, Goup VI and/or Goup
VIl nmetal, froma crude organic product conprising
the residual catalyst is provided, the process

UM AR WDICPAEGRNVENTIONe Crude organi c product with a
solid adsorbent in an adsorbent system [0017] The

f dvant
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b g %; g drylng step, can be run

LS ol D efelat CBmPy s Pheovae alkiatise, iatkoxyhalide,
relatlvely non- hazardous. DETAI LED DESCRI PTI ON OF THE
pretpRbe s Ry VTS Ikyl metal, alkoxy metal, boron compound and

coordinated metal compound wherein the metal is a Group 111, Group 1V, Group V, Group
VI and/or Group VIII metal, from a crude organic product comprising the residual catalyst
is provided, the process 00111pri§ing 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
r¢sidua1 catalyst comprising one or more alkylhalide, alkoxyhalide, metal halide, metal

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



[ 00181 The present invention is directed to a process
for reducing the level of residual catalyst

w@ommpss8nhg one or nore al kyl hal i de, al koxyhal PcEDS2007/019101
nmetal halide, netal oxyhalide, alkyl netal, alkoxy
metal , boron conpound and coordi nated netal conpound 4
WO 2008/ 030387 PCT/ US2007/ 019101 wherein the netal is
a Goup 111, Goup IV, Goup V, Goup VI and/or G oup
VIIl netal, froma crude organic product, i,e., an
wihgeil e pred it Gpropdllcetrup A ntERP O GaAVR Ve gl prediogp V1T metal,
enpl oyi ng the catal yst such as, for exanple, a
fohyatmbaotgeaific prqdatty ney dirvagimapipded potducedafréay lan beginic synthesis
aromati ¢ conmpound, al kylated am ne, etc. Cenerally, in
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pol'yal phaol efin pol ynerization product obtained by

pElyneri zi ng or.copol I ZI it apl .
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olefin in the presence of an alefjn polynerization
Cadgloygani AN §ARf aawlyaém@»yleﬁamp ,erla@t?'paw of elained by
metal halide, nmetal oxyhalide, alkyl netal, alkoxy
wehyalerizbgraropad pmparingluaiedsuwiable diohatesidatit rdction wpaslitiens at least
used al one or in any conbination wherein the netal is

fomeMplh S14finlih the pe¥seri2 df W ofafiapplWheri@ittunaMlysaoherising an
Group VII1. 100191 As used herein, the term al pha

LA i dNAeL AL hQalBaGRalRe! dIRARctalOflkoxy metal, bor
2GS it AR GTEEEPAARE hATRIR e dIRAMctaIDflkory metal, boron

is at the al ph osition of the rbon . in of. "
somporad s SRE ARG CRaionh e FRRRED AR, Buigh fffgrberein
preparati on of the polyal phaolefin poly i zati

phometl & frus Srourddl H"g?@i 1Y, QPP BrtierA \ rag%ééf%lpgagut

20 carbon atons. Exanples of such al pha ol efins

i[8819de, buAs wedheroin, thierérmeadphalefat $ivll daandergipeshipinessa a linear
2- net hyl propene, 1-butene, 3-nethyl-I|-butene,

lorResicReEmododiEtimhivilwHiclps dettge borkt then¢efie at the hippa posétion of the
1-octene, 1-nonene, 1l-decene, 1l-undecene, 1-dodecene,

LB dnd8GeNR the ot RidRAaGR A ha bidkRE bRth8RAD use in the preparation of
1- hexadecene, 1-heptadecene, 1-octadecene,

1ﬂ1g %Q@gl%ﬁgoqgﬁn polymerization products described herein can contain from 2 to 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, 1-pentene, 4-methyl-1-pentene,
1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene,
1-tetradecene, 1-pentadecene, l—hexadeéene, 1-heptadecene, 1-octadecene, 1-nonadecene,
1-eicosene and the like and vinyl aromatic monomers such as styrene, a-methyl styrene
and the like and mixtures thereof. An alpha olefin used in the manufacture of the
poljalphaoleﬁn 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-nethyl styrene and the |Iike and
Woroos0s®ss7 t her eof . An al pha ol efin used in thePCT/US2007/019101

manuf acture of the polyal phaol efin polynmerization

products of the inventive process can contain

substantially one type, i.e., number of carbon atons

per nol ecule, of alpha olefin or it can be a mxture
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ymerization catal ysts and co catal ysts contai ni ng
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nmet al oxyhal i de, al kyl netal, al koxy nmetal, boron

dongrocomepeand anxbmodimm&cbldem&oﬁhhpo@ﬂdlmwd Tworié%@(ih al yaen@fation
in any conbination where the netal is fromGoup III,

QP tHe Ynet4Hi O B \Gro& AY Q}r}ﬂl W‘d?ér@?p e p\‘Q’II eln’d/or?_froup VIII, for
use in preparing the polyal phdol efin po ynerlzat
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mted to, Fri afts type acid catalysts, for
&Qﬁ?fF%tatlﬁ%xéP‘P éPfLagéC%talyﬁtS aschaieul?ﬁtﬁmﬁqﬁarm@ééo FyigddrCrafts

hal i des, titani um oxyhalides, vanadi um oxyhali des and
tthiee qqld(@atalgstg for expi@b3, maaBnBides$ueB as BERnunBikRles, BBED, halides,
Ti C14 and the Ilke al kyl al um num hal i des, e.g.,

tthasemhayhaiged, enganesathalid@ramkirgik CN@!E‘@M@{’\J Qn% BF;,
where R is hydrogen or an al kyl group avi ng from1

HOWtBEQ, "F:i@'hba(ﬂﬂ R IXTB Al ANGLA NG ?ah%b\?%y ogéjﬁe?% thcggé:neral

t hose haV|ng t he genera ornmu o fere |
e r.ou avi rom
Tk BYACPRETR AlCIE Mt o aFisR 280 DB idalR R o 1 1o
i R i | ky rou ener al | havi ng from
%%t%ﬁ’lt"ﬂf‘%ﬁ% F‘? ?élké‘]a? g’@ﬁmgtsg% ., thigpg Naviyer the %enelal formula
&yplcally, from about 10 to about 40 carbon at ons,

@1, wihgie Briggitier hydhib ganicden stkghgrasp hivkyd frol lobiadeut 10 carbon
Al so, the catalyst can include, either alone or in

lca(mim (l;lkkty]lc alides 6 fith@formuRdEX -Whaadih R 16 @k alkyBgroufBerdeftMyhaving from
4I tg l;!t)out 108 ror 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 formula Q*A’, where Q" is a quaternary
ammonium, quaternary phosphonium, or quaternary sulfonium, and A is negatively
charged ion such as CI', Br, OCly, NO;s', BFy, BCly, Pfy, SbF¢’, AlCly, ArFg, TaFy,
CuCly, FeCly', SO3CF7, 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 shall be understood to refer to compounds



exanpl e, those conpounds having a general fornula

QtA', where Qt is a quaternary ammoni um quaternary
w@b@spobssT um or quaternary sul fonium and A- PGT/US2007/019101

negatively charged ion such as d-, Br, OO 4-, NO3-,

BF4-, BCl4-, Pf6-, SbF6-, AlICl4-, ArF6-, TaF6-,

Cud 2-, Fed 3-, SO03CF7-, and the like. [00211 Anot her

suitabl e ol efin polymerization catalyst for use herein

i ncludes a supported or unsupported netallqcene
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procatal yst" as used herein shall be understood to
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mag e gepkoyee forl thopadwaerizahan lsleliisp Prayids e %@Eﬁ%@%ﬂopo ymer

for the polynerization of olefins to provide a
piod geplobfnner ahdopa yerization prodessespmhplong afdg¢ronore of the metallocene
pol yneri zati on processes enploying one or nore of the

PRLBks QFENEcriteat@lat®hs o, UES Chlehiedod. 0,75250NgH SRR s,
U. S’ Patent Nos. 4,752,597, 4,892,851; 4,931, 417;

L
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5, 155, 080; 5,225, 501: 5, 227, 478; 5,241, Q25; 5, 243 Q02; ,
3,3305138) 5% 78,1368 575, B 05k 522306 8,285475 5 B 081 4243002
5,308, 817; 5, 324,800; 5,328,969; 5,329, 031;
5, 237301,19482 75263 5, 285,579:5, B4 38333046 87 3,308 755, 348005 3;328,969;
5,385, 877; 5,391,629; 5,391,789; 5,399, 636;
5, #0103817 3369496, B1357.5, 660327 7,3 78981 6,3T74F53 55,3858 7/28;391,629;

5,427,991, '5,439,994; 5,441,920; 5,442, 020;

5 4498533086953, A1 1755 482013654161 #55,466,7855 4562381 3,427,991,
5,439,994; 5.441,920; 5,442,020, 5,449,651; 5,453,410; 5,455,365; 5,455,360; 5,459,117;
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.

[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 II:

(Cp'R'mR*(CP'R*p)MX, )

(Cp'R!)(Cp'RAMX, (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

wo p@siopssat ed by reference herein. [0022] The PCT/US2007/019101
net al | ocene catal yst conposition for use herein is
formed by activating a netallocene procatalyst with a
sui tabl e cocatal yst or activator. The netal |l ocene
procatal yst is preferably one or a m xture of
nmet al | ocene conpounds of the fol] ow ener al :
eyl @é aof liganqr?szplgl@b apd ’sz) qﬁélng(ﬁ%&pl}ngmg (ﬂ‘ﬂ same or different and
(Cp'R,,,)(Cp2R2p) MXg (I1) 7 WO 2008/ 030387
HETh @19ddntaininp eings, R' @pd Rbiire Ithegrme of GiffeRent ang are
and Cp 2 of ligand (Cp2R2p) are the sane or different
f?ﬁﬁo% [& aorﬁfgl&%% Ab oY1, KRb @IV N dFdcals1-sstiard R2
are

e sa or different and are hydrogen or a

E{gﬁ?lﬁ%ﬁ%ﬁ@)/%ﬂ ’_ogﬂagéi%lr %/E—?ﬁe/ﬂds’titdgfé (gr%%ﬁ@'[e%y]{ogdl group containing up to about
SRR EDRATS L 1 Bliabot O (o] BLPGOR HRGHE STt dpdigeen

pis Oto5 and two R and/or R2 substituents on
asthaie etotns of dretuyplopentavienyt ringessesigkdpereradi can Pk jqingsgogether to
associ ated therewith can be joined together to forma
ForitDa fils afded @ thbeydtopeh@prnglathigemy fused Agg cohenfngsiean 4 to about
ring containing from4 to about 20 carbon atons, R3

: ; | g9 MR dr G 83 ofely Ctndld ERF . M iVhinfetA from
?rg? glfggPrqtoO?n{s’ gr %‘”ﬁ%e?\?} %U-%;grgl/g; of gtgl’%e II%l’er [ o@ci.?i c 'Ilabl e,
for I titaniu Lrconiu haf.ni. . i U0
S0 0mY A el el bl s pRadUN By ARG E B,
and preferably zirconium hafpiumor titani um eafh {
ivenasliyiarnieYismojgeisiuasicBrpUM; Balydee grdungsten, and preferably
i ndependent |y, hal ogen or a hydrocarbyl, ' ,
airydnidmobatnioy or thaliwuazably X, is hyar-exdensypiadiesyblsgand apd
organonet al | oi d, oxyhydrocar byl - substi tuted
Qh @RBRTEAIRI Hal gdn 6F a hdroasdydxyhydrocarbyl, halocarbyl, 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 —M' —

I I

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
wo@Rookosi3sus 2. Exanpl es of bridgi ng group R3 CREI/D82087/019101

bri dgi ng group possessing a structure of the

followng formulae RA R4 -C or -M- 1 R5 RS wherein

R4 and R5 each, independently, is, or contains, a

hydr ocar byl or cycl ohydrocar byl group cont ai ni ng up

t o_about 20 carbon_ atons, gnd fr o het er

W02 as  oisagenes A hnfigRd metiqaengsy!t it BT S5 Qi 1gpeess of this

phosphorus, and ML is, for exanple, silicon or
et inchudd bWRre 608iiza3s dinahylstg (ometybdenyl) ooedylindenyl)
Exanpl es of bridged netall ocenes of forrmula I for use

hl?cotnhﬁ‘n arcﬁroeiaé Bbheh{irthyl dhe@ElopehtidiglyyRiordnyl) Zxceninst

l[imted to,

glcﬁf%ntix' n#ﬂ%%%lﬁfet}ﬁ%]%hde%’ﬁﬁw&&%ﬁ%ﬁﬂﬂ BegBYhe

Irconru

p?lgxgﬂ%lﬁ&gtegg(lgﬁqq q%éiéle?l?l?&%a 6d l7 %‘et&&( ro-10 enyf1 ym?omum dichloride,

d|phenylnethylene(lndenyIZ(fIuorenyl32|rcon|um
diphkihdmicthglene(cyclopentadienyl)(2-methylindenyl) zirconium dichloride,

di phenyl met hyl ene(cycl opent adi enyl ) (4,5, 6, 7-tetrahydro

diph Qﬁ}‘lWeﬁh&leﬁ@ﬁQm -dimethytditdrped@dienyl)(3',5'-
di phenyl nmet hy ene(cyclopentadlenyl)(z nmet hyl i ndenyl)

zir |

éim; C[Rﬂ hc rrﬁ%h%llaleggl glecgmélm dlcmg)/rll%ey gp)helglnr}%tg 1|eléen()2/ I'S]Ctl 3yl -4-tert-

- di met I t adi

@pkyﬁ‘é’ﬁm g@%%%ngﬁzg Ztgxﬁ%)gpy ok lille{hg(ﬁzgllcllél[r)rén(tjz{d?erl]llyﬂzilrcomum dichloride,
but yl cycl o- pentadi enyl) (3" -tert-butyl-5"-nethyl

clyol ppetiybsie(2enytnmethgoyulagendid chylp (2’ gy’
di xyl yl met hyl ene( 2, 3, 5-ti net hyl cycl opent adi enyl )

ngﬁﬁl glc?clopédtzﬂﬁ&@hbi%/&lll 2P 9&5@96@ Qﬁ’i)ﬁﬂlﬂ%ﬂl@/fﬂﬂ@@ 4-

ride, dixylylnmethyl ene(
dimethylcyclopentadienyl)(3’ ,5'-d1methylcyclopentadlenyl)zucomum dichloride,

dixylylmethylene(2-methyl-4-tert-butylcyclopentadienyl) (3'-tert-butyl-5-
methylcyclopentadienyl)zirconium dichloride,
dixylylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride, di-o-
tolylmethylene(cyclopentadienyl)(3,4-dimethyl-cyclopentadienyl)zirconium dichloride,
di-o-tolylmethylene(cyclopentadienyl)(3,4-dimethyl-cyclopentadienyl)zirconiulﬁ
dichloride, di-o-tolylmethylene(cyclopentadienyl)(3,4-
dimethylcyclopentadienyl)zirconium dichloride, di-o-
tolylmethylene(cyclopentadienyl)(indenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(tetramethylcyclopentadienyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(indeny!)zirconium dichloride,

dibenzylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride,



di met hyl cycl opent ad _ _

ienyl) (3,5 -di nethyl cycl opent adi enyl ) zi rconi um
wale@kloarsde, di PCT/US2007/019101

xyl'yl met hyl ene(2-met hyl -4-tert-butyl cycl opentadi enyl)

(3" -tert-butyl-5- nethylcycl opent adi enyl ) zi rconi um

di chl ori de, . .

di xyl yl met hyl ene(cycl opent adi enyl ) (f| uorenyl ) zi r coni um

di.chl ori de, .dj-o- . . o . .
f%ﬂ§Lﬁ%%ﬂ§FQWETQ§X@8%%%@5WVQHVFT(@?HpBVWE¢HVPU@®cIopen

tadi enyl ) zi rconi umdi chl oride, . '

dlicyslohgx y){cvelopgntedienybytyaspeheacingamy dichBride dlicpetdhyk ylmygthylene(2-
| opent adi enyl ) zi rconi um di chl ori de,

dnethyltydlgemetifey} pifla 0 ryigl) opesniaa dRAMKNE Highenylsilyl(2,4-
di net hyl cycl opent adi enyl ) zi r coni um di chl ori de,” di - o-

LohuhOR Db ERRA Y Bl 0BERHAPIYLY e DARAYH RS YToride,

[ t hyl ene(cycl opent adi enyl ) (t et ranet hyl cycl ope
%&ggéﬁ@ﬂ?&#-ﬁmhﬁ?gcégpgﬁqa@qepﬂg3 ',gl’ -d)irglethyl-cyclopentadienyl)zirconium
di benzyl nmet hyl ene(cycl opent adi enyl ) (i ndenyl ) zi rconi um
diiddrate diphenylsilyl(2,3,5-trimethylcyclopentadienyl)(2,4,5- _ _

di benzyl met hyl ene(cycl opent adi enyl ) (fl uorenyl ) zirconiu

MGl I HaaPer 0, ROBR IRRBF4PCT/ US2007/ 019101

di cycl ohexyl met hyl’ene( cycl opent adi enyl ) (i ndenyl ) zi r con
B B C s apentsdiahntPeiubpeAigipse oty diiyiC-
ég}fﬂpbg@ﬂﬁigb{l@mylppe(r@a@i@y}/)ﬂgqﬂrenyl)zirconium dichloride, di-o-

et hyl - cycl opent adi enyl ) zi rconi um di chl ori de,

dolphdpdysidpyhta@edyl firmedthylb pyapeoneion @iyl chiBriddidis.
t hyl - cycl opent adi enyl ) zi rconi um di chl ori de,

dd)lphﬂﬂwd)&idpyxhtﬁd?leﬁ’»ylﬁteﬁrﬁh@ﬁ?@&l@ﬁ&ﬂt%&t)?ﬁ%@%)éi@gl'of]idé'di-o-

trimet hyl cycl opent adi enyl ) zi rconi um

(aUERaRSIE sl SR A M e lioast 4,

I S RO R GHE WA U U A R
dibenzylsilyl(cyclopentadienyl)(fluorenyl)zirconium dichloride,
dibenzylsilyl(cyclopentadienyl)(2,7-di-t-butyl-fluorenyl)zirconium 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-tetrahydro-indenyl)

zirconium dichloride, (cyclopentadienyl)(2-methylindenyl) zirconium dichloride, (2,4-
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tetraphenyl di sil yl (cycl opent adi enyl ) (fl uorenyl ) zircon
um di chl ori de, di-
wao 2008103038y 1 (cycl opent adi enyl ) (tri net hyl cycl opePCRUS®NYD19101
) zirconiumdichloride, di-
tolylsilyl (cycl opentadi enyl) (tetranethyl cycl opentadi en
yl)zirconiumdichl oride, di-
tonIsinI(cyclopentadienyl)(3 4- det hyl cycl opent adi eny
| ) zi rconi um di chl ori de, di-
dilethlyliyblpteoiadicopat édd@mthpthPWElrmWPé‘bqh&ﬁW)(2-

zi rconi um di chl ori de,
rﬂj:thg N2 YdrSbitylo) ey peopdion Ayenyt-pitl-femethylcy dbpaadianyl) zirconium

di chl ori de,
' I : yp=di-t-Db [ -fl
ML AR GEERadion 3¢ bud 1 vorer

ARG e {"ﬁéylgﬁﬁé%iggﬁcgghq%faé%m A ST Aoy
i ke and conbi nati ons thereof. [0024 3
aslnmicaigdignyhtispniseedigogde, {wﬁmF@aql?nﬁ)&lﬂ %@QZF?PW‘HB dichloride,

process of this invention include, but are not

{dyﬁliobedadiexlyl)((tZtrmreEtilyllcyddlmmydd)'e@Zl-)niBIOhylhi didenidlo,
zirconiumdichl oride, (cyclopentadienyl)(fluorenyl)

gdyEFrE])PEHté}’(gérgﬂﬂﬂl'l&éxhﬁﬁircol(ihlﬁdﬁdh‘}’dﬁc(ef| uorenyl) zirconium
i"chl ori de,

g%% oReNL, @ﬁ* ﬁyétmggyc%p@&aﬁeﬁﬁs Syl bogienye,)

n| um

ycl opent adi en 2 neth nyl ) zi.rgoniu . )
o pariaen N G b G BE T TRB W pprdieny 2.
di met h Icyclo pent adi enyl ) 3 5 - di met hyl cy cIoPentadle

digt- b)lzty?/ﬂwpwﬁzmc@mp@rqlﬁéon 62(2 methylcyclopentadlenyl) fluorenyl)

nmet hyl -4-tert-butyl cycl o- pent adi enyl)

¢Btorti@n tdidbidride; B3-nredtyhyiclopyahd penl(aderehydincorivmebelilende, the
di chloride, (2,3,5-trinethylcyclopentadienyl)

GRAle fous Ritanitrh icRpEUHIS MEd orRemE: ad estybihaions dietdorh
di chloride, (cyc opentadlenyl)(S 4-di met hyl -

3&?)5 pent ady 8%’4#@% ﬁl{%th' glm)lg ddGith the bndged or unbridged

cycC openta Ien 2|rcon umdichlorid

A MU TR
%Ilu%?llng)[e{lgqe known to activate metallocene procatalysts. For further details of the
aluminoxane cocatalysts including such alkylaluminoxanes as MAO see, ¢.g., U.S. Patent
No. 5,229,478, If desired, the metallocene catalyst can be supported on any known
support.

[0026] When embloying an aluminoxane cocatalyst, it can be advantageous to
include a trialkylaluminum 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.
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(cycl opent adi eny] ) (trinethyl cycl opent adi enyl )
zi rconi um di chl ori de,

W@ eyosloagsent adi enyl ) (tri et hyl cycl opent adi enyl ) RCT/TSI90UMI101
di chl oride, (cyclopentadienyl)(2,7-
di -t-butyl-fluorenyl)zirconiumdichloride,
(2-iiethylcycl opentadienyl) (fluorenyl) zirconium
di chl oride, (3-methylcyclopentadienyl)(indenyl)
zirconiumdichloride, the analogous titanium
(062 ounds MetHodster preperingrdetalbaasneROras#¥sts pk thgpnsupported and
[ 00251 The cocatal yst, or activator, enployed with the

wppsleadnailldsehe tdged composalidmaenienqpmio dtearymidsiotmot fawshtute a
a nmetall ocene catal yst conposition can be any of the

LU DOXANSS id¢eoh, T 0 activate metal | ocene

procatalysts. For further details of the alum noxane
BEEAT 3 U5 g AR SR T AR 3 MR prcuc

nmet al | ocene catal yst can be supported on .
isappbiatiop @M@&trﬁéwywﬁm WF?@plgﬂd‘é’lt'uﬁF?%;%Q# alkYation and/or
cocatal yst, it can be advantageous to include a

tririsalkiatiah tattiernprediat isasbtainédest Ayl atingrind(orfransalkylating an organic
triethylalum num tri(n- propyl)alum num

EbldcSIRRA BRYRESATIWMEN al Hyildtihg Rutalyls). S Maripies Y suitable organic
triisobutyl-alum nurn, and the like, to reduce the

anpun .. al umno j S Ui , i i
R e R TR E SR8, o RSBt ch o

PCT/ US2007/ 019101 0271 hods for.pre [

h@t@!“f’?@i?{@’ Mllslizeapali’]*g%%%@ea?h{/gﬁ&aﬁeéwu‘haé)f}%‘séer“?’?&rﬂ%‘o?’ COTONEne,
supported netal | ocene catal yst conpositions are known .
phemahérepetand Hig liks and migwresttheregle Tglg pﬁgﬁ:rfeddnfm{\ﬁé: hygrocarbon is
present invention. [00281 I n another enbodi nent of the-
peieeent Mixtuesbf eomatibbydrocateonsevat dlerbaanatessd. i s an

al kyl ation and/or transal kyl ation reaction product.

ey al |y, sanané kixyatih@ageandbothe alkylation of the aromatic hydrocarbon
include any aliphatic or aromatic organic compound having one or more 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, e.g., ethylene, propylene, butene-1, trans-butene-2 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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transal kyl ati on reaction product is obtained by
al kyl ati ng and/ or transal kyl ati ng an organic nolecul e

WO p00810803pT esence of an al kyl ati ng catal yst. Exeapus®on619101
sui tabl e organic nol ecul es which may be al kyl ated or
transal kyl ated i nclude aromatic conmpounds such as
benzene, toluene, xylene, naphthal ene, anthracene,
napht hacene, peryl ene, coronene, phenanthrene and the
li. nd m xtures thereof. Th referred aronmatic
ﬁ?%ﬁ%@%% ?%Jhﬁ‘as‘é&?%@ﬁ@%ew@e?tgwﬁ@u@w),alpléqm@mbenzene,
hydrocar bons may al so be enpl oyed. 100291 Suitable
angprapylhenzage dtisopranryltohena ldidyitdbénaenepfind the liae.oPrfdned polyalkyl
hydrocarbon include any aliphatic or aromatic organic

acomaictdrauibogs &8 ehddialRprenddrs.] AbagicuRHE BE@LkGolvalky]
al i phati c groups capablgpof reactigL mﬁth&?he Epolyalky

%hﬁﬂ%ﬂhg@kﬁmﬁggﬂg%k%P%@g@gﬁgg&_ Preferably, the

al kyl ati'ng agent rein has at |east one

atingcaliphatic.grou ssessipg froml to about
T bon- SEHES Heuea Slflur PR SEsRpf ukumbemprocess mlude those
al kyl ati ng agent include ol efins such as those
COMABYGE fﬁgeazt Qs slogan Kaaupdlbrigroue I'g. Groep Mydndfee Group VI metals.
propyl ene, butene-1, trans-butene-2 and cis- butene-2,

dixamples of eshtchehysfare Resefiadrabdvohef danbe k@ ity L8PRliment. A
and propyl ene. [00311 Wen transal kyl ation is desired,

tpheferirédBARKO @tdIN0 iy BagiduglcHpsRduct can be a
pol yal kyl aromatic hydrocarbon containing two or nore

grou - from2 to about 4
B o R o BT Bt RS ke I diaepess ofthe
h drqcagb ns. inclyde the di-, tri- and tetra-alkyl
SIS e 9‘&%@@?6%@26‘%@8 rogs thaireactigh pleberasns, witireithey ethylene
2008/ 030387 PCT/ US2007/ 019101 tri et hyl benzene, _
ar eelisthmiberaenere ayaens frain dieghation wéheizene with propylene or
di i sopropyl benzene, triisopropyl benzene,
@olysoproppipenazines rthyltdiubud frbibenzeagionafehltdhe wiihkehylene or

Preferred polyalkyl aronmatic hydrocarbons are the
goBeiyltoleis f@seneNrBAMthe fdbdin of tRLEIAT e oPALYALKY!
polyisopropyltoluenes, and sec-butylbenzene from fhe 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 PAO polymerization product or crude alkylation and/or transalkylétion reaction

product containing residual catalyst comprising an alkylhalide, alkoxyhalide, metal halide,
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aromatic hydrocarbon is di i sopropyl benzene. [00321
Sui tabl e al kyl ating catalysts for use in the

wa@bkdogloai38on process include those containi ng PCT/UBAST/019101
one hal ogen, Goup Ill, Goup IV, Goup V and/or G oup
VI netals. Exanples of such catal ysts are descri bed
above and can be used in this enbodinent. A preferred
al kyl ation catalyst is alum num chloride. [00331
Preferred organic reaction products which may be used
i 'Hetﬁﬁ%?‘ygf"é%‘ﬁ Yometahalkogy é@g*htbomwmnomd amcdoactknated metal
et hyl benzene fromthe reaction of benzene with either

etomyioané usedralgeloy @t iyl doerhdeaties wheteireme nfdt0m fée Group I1I, Group
reacti on of benzene with propyl ene or

POk, Yirs@PVORYdpeVIZ@aRs Grei it Rl c%ﬁ‘ﬁ@tefi W?tﬂ‘a LB ﬁc‘f‘s%ﬁjtehpﬂ an

of toluene with ethylene or polyethyltol uenes

I
U Mt RPN T -

ctlon ene and n-butenes or

f)’EﬁJ} 16%"193 éS'C [Petssals, a8 aRasseamneandpf al dalmeieath metal,
of am nes is the production of nonyl ated
dicphempleaipisnes., fibeBsdl, ddttholle: sndmistusgsahérnef. tUseful basic
al kyl ati on and/or transal kyl ati on reaction products

fa@mposeds of alainpegtaastal icliheodi&s ﬁijﬁroilﬂé/seMlb&ﬂté@rtﬁcarbonates or
known in the art and do not constitute a part of

Y @RI thd AT hﬁ@nesﬁlglg?bgimd skBfBh Blcﬁzﬁ‘ﬁl JP ;F{dtlp Sst Breferably

present invention, the cru € or gani c

v zatlon product or crud ﬁ§lat|on

P PR P O el B T b e e 2., i
reS|d alyst conprising an al kyl hal i de,
Ar%%ﬁ%heﬁi@Q metal halide, 13 WO 2008/ 030387
PCT/ US2007/ 019101 netal oxyhalide, alkyl netal,
dMBy net dihe aenrptiorcoapbundhiand by ooxid ﬂa:tle;ﬂldmﬁ@d 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 filter, of suitable porosity to separate 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 product 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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conmpound used al one or in any conbination wherein the
nmetal is fromGoup IIl, Goup 1V, Goup V, Goup VI
w@r@sos03&r oup VIII is contacted with a solid aPCDUE®NT/019101
in an adsorbent systemto reduce the |evel of the
residual catalyst. Suitable adsorbents include, but
are not limted to, basic materials, e.g., a basic
conmpound of an al kaline earth nmetal, acidic
'qﬁ%Srials e.%., silica gel, and the |ike and m xtures
{rosp st LB eritesfa gbeut 30 owpwian dEhermarink af ddserbeatrca be at least about
nmet al include oxi des, hydroxi des, carbonates,
Bi lcaplzamatbest lomoleafwatatystr € t her eof of magnesi um
cal cium strontium or barium and nost preferably

G9038) UM PIref &ifhifigki RAsH A CEOIRUANE Sl Balfak %iu;]* H%kﬁféii&%, the crude
k | sl ake

or cal cium hydroxide (e.g., quic I me or
L 71, . Th d t hi b 1 Xi
Pheby it T R R B Y o B aha e o

certajn proportions and subsequently renoving the
ﬁﬁé@?bemx%lﬁgv%e%iérl abiasd HAE .agg thep |tlte%/tafl wé)th,limegto substantially
centrifugation, settling) or by passing the |iquid
ehudetoHghnNe sejpraselweter plmse tsghrmaed hyxtad ddéition e THe améunt of water
packed col unm, containing the adsorbent. A suitable

fchih tade Gam dbOUBMNYO 19 RSISNE! § ivkilB %0BasU@EH NIV di %\tt ®F the@Fude
suitabl e porosity to separate the adsorbent.

$Hiduapl e col um can be a colum sized to give adequate
residence tinme and velocity for the adsorption to

pl ace pa d.wth adsorbent. If desired, en
R P TRR LIRS 488 ot BT et hhgtcbuedfipluso e resen
expedite the filtering of the crude reaction product,
NGOy at omaceous earth. Generally, the ampunt of
adsor bent used in the adsorbent system can vary
wi del y dependi ng on the amount of |iquid crude organic
product used in the process and can readily be
determi ned by one skilled gxaMP Rrt. The tenperature
of adsorption should be fromroomtenperature to

?mm 150C 0@p gf %% ?(g%@éc}én@lmg#h%ﬂﬁr%da&d W o%{ﬁjltet%gé%ene catalyst

the residence tine about ute to a

%(H‘H}teﬁﬁ/’lallﬁﬂgxai% %l(/l%r@bclo%agéflyst, containing 348 ppm aluminum was treated 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 pressure 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 metallocene catalyst

and methylalumoxane (MAO) co catalyst, containing 348 ppm aluminum was washed
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WO 2008/ 030387 PCT/ US2007/ 019101 from about 15
m nutes to about 30 m nutes. The anobunt of adsorbent

w@ 280038t | east about 1. 1 nole on about 1 nmpCEUS$007/019101
catal yst. [0038] For elimnation of AlC3, and other
nmetal halides and oxyhal i des, the crude product can
be first treated with a small anobunt of water to form
basic salts such as A 2(0OH) (5 X)) x (where x is 1-4)
and HO and then treated with linme to substanti al |
with 36 mi tveatera roongewppratuss B haminutpm agparated @fﬂérfﬂi@aedﬁfimugh an
this addition. The anmount of water can range from

abedibs Bhed@tet Yoring). dhowigahlt phscghss sparb@d edd evappraged. The final
wei ght of the crude product. [0039] The follow ng

d98e é}dl?ﬁécbﬁ&n%%ﬁ%bﬁém@ﬁ esh MaH%tpﬁ)ﬁ\t dlv@iRfn. t he present
I nve MPLE 1 [0040] 0 g of crude pol ydecene

mat eri al, produced vvlth a rret aI | ocene catal yst and
nmet hyl al unoxane (MAO) co catal yst, containing 348 ppm

al um num was treated with_2 solid CaO (-20 nesh) in
a beaker wth a nagnetic W’%BPE& 50C ff)r 10 )

m nutes. The crude nmaterial was then filtered through

F0040] ni cr oR0lasbredt pygrcessmnteridlicopieningsiHgppRoaltmigm was treated
psi mtrogen pressure. The rate of filtration was 10

Whud/ dg@:ﬁca By ksaintifify @k virhamisthbd as inheagipledieat 50°C for 15
pol ydecene naterial after filtration was reduced to

hﬁ@.ﬁg}g me: l%fggml%nlym]%% CI-IL;H'(,BK)/ ES,&ECI)C(%{N&I;ﬂ%%Q agtgggl_l@'agi_&%vas

%eélglfgﬂ:qc t[gﬁ gﬁﬁ@&.‘%nﬁﬁa e?ft%ﬁy Sili ml’)(lzfczgt%léle? &/&8?’0 aluminum.

cat al yst, ont ai ni ng 348 ppm al um num was washed 15
EXAMPLE 3

[0043] 150 g crude polydecene material produced with

trialkylaluminum/isobutylbromide catalyst containing 0.086% (860 ppm) aluminum and

2.24% 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 CaO contained 1.71% Al. Thé 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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WD 2008/ 030387 PCT/ US2007/019101 wth 25 m water at
roomtenperature for 15 m nutes, separated and

wo 2doBes@E7 t hr ough an asbestos fine filter (1nyCT/U®07/019101
organi ¢ phase was separated and evaporated. The fi nal
crude pol ydecene material contained |ess than 6 ppm
al um num EXAMPLE 2 [0042] 200 g crude pol ydecene
mat eri al containing 392 ppm al um numwas treated wth

| g silica gel by substan e sanme nethod as in
exanple | at 50C for k&ﬁﬂ%égégThe | evel of

alum numin the cr ude poI ydecene nmaterial after

{0046} at i onCwsls nongaled dphenyldneiss (RPah(190 ghpenddinime Gah’o Al and
and the silica gel contained 1.66% al umi num EXAMPLE 3
[10048] (iR AICIS cataigsty Aoy faa RathTEE £6f @40 prid tlgeederand btirred at
trial kyl al um num i sobut yl brom de cat al yst contai ni ng

3. | u{;v (1%63‘,@%9@%9111& ghfgymeﬁ‘ﬁﬂrat&l %ﬁ/&tﬂ@a{noﬂem%ényla%d DPA

cene and freated wth

S pronpgres e 1 hra e D00R R RS ELP@E@“%P%?H@C

in the polydecene material after filtration

radygeshavsds. 3ol andibd - herkladbus, d 09%0h g $P A& C*rhftve been
filtered CaO contained 1.71% A]. The anount of
aliimatetn and brom ne renoved was 99. 42% and 89. 3%
respectively. EXAMPLE 4 [0044] Crude pol ydecene (200
g) containing 145 ppm Al was treated with MgJO powder
(0.65 g) at 50C over 30 mnutes. After filtration, the

pol ydecene product contaiged %@E%ppmAl MyO
precipitate (0.84 g) containe 16 WO

2008& 03038 Crugr/olx% '1te%71519&?1]()% g) containing 0.39% Al and 1.7% CI (from

AIC]; catalyst) was mixed with 7 g of 200 mesh slaked lime (Ca(OH);) and 1 g of water
and stirred at 50°C over 1 hour. The mixture was then filtrated. After filtration, nonylated
DPA contained less than 15 ppm Al (<0.0015%) and less than 10 ppm CI (<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 AlCls
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 Al and Cl. The
precipitate was 3.6 g and contained 11.2% Al and 39.96% ClI, the resulting calcium

hydroxide adsorbent weighed 5.6 g and contained 0.18% Al and 6.02% Cl.
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EXAMPLE 5 100451 Crude nonyl ated di phenyl am ne (DPA)
(100 g) containing 0.39% Al and 1.7% d (fromA O 3

we 2108/0387) was mixed with 10 g of CaO and | g mer/@s20am019101
stirred at 50C over 1 hour. The m xture was then
filtrated. After filtration, the nonylated 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 82 2% C have been ‘
el i mi nated. EXAMPLE 6 100E8PAMFLE& nonyl ated DPA (100
g) containing 0.39% A and 1 7% d (from AId3
Em)ﬁﬁ] yst) 286 gl Ketl;46iH,0 Wasglisnblvadid 1@ etisdnak €thd sohmion was
Ca(OH)2) and | g of water and stirred at 50C over 1
Frgﬁﬂgd foF 38 niThotba B ?\%Z)ft%g&)t fbdd 15%%%91(&%@&19{)@ w1th a magnetic

i"on, nony cont ai ned 15 ppm

o e AR B T

(0047] 100 g nonyl ated DPA, contained 0.38% Al ia
les3 %6a@i1 5 (Ppmoffa and Chepreaipitast Gatanadald- e Ked Agpqreinglyg the removal of
water and stirred. at 50C over 1 hour. A precipitate

W8 frohormeealuaadings the prekipi thteatas d A0¥0 Tk a¢sethcDRrina semaining in
mxed with 5 g Ca(OH) 2 adsorbent and stirred at 50C

t}‘PJ ﬁﬂe}ajﬂﬁ sola—tlﬂﬁl \f/ziqu)a@%) RQAUGS 9F9W0@|tﬂbedﬁldrﬁ}%3vﬂsb&ﬁ abforb@iby the

he precipitate was 3.6 g and
conta ned 11. 2%AI and 39.96% d ; the resul ti ng
PRFU N hydroxi de adsorbent wei ghed 5.6 g and

cont ai ned 18% Al and 02% C 17. W0. 2008/ %3038(?
F[’W%SZOOWHOi@ll@P”dW f_ twéanous 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 may 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 hereto.
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[0048] 2.66 g of Fed 36H20 was di ssolved in 100 g

et hanol . The solution was treated for 30 mnutes wth
w3 2@80803€80 at 40C in a beaker equi pped wi th aPeEys®NT/E19101

stirrer. A precipitate was fornmed and after filtration

the final ethanol solution contained |ess than 15 ppm

Fe and the precipitate contained 14.1 % Fe.

Accordingly, the renoval of iron fromthe solution

into the precipitate was 100% The residue chlorine

WaAT 1S 6QAIMED e et hanol sol uti on was 0.09% and t hus

91. 2% of the chlorine was al so absorbed by the

preci pi hafr6ues] 004RNicihg theildel bieresidebé catblystebotipaisingant oumore

nodi fications may be made to the enbodinents

gkgﬁ%%ﬂ? S glkg.g);h%ii@e met hel Rl SiefalSx RPN a9 HER D hIKORY metal, boron
shou not be

construed as limting, but nerely as
exenplifications of preferre dj ; .
Sxargre nd feordpgisS meBh £ BB BERPEL ST g Bhoup 1L, Group 1V,
i mpl emented as the best node f?r oper tin%Tthe resent. . h
CnowmY i Grouand apdler SrqupstHapsteinttpn LG Progyp¢ gpmprising the
arrangenments and met hods may be inplenented by those .
sdsidubieehtdl st tthepiactss whihprising chepating thg cfudewrganie redysé with a solid
and spirit of this invention. Mreover, those skilled

Lkt Bf 4n Mkdrbe@RYdt&hon ot her nodifications within
the scope and spirit of the clains appended hereto.

18 WO 2008/ 030387 PCT/ US2007/ 019101 WHAT | S CLAI MED
I'S: 1. A process for reducing the | evel of residua

cat al yst_conpri si .one or more alkylhalide ..
al koxéh;ihie(ﬂ’ ice fgﬁalwgll,i\@ r,euh@F g{u%gg%tg)l%ipacg(ﬁlc%ﬂs%ﬂolymer.

netal, al koxy netal, boron conmpound and coordi nat ed
nmet al conmpound wherein the netal is a Goup Ill, Goup
IV, Goup V, Goup VI and/or Goup VIIIl netal, froma
cr ude orfjepraepr afdilgim bovherdisihagrudaerganmsiredist 1s a polyolefin.
catal yst, the process conprising contacting the crude
organic product with a solid

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

polylalphaolefin.

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

6. The process of Claim |, 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 or an alkylated diphenylamine.
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adsorbent in an adsorbent system 2. The process of

Claiml1, wherein the crude organic product is a
w@oeiogosr3s7 3. The process of Caiml, wherein ptiEUSINOT@9101

organi ¢ product is a polyolefin. 4. The process of

Caim1, wherein the crude organic product is a

pol yl al phaol efin. 5. The process of Claiml, wherein

the crude organic product is polydecene. 6. The

pr oces, f Claim wherein the crude organi c product

is der?‘v@lf RPG %‘%Cla‘éﬂ E’y‘y hergip esFuderoggag rpflugt iisogthyl benzene or

reaction. 7. The process of Claiml, wherein the crude

oragakited Pplpmlemiies an al kyl ated benzene or an

al kyl at ed di phenyl am ne. 19 WO 2008/ 030387

PCT/ US2007/ 019101 8. The process of Claim1l, wherein

the crude organic product is ethyl benzene or

nonyl aj | ine. 9. ol f aim1 -
ot o P RSO g TR AIACERT G, TR R droupconssing
C | Sti of chlorine, bram ne and m xtures thereof.

1 .CEH%‘QC’B‘%SIP&%““SP“@%?F mei,O?Mer ein the Goup |11

netal is alumnum the Goup WVIII netal is iron, and

the Goup I'V-VI netal is selected fromthe group

consisting of titanium zirconium hafnium vanadi um

ni obi uif. Thempredessmf Ahinoliwhereimbk YhognUMmetat MAGSHBHMAME Group
m xtures thereof.. 11. The process of Claiml1, wherein

(VBT MESOIRRAL ardth@GRADI Y- ¢ ORPAEdel0ie PR LD €onsisti
nmet al orsan a?kafingﬁﬁarth netal.012? Tﬂgqgggégggmgphngof

g}tgrillipﬂln%giré/(‘ﬂﬁﬁr?,lhgfnﬁ&% \ggascﬁ&lg,enr}(t)bi{ms), @ta u%{,%hr(%)n% 81%?81%Py%’cienum,

tungsten and mixtures thereof..

11. The process of Claim 1, wherein the adsorbent is a basic compound of an

alkaline metal or an alkaline earth metal.

12. The process of Claim 1, wherein the adsorbent is an acidic compound, a silica
gel, an oxide or hydroxide of an alkaline earth metal of magnesium, calcium, strontium, or
barium, or an oxide or hydroxide of sodium or potassium.

13. The process of Claim 1, further comprising adding a catalytic amount of water.

14. The process of Claim 12, wherein the crude organic product is treated with a

catalytic amount of water and an adsorbent.
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gel, an oxide or hydroxide of an alkaline earth netal

of magnesium calcium strontium or barium or an
w@x00d®3087 hydr oxi de of sodi um or potassi um 13PCTN82007/019101

process of Claim 1, further conprising adding a

catal yti.c amount of water. 14. The process of Claim

12, wherein the crude organic product is treated with

a catalytic anount of water and an adsorbent. 20 WO

2008/ 030387 PCT/ US2007/ 019101 15. The process of

Caim1, wherein the crude organic product is

pol ydecene and the process further conprises addin

decenés.t hpmoyaeof@lim 16whenindhgeandaorgarod produghs a(plmg@ene and

by the process of daiml. 21

the process further comprises adding decene to polydecene.

16. An organic product obtained by the process of Claim 1.
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