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which results in catalyst systems with inproved
catal yst productivities. The resulting supported
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aryl group of from6 to about 20 carbon atons, an
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carbon atons, an OH group, a halogen atom or a NR2 32
group, where R32 is an al kyl group of from1l to about
wdatoeassson atonms or an aryl group of from 6 toPeboUs1003/643523
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R4 and also R4 ' are hydrogen, R5, R6, R7, R8 and al so
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group of from7 to about 40 carbon atons, or an
aryl al kenyl group of from8 to about 40 carbon atons,

w@2®aloed8nd ut ed or unsubstituted al kyl silyl or BewUSto0yb43523

group, with the proviso that R5 and R5 are identi cal
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A- (2-isopropyl -4-phenyl -indenyl ) (2,5,6, 7-tetranet hyl -4
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di net hyl - i ndenyl ) zi rconi umdi chl ori de,
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A-bi s(2-n-butyl-4-(4
' - hexyl - phenyl ) -i ndenyl ) zi rconi undi chl ori de,
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- Dekail ibh Ofi i undi chl ori de,

A_ & t h l ) mhlf,gﬁ}Cﬁ@%th FSC%I&)FSC 61an¥$ Scﬁ‘# Sonyer rtmg methane to
A- Ryl é&"MJonﬂitl@ ?&@Birﬁb@n e)HeZpro®dsh i volke 4nitially subJectmg a feed

"-n- but | - phenyl |ndenyI)Z|rconlundlchlorlde
A- (cgntmmngumathmm,a@mmweme( I rstithy (Hyg- €9 and/or CO, to a

; %ﬁg 3{{{{%4 n%ll %)e fg@g@t@g %ﬁ?ﬁ{{{ﬂﬁ%@ﬁ% HEthane to aromatic

-s butyl phenyl)- i ndenyl ) zi r coni undi chl ori dq,
A- (2- met hyl - 4- azapent al ene) (2-net hyl -4-(4
"-tert-butyl -phenyl)-indenyl)- zirconiundichlori de,
A- (2- et hyl - 6- azapent al ene) (2- net hyl - 4- (4
"-tert-butyl - phenyl)-lndenyl)- Z|rcon|und|chlor|de

o o o o




A- (2- net hyl - 5- azapent al ene) (i ndenyl ) zi rconi undi chl ori d
el
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A (25 0et hyl - A5t M APEH BhGRE I, 2a8RbINS HethaRe NERALERY! other

Z' @ﬁﬂwuu e if0h®bh s thafmay bepidsyht-ib {ltd‘lfea@ eat of eede(1R comyerted
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phenyl or benzyl, particularly preferably nethyl. If

the radicals R are different, they are preferably
woretoapbssand hydr ogen, nethyl and isobutyl or nettyk20as043523

n-butyl, with hydrogen, isobutyl or n-butyl preferably

being present in a proportio® of fromO0.01 to 40%

(nunber of radicals R). The al um noxane can be .

prepared in various ways by known nethods. One of the
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ad Itional conmponent, a netal cqppound of th for mul
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%g%éallgo}b o0 15858860 %Ecﬁﬁﬁs I géﬂéﬁal afhk )ﬂ:ecpﬁ)r the aRBydrbOyBliGation

on atons in the ar radical, r is an

| nsegeontinsiess thap SSW%CBush asnéss thai 3 Wttt e§E€rshydreearonso
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above nentioned cocatal yst conpounds. It is also
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mercaptyl groups. a is an integer from1-6, z is an

integer fromO to 5 and d corresponds to the
waledobosssnce a-z, but d is larger than or equal P€DU$2005/043523

Particulary suitable cations are carbonium cations

such as triphenyl carbeni um btXoni um cati ons, sulfoni um

cations such as tetrahydrothi opheni um phosphoni um

cations such as triethyl phosphoni um

t i phenyl phosphoni um and di phenyl phosphoni um and al so

cyﬁﬁﬁﬁfw&yaﬁaﬁgw on netal conpl exes such as the silver

cg39p and theneldchydfbchEizanbd eep OF e presedipiaRss, the methane

Preferred ionic conmpounds which can be used according,

t conthiningr fesd it canaciert With 4 drkiydipsyclization catalyst under conditions,

triethyl anmoni.uat et r af ) - s .
t pp}graa? |%@Wﬂ9{%}ﬁ%%‘}@§‘€%§%ﬁ)@§{ﬁb§ reducing conditions, effective
t i NEIh AAED h ek o ( hodhel ) batradaebons, including benzene and
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rroutyl a etragpen A q_I_? eny (RMOHQ e,
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tri propyl amfoni‘unt et ra(di e | ) bor at e,
tri butyl ammaayt et r a(<bor i f IQpier@ihy| phenyRedmioat2e,

tributyl ammoni untetra(4-fluarophenyl)bqrate,
N, N- di net hyll@wwﬁexyl%lnﬁbﬁiléﬁgéﬁi%ﬂ?‘@(%éent af | uor ophen

yl at e, i d/or dioxide that may be present in the feed
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origipeowiss batdiystetchiyltpand stabilityt ot faeiligimgyegdtionssush as:

N, N-di et hyl apji | i ni untetra( yl ) bor at e, .
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R B B R S B e o ot

I niunt et raki s( pent af I'uor ophenyl ) al um n
at e, CO,+CHy <« CO+2H, (Reaction 5).
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tri phenyl phosphoni unt et r aki s( phenyl ) borate, tri et hyi pho
s ptatalyinwaél riakdidg phangiil) Bernpencyt, particularly a transition metal or

di phenyl S niunt.et r aki Y,
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tri é}fﬁﬂr £ thBkhiftD 85aR! {HoRRRR AN, nRRERb&ladium,
N, I'I%ﬁ&p r%%%%cyc ’cfuﬁzéx’y am%on?urrtaef raki s(‘pent af_’l. uor Qghen )
y| bgpeat slver, gold, zinc, aluminum, gallium, germanium, silicon, indium, tin,

e . AP
t heydhawe g oP 8 ﬁi’é!td’fpcﬁfnip@ﬁlﬁﬁ, Gthi Rroxfi@sNtdiBides, nitrides and/or
X

conpounds. Preferred m xtures conprise a_li um noxanes .
an ghesphidesj andcoagplouerdplopeicdione or in eombingien . Platieura gad, pymium

o Lew : A d ._ AL
* Br cEn8ba b esetpsine o e SRR o el p BoLifeftred
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1d.in Fragicsigppoay be amporidet cagfide lee nifzida |of shoram salumgingm, silicon,
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particul ate porous solids such as hydrotal cites, talc,
i norgani ¢ oxides and finely divided pol yner powders.
Sui t abl e i norgani c oxi des, which are preferably

enpl oyed i nclude fromthe Periodic Table of Elenents
Goups 2, 3, 4, 5, 13, 14, 15 and 16 netal oxi des such
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purification and drying operations. Preference is

given to using silica gels having the defined
WE008/0688@0 S as support materials. Spray dried BCT/USH05/043523

grades, which inherently exhibit nmeso and macro pores,

cavities and channels are préflerred over granul ar

silica grades. The present invention relates to a-

process for the preparation of supported netallocenes

Oﬁléo Suégrg%’r)gal Ttsné?gser‘l%a&hhsﬁtgﬁil r s pOr | bn qﬁ&gb?enum
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step (| npr egnati on stégpzw t he co-catal yst | oaded

s amaerrﬁnnugl ¢lamerign i 1, Fhessugpeth 81y s Rerousgnaferighsuch as
S al n co
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S Ghi¢soploroukhe cpysfeﬂhﬁef edmﬁiraﬁale al ysdudes ailicates)ri rabxainesiticates,

a nixtﬂre of al um nox is.also

pd¥arasilicaies, APBoP S dﬂﬁmﬁeﬁﬁgfeﬁqﬁmm}f?%ﬂ%wh&t%
allyy! 9!?11‘ it ung,andf, fogﬁrdu%w& stﬁﬁ%pg fefials 1nclude materials
specifically, the catalyst syst e present

i rhasitg the franewek dyss MFI ¢opt A8M-Agmdtsilieiiss), M. (e.g., ZSM-

a1 TR T o Rl iy o oo SR B e fnzsviany EBR A

SoyyAnds) aMEY RVaAl ZMWMW’WJ (&8., MOMVR2S UiKtRq US@Z 25, ERB-1,
|npregnat|on Ste um noxahe | oaded suppo
nelfl&d- il,aITQ-g, MQMg%t MGM&%WM&WM) HWR émspls’lﬁ%ﬂéh Kl (e.g.,

oGO s eI H Gt 2871 MR g Hordenigh AU

POfetg. Cfolies ieY ahluabtasiK2steY Gind detuxdikiz€d ¥f), LTL (e.g., zeolite L),
al UM noxanes or an ionic conmpound and/or a Lew s aci d

i NTVAWs@i g dBIQ2 o VB (-2 a¥PHEN iAddd(ce) DAPOTHS, ARLE.g., ALPO-5)

o0 BP8 SUBTSESaly P ETRYEPRPAE oo

POITYQrR3B, pBQIZ@IIEQJM phQ-Qg) ETS-1,NE@SA01 mmm SAP(R84 and

present invention, the reaction of the suppaqrt

rra$/é]?pa:1 - v itpbleyBegopPES peﬁ%naéﬁlnshdaMG%ﬁﬁrM%éW-SO
%1 ‘% gs0f al um noxanes is carried out by m Xxing,

under the exclusion of air and noisture, a suspension

of [00H4)] suppoEKampiee roif qireﬁerreé wtaﬂysabim:lmkel met}fodmmm tungsten,

first rt on of an umi num)xa or. a
al then @q q,rg]omp}bn}ftlgas ofon é%ll)/ﬁﬁt s1f9aK%r alumina.

al jgphasf i c or Tﬁé LB b6m 'c WO ERT ROMSpRsabrAde Wéﬁﬁ@support by
hexane i sohexane, ane, toluene or xyl ene.

r eat nwmansg sved;lakmved i ahe att sushpasr en-pregipithtiom m@p@@t twetness,

200 OC, .preferably. from5 OCto 1610 0C, _partic Iaréél
pr EYARPTALGN TRRRCERAIGR: PR Okl d%?‘%’f@’&ﬂ lIJlF‘i’i‘é vapor
r eagidsfoni &fﬁl@féﬂ‘ a3d gﬁgﬂéﬁl Qﬁlthg 28 Aaeition, H@ﬁﬁ&@ﬁlﬁb lsip ort can

from1lto hour s. sequently the al um noxane | oa
subpqulfwﬂ by |kaDWnsn¢tb@18a§‘eQ111 @y for example,otteantingyacid washmg,

sedi nt at.i.on decant. Lon
S o PR SR afdiat PeuRR Mo Alo SR AR Bk RarPbul i Cphosphorus-
OnGOIﬁﬁmﬁ%rdénipoﬁﬁ& whd/br Sethérdbbecdnigiunds of @ﬁnips 1@3 3 and 13 of
descri b above. The al um noxane | paded sup

mather Peniodie Tehbs@ﬁﬁmqngﬁ d Srey modificatipnse 531 gﬁ’ yspdig alter the
S5 e RO RSB S Motk LRafloRRESSH ) fmat por
of s@ummrdfa(h suppart.| ocenes in accordance with the

present invention preference is given to react the

subpel mmat erditg Flewdmyall$atlp§18tea 67 pp Rorgfucted over a Wide range of
a YO BHARARIRE bmBorihid b £PL t@'l‘i?b‘l?’%ﬂ@l‘?ﬁs 0°C to 975°C,
suspendi ng upport material, preferabl
thermally pretreated silica, in a suitable sol vent
such as toluene and bringing the suspension into
contact with a solution of a m xture of al um noxanes
or an al um noxane, preferably nethylal um noxane, in
aSU|tabIe solvent at tenperatures of 10 to 30 0C.
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The inpregnation process itself can be carried out in

various ways. In general, the inpregnation suspension
wWo@r00s068800 on as descri bed above is conbi ned wi pET/UR®05/043523

cocat al yst | oaded support: naH rial, which is in the

formof a dry powder or as a Suspension in one of the

sol vents nentioned above. Usually, the cocatal yt

| oaded support material is used as a dry powder or

USBHeanP 60T SIICE!, aSapataldfonkPd @M 00y SRANSI 100 500

medi um The i@@regnation suspensi on or solution can be

t

eilPaefor gyerapler’d kHaco 290 4Palapd e waghidwudy speaetvelocity of 0.01 to

tepial, | | st :
B ek BOF b rOgREa ARl E R 2 hmeniont, e
I ngehegoaddigmtiGlsgeisoatuddd inadhelibserce off®. vol unme of the

i %re nation suqsﬁgensi on. or solution can exceed 100% of

t H804Yt al pofhe debydiveyelizationester prbbe condieied i opgsgmere fixed
el b t 00Q%044: 0 or.8uV : .

t et?r?'gse’r aogi?lg lgetd%v@% [ %1 ld%%ge?etgpfreggtﬁgf i\@ﬁh g%%ggtngéggﬁe%trl on being
sadontluded irssibr otigbsita mtith dnnixggén, wiatbont diexide,- caabal mehoxide,
| oaded support material can vary within the range from
10Weer IdYEIRESBC. The time for which the inpregnation

Su si on | kSt Is i
OB, 27 T B RIS Rl LAY bt whr
t hthy reacéomlid comltcted in @gdtralityt &f sages, Hinher bé sedestane énerhploy

mnute and 24 hours, preferably between .5 mnutes a
o istaese Henti e dbtfoehsoe feee feaction [Rrusiire. The fuel
| BN préTiBe HERHRENAEIRAIR RGP SSnvehichy bbithedWy BMoving
havi'ng the inpregnation suspension or sol ution flow
t hanslu glombhiegingo -ac ssiddstream | Gane dhe ugghydtocyelization| effiuent, after

di rect ..nan . Usually this procedure is catriegd.out

SRt o T, arsRiit, o] BT iy spprticn, B 1R hikylated
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th iffe . yars ant ' i 589,
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i nexipde, a¢aiibustlon effesokieCen the catabist)eandpthehefetigling the heated

enbodi nent, the catal yst systens of the present
i nGa#HYstée therpoviag pefalyBiybedn” i nci pi ent wet ness

[ ation ' .
| RASREt | onTRE SRR Yifnolll 6 3 AR BBphe dfydrocyclization
| i spep drevbldrogen) denianel haphilmeneg nabowmaiozfile, ethylene, coke and
respectively, do not. exceed 250% of the total pore

voRtegete mefiengy, %qaﬁ%t Fetilnent gopins Hgot % Hih, such as at
pr n{q WAYERL t, j ' tuios,

(s SRSTH) AP Tol, SEmBE ol AL 20 RO TIERERDIY Bt WASERONA, more
mi atouragic sings themi the feade slt peto e anpperdated Hat esfemhcdsrherdine to the

firs e f the catal yst. prep tion procedure and
t o P PR e SO SRR Bt B S 2 IS BB g heR Jhah the foed
| MR RERALA @8 nitdS REASHhE Rt niibertdf Morh MO HERs thhe first effluent
co-catal yst | oaded support material in a direct flow.

| nstoeeen ehrubdiexosed thef totdh aupbesefaromatie nngom thhdeed by at least 5
resylti suppor.t e tal | ocene catal yst system i.S

op it ST ECE RS e G Pt S ThE et the it
solpRRht diamOIPhSLiREMIQT inAEi§ thlvulegsmved from the pores

of the support material. The supported catal yst is

ob@158kd as dhe bewzene sl mgribeksae are then subiketed to an alkylation

emhodi nent  Qf thi.s iny [ S orte al yst i

r e(‘?%@ eltoedprzgﬁ % B?g%eﬁal"?@g \/\%Eﬁeté%%\’/vi %%Bar?g a?%lr%}lg(%si ca¥l§1 dirﬁethyl
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i solated catalyst is then dispersed in a non-reactive
suspensi on nedi a such as a paraffinic hydrocarbon
solvent, a mneral oil or a wax. Wiile the solvent is
conpletely or nostly renoved fromthe supported

catal yst system the m xture can be stirred and, if
desired, also heated. Preferably, both the visible
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60C, and f) Optionally prepolynerizing the resulting
supported catal yst systemw th one or nore olefinic
WORve/06880&) , to obtain a prepol ynmerized supporP@mUS2005/043523
catal yst system In a preferrgd enbodi nent the process
for preparing a free- flomnng upported catal yst system
according to the present invention conprises the
followi ng steps: a) Contacting an optionally thermally

Drb%ﬁie%éltﬁﬁ faghkifderSURBRY thaabigfdredycWididnaéfiueast Hb%vever, if
mol of an al'um noxane per g support material in a

s Wiesizggl e thol \bemenSucamdasn%nbltha&n@ atana be mﬁép?é%tgd e fgfm  the
200¢
7 SR arPRg Ty HRERD 2l CREIHIE L iVeBb BB Brenge by

kQﬁ@tl&ﬂatﬂ)h%efﬂré(ﬁMe@gcﬂhg BRylatiod4C0C for 1 to 6 hours,
optionally followed by renoving all or part of

t hesui t abl e sol vent such as toluene, and/or optionally
fo 0g,Qr nore washi ng step(s) using a
sm%‘%og%mﬁgs%}{@g f b) Suspendi ng and/ or di ssol ving,

r qepsAqt i vel yﬂheazllkylﬁamt protéss g tled inveetivd iatoll ey mmltaatlﬁ@ part or
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alaknPh dhareompatic QY@reﬁﬂbws antthe jdghydracycdizetiane efﬂﬂﬁé“r avith an
I

ot HEAE afick s MERAAL AT A Phalfle, PR otk dr tiquid

miphiasy @ thé padsemdenubemnesid eatalysis upyitable avit eatalgdts inetuda medium

f 20 to. 500 I [Ty faoll d h
prr@g%e%?a s iy tPTRABIMER 9%%&?3@"[ 5 0b 211 3 debied i U'S. Patent
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prepare he al um noXane pport
mengrsilidalite),AEEd. g, rIZSN; 1 1ot MAW derge Z8MHl ), JTON (e.£.0 ZSM-22),

R (i A 3\?1%52(% B NG vl BER A8y s and Dsvaas,
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or oo AN TR X5 ¥e sl e yoRids R, MOR (e,
SymbRIhie)] MAN €. 0 ZWI-4), DIET (elp. czsmrlcsyraﬁd MWW Qe.2bMAM-22,
r epol rrerlzed supported catal yst _system In a nore
o B S92 200 o R Qth T Q% MM 36 MGMeAhand MCM-56).
frgﬁ( utlgmﬁg%ort ed catal yst system according to
he—&resem—rnve'm

ion conprises the follow ng st eps:
a) [0052) act i Nin @i epbodimehd yf tHeepresent }pr@leﬁ; tberdend is recovered

o B i o s
' g&h l'eﬂ@.c(rLﬂﬁ)ﬁ)?Iﬁh \é't oloé‘ﬁﬁrn’{%ge@é ‘ﬁfr&&‘d&%@ol ?s&a' b5broduct of

conposi tion i nc udes at ast '1
meddéhyldedcyclizabonnmeactien ay mappwmr prodaceak itmbughn theuhaﬂene catalytic

a tenpera of, about, 2 foIIo ntI
P SPAHGE BhEYFeGHRaAS isirsl EPeve 4 Hose et e s of
ggﬁrolﬂﬁ@lﬁ B%hlélhﬁvélk ¥f Hleindin é&ﬁaﬁtﬁ)ﬂ kwith the d@h}’ﬂ?db?ghzatlon step

onal | owed by renoving all or part of
t oisuwm]ecar@wo hydptirbors ingo ftié hotvetflusyt ofi¢he delmysirecyclization

S SReiE: e art Seitdededin ot B et Mitortbgn tpasdyoe coke

ONgorfiRtigh.| OKSRE usfull fBf Bﬂt'yﬁmﬂ@ﬁ’ tdflaldh Be lodh&EStront ditiBth@ether,
of a second portion of nethylalum noxane per g support

nan@ﬂlaablordllgmr&bﬁl@ls\/\here t he net aI I ocene is used in

nt of..at. |.east. 0.1 % taI

o R e, pticd @Rbisnt Tharahils bicpbJepyr, BB A Rion of
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time of 1 mnute to 200 hours at a tenperature of 20
to 30, c¢) Applying the m xture prepared in b) to the
met hyl al um noxane | oaded support nmaterial produced in
a), by passing the inpregnation suspension or solution
b) through the nethylal um noxane | oaded support
rraterl aI | na d| rect fl ow or by u3| ng an. [ nC| p| ent
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As additive, it is possible to add, during or after

the preparation of the supported catal yst system a
wapmbloesnount of an ol efin, preferably an al pheeDUs{0051043523

such as styrene or phenyl di nmet hyl vi nyl sil ane as

activity-increasi ng componentl4or an antistatic, as

described in U. S. Ser. No. 08/365,280. The nolar ratio

of additive to net al | ocene conponent of formulas 1 -

égrérf%%sﬁf egfg %{Cg‘? 33009 ?Pg% él%gog% %)8 1&‘5/25 ¥WHSV based on
preas st df rﬁmﬂ 015(16 4 1&6 and avthele satio gif twasse tb ethylene of from 1:1

preparing a polyolefin by polynerjza n of qne or
i G031 e Tt HEY B SHBR T i o et s 6 sbiag ot at

t Egnﬁgér?tﬁgennﬁ?‘#ggg e@(t):(?) %ﬁoﬁgﬁ? Coﬁé) {&ﬂ33¢ C:) I‘esﬁ%g up | to abm%t 3000
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pur poses of t present invention, the term
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qugﬁggﬁﬂﬁgﬁg |cu ar rom1l to 10 carbon atons,
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et armhlmrdmmlon foneonyersinprte ethylodnzéne s Thawisnljartt egylbengene can

20_car.bon 1- but.en 1- pent e or hexen
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at RBReri84 bylméthbdd W6l RAGwm HOthb ft Ae eigdtexylenes,
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D P Oahar i 5o IR TBAER L hGP 3T S R MG benzene andor
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ca?iylﬁé% srathydpa lwlﬁnesencbf@ fhéneﬂf)dn%ﬂ&ﬂf‘é‘%r ABhsre theopethanol
oo CpMB 3G AR B e KR SR e o
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O MEM AR Dhdd LMok b 22 AN 28 5B 2Ot e has
S AR, & @'ém g & rgag Hay¥d éhDﬂ'ﬁfsfo‘ﬁr Qtameter for 2,2
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C 0 WM@QSm'a&’f)b%dane?élﬁ 8¢ rérelen6d! | Wheethe Riethanol or DME is used
di stribution or honmopol yimers or random copol yners
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cascades by applying different hydrogen and/or

di ff erent conononer concentrations. In addition, by

appl ying di fferent conononer contents in two or nulti
react or cascades, polyners w th broad, binodal or
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h = hour VN = viscosity nunber in cn8 /g Mv = wei ght

average nolar mass of the polynmer in g/nmol Mv/ M =
w@oelogasssper sity, deternmined by gel perneation PCT/US2005/043523

chromat ography (GPC) MFR = nelt flow rate, neasured at

230 0C. with a load of 2,16 kg (1SO 1133) mp. =

pol ymer melting point in OC, determn ned by

differential scanning calorinmetry (DSC, |SO 3146) with
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2.22 (s, 6H, CH3) , 1.87-1 .35 (m. 20H, aliph-H),
1.31 (s, 18H, te/f-butyl), 0.92 (t, 6H CH3) . Exanple
3: Preparation of

Di et hyl si | anedi yl bi s(2- net hyl - 4- (4 terf butyl phenyl )




step to obtain selective catalysts for propyl ene
pol yneri zati on. 1H NVMR (400 WHz, CDCI3) : 7.85-7.1 0
W@ m006/0dddp0 arom H), 2.25 (s, 6H, CH3) , 1.30 (sPCBUBL005/043523
CH3) . Exanple 6: Preparation of
Di et hyl bi s(2-net hyl i ndenyl )$blane 8.0 g (61 .4
mol es) of 2-nethylindene were introduced into 175 m _
of tol uene and 13 nL of THF, and 24.6 nL .of
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Ia%(% chI orosi |l ane were slowy added dropw se.
P addi ti on, the reaction solution was stirred
f C[0061|’]r ee hatuslysas sGREblantbrt iwen i vies nh@hylatidn rreaption include
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and a rac:nmeso ratio > 20:1 .1H NWR (400 Mz, CDCl 3) :

7.74-7.03 (in, 16H, aromH), 2.23 (s, 6H, CH3) ,

wa208~04880810 (m 20 H aliph- H), 1.36 (s, 18H, PCT/US2005/043523
terf-butyl), 0.94 (t, 6H CH3) . Exanple 12:
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tenperature. It was then slowy added to a sol ution of
27.7 (229 mmol es) of dinethyl sichlorosilane in 260
m of THF mhlch has been cooled to 40C. The m xture
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filtration. The residue was washed with two 112 nL
portions of toluene and three 112 nlL portions of

wo soaessmne and dried in vacuumto constant wei BOT/USIN®043523
met hyl al um noxane treated silica was obtained as a
free-flow ng powder in a yielld of 36.2 g. Exanple 17b:
Preparation of nethylalum noxane treated silica To a
stirred suspension of 29.0 g of silica (C}ace XPC2107
drled at 9 C%Wt 1 nbar, for 1
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atwntlomnket, eop exatplese by Buposigg tthaecaiddstt moihetlh@ctor toat ermally
te eratu fgrrust .not _exceed 3 Aft r. the t%ddttt in
peseb RIS CRBOVS b Donaehe SHgRh Pl hisbefiie
‘ oé?('afasts%mﬁé AbdSp ARt t%ﬁﬁieﬁﬁﬁ& Rf s&d GoplpoaM® k. .0 foff 400C to
or

our hours. After cooling down to roomtenperature
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treated si Ilca was obt ai ned as a free-fl ow ng powder
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Sti rred for half an hour at roomtegﬁ)erat U.r
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co 24ré8 N1 s@Rnown to th
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t wof dr@ithany skib it iterest, efiultiple deatmentsdman be emphtyedito effect various
or,ti ons .of isohexane and dried in vacuumto const ant

p%?es of feleHLRH9P-al uni noxane treated silica was
Obf(ﬂide as BilfcoR&y fhHaPvhi Be RR¥AIES sélbctdval BledeaddlydIndlude the
. In conparison to Exanples 17a and 17b, a nore
vi followting:eact i on can be observed while adding the MAO
The obt ai ned net hyl al um noxgge treated silica exhibits
a |l arge amobunt of small part|'cles (fragnents). Exanple
18a: Preparation of suppoL %Ll riet al | ocene cat al yst
17.5 g of the methyl al uni én treated silica
prepared in Exanple 17a were!placed in a fritted gl ass
filter as a colutm with a sfoth surface. In a
s epdtesetie Rf limBkdr8gdh, ﬂyonﬂe hydroxy, alkyl, aralkyl, alkaryl or fluoro-alkyl:

DTl GBSO SERS PR, SPB o dhpulf prbgn stoms
rretaﬁa Pqu ﬁedf@% tifh1 3r Eﬁ‘lyp{;roﬁ}()§ ORWMs- sé‘!e%féhlﬂ*drﬁ fhePdame group as

oxane 1I'n tol Uene bemar| e Cor por at i on?}
Thé{lshmtnys avainteger pf etdleagt %memﬂemmm@ngmf 3@ 1000. The

?ﬁé&olew%'f%ﬁ § caRRashs S biedRacndrly Pt AR o00 and

BAbH) |15@ 350 arsloeu, Ok dprésehtative dilRbhesMitdlide dimethylsilicone,
OXI mate y 30 mnutes. Wien the surface of the

coldwthydsmwnuu on pbemytrasthylsdicongy of tmethyl; | i cdiydregensilicone,
fil n pecess was 0 filt
car’ y?lli‘ %ﬁﬁl %roughlp?;‘ Sﬁﬁ fr %%éggﬂ}l%%eans ofeﬁ ug?%gp%'ﬁﬁcone

spatul a. The catal yst was then allowed to rest for one
hour. The residual solvent was filtered off and the
catal yst was dried in a nitrogen purge to constant

wei ght. The catal yst was obtai ned as free-fl ow ng
powder in a yield of 17.1 g. Exanple 18b: Preparation
of supported netallocene catalyst 17 O g of the

o o o, o, o o R — 1



of 24.3 g. Conparative Exanple 22: Preparation of

supported netal |l ocene catal yst 10.3 g of the
woreaohpbsbum noxane treated silica prepared i n PCT/US2005/043523

Conparative Exanple 2 1 were placed in a fritted gl ass

filter as a colum with a smd8th surface. In a

separate flask 243 ng of

rac-di met hyl si | anedi yl bi s(2- et hyl - 4, 5-

N
NehByY1sthyREIRex&NBiphBnlalib@e HéhhRABIIbeeCoERMhddrbfithylethyl

The slurry was stirred at roomtenperature for.one
hsilicone, wiethyhvanydsilgoneethds ethitvimsiliqaries $be wilicone waed not be

O S 18] I A S8,

apetAxdthft ®lotetdakilokatdl es. Mbeiphehd sur f etotabildxate and
colored solution _reaches the top of the silica, the
f iqctaphenydeyopnteisastexangs Mixgpseaf Hisee eqmerqunds gjayadsecba psed as

c . i by neans of a
s%@ggaglyﬁggggpg@gm \X/glgﬁ lﬁégn@gl | owed to rest for one
hdooe68]The r eSsefinlalsilexdnes nhndvagolfsilokenesd inflideand tro@-limiting
catal yst _was dried_to constant weight jn a stream of

ni qxaaﬂ@@ hexppethdeynlqtasilopage.,y Bf%@&lcggloépwi@@ﬁodmgwthyl
p iBsibxkhe! d OF Al FARALAL] Ve EXatphRadirisil
P?éggﬁjgftnlg%lﬁ)xg?ee’net hyl aﬁa?# noxane treated sillca %gn% oxane,
stdecamethglistpsileianns, béxatthylyglotisilekanes aclaGihyboycPERiIGbxane,
dried at 180C and 1 nbar for 16 hours, .LOD < 0.5 wt %
i pefenstcylgiylpyaie g oo pphesp B RUE T FRR%S dded

sl [[0%9'] 16. 3 lefl Marld, WaisHaRQ! Ubi ORk@ysilanes include _organic
met hyl'al.um noxane in tol uene (A bemarl € Corporation)
atsubsigiiedenper alance. Durhawang he adBeti on génsral formula:
tenperature must not exceed 3Q0C. After the addition

was conplete, the mxture was stirred for two hours at
roomtenperature. The solvemrt was filtered off and the
MAO treated silica was driedjin a stream of nitrogen.
Conpar ati ve Exanpl e 24: @r_e_gpLng on of supported

net al | ocene catal yst The net py al um noxane treated

silica prepared in Conparatiye Exanple 23 was pl aced
inafritted glass filter as @& colum with a snooth
surface. In a separate flask 464 ng of

F ahHER ByA flab@Resby Qioﬁ(a%-hgafdgxh;aﬂko%qbﬁﬂé L e&BYty, Binino,
rconi um di chl ori de vveﬁre m xed with 65 m of% ol uene))
anategntide tmialkylsilyog0 Rwt Ro sl Bs icen bef the same as R or can be an

nmet hyl.al um noxane in .tal yuen henar | e rporation)
T P e e risp b At o} BRI o8 abSRBh NprB oyt or
hoayl ERLELYIR RiTNBEcnSHe Seanid uttior BF SIk§PEAHHAIRN 1 WRS0 carbon
then carefully added on top of the nethyl al um noxane

t r dfemsdang [the arydngroup wwnipins Ot tor @4 earpongi whioh may be further
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catal'ySt was dfied In a nitrogen purge to constaft

we diphdthy gl yisiltgd, phényivanethplsdbnee tiatisylsilahe and htxametigyldislane.
powder in a yield of 26.5 g.. Conpar.ative aml e  25:

Pr bseithelkerysgrmesarenipese i Adsanh ens silisereayEpEsThonds »
stirred suspension of 9.8 g of silica (G ace XPQ2107,
dried at 180Q0C and 1 nmbar for 16 hours, LOD < 0.5 w %
and LO = 2.6 W% in 49 nL of toluene was added

slowy 10.0 nL of a 30 wt-% sol uti on of

nmet hyl al um noxane in toluene (Al bemarl e Corporation)

at roomtenperature. During the addition the

t enper at urenust not exceed 300C. After the addition

was conplete, the mxture was stirred for two hours at

N o, — o o r a o o




Conparative Exanple 31: Preparation of supported
net al | ocene catalyst 11.5 g of the nethyl al um noxane
WO e@aessosi | i ca prepared in Exanple 30 were suBQENSEdS/043523
in 69 mM _ of toluene. In a separate flask 231 ng of
racdi met hyl si | anedi yl bi s( 20
2-nmet hyl - 4, 5- benzoi ndenyl ) zi rconi um di chl ori de were
m xed with 20 nL of toluene. The netall ocene
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powder, in a yield of 11.4 g. Conparative Exanple 32:
Pr @p@fl&krﬁwa@f tom opIpsralie sk aﬂ!@r eonehiens csanlpyed irgheprocess.

drl e’%?ﬁ?ssq% E}xc%f‘ gé?engl ﬂlc e%u Cﬁ%%a&ﬁ8¥§%$m1na

anglli¢dmagnediah slllllc%znbﬁmﬂ 5§illd§ﬂ_thaﬁa,t ﬁllldzﬁba‘yWﬁ’S aad déita-titania, as
slowy 80.0 nL of a 30 wt-% sol utjon of
meWEY 1 23 (UPHOATK SABIPPHLORY LBIFE A% BéGretliwinadhedm.a filigprplumina-
at t t

{7 A8, (RIS Bbiatna il M AR, Tho molecular
vvasewnmpy alse betdmmpmslxetimﬂh veditetmateral fuoh ak dief zealitihmaterials

RO TEIBBUR HoSr o2 eoaP S5 g0l HOVe ProEP Rt molecular
t egR&! ahdinddemaRliXe Rl Wasy %@ag %ﬁﬂl thY dhibddiat me% content

The resi due was washed with two nmL portions of
t otangimg feord betwasa 250 % bpoveugmnmorﬁf prie§paidy amtheaaage of 10 to

drj in va nst ant The o
et B R REe e PR St Hhrs Ebhe foms2to S0% by
fr @Rioht ow ng powder in a yield of 42.1 g. Conparative
Exanpl e 33: Preparation of supported netall ocene
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col ored solution reaches the top of the silica, the
filtration process was stopped and the filter cake was
carefully and thoroughly stlrred by means of a
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The slurry was stirred at roomtenperature for one
hour to give a deep red solution. This solution was

wo b@a/ocsoef ul | y added on top of the methyl al unPeDY8285/043523
treated silica and slowy filtered off within
approxi mately 30 minutes. Wiéh the surface of the
colored solution reaches the top of the silica,. the
filtration process was stopped and the filter cake was
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stidih&d. at roomtenperature for one hour to give a
deep red soI ution. This solution was then carefully
e met hyl al um noxane treated silica
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cat alést 12.7 of the nﬁ@hlyl al um noxane treated
si HBWEB('X?%S‘? Watesgafshet ectiqler e pl aced in a

fritted gl as&dl_,JltIer ag,a c@dj_ppl ith a S”E&Ha@tion@

surface. In a separate flask 303 ng of
rac-di met hyl si | anedi yl (2-nethyl -4-(4'-te/ifbutyl phenyl

)

i ndenyl ) (2-isopropyl -4-(4'-fert-butyl -phenyl)indenyl)z
irconiumdichloride were mxed with 32 ml _ of toluene
and 3 7 m_ of a 30 Wt - % sol uti on of et hyI aI um noxane
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Conpar ati ve Exanple 19 enploying 8.4 g of silica, 42

m. of toluene and 2 1.3 nL of a 30 wt-% sol ution of
woretodapbsbunm noxane in tol uene (Al bemarl e Cor poP@l/USI0)5/043523

Conpar ative Exanple 49: Preparation of supported

met al | ocene cat al yst The net h§2al um noxane treat ed

silica prepared in Conparative Exanple 48 was pl aced

inafritted glass filter as a colum with a snooth
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was then allowed to rest for one hour. The residual
solvent was filtered off and the catalyst was dried to
constant weight in a streamof nitrogen. The catal yst
was obtained as free-flowi ng powder in a yield of 9.8
g. Con'paratlve Exan'pl e 52 Preparat| on of
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allowed to rest for one hour. The residual solvent was

filtered off and the catal yst was dried to constant
wowioglosssom a stream of nitrogen. The catal yst maBEUS2005/043523

obtai ned as free-flowi ng powder in a yield of 14.9 g.
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f rEEHY i ng powder in a yield of 16.2 g. Exanple 60:
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ety Rldipl RO aldgBAL Sibsiitulied dAﬁeﬂ% efedtd a@mhstemary.
38 were placed in afritted glass filter as a col um
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nL of toluene and 5.8 nL of -a 30 wt-% sol ution of
nmet hyl al um noxane in toluene (Al bemarl e Corporation).
The slurry was heated to 400C and stirred at this
tenperature for one hour to give a deeply colored
solutlon ThIS solutlon was carefully added on top of
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were placed in a fritted glass filter as a colum wth
a snooth surface. In a separate flask 372 ng of
w0 a@6mb88ne hexyl ger manedi yl bi s(2- et hyl - 4- (4" - t B¢TAB2DYD43523
phenyl ) - indenyl)zirconiumdichloride were mxed with
33 M _ of toluene and 3.4 m 24of a 30 w-% sol ution of
nmet hyl al um noxane in toluene (Al bemarl e Corporation).
The slurry was stirred at roomtenperature for one

nd S g ot SR SRAREER R kg BB 3bbO BiarO
t rpdtEdpPso qmrélﬂﬂ =9B,0M4,\Bd, iGd, €eglli,Ofif etoi)l Mdmentioned above,
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powder ’'in " a yie nparative Exanpl e 68:
Prepatua¢.i on of net hyl al um noxane treated silicaThe

nme al um noxape treated siljca s _pr.epar ed .
Al ng "t oRSalFRHE Evex aHire. (e oLEHaRGY Hplyst gngfudes a
of mdiebhigA siéd#, Mhe @z{tte?_ohié?n BeaBéeivated! to of:hﬁgéoitg\'t di¥fusion

solution of nethylal um noxane in toluene (A bemarle
Coehaoactdristies) sucioaimg sheapriedmniirutimilencdomezmapducad by Readtion 9 is
suppor ted t. ocene cat.al yst Th t hyl al um noxane
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fr e JIERULRY oP OGRS 1, 2, 3 4/ield7.0f, 91403119 -12Ex8NM, €5 74 16 of

Preparati on” of SUé)port ed metal ocene catal yst 223 ngy
of the Periodic Table of Elements (new IUPAC notation).
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(Al bemarl e Corporation). The solution was diluted wth
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was,. st r I '
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nitrogen purge to constant wei ght. The catal yst was
obt ai ned as freeflowi ng powder in a yield of 12.9

g. Exanple 7 1. Preparation of supported netall ocene

catal yst 231 ng of

rac-di met hyl si | anedi yl bi s(2- et hyl - 4, 5- benzoi ndenyl ) zi

o - e o ~ N




rac/ meso-ratio of 1.2 : 1. Fractional crystallization
from heptane yielded 500 ng (0.65 mml, 7 % of the

W@ ovploessomi t h a rac/ neso-ratio of > 13 : 1. 1HCWBSI0d9043523
MHz, CDCI3): d = 7.63, 7.56, 7.43, 7.35, 7.09 (5 x m
14Hlaromatic), 6.98 (s, 2H, ?—ﬁdenyl H, 2.23 (s, 6H,
indenyl-CH 3) , 1.91 - 1.82 (m 4H, aliphatic),. 1.31
(s, 18H, C(CHs)3) , 1-27 (m 5H1 (H3Q)Si (CH 2CH2CH3))
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oS BHa iR OXidthe slurry was stirred at room
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Di i s(2-nethyl-4-(4'-tertbutyl -
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?

4-Rrgmixed, andpfed \toggthes ﬁmo) Qlﬁﬁtlﬁpweis FepaRfain, (b élgsned ratio
O SSHHF Se YEloc SR 3 st o

t okinetios) Opeioealiyd d&thn%eommtmtmﬁombﬂmﬂ@iuﬂmg lagent can be kept

rri ture WaSS|tre for hour at 80 C.  After
Cbestiestadsintons Sheutith PromesadChiotionss b siion ob Saene andor
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cooling to room tenperature 100 wat er were ad

an® give gb@q/amnam pemp@lpmlrm@tsmﬁh embbgtenmcetal}ary ecaottas system

wat er ueous.| ay.er wa
exPREpLatIgoEE A U B s SenR 5 g gk affl and
cogipigped organic layers were dried over nagnesium
sul phate. After separation of the magnesi um sul phate,

t hi0088] vent Whe meélmﬁl\@dhlsnnvgm@a ip eapeblg ﬂ@PﬁOdung gnigures of

2&%@@% ‘84‘%%2? C(U" I lij%S at rle }% %ﬂofv’t glﬁlgﬁ}lfle preferably at least 80
di W'ﬂ"’/@%ﬁﬂ&ﬁdb@@ﬁaf&aﬂly)at Yda@ﬂ @tﬁﬁlrt ) 'I&xegnéﬂi&d BT Ris inénth is also

bis[4-(4"-tert-but heny /) - et hyl - 1H ndene- 1
y| Fapgble: o gongprting élt lepst v «(abthemmamrapounddw mixture of

7. 0 72(s 1H ol efin-H),

g%‘ %es Eﬁe&&m&éﬁm&g&ﬂ*@ “?ts& CH), 3.59 (s,

- ,205 2.01 (2 x s, 6H CH3),1.36(S, 9H,

t Bu) .35 (s, 9H, tert-Bu), 1.03 (t, J=7.7 Hz, 6H,
-CH3) O. 91-0.71 (m 4H, -CH2-) ppm a2) Preparation
of
Di et hyl si |l andi yl bi s(2-met hyl -4-(4'-tert-butyl - phenyl) -
i ndenyl ) zirconiumdichloride: 15.2 g (25 nmol)
Bis[4-(4"-tert-butyl-phenyl)-2-nmethyl-1 Hindene-1yl]-
di et hyl -sil ane were dissolved in 150 m toluene and 15
m THF. Then 20 m (50 mmol) of an n-butyllithium
sol ution (2 5 Mln toI uene) ver e added at room

e o o, . o A I o,




8.93 g of the crude conplex with a rac/nmeso - ratio of
1.6 : 1. Extraction with toluene and fracti onal
wa@eysiedsho zati on yielded 3.1 1 g (3.8 mmol, 22P&4/Uusi005/043523
the pure racem c conplex as a bright yell ow powder
(rac/meso > 50:1 ) . 1H NMWR @400 MHz, CDCI3) : d =
7.76-7.1 1 (m 14H, aromH), 6.81 (s, 2H, aromH),
2.84-2.71 (m 2H, iPr-CH), 1.47-1 .43 (m 4H, -CH
2-; 1§Ebé§ g8H, tert-Bu), 1. 1 5-0.96 (m 12H,
J Ik Ct e aration of the supported
MghGgd]ocene 1RERNFE ofl the /alldylont ﬁh@cé@teﬁﬁﬁl@ﬂ'eﬁn”tﬁéoéiﬁﬁ&lt from
treated silica prepared in Exanple 74 were pfaced ina
f rthe elsgllatjbmseactioh systerads feddo laapargliarhsegtiemrsbwhich the aromatic

f . ln. | ask 319 f .
7 oot avo e BRRGH S e 3 ATodR B0 oty Jow pojeculgvisient
| Rhasiil, doReavtly B Sobimt bxidtieh| Phé SemaEitepiodues ci then be
32 M of toluené and 3.6 M _of a 30 wt-% sol uti on of

neftdsfibratedrinio rdivazing frastiomrelolusing drpaliere acior Hastion) apd)a heavy |

TS e S0l 29 BB B roma

Cagrhigh | vn abele e dud tOR @fstilligativat stydorpticti pcadieto separate the
treated silica and slowy filtered off, within .
apylubinatelspespmpangieand heerpmaisng grixgd aylsnes gither sold as
co | on: : t 4 t ‘

¢ APRA 100 SRR 05 (90l My, IR oo
c afrgftioh | ganagithet her eugivky astsblentdd dryduntaresydéd ao the alkylation
spatula. The catal yst was then allowed to rtees for one

howrctorrh rfed Hat ~ WHPEn AISRERPOFAEL o> PP t heselective
caf: Mas: dr. | j b : st ant
Bl e e RO B g

powder in a yield of 14.0 g. Exanple 78: a)

Pr rati .of the metal | ocene conpound

i Hsirggee Meiseiony| - o s-(2-iso-propyl- |

4- floﬁbg e/ t - bt iozB RNYidjoR 8eRYdnkat 61088 A6 & /Bligtiiot @ fffuent.
a 1) Preparation of Dinethylbis(4-(4 )

- t Accordinglyt imphve aypbpdiment of tégsdpymtlpm-pﬁqq;‘eqﬂ@datlon/recovery of the

1-yl)si.l ane, 20. 6 | £s).  of _

- Lol BRSER, Peehigh b SBRLEYY Biypropepssingion sgppgoduce
| N{te nicoh@nBaBtheleffignt befotteme rcheled mbthar is Tetycled to
then 27.6 m _ of an nbg*t#igl lithiumsolution (2.5 Min

t othgedrlydigsyelization Fiem enbie mawimizey fed orilization ond ypically the

t t Af t i S. i ti. | .
TRl PRI A PP e i
t edglgidedcytkization effucme whthuars oxytgenwastaling syedics do poaduct ovater

400C, then 4.45 34. 5 nnol es), of )
di Aed Ryreandratlp iSEYS?HE & aslegvie] hyderasm foBisl sampared with

Af ter g,]”;ﬂg TYalel I.on sol ution was stirred
foﬁ&tfﬁ%&g ou(?ds};c gtgﬂrg%é(]:mgﬁrg%%%ﬁ over ni ght at room

t epq091ht ur e. CoACenigntlypf theahpdroger ercgdtionl stepl nfag include (i)
phases that formwere separated. The organi c phase was

e GIORE R ey SHTagy B o FSCER PGt ROt (T RGeS of C
vva|§0 ex Efceﬁrﬂg%Mu?ﬁ%ﬂlﬁﬁ&dﬂ 40l FhdrWxberates2@P) e§t6 of light

t ol uene. € conb organi ¢ phases”were dri‘ed over
magtefins,upareffinsated/oAfatenatice far atay ool afmethenateemdisiathyl ether

sul.fate,.. the | vent S I ved and, t he resjdue was
AR Ao e
wa : : T

v P ety ol ) 8 R gyt AR arom D 6. o (5
2 Hhaydiref henerrloy@l w1yigld a O enrichgd streagofollowed by methapation to

-CH )., .3 s, 18H -Bu), 1.07 (d, J=7.1 Hz, 6H,
-Cﬁ%&le‘,’ej}-‘lgﬁ.cé%ve(séo,nmge-ﬁlé—ls) ppm a2) Preparation of

D net hyl sil anedi yl - bi s(2-iso-propyl-4-(4"-te/

- butyl phenyl )- indenyl)zirconiumdichloride 6.8 g (
10. 7 mol es) of

di met hyl bi s(4-(4' -tert-butyl -phenyl)-2-iso-propyl-1
H ndene- 1-yl)silane were introduced into 60 nm _ of

o o - —— gpe— ~ o~ 1 o




free-flow ng powder in a yield of 16.0 g. Exanple 8 1:

Preparation of supported netall ocene catalyst 18.2 ¢
w@boobloessnet hyl al um noxane treated silica prepaP€mrUsI005/043523

Exanple 74 were placed in a fritted glass filter as a

colum with a snooth surface27In a separate flask 219

ng of :

rac-cycl ohexyl (et hyl ) si | anedi yl - bi s-(2-net hyl -4-(4'-f

ell\ifléthgxﬁtt%h/@?ﬁﬂ 3 i ndenyl ) zi rconium di chloride and 121

ng-of Tac-ariethyf sil anedi yl -bi s-(2- '

ng0092]i ndenyth e embadivrend ithdhpdrb g tefcadombispe dombiifes4Eaction
nmL of toluene and 4.7 m _ of a 30 w-% sol utjon of,

e 1 | least Ra S dhe hyArogsn de tee delpsisesyelieation: sfpent; with carbon
T rLy j . f :
i By plfied SR Bha/bE Wit RERHE oy e, Rpying, net
catafiohs:y added on top of the nethyl al um noxane

treated sili and slowy fjlJtered off within .
appr oxi mat el _%Joﬂﬁznut‘é’s. \@éﬁﬂz%éosurf ace R_é?FCt%qli‘elO)
col ored sol yid®n yAAChES ”@ZHCfQ*gﬁIOt@%?ﬂdn'm’ t he

filtration process was stoppe t he ter“cake was
cdfe9l]l | y arithetdachramudjbkigle stiployed iHyonveniestlypard of a natural gas

spatul a. The catal yst was then allowed to rest _fo ne
e i PRCAaNR teoran moped 1 Sy vepd e ied 1o the
cadeﬁkegr%&yraa@ai&f is@f. | NWBefl IHeO9BBoR i8Rk Ois CHRB AN methane-

wei ght. The cat al %st was obtained as free-flow ng
powditaining sizeay, shelCOR:CB,. o the stpaamisicen:hien)lyPnaiptamet ibetween

f.th | . d L .
(et ngnd by P QCR Fatbon. dpsidgsppipining (gream and the
) tcﬁ'hvdl*éué:j:a@é‘re Bfftuehn e sottveniently @Bhised b Rupplyie1lfe Gaseous

— =

(38 mmol ) 4-(4 '-tert-butyl-phenyl)-2-nethyl-1 H ndene
wefeedsdpd af it ¢iPOtoR t ol uene and 10 ml THF. 16 m

( eq.) - Lt hlum (2 i n n e
ad@ggzﬁat r oof%lefgglkg{eongjg{lur é&?ﬁé §t% chf)olptﬁ?ﬁ“gg %&h@ i Pr 0740
f oiorhally @inp3®@G HATG®Y mote | ratig cloge 46 the3sto#hipnidhid paspoitions
(met hyl) (phenyl). dichloro silane were added and ., .
sﬁeﬂwﬁ%f%&se Qesimed ReacHon P or Regetign K glthqugh spad) righions can

aret PREFhe Hicom ErER LR AR5 (B 4 CORENR: prrich

et deeond dffiuedt s{réam 0 FheiydJrogerBrefegtion step kaupnoi@ccGivkthane or ethane
: dded. d ..

b EPSHrifHY SHFE B ITERnt Phar LB uRLeRREst qyapising o

4. htta® clﬁﬁlpénﬁﬂ- paBORALGY N0 trhsilid D3 & EGRPOURD thereof, on an

t et rach_ ori de wer e added and the m xt ure was sti rred _
f omorgahicagupperd mSusaiie meetal rcompPhents oompprise wppel, swhavardium,

by filtrati . hed.w.th di et hyl. eth .
¢ bt 25, GAfER ptRE cinbl rabradfnin dhiRuiy L. Hodium,
18pdaivk QOGR! rhériin] ithistdh, ik dplaiiFe, CRITB SUINGS and

extracted with dichloro methane and the sof véent was
r ep@vkidationsy sk compoynds| ghereq1 glhes inprganic 2wppert may be an

regarding to the indene) as,a.bright. l.ow p er .
(r 33008 blieal A G e e b ticd e RR YR osg gistea
- for8Re deRyddatdthati2b@urPédtalyst] Tl ediition;)he Bofdnic3ugort may be a
1.95 (3. x's, 6H, indenyl-CH 3) , 1.36 (s, 3H S -CH3) |

. arystzlling matgripl, syabHey 3)MiSEHPOTAQS qurBpsOParous rerytalling material.
su ted | o .cat 13,5 f s

ne ﬁ%@?unﬁé@an e&ﬁ@gﬁ%d Si %?%%’1 p?nedg%dr%edttﬁeﬁ F.%(llallrr%l}oglhcates’
74 ambngphasstdiesn andf r kiliceslugirphodphhteer seda abdwemfor the
with a snooth surface. In a separate flask 325 ng of

r adelpidreaygiization 6#91y5isi | anedi yl - bi s- (2- et hyl - 4- (4' -ter

t - but yl phenyl ) indenyl)zirconiumdichloride are m xed
with 33 nL of toluene and 3.8 M _ of a 30 wt-%

solution of nethylal um noxane in toluene (A bemarle
Corporation). Theslurry is stirred at roomtenperature
for one hour to give a deeply colored solution. This
solution is carefully added on top of the

met hyl al um noxane treated silica and slowy filtered

o - . . . . . A e Y



m xture of nethyl al um noxane and triisobutyl al um num

showed a productivity of 13,800 g PP/ g catal yst x h.
w@ovpassabd ve Exanpl e 85: Preparation of supporP@mius2005/043523

net al | ocene catal yst using triisobutylal um numinstead

of nmet hyl al um noxane 15.29 g28f the nethyl al um noxane

treated silica prepared in Exanple 83 are placed in a

fritted glass filter as a colum with a snpoth

te fl k 23
P BOGTS . | e B Feee Ol o e methan andloryftyase can
r %%Hﬂﬁét‘é&mé? fal vgﬁe ﬁal'n%e 'G‘fé@ﬂhﬂ‘d)ﬂsrlnélgdﬂka tehpér@hukeH100°C to

-% sol uti on of
t rqoogemmcmaauﬁm@tmoom Eptexamp{eAASCNoHEDC., Fipeessure of 200

oty A0 3p e S6n & sHR R HAPIRE R SRl RRg ot vel ity of
cay. ekalibyoadaedsieh dsaptdPi, 000 eretdyy ednveisXRPEls are typically
treated silica and sl ovvly filtered off within

apiskosanrAtt mdylo@% andhpretesablgraater ieans{f%.ueh o greptst than 99%.

or ed o ution,.reach of t
7 EoBml sRubt A0 bulfad B by bR e futh heat
c ae@bvhll det@beh bEBI OBOMditiG, ithe eshdBed(®ansy Bé operated at higher
spatula. The catalyst is t hen allowed to rest for one
hoemperphges Bsmakianize singlprates apd (the talibesisfs) apay be eperated at

S gl B RS U O o

pqﬁﬂ%] in a ’Yheeﬂnqufrodlﬁ:tﬁoigthe G:‘ea?man atd WﬁtetEXtﬁmdbperﬂﬁtg on the

Preparation of  net h¥1l al um noxane riisobutylal um num
t r%h?@d gplay catiopgmgthags, retﬂ%aale Proﬁﬁ%’FesiéogFi heg gith some
S0 5T i A

t ocbﬁj’étnecaﬂmmdnbxnﬂesﬂoowﬂ}omnmnoﬁidﬂtis piefearr@D Vtfic¥oremoval of the
sol ution of nmeth um nox, nelntol Al

oVl abs SR TERRHToR 8S. e nigele ubh diztide aad higher
Solll}l‘éﬁ'b&?od?lfs ! b ARYditeRlIY To KB ddhyBRRYADALEAED to generate
Nobel ) at roomtenperature. During 'the addition'the

t earolétienaliaromatis praductsexceed 300C. After the addition

isF.c lete,,the mxture is stirred for half an hour

at A and then heated and allowed to

refoogx for fRUGnSRE smbédintht GBE|Hydthgd\Wjdcton %}9 comprises
tenperature the solvent is separated by f| ltratio

Th@aqatem ellat least\pagrddtheihydrogam is thendehygdracyelization effuent with
tol u t.hr

s L LY
nepﬁyffﬁislaﬁﬂawﬁame/trl i sobutyl al umi numtreated si I | ca

is obtained as a_ free-flowi ng powler jn a yield

25 [0098] cOnpxh@tﬁlvéere'&r&ﬁmhepWGSSPtSewstlalmoa‘ﬁl i the art, sce for
d t 0 e S 0

CEELLTS: 3 SRG0E STRkSslnd 05 0% LRUTAKALE by

tr ﬁhedce& The @rddemny@waﬁﬁm\tolms thi aequition 86 hgadmgeh améd:arbon

|nafr|ttedglasfllt saco um Wi t.h
SURPREHIC | 8 BeRarate G G0 By 7 gpaferedty [517 251, at a
ra [ | =3 o
4, Emgenzm ngﬁ%@(;‘%j!l()d ¢ fe?erﬁ@kh%b Clo 240°C and 2 & prossiie of 1 to

zirconiumdichlori de are m xe
39164 baf (1tOOIt0|éﬁ;@Oﬁ|kBa)4 pEeferablyf10ato3® bar (4060 ta#j060 kBh), in the

nmet hyl al u e Iuen bemar |l e oratlo
ThEreéFIEﬁer?T A rewsch SFBEA (& té’eﬁtﬁfgﬁé{twgp o e UrgRported
L0 by VATL Rhakse lﬁé’chl'”e gO'Fe Nhire, €9, With @R withohihepromoter, e. g.

caref ul I'y added on top of the
rrenkttwraummhmm émﬁnmnsummml tifpminm $¢p@attedwls¢rt ysgd, can be

and V\Ayfl doff Wi h|n rox tey

 prrtastoty Vel (S Pk o' PR, VRGPS, S affeie, o sitica
reaches the top of the si Ilca the filtration process
is stopped and the filter cake is carefully and
t horoughly stirred by neans of a spatula. The catal yst
is then allowed to rest forone hour. The residual
solvent |s f||tered of f and the catalyst |s drled in a

o T T —— o,




in ayield of 13.57 g. Conparative Exanple 92:
Preparation of supported netall ocene catal yst using

WO eooe®etsod vyl al um nunt met hyl al um noxane To a stPCT/E@82005/043523
suspensi on of 22.0 g of silica (G ace XPQ2107, dried
at 180C and 1 nbar for 16 ho@%s, LOD < 0.5 wt% and LO
= 2.6 Ww% in 110 nL of toluene is added slowy 148.0
nmL of a 25 wt-% solution of triisobutylalumnumin

hept ane (AkzO bel ) fol | owe 27.8 nmL . gf a 30 wt-%

o SRR O oo AR 58 i olimil; Fhel e it o'mon-
Conig@na batanykt, &.g.f eobalf 6PEhalitkhe gr@wab%gcmﬁ, 3eleH Heffim or
the tenperature nust not exceed 30Q0C. After the -
adticenivi assa poerppler.ayreferablincsball end sheniur sppartad ¢mpifica or
an. r om t.enperature and then heated and
a8 deb B

ux for four hours. After cooling down

t oG9I M t enieraabthet einbBdifehy @hé Fissh&eDdbadheehtilyst comprises a
filtration. The residue is washed with two 100 nL

pangiplepichors ¢ GEAB o5 (d/4m padha 68MD apd the prpsessfis operated to
i ried..4 0 i ght .
Sggg%%&%ﬁg%‘?g ggﬁ'gﬁnfﬁg 8¥ Qiﬁgllém&g &AL ﬂ?&ox\ﬁb%. Aﬂ Qxa?nple
r adf-sdehretplydess 1sadesclibyddbin sS2hnat Piyksicd] Bfitere aif ety 20 and
rconi um difhl oride are mxed with 90 nL of toluene and
1(ZOS§JﬁLC@fly s 307 the- iragornaten Sryreaipraligicbxdioeaibans by
t io@N%~ a1 t .
T e R RO T 20T, TR Rerein by
t aefgranec.an or ange col oredsolution. This solution is

AP ;Vﬁ%ﬁ%&?ﬁ?@ﬁﬁiﬂﬁ% Starfes t et sxpoupipd epd lsht
NGl @.‘ﬁ‘.,)’m{rée{c{e%rl?ﬂh@%eﬁl M LEONCARP Y%k 'Cgt &ldYwaABr are separated

m nutes.” Wien the 'surface of the colored solution
r daarhdle héavier dydrocatbhes. sThe keayier hyrdfocirboag tcamnthgn be espovered

[ d f.i.l ke i fully and. .
OB CB e BBl Ehoh S5 b SHA A Bl pomace
| sorbfgs. al | owed to rest for one hour. The residual

solvent is filtered off and the catalyst is dried in a
i [0PHdn purblee cobewnmeangsidevisiyined fornhecBiseliepdiropsgh reaction

ni 0P

obt, ai f i ' s 40, O .
Pt B e AR AR O gL RO G ot i Bpiedvie
dniie auhabirgveonedningpaeedn il aghiekdted| ast iaf rey-pivdact in the

charged with if desired 100 of netal |l ocene pol yner
sedygroayclization $ep-1 r 1 semuredy addivoRtimeptbon onggide can be
So | a . b . e
LML BB R0 S, e SO ARG B0 e
( sFisclreeTrapsek de2d@ionr whyrely tO cBGon Tdiexidabie utonverted fdd@arbon

ng of § orted netall oceng catal yst, suspended in 5
cn@oa?mbﬂ%f thegpyerseater gagisBict1eeCU4mi n 1500 cnB of

I giboHolPdiydsgne. The reactor was heated to an

internal tenperature of 65 0C. within 11 mnutes. The
pol0Ph82]i zat i bnarfedberi embodiment theweytirogenprejentiot si¢p 6Gmprises

P catiSn 6 ethie st o O G SoBaY o AR R et R Bttt with
Theurb& ¥iBRbxWB o PrakBayas Bnicdhblsednd! Bgﬁfcuraﬁglgﬁaﬂanol. The

pressure. Polynerization Procedure B (using hydrogen
aspredlietioneofhtethanglubed othpr axyigepates drom tsynihesis jgas grealss well-

d aut ocl ave equi d with, a. 4 cal irrer
OEh S B BP R bl S ERen bl ol 14 8 54,497
sesd6ed9; 3,045820f 5054 530bsibY0,2021n,6661943;044655,384; 4,565,803;

solution in heptane), 24.3 nnole hydrogen and 1500 c
of SPB&AMY PreodpscaintionsTios Vhigh uare ingerperated dwreiw rbyareference.

83beyT 505 SRR R e o

suspended in 5 cnB3 of white oil, were injected wth
1500 cnB of |iquid propylene. The reactor was heated
to an internal tenperature of 65 OC. within 11m nutes.
The pol ynerization reaction was allowed to proceed at
65 0C. for 60 m nutes. The polynerization was stopped

o S o o o e




U S. Patent No. 4,727,206 discloses a process for
producing liquids rich in aromatic hydrocarbons by

W@ 0vbAacsnng nmet hane at a tenperature between 6RPOCUSINIS/043523
800C in the absence of oxygen with a catal yst
conposi tion conprising an al @i nosilicate having a
silica to alumna nolar ratio of at least 5:1, said
alum nosilicate being | oaded with (i) galliumor a

cQ nd.th L4 I oRRpRQu .

¢ RS RS TER Y 00 ehe el o 071 S 20T DRty in he
UringePstt fioin MN0. toS10OR6wWRB Taghonciliosids cptiphislbebéing Presehtein an
aromati zati on of methane which conprises the steps of
paguRheiznof geeates thaa Yo Wnivetehb dagad aetetah wetship obthgsyrgas.

p hydrege g

PIOGRRY, "I ARe Gt B SRR SERHARF b nerally
C ahelhdestanConipe o anhpasiShicbelamentpdetesdofi e sthe @Rdupi ¢unsBting of
alum na at conversion conditions which include a .

t CRPRSTat Ve oF NS5 ROTYh  TEAGRSSIEM,, (AWiHIgL | ¥4tadiig,, chypmium,

a%&ggg&% es.,ghspl 0 n h  :

spac ver?ﬁ?@ﬁgfﬂﬂ%Sﬁ%% g?§§§9%?315“$ﬁgﬁﬁro u%%énmﬁb@the
efchtalyshis a @ppei lchsed catakybt, siechrastih dreeforth yod icogyeen oxade, optionally
| eastf 3 nole % C hydrocarbons and_.at | east | e.% C6,

| @8 Ty BHRPIC Sy QAP 1o (OF ORI AEREIcA B Siver zin,
I QIERNE hﬁ?n&%mhfﬁﬂﬁhhﬂﬁy 9&%@&%&'%h&%ﬁﬁﬂiﬂﬂﬁﬁgﬁk&; gallium,

proposed o separate the hydrogen and |ight _
hyraHediamb ossivmreni airsonisih a Genvetiénilye the, catelyst) cantainh eopper
product effluent. .[0008] U.S., Patent. No 936, 135 .

o1 S04 € o S5 o )Pt s eISBRG . RIS R s pegpsium,
t NuEROME EllofRuAf ardl 4iRVWBTnR| IhNE embYaihers, (A mBMAR0Inthesis
et hane, to aromatic_hydrocarbons. In this process, the

| catalyshiiscsahestadsirom,dbel sipuphcansisiiog ef: sopperrmxadespaingiorides and
s e r e

c At RRubRRY, °Honf b BRS i Pt bRk of copper and
zefhd.t e catal yst, such as GaZSM 5, at a tenperature of
300C to 600C,_ a gas hourly space velocjty of 1000 to |
108680 c ey Hher methanel syrRhesissprosesstcan be) condiicirsks prar & wide
( i Yt ;

| e el abf PSSl K GRS n gro ranse of
hyflora d&0°G il 450°€a sucht asafrére yst@ ta BE0°CO B dxanBPlOEpoma200°C to

f 1to5 at h t kP a .
6P, S i ety e heghvan o s o 0ckEe g 2afp ke, such
f gz{s ForR000%PRto £6,00CRSS, 6 XahPW 2, SOFBINE SRNLAC t(gf,dgglourly

t he cataiy§y with air or oxygen at a tenperature
A0pRC tvelo8lRE, vany gleperiving [upos ghe dypelodcprogessfthatt id sssl but

200 1 _and of 1.t t 00, ..

¢ cEeBag g ey SRRty e kel B SRS pigge bed is

U.ia. thé’aﬁlgetofl\ﬂézﬁn 56,123% 80,008 M Gsud Gs 4dd 956 6FDEL25000 hr,
or

process produ0|ngépig er carbon nunber _
hymerscerefesabdy fromy500 benie h@009 hom Thixy exathsonicrigagion may be

hyd h iy b; tacting t .
" GO e PaE ARE et o HARGARIBE, iy bods wit
S Ufsdat fsinckaMbéwedt e, daddiiich eieslest bdues)endy bdsperated &tgher

a %ronoter metal such as iron, cobalt, vanadiunL¢
nelfgwerEes Homakeae fnotioAgiss énd dhe tailnbsds(s) anayhbe epgrated at
Th i ti . ' aidto

| n@%ggeééeﬁ%m% a‘iﬁ%@%@%ﬁ@ﬁ%&%ﬁgﬁg WBility of the

cajoai st . [ ODHO]estltdnt niRahaiol abMor 6theb dxPekBatds sah dsesldas a
process for_the non-oxidative aromatization of .
neteparie produghi e becases) ¥ talbdagotiier prmmatishpesnsraing dn the
e . [ u

o AERRTREGE R % hisher BIOTHORR Bk g FPLRR!bPtan be used
m xture of hydrogen and a C2 to C4 al kane, preferably

but ane, and then the activated catalyst is contacted

with a feed stream conprising at |east 40 nol e percent
net hane at a tenperature of 600C to 800C, a pressure

of less than 5 atnosphere absolute (500 kPaa), and a

s o o AU 1~y Y 4 ~ A a



hydr ocar bons. As used herein, the term"C +
hydr ocar bons" neans hydrocarbons having 4 or nore

w@ 20060688t ons. [ 0019] Conveni ently, said condi PCDOS2005/043523
(a) are non-oxidizing conditions By "non-oxidizing" is
meant that oxidizing agents @lsuch as, 2, NOx and
nmet al oxi des which can rel ease oxygen to oxidize -
net hane to CIM) are present at Iess t han 5@6

prefer 18N 1@6 r

o GBRiocR oy RS proliRion cof oV en RGeS, B cepPbive FpTigne and
O&rg@ﬂbnm THe ddﬁ@elﬁR)hMﬁﬁbtha[nBDﬁQ&leﬂ'ﬂﬁs Gta*/ély-kﬁcaindprocess and is,
conditions in include a tenperature of 400C to

1dgpexamplen dﬁgcr@@éentg SoAatent {Np. £439P926 wooworaedberein by
[QQgH, Conveniently, the process also conprises
recovering said at |east a portion of said aromatic
hyQbletise Bydrogey Hoddduktyorbenzene and/ or napht hal ene,
fronuhﬁrd first eff]luent streambefore said contacting.

(dP01%022] 118 ¥shanetheoumbadiment the hidsacatrisgiioyEaR comprises
Bt g EPRRAAI il B S5 Slpgeg i o mine

e rd@aimnnsnteactet ewsh k(ydygen ng fagenwatased steans awithout substantially
|ses car bq nnnoxrde and Q%Fro gen

cont act i

orfeart rnga@?crr%ﬁzrb%d the; pEFaELItY OB 1, fojfe carbon monoxide,
et ®Bkide! ﬁﬁl/(ﬁ'r &?até&ﬁ#d?@é’arﬁ&ﬁp r;&fRPallye %Eétﬂ?% Iﬂfdrogen
| east part of the rogen Tromsaid first "effluent
stqomzhmstadn ts caimeﬂ(«)tgem tlgopresanné i as peygenscontripng dolidematerial,

CoEBAE S BHRHLPE WEh L F PR TPt the Ppagryeen o the

[analégonvenrently, sai d oxygen-contai ni ng species
conprlses an_oxi de_of carbon, such as carbon di oxi de,
f cl00KAnpl e Qae HHiablsiscleridve Iiydsegen ceatbustion pracess iy desenibed in

S RN SRRk S5 BB, ] 5o B i

arncodxacHan - forhetive dehddesi £fidyr @ﬁm&owrefnganﬂdmcarbon and
nethane et hane or a m xture of nethane and et hane and

dspgseand aefsrqudoﬁ%ﬂawcwm& exygeanpith mgpHatcerurfacesnel a

t. st
e
st comapriseo asmemhlcmnﬂacstlrectgve( &jr hjfdrogrfmtcbmbuﬁni‘nodmﬂeﬂ&bovenng

the rea with an oxy contai ni n i es produces
ISR g ComPstEs i Pl et s Jistypically a mixed
Si fig a?{)klag FPB@HE}E%H ﬁldmfﬂl rARATRAONRIROA eﬁiﬁ{]dr%

al co fn a further aspect, I's application
deEﬂ@ﬂO&ies a Hr&:cE&sntf Dlo. VB9, nrgccptpbhlmule hewin by reference,

aronat ydroc ons, oLess ..
o bR PO o e PRADBS rautpile by S iatian atalkanes to
?ﬁd@c&ﬁi@éﬁéﬁ OTMle‘oéé‘sE 'nﬁ%lee@tsﬁhﬁ/l%eéﬁb%ﬁﬂ%ﬂﬁi dén98%genation
effective to convert said nmethane to aromatic
hy@ur @lkamdsotnsallaems pnd dbe eelectivier eamtakstion of tthes hydragen formed to

omat drocar bons and hvdrqgen; ,and. (b
i e BRI AR iR R Ro R Bft el S i taa P Encbids. 1
hy irﬁ@tﬂﬁlbﬂ{b A1k ol il dElydsd dgeﬁétteh e anSdqlR MM ddhy@dgenation
al ylatrng agent under conditions effective to

al vafalusteins aj ferstiresator, anchiher ekienio froan thep i reesten along with
al l&/ | at e %r Ograa%e& Jl]t% { g&%ﬁjy d‘Qac'?&V% %alfﬁlr)lrggr Iar}ega\{ of)](éde catalyst

chai arorre rocar bon pr

al Woﬁtsbﬁ@s td selecti®€l9 cataiyng tieddothbaktiot etigdraiefNahe equilibrium
hydr ocarbon; and (d) reacting at || east part of the

hy fehydeagenatiom gaéalmstfm%sﬁorémmtm@v raag rthquiselctiye metal oxide
oxygen-cont ai ni ng species to produce a second effl uent
stream havi ng a reduced hydrogen content conpared with
said first effluent stream [0027] In yet a further

aspect, this application describes a process for
converting nmethane to al kyl ated aromati c hydrocar bons,
the process conprising: (a) contacting a feed

contalnlng nethane mnth a dehydrocycllzatlon catalyst

Y Y e o, o o .




to use of the streans in the process of the invention.
In an enbodi nent of theinvention, the feed to the
waledvgaesseycl i zati on step contai ns | ess than 10BCPPR2005/043523
for exanple less than 10 ppm such as less than 1 ppm
each of nitrogen and sul fur édnpounds. [0036] In
addition to nethane, the feed to the
dehydrocycl i zation step nmay contain at |east one of
d c n
g{n%g {bnaé;‘y‘g%@%t m%%&ﬁﬁn@ h a§1t1 %%(hglgigﬂﬂa, dzgh%o Xtheﬂﬁuth lead

Camdmﬂhtmhf@du@@ﬁnﬁﬁhee@@rate co feeds or can be
present in the nethane stream

w8009 he ndd-RaRetest Aenlicatien ae?qlwd lﬁfﬁa}nZﬁbtﬁiﬁéﬁe@tS@ber 24,
d%f)?? éi&%&e@%@ t‘N @0@?80@[’9 ﬁUBIﬁ)@l}tt o &?{n@ reference,

e may- i nc “but Tar e
g&&embek I‘@px:dcasmt ﬁ)l‘ ﬂe;intrm)g eine hydmgm camemnofl tlpal afflusnt from a
gl yc plants pht hal i c anhydrldeaflants 00371
orfé? F‘?FB’ht Fméoqeeseenweﬁ R&ARSIFY BYHREY CrmpLsing A1) at least

t | t 9
rm(ﬁ)g/q $ofid ﬁ:‘l&‘%ré‘cﬁﬁjﬁo Bofbhehd ﬁn@'@tf})hglﬁggagtngﬁ% n%@al b%se%l selective

suc tto 99 nol %
mddydlyogsn chrnhsstibm@n@onmht%pnMg dssenéinldy hea) amhntdl mmbmauon

the fe o.t he de clization step contains
caSFI?BWS%Eﬂ%Q}%%"% E]’-Bé/ ées 80 to 99p9 mol % such as
94)to 99 1éHa{ Jhe ARt #R& BRclpD3 dnd & 136kt AL et SUBdn Brodps 4-15

to6 mol% CO In a further enbodinent, the feed to
ttﬂiﬂﬁﬁ@mmhmydﬂﬁQéﬂwdﬂﬂnﬂé@ contains steam and

ris 90 to Q. [ 9 o
TRt PEtET -
Steﬁﬂrﬁl‘ 1dakt ofRtmetall flsrh bﬁfeaﬁ'ﬂﬁ@ dF Gedtips 1% Deariderel the Pehidiic Table

deh drocyclization step contains hydrogen and
he; Elsmegty; t 0 99.9 nol % such as 95 to 99 nol %

ane C t %

Y oeh il Hisapbl 85 s P 1831 che et BB Gropp 5, and o
stleast eﬁmmata$ GronanGiaips 4+i5gifalie Petdrdﬁc?dﬁb@@ﬁthb Bdments; and
nmet hane, including aromatic. hydrocarbons. _Such hi gb
hyid) ocdM90RE TReE Fetaise&pm LHotnsofhlonef thgiPsgedic Table of the
refRmhQn step, added as separate co-feeds or can be
present in the nmethane stream such as, for exanple,
V\hasml (®) haleestione pif @xggrn amd sulfnatwltemm g]axsatf leaxtl onédof beygen and

ydr ons yC dro ectlon step
%‘i”glé qn.tﬁgﬁlxﬁgug(ﬁﬂ tL g’]l ﬁB‘}e S-paraffins
anﬂ)ﬂi’i(ﬂf' ns i ﬁ%cﬁ@@dﬂf&r%elcﬁm@u&foﬂ §8svtioRUGH @8 Present

or less, for exanple 4 l'ess, typically 3 or |ess
c ambentioatis igenerhily gem@cmd at tartempeletjlr@ in theerange of from 300°C to

gggﬁlogéganﬁ%ggzsgw @tﬁc’ L8 %%ooﬂ'lr atm 520 ap PIO% t"‘ﬁ({ﬁ)o Isﬂyaﬁh

e

hy At peaich PRArdReAMibocycl i zation [0039] In the
dehydrocyclization step of the present process, the

ol ont Inigrrie e ally o sen, el srpmti components in the

ot SSRGSk sTerr Rt Bhced SO b PR suct
copyli tdy@lﬂﬁex&é fe Qiybl‘éﬁeie@e C 0 rdﬂ@ﬂforiabl@thﬂl%h@ an@ehsy1Hjichexene),

hydr ocar bons, |nclud|ng benzene and napht hal ene. The

pr ierehysispnapbthelansns (ifabinky ed h@faélm@nﬁmth@m 2@digyctobppene),

1 o@:tg}l}{dﬁie’%&%‘%n&)afgﬁgmd(e&ma‘( dférﬁh‘?jllgf% 6@%?3@; Ofhed products

noeaxbelemplogéd s Gisdx atteclichdital imyrmeligtec amt)tin ithe tdse of tetralin

feed i nproves catal yst activity and stability by

f adid fecatipnepny ‘%f‘ahlﬁng"?ﬁst@ gelyenistor eaprachngthe %?yatmmponents
t i mpacts equilibrium by

a1 o B AR Y L eh e G2 G (1)

CO + 2H2 (Reaction 5). [0041] Any dehydrocycllzatlon

catal yst effective to convert nethane to aromatics can

be used in the process of the invention, although

generally the catalyst will include a netal conponent,

particularly a transition netal _or conpound thereof

.




the reaction is conducted in a plurality of stages, it
may be necessary to enploy interstage heating to

wo edogiosssbhe feed to the required reaction tenpRCHUSI0ES/043523
The fuel required to provide the interstage heating
may conveni ently obtai ned by33enoving and conbusting a
sidestream fromthe dehydrocyclization effluent, after
separation of the aromatic conponents and/or aft er

ion t (

SO " e IOR BN £ R L R ARER T, Gngpted

a affewsapgrahed ofthecabalatis comporntd from the ddh}}dr@fychMoh&ﬁﬂuent
may be supplied by withdrawing a portjon of the
c&hg| y?@pvrmemw h%mB]é’éfS PRHt | wﬁ thee Tregspst gwratrcbr by the

e@m%rsr%ﬁgggﬁhﬁfgg@ggoggape A0mhie chﬁhgéﬁéﬁbn ggc?:gfsteﬁ‘%fé well

ret urni yst to t
béaowh (0418 arf bued typjcatly eampong natalyorf ccﬁﬂ}ﬂlsﬁfg‘Nu @ Pf NifMo or

t he, de r cllzatlonse_ar vdro en zen .
SR B Sprbaed o ehian & e Bifablé operating
U%ﬁ&’i%ﬁ@fo%ﬁé‘ﬁy&ﬁogéﬁ!ﬁb& ogss lhaﬁd@£ ftén?k?e?ﬁtu&q{ltﬁmé 13300°F

least 5 w% such as at Tea or exanpl e
| €380 t@ 6400, sysh ek SOAKD y70ATF [%@slb 3370°@L%pmmmm of 50 to 2,000

CRSEE 1f o SRR b S 06 fusdd ped P 330 Kb atl Wrsv

CTRY & Johrdt sucBash t®10vPb nore aromatic rings than the
feed is intended to nean that the total number of

ar[@%&-’a] c ri ritgetial rhydrveelﬂatromméeemewntorswemfm gértion-carbon

a rrat C, rli n in.the fe
in B8 phehfl B A8 s desPIRIR A rrrBiiies psorily BBl for
arpbmylhéri?zaﬁbxﬂg@ beeye®iwistiearh egbnaedd I:d}ﬁ'efsﬁdlﬁt Shitdbles Partial
stream are not included in this calculation. [0050]
THYdmesading nipepstrs e Wall kpewa de therpshans iypiselie dnpbyarpatalyst

al
AR A ks REACHER S BN B g vt
c anxvdosj archlay 1aghy-En@d Iwmd'gauéous rnobfe mepbeailyaysibms can also
ebenzene and naphthal ene fromthe dehydrocyclization
effU4EHt . However, if desired, the benzene and
n | ene n a [ 1
9001 e, SANRESRRTIG(ABI s, inyoves, o prese
emydamraakmg‘ of Itlmmzphﬂ;alemeammlnmamtl tmnplbdﬁm elkylbdarayos oger a

oot S, 45 STRGRS N b ol iRe R0 heertedy Shadn Hgtosphous

aI dluRinokifiatd 0P ABlebhic NN QS FEHRB XK, 'z@oltltjaq{ or zeolite beta. Sultable
dehydrocycli zation effluent with an al kylati ng agent

s uafieraimgaonditiony f@;r lew pudseire bydrakiagking ahdlatde, a temptereemgag 300

Stee Btk (EERSolc] bt aPla o fhr RS o7e Ce Biiige of s0
(102,000 pr@s Ba&wmoa&@zbrbﬁblr ad 140 forsdepshf (780 123850 kPa) and a

defined in S Pat ent 16, 218), including
mavetIaps OrfawuiQdﬂtr@chﬁaMkaItypes MF1l (e.g., ZSM5

a%@%}' call 'g%ﬁzéﬁﬂ glf)drg\ﬁﬁ;é Le?eﬁﬁ{\ﬂg)\(lvaf%ﬁf g)githe iguention is

( est@dwn 133’1@53)1 ﬂﬂdfhﬁ:ﬁli fi@u@l gas4B8d 3D Yogeiitr £5u érﬁecyé!é stream

wel | as |arge pore zeolites (i.e., those having
Coks frpmy stedngitygcopplingsiectohbhisAed e meﬁsanﬁ%arerea@tpg 14. In the

FZ%I f(ihﬂnédb% r&@f@w ﬁé—ﬁ{% gﬁ&z Ic Er’ﬁ t]%ee fegsl<,1 1 %Sz%lté Whh I?l%l%éen in the

ul tecpcle adirichr zEY tof indreasd ethtk unetharee dorﬁé)antr:MaR ()E tl@ ,feed 11 and
nor deni t e) ZSM and

wwéecegwafemmazﬁy-pmemsaccseﬁneéo Renglqn 19 ?@re |T11e>e;fﬂuent
My %gghﬁﬁﬁ@ [ [

I[VC%%% n ong&g I men PR tﬂgﬂpfegsfg%tw&?%ésgs % Witere water

benzene is recovered fronrthe dehydrocycllzatlon

effluent and then al kylated with an ol efin, such as

et hyl ene or propylene. The olefin may be produced as a

by- product of dehydrocyclization reaction or may be

produced through thernal or catalytlc crackrng of

o o s o o o s "




phase, with typical reaction conditions including a
tenperature from 3000C to 7000C, preferably 4000C to

WO 0@06/0sssa0 pressure from1l to 1000 psig (100 toPCT/US2005/043523
700CkPa), and a wei ght hourlg space vel ocity of
between 0.1 and 200 hr 1 , ¢ferably between 1 and
100 hr' 1. The nolar ratio of tol uene and benzene to
net hyl ati ng agent can vary and will usually be from
04% is e d‘%l SvetQatkd 1iRnShHE gé}muﬁm le fﬁé&lt s Q1 & élfuan‘ér%Here the
gas and/or &team can be suppl to the reaction as an
an¢mpariturgofhe effluentls daﬂsecbhd:foreTngmﬁsbgd tatthegedagvet coupling

usual ly. suppl.ied to hyl at i on rea i, 0 zo e
tﬁ?"&h’d Rtﬁl %em lfe%,x‘ﬂ%B Str%ﬂnlsi rhﬁﬂéce 18 to.
T %ﬁ@@&%lﬂafme%%rl ed out in a bed of st ationary

talyst, a noving bed reactor, or a fluidized bed
r e{ﬁ‘bltléi Dudnt thet heacxof hetthe chethime rieathei onturdlegas feed is

i B LTINS G P
o h&ﬁghthaﬁhgeﬁi‘)ﬂeﬁétt&% 2 BB4 By hisdVe0ds @8l as by—products such as

ronm de, net hyl car bonat e, acet al dehyde,
ensxged trarhon meaeide asandesilinef Raastiots ded and 1§ above.

"‘%ﬁaﬁﬁ g R ERe L B PoeBis8 i iy Withea famace 18

JdRingeprPvided Betwage BliccessivereadtorisBdo frﬁaﬁﬂﬁahﬂﬁe eed 46%he desired
and/or CO2 of synthesis gas. The nethyl ating agent can

. bdemperaige B§ dntideesosy M sadathegauc dphsiireryehigation Teaction in the
methylathon reaction zone. [0061] Catalysts suitable
for use in the nethylation reaction include naturally
0qo0r17] ng arthessffitidnell roat thetraductinecaupliag wastor@) ¥ &sfed to a

Exappl es of such nol ecul ar sieves jncl ude | arge pore
B}ém gxtragtign dewey ﬁ? SYhaLeiths aramatic crapRounds @k, digsolved and
S'r@fﬁ8§?d A8 p&tighd st%%ﬁ?2ﬂlﬁ%ﬁ@&exﬁé1ﬁ Sf td ﬁe t. (tcompnsmg
mol ecul ar sieves are descri as of
Frideogenk cary@e sionoxids,. etitine, %etdnecahé runréAtted. mcbﬂammb passes as

d D. .. d , El i , th Edi 001, h
" Sveeeeh romh 25 BaEh L8 B TeRel SREER 13 e J00piys test 23 i
MaheEps8ed Bl RK@r w@fraédoyladaesszzﬁwﬁa{e hdRnl3 18kl BAS into o

about” 7 A and includes |WN LTL, VFI, MAZ, MEI
ENJENZERRontaBHEAZ ﬁimowm,f aam‘;ﬁmﬂ@nte;cpetammwfmcaﬁn 26 and a

si eves, (] UPA €0 mencl.at ur e

o iR elor ATTeAR bR o€ SRR lsFooRETRRE E2LnEds andor he
i rﬁa Hehalchd QortdininPEactibe 26 6§ fheR féd 19, anZ@BNatioR feactMF(lZaot%hown)
zeolite Y, zeolite X omsga Beta, ZSM 3, ZSM 4 SM1 -

8, anddhg salyens Apchir27 igfiep @OWeRA2i nt er medi at e por e

| | .
SHBBITL°r o Bia RpBRaBAIGLE Mty 3T ot BRESUBLACHLTh Figure
| TMVthdvEfflueME2], frdfhihe Edtiwdicouptilngreabfolts) M- co@IIHdi td@hdense

f ramewor k ty e nol ecul ar sieves. Exanples of suitable
. U r ARl @t dhg GHRImalics e CoRBPAEDt AN sﬂtﬁ@eéhe irppiging effluent is

zSPETes SRS v IR SRS Zow o,
Sijo0tHd]i t e, Refdrrigliomadoi Rigw2.2, A spﬁjcbssprraesesmmbexample of the

nol ecu] ar si eye has a pore si.z r om_aboy ou
5 ANKER{IONA 8 g8 dked sfrgam emﬁraémnz:d&) 3a) POSHY rf?f{ toa

oy 2hf SRR kO, TREL ofifh M HfRou A ﬁél?%‘fl‘if containing

SAH S, frcSAI%(}eﬂﬁqtleK}Oapﬂ;mgSAE\@mﬂf% ZK—t]ﬂilredﬂm@Zqouﬁlﬁag feactor
eolite A, erionite habazite, zepolite T

onip PR dn EhEioRisRR i Prouoy BUtPEtCARLFOBIE Sprgomds,
S' QR HABRLARL Snd Akl by Reddbi® 3 ahd hehove as well as by-
net hyl ation reaction are zeolite bound zeolite
catal ysts. These catal ysts, as well as their nethod of
preparation, are described in U S. Patent 5,994, 603,
whi ch is hereby incorporated by reference. The zeolite
bound zeolite catalysts will conprise first crystals
of an aC| d| c | nterrredl ate pore Si ze f| rst rml ecul ar

s o o o o . s Y




and preferably are nmethyl or ethyl groups. R2 is
sel ected fromthe sane group as RL, and n is an
WO paoegessoof at | east 2 and generally in the rapgpUsiooR043523
to 1000. The nol ecul ar wei ght of the silicone enpl oyed
is generally between 80 to 265000 and preferably 150
to 10, 000. Representative silicones include
di met hyl sili cone, diethylsilicone,

heny| | Siki hyl hyd i1 _
corgRTabehan ey RaTR SRR PRASGER Bkl 8 RGtctions 1,4 ana 5
f lagov O PTRAMAISA hiptaaieyIfhydctors 83 wer pheRty & derie@neth a furnace

tetrachl orophenyl methyl nethylethylsilicone,
pH8nbaing Byavdded befwesen ¢Pessesiva EaciospAd, to maintain the feed at the

TR p T -

siih tzaBseteresd. not be |inear but nmay be cyclic as for
exanpl e hexanet hyl cycl otri sil oxane

od# hy! cyBIteR Eieise Fgeanior He saber dipride in the feed stream 31

N i | C t £ asi
vl S PRI, S e AR Tt SR fom e
agediclive @oapling tréuctuir 83, t6 rofucenarb@r momexideCdifiBhydrogen by

Useful sil oxanes and pol ysil oxgnes | ncl ude as )
nGFRSHPRS wﬁgﬂs Searkane Hokndbe 9&&?@1 erhiths Teasana2 is then fed to
0 I : :
o o WA VAR and AR produced n tho roductive
ocoaplixigseactos BB exaakylathd cacwatiing| to eeactisns euchas, Reactions 7 to 9
h§¢aethylcyclotrisionane, oct aet hyl cycl o

t éPP¥%3i | oxane, hexaphenyl cyclotrisil oxane and

oqbagny! cymlOeiflchfsidR X ARGlatidd AeRtolU3alf W 184 | BNESsolvent
di'sil anes, or al koxysilanes 1nclude organic

s ExERetian ooves 3P awlsse Mg, inomatip sogpaends| are sligsolvad apd jpagsed to

R-Si-.R 3 | erejn Ris a.reactive graqu uch as .
niegalor e TR fib e bbb BT = Sentns Bntidy Bigtion 37,
t rd AdghtaSdrleyduiainifd fralti@n 88, RBsdlveht FRactibe 39a8RolaéndRddkaining
can be an ;%Pan|c radi cal which may include al kyl of

f rigaetion t4d edepBnctionotds, ThKglucng-ceppginingafraeion 41cis either
g O R S0 % 0 e COBORTy i
catnfedwiol ¢ kerysiflitee Auwhérerths wosyledcuisether d$ ksthewed! from the

and aryl al kyl groups containing 7 to 30 carbon atos.
prispatdst 9t thei(a fa'c}cgw %gre&@a o alg%at@wy|80§moaﬁ%chﬂlgf33gy- The
b 3 1 ' ngth. M xtures
ng%mgﬁggégg%ggégga?g%@8?&$%gﬁgﬁpg2€§a6##disiIanes

i ned12Y}, as THeneverkdatlifrogn ¢heagrptactson tower 35 (comprising hydrogen,

di met hyl phenyl si | ane, . phenytri net hyl si |l .ane, .
{ 1RO clher kit Ko BRIGRCls metiépe) s passed partly as a
al xS LR35 % 8§ MBS felctdt 44 8RS barPYGs slip streams 46, 47 to
silicon-hydrogen bond.[0071] In a prefefred
enfaogicaeal, 42 i providing keat ¢0 éheereduttleyenupling reactor 33 and the

| ectivated using th i | ectivat i
¢ ctehiret, sBuf Spatasn b e R o BEREatfanotiapior 44, carbon
Si §ib%iA8, &PPBMBRL M ardd 18 AESERAN Wt BcyPRIQRN3 ARBY 18Mincrease

phosphorus. [0072] Usually the nolecular sieve will be
| nihermpethane dondentratzonpph dleer ragpicle rsteghmy and proghuce twaterhas a by-

or poged: AeadtBlioll 3 bR (ORRRRETC GER b metans mey

cl AySbe Bldubrdbtor 34 ltd 8omplibh SRatet eoHiveaion of the recycle hydrogen.
silica-magnesia, silica-zirconia, silica-thoria, )
si Iti widl berapprecigtedathat 8 jeagiaong ph e gasastrepar 31aand 50 contains
t CinBtare %%’cﬂﬁggbé L O0iral SHEHRH, SI | 1 ca-al um na-thori a,
siTrca-aluminazrrconi a,” sil1ca-al um na-magnesi a and
silica-magnesi a-zirconia. The nol ecul ar sieve may al so

be conposited with zeolitic material such as the

zeolitic materials that are disclosed in U S. Patent
5,993,642. The relative proportions of nolecul ar sieve
and binder material will vary widely with the

o - e . " - A a ~N\N 7




transition netal on a support, such as Fe, N, Cr, Zn
on alumna, silica or titania, and is operated under

wa eovdiosssons i ncl udi ng a tenperature of 5000C tBC/RDOLHN43523
such as 6000C to 10000C, for gxanpl e 7000C to 95Q0C
and a pressure of 1 kPa to 180000 kPa, such as 2, 000
kPa to 10,000 kPa, for exanple 3000 kPa to 5, 000 fcPa.
Gas hourly space velocities may vary dependi ng upon
t pfo12¥pe Of TRE OGBEStUSEdroRUthe URBREAOY FdABlogaR hOUEd Yo a
space velocity of flow of gas through the catalyst bed
| somchansené?-r azﬂng@ wat66@3 i remqudmdah@l the'remainieg clyemtsy fed

ref

Lo o ris 4 Piyeleo i plBRnRh Sihe Bitheihes Mish, idore being

s&shéstadt@m@trwucﬁwcd@ﬁﬁgb@cfoegsto an al kyl ation reactor
operati ng under conditrons to cause reactions such as

t lﬁQOlflél | owi ﬂ?gfetrnng)@@mto gnre R R aqrogespB erhirResamplerf the

H2
eSO G Fnlelng SV Bas a1 5,160 bEB et b Hgctor
Mg hipethém @ithge Ry dioged-HdkS aroRlati€d-Bepisted ISrileastebany 6CHeSH the
and derivatives thereof. The net h%/I ating agent reacts

wicfient A4 diven g gedusiine covrlgacagiped2adn {18y geareplechgyayer, the
f

g?ﬁatheilg Aé %@Weﬁ%&}}%&g?e géhr{égreg%%ﬁ(#eipﬁﬁ? o%ﬁf‘edetB %Qhé’ense
| ove s tfirstrbenrenk had alaplathalehe comihitgaticng (ﬁgamltls ItISemwmpressed
separ %tnly added byt is forned in situ.
me® IKYRIRIEGH A 2508 b@a%ﬁns@nédnph@aleaapownalaomeaﬁl 67 before
t t or continuous operation
u%&n%aﬁﬁgmae% [ xégg%ﬂ%w ng bed, or CSTR catalytic
r e{ﬁﬁ:tZSQ)n sys‘m ¢hm reweﬂsh sloift mactthoﬁﬂ qaémylah@udwiﬂ thepiat;ural gas is

S elc 841 P &Eﬂg‘% hgr%ﬂﬁﬁﬁg,\}ogg ?pcgp}s%}éggy %y reactions

| RGEH g@ R%aét?dﬁp§ ra%w e Tht Ffert Grof AR realforf@r ki 1he?ft and
to 600C, a pressure of 1 to 300 atnospheres (100 to
36e00d lkem;ne mceﬁepmmlweicqn@@og sHeaAs ;ﬂfie b@sar¢ 1hen fesl to an
20 O k Pa drocar
1yt Bctan R et el 2 ot B fy P SRER 38 67 are
( ﬂlgﬂﬁbd béordihg toRadtRR sudh £ Rdabgor¥0l 18 I ove. Bfdeki2édCphrt of
an

/orCQ2)/aromati c can be from of
0. tbqsmg/stre@l 6330 b@lcombmqﬂr‘éﬁl@ then¢fluent drarg reactor 62 and/or the

ﬁg‘{agm%la%a?ésﬁe%}] ﬁ etg Sa @é‘g‘lhe%{ S/ébt/@@ Fatlg)acfigdrlé( z%eélfltg "thd Iajliylatlon

tyrpaa@dsymuagﬂthemslﬁﬂeéataﬁz metal s or netal oxides,
such as copper, chrom um and/ gr zjnc oxide., Typically,

t HAORAGLy | at i e efHuent yQ drompy the aillydetiongracton 8 isghrsgombingd with
”Bché‘hgﬂf&h%? thd Eﬁheﬁ@@%%%ﬁﬁ %ﬁ%‘f‘ o{PdQRAaESH' f"E n%\éﬁls 66, 67

Seco conponent, to 9 s or neta
fi atﬁtremovqi offi éhetside stteain G3odnddhid msulﬂngv.anbmn@ otneant 69 Thied to a
cuI ar si.eve can_be ﬁ of alum nosilic w& %eczf ites
Nenh grachen Vs ol PP SO icapqrypornis Ars fisgplved out of the
a 0 t
na“mt ARG SRR 0 i T DowlF 78D Sréind (HIAORT RRERATS 1o
haﬁm:tllonaber(s)a@lou ishgwmofop ssepatatien &itd iachenzemmsmdaining fractlon a

|als r a el i m.nates nany. si .

BienSitifieiiPh 4 Ch eatorg P Be Fascotigia e fratio and 2
Ca§0ﬂe¥1§ Frabtidn® Thede 3461 dsOdhn tAEHBe RhndIOEL i B! ddffl‘e%}ﬁas in the
al um nophosphat e- based materi al s have uni que channel
styegondexampichat coul d generate the desirable shape

se LVity..[008 h hat terials
SrIBE of TR S AR AR eE T L diiné hiarogen,

|Vbé@l§i1§m@ﬁoilﬂ% Satﬁaﬁm étMleﬁ’é/ endBunregoted m%ﬂlﬁg)' ib%)asselﬂpartly as a

- 25, 42, etc.), 10- (e.g. AP 41,

etc ), or 12 (AIPCﬂ 5, 31 etc.) nmenbered oxygen

ring channels. Although Al PO4S are neutral,

substitution of Al and/or P by cations with |ower

charge introduces a negative charge in the framework,

mhlch 'S countered by catlons |npart|ng aC|d|ty

1. a4 " a4 a4 0= N




environment (e.g. 1-80% H2 in N2) at 150-500C, and 1
to 200 atm (100 to 20,000 kPa) for 2 to 48 hours.

w(Q 0@8/$ssidl uene and/ or benzene and t he net hyl aPCTyS2005/043523
agent(s) are usually prem xed and fed together into
the reaction vessel to maintdin the desired ratio
between themw th no | ocal concentration of either
reactant to disrupt reaction kinetics. Optionally,

[ t 0 t

o A ARG T RER ARl P Pesblor R, b Bl N4 10 o
adlﬁthhdeomt slﬁ(h;en)rﬁt Iso)ppljuhgthehmnme aadlictive bellqilmg&ea@or 65. In
net hyl ng agent concentrati an be nmintajned at,

ot qrﬁﬁ%?v%wargaqt@ G %r%@%éwx oFDPE TR Apd hydtogen in the
C‘P& Sstpé&ﬁ}_;}'gdregat foefnc&%@ltﬂé nfefRRCLdnRbh RN Rh &P the recycle
sta rogen gas and/or steam can al so serve as
arstreazlnl aak ipngluag emitennd aibyupotuct] 0088 ]addhienale ghodtredm 77

this jnvention. is abl.e of produci m xt ur of .
x§P’éﬁ%’é’én @a anROTSTD RICLIES 32| Asodte 158 (9 Feasion3 haccomplish
AT SonPESToR Fthy r@cé/cieel?}%oég Whe/ef fﬁ@%tf ﬁ[&%t the methanation

p eferably at |east 90 wt.% The net hod

i meastrri dh 15 Sedilts @ caplebbe ™, wbmewatuengs aembealstanB thesothe
of the. ar tic und,.ta a mxture yl enes,
orreafin Tt s G O fimecs g cdholing ks 650 oduct
Reoer28] Y [ O08RI idveh@sPagilll iswobet MBredtphmticalar§N dBIcHBES Swith
enpl oyed, the effluent fromthe al kyl ati on réaction
s_\,rsﬁeeeam@ﬂlédollcn’\ﬂagﬁwapbﬁl on section in which the
aromati c products are initially separated fromthe
hydrogen and ot her | ow nol ecul ar wei ght materi al s,

canapiplent |y by sol vent extraction. The aromatics
products can then he fractionated into a benzene

f r[am%n a Ingt peaeticdl regehadgnent ofcberlitgic exammple od the invention
h t
"S5 BhOT SO 1138 AR 2108 EOHALAVARIH0, cyhon

t aliexide. yTheadchetanl4 contgins s Quitd Malps*tané SSSOIieﬁatscEataﬁamperature
t he, val uabl e p-xyl ene co onent i(ge r emai ni

mif@owl PUREsang; 3 REsESUEE 10 99 Pgia QEQ p)- 1 Eoe f*‘éi“‘é‘ﬁ"e coupling
i

t o rontiins AR SRR End' R oRadd ¥ EmpEiafire of abou
pr%@ﬁ@tandr aecyretsact ©b iOhkPaI kﬂ?h@talrmnatme@mductsosepﬁﬁtédt by the

ol.uene di ortl r ef er ahl sel ective
ORI o7 EPBRit 0 ety OF heishe it A0 Wi it & niphifalene-
ac&h’éa‘ltﬁﬁé‘he@/y)fydcﬁ&? Hydrogen Rej ection [0090]
drogen'is & maj or conponent of the

del@9titcycl i Wtkeof the benrsne producest @iceyibjnediwitlah2 kg of syngas
d t of,.t
o BOPRETANT SLobe s CF Thel PErHR 40, fedulp. 8 alyjaton reactor

efcfdnth@:ﬂh laS sﬁ%ﬁﬁr&ﬁt@flogﬁn@) thdry@g HixEE VA h081isdERIdcBivated
reduce t en content of the effluent before the

urﬂ?%%lﬂtfegataﬂystmd@pmtqdeaiwcﬂe@@enablr@ péabout 500°C and a pressure of

g% &gﬁb :&%jp gt lﬁﬁfl ﬁ&gﬁéﬂg‘r ogcseﬁeqaé?%%é: FOI ISFOYF s product

cosmn&ﬁ»m ri%ﬁﬁgtll%g(g&if)dyﬁ@éhamgfa pafa-¢diR ety oA G. Bxdes of 90%
t he dehydr ocyclization effluent with an

oxa,nglethe@ Gi-depied gﬁwﬁ'@sls tS@pqmt@@ e ahensmeqiodpcge and (heavy
Qrgd tfatd, Yeibn S8 gﬁ&!} y S?k%@ﬂ% ggact&ééd nh%ht3 stream

con cofrpared w rocyc

ef ¢dniyridings45 kgmateirpﬁ&g] C@paﬂéﬂll@’ﬂﬂ Os-. tThe (Ds\/d:bﬂmeﬁlent can be
rejection step ¥ i ncl udg t hanati on and/
en%?ﬁartareérfror(l rthe)hsil SFtEeaM s T?caﬁlse o Pregedustive ewnh)ng reactor 13.
synthesis of Cl to C3 alcohols, particularly nethano

and ot her oxygenates, (iV) synthesis of |ight olefins,
paraffins, and/or aromatics by way of a nethanol or

di mnet hyl ether internediate and/or (v) selective

hydr ogen conbusti on. These steps nay be enpl oyed
sequentially to gain the greatest benefit; for exanple
Flscher Tropsch may flrst be enployed to yleld a C2+

1., = a I




tenperature of 1750C to 400C, preferably 1800C to

2400C and a pressure of 1 to 100 bar (100 to 10, 000
woBap/oegsnef erably 10 to 40 bar (1,000 to 4, 000P&PEY2005/043523

the presence of a Fischer-Trogsch catal yst, generally

a supported or unsupported GPdup VIII|, non-noble

netal, e.g., Fe, NI, Ru, Co, with or without a .

pronoter, e.g. ruthenium rhenium hafnium zirconium

t@&gﬂ{ % Supports, when used, can be refractory netal

oxi des such as Goup IVB, i.e., titania, zirconia, or

si[0018a] al umBxampte 1 $3 tdpeated butni 0takg lofi thenkeneatropiiodedsd, in the

the, catal yst. conpri ses a nonshifti catal yst, e.

cSTflé‘FPV%?g‘ﬁpi}flﬁé Clfh 1535 e9rabig Vltf?dgglkﬁ,OfW IF?nPh@}ﬂg Lkg of H

Oland LR UTkAtih RBIFP biltainl ejsﬁ{i@&i-yd&ﬁbede& 2 %5 catalyst

rheni um supported on silica or titania, prefer

t iabdnperatefl @ 8 ¢mperatarmohaboueilGqi amdrat pregsuee of 11 psig (177 kPa)
Fi scher. - p agal yst, ¢ ri.ses a.nmetal, such

oIS AR O ED 3, il % Wl S et R aples St of 1 8. The
ORByRHRE dffudie Mesphfitedl BRbhbeARN T, Pract bkt &fm}f)rising 136 kg
single-ring aromatic hydrocarbons. An exanple of such

a op kylsae Having @dprea-roregniratiogtingycess oPRY%i aml theh theuCedepleted
of .- Zn0O.and ZSM 5 Cat al.ysts_f the C
reenbis PRI &R che ST RS flusly st s pyhich is
Jesscledandhe Alkgilatibn geactonand Beightsk#Bm odmpribik 15812 Frater and
i ncor porated herein by reference. [00100] The

Filheg ofieop gl thp Catsompogent casbe sepgrated Gewthe lghta slgeam
[i o . ] rQgen and CO, Cl to C3
oﬁggéqgﬁgﬁa%?§f9%¥gygé@ggéggﬁaﬁggﬁithe heavi er

hyRkaagde Bons. The heavi er hydrocarbons can then be

recovered as products or fed to. the dehydrocyclization,
sﬁé?p?zl) gen étlgagﬂiﬁf ?mé?fl.\melatr ¢ isecopsrample of the 1ryeption
T d | i t [ = TP G
¢ AR PP R e B0 { Rl Pal GREGInd PORRG carbon
caidode anshxied enlyr teshetevierseshiftwhetdr 32t Hhe lreactor 32 contains a
.hane- cont aj ni eed and .generated as a_.by-pro t
i RN R RS 3T CBHACHGR, © gt aabort S00°C and a
aglskin@nAl400 PERYD, 760 RPY). dSe Gy RRNIERES A isEEL Hiherted
car bon di oxi de contai ned, for "exanple, in natural ga

t Cre@EZADseAtalystTminsd cwith sa silivamsalénsivetsy PESMearchtalyst and is

di oxi i,s converted.,t r noxi de b ere

PR AR o Bt SR A e e P Gtaca o7 e
a Ther drbmbtie prRoddtiIBRherafRe OXPFOOSS Widi 8EbRBNnS hRP10 Wit% of a
conprises reaction of at |east part of the hydrogen in

t mapeibplpae. dSyeis obp-xplene ard 4wk ofimikedvylprss- nonoxi de

t uce : . rticukarl .

0P nhe i B R SRl B BRI ha itustrated by
OXyffshat &9 partoulay rhibedinsengsthose af sedinedyl katwm atnd attSwill
described in, for exanple, in U 'S Patent Nos. 6,1
1@p21meatqsﬂ@s'&he4bv?ntszng@vsim If 9 vpyiptigny notsnessssaghpillustrated
5’ 2 . 4 . 4 . ; . ,

30025 S8R Rt RO e B
r efl@re iciepurpoget ofdldtyrmining tisyinicsespsofths prsplidyentibas a
nol ar ratio of hydrogen (H2) tocarbon oxides (CO +

CXx2) in the range of fromO0.5:1 to 20:1, preferably in
the range of from2:1 to 10:1, with carbon di oxide
optionally being present in an anount of not greater

t han 50% by wei ght, based on total weight of the

syngas. [00103] The catal yst used in the nethano
synthesis process generally includes an oxi de of at

| east one el enent selected fromthe group consisting

of copper, silver, zinc, boron, magnesium al um num
vanadi um chrom um nmanganese, gallium palladi um
osm um and zirconium Conveniently, the catalyst is a
copper based catal yst, such as in the form of copper

oxi de, optionally in the presence of an oxide of at

| east one el enment selected fromsilver, zinc, boron,




descri bes a process for reducing the hydrogen content
of the effluent froma cracking reactor. The process
wenpboysoa cat al yst system conprising (1) at |PEFUSIN®043523
solid acid cracking conmponent and (2) at |east one
net al - based sel ective hydrogé% conbusti on conponent
consisting essentially of (a) a netal conbination
selected fromthe group consisting of: i) at |east one
al fromGoup 3 and at | east one netal from G oups
4Eé%ﬂ¥ﬁ the Periodic Table of the Elenents; ii) at
| east one netal from Goups 5-15 of the Periodic Table
of the Elenents, and at |east one netal from at [ east
orie of ACproagss for canvering metbine teeallpdatpd aromatighiydraserbons the
lenents; iii) at |east one netal from G oups 1-2, at
I8§§Fs‘ﬁ@qﬁgl " from G oup 3, and at | east one netal
from G(gups cénthétirdf atfoed Lerith@deheC mbeHahe with th&hydrocyclization
El enents; and iv) two or nore netals from G oups 4-15
ofcatelyst pEdien deanditions e cBectivie IE| eonyait s saifd ethangt tq egematic

f xyge f er h I
oxg'gl%ﬁargn%sgs%?(fu& olalgéecﬁdi’emﬁ}ggl Fﬁi]%%% n%re%{cl)jt h&\;ﬁ i Eg ae%ématlc
b &y dearbbiiearteiydrsgen] 4{H1 10] The sel ective hydrogen
conmbustion reaction of the present invention is

g ener al(bly cEAMgeiingptdgasha P@fﬁ‘ﬁ@ 5 83id aromatic ﬁ’é(d’foﬁﬁ’&’@n dpom said

fﬁ%@m ﬁﬁ’e Bﬁ’eag?gzﬁ]f%g%@lgc%%é%f ﬁd@%d&%{@ggﬁe&ﬁv ¢'tb ARylate

I—I;sdrdwﬁmaﬂc loyir Etichlgndl pioaﬂadiahiaﬂqylated sromatit hydmatarbon having
step e aronmtic . mpone in_the. .
P 9&13? ShRTS e Fil dRR legwﬁ{?@mil?% PHgEirdhe alkylting.
generate useful products such as cycl ohexane,

cycl ohexene, di hydronapht hal ene (benzyl cycl ohexene),

t & r ahykhegmegeht dfadlaine]l (beteirasaidhieecd hretea lalsd contapistahlshgione of
(dic ohexe oct ahydr onapht hal ene and/ or
dg%h¥§br€§éﬂﬁgﬁg'ene (decalin). These products can be
enpl oyed as fuels and chem cal - internediates and, in

the case of tetralin and decalin, can be used as the
sd. ventTHeqproesss ofisidimgl ohelagm Inahereincesich fedringaf egins less

Li zat ffl t.[00112] Th
h?ﬁ?b%&ﬁ Sq%ghgaggﬁbgﬁgentrs? bBt not]necgssarlly,

conducted after separation of the aromatic conponents -
fron1the dehydrocyclizatjon effluent and conveniently
bl oy sThsarrecess of #y pigerdnpetiaigebersinedidgondiions in (a) afe non-
dq%g&&&%¥§h&ﬁgﬁéon reaction. Suitable aromatic
Ion processes are well known in the art and
typlcally enpl oy a catalyst conprising Ni, Pd, Pt,
Ni /Mo or sulfided Ni/M pported on al or Si
suppor t T esz}p@eés Pé a‘éﬁbé‘ieﬁ?‘f g Clatsn aberedm saif gpn GPn ifjgns in (3) dtude
hy ()1 enat I o
DB BORC TR L0 GrRBIRLE GRS 5 s L 2bou
37IIIDU)kPaand) neesghthoufly Sihce veleiOA! ghouty0. QMcBaHocut 1@8)91&
kPa), such as 100 to 500 psig (790 to 3550 kPa) and a
VWHSV of 0.5 to 50 hr 1, such as 2 to 10 hr 1. [00113]
Pagti al Tl'iB/% I RY bRoBRY 1M whbreiP s8idO ha{yd%cfychzatmn
car’bon-car nds in the product may al so
desitalgdtlcempriseas: metaloradmpeumhthercofibs as mormnceslmport
pol yneri zati on or other downstream chem ca
- conversion. Suitable partial hydrogenation processes
are well known in the art and typically enploy a
catal yst conprising noble nmetals with rutheni um bei ng
preferred supported on netallic oxides, such as
La2(3- ZnO. Honobgeneous nobl e netal catal yst systens
can al so be used. [00114] An alternative hydrogenation
process involves | ow pressure hydrocracking of the
napht hal ene conponent to produce al kyl benzenes over a
catal yst such as sulfided Ni/Wor sulfided N
supported on an anor phous alum nosilicate or a
zeollte such as zeollte X, zeollte Y or zeollte bet a.

R T o, . - r - o




[00121] The effluent from al kylation reactor 34 is fed
to a solvent extraction tower 35 where the aromatic

W@ ovpoessds are di ssol ved and passed to fracti oper/081083/043523
36 where they are separated into a benzene-contai ni ng
fraction 37, a naphthal ene-cdfitaining fraction 38, a
sol vent fraction 39, a toluene-containing fraction 4 1
and a C8 fraction 42. The tol uene-containing fraction

o, 29 S YA 80 e Bion

a cefalyst ah | (oY @ompdissther ¢eabhene-ofy e demmiE tunigsteti, e fiRvifieh, a
fromthe remai nder  of the C8 fraction by either
c iyalybdenpma cempound, gotupesten coaweredoyid 2 Thenigs gempound on

fr 100139 ] 4.0 the extraction tower 35.
[6%%%5?E%%%O%éﬁgﬁéégkfggﬁgthe extraction tower 35

(conpri si ng hydrogen, carbon nonoxi de, ethane,

¢Syl dhe, PSR AT B BFBRG AN HPERE S5 B fent Stream
DropgsBat b gt FREFadliatt Aok ClSIRTER, Coctor 33,

and the reverse shift reactor 32, respectively, mthe
o, SRR L O SR b G Bt agen

t%ohgﬁﬁ ithe net hane concentration of the recycle
stream and produce water as a by product. An

addi ti onal gas stream 50 containing CO2 and possibly

h I be. f 4 lish .
o or TEoHToRr AT ¥ WeSPE b my BELAR RS fy ipged in

appi®sdnticlfg (d)at at |east one of the gas stream3 1
and 50 contains nethane and may be a natural gas
stream [ 00123] The effluent 5 1 fromthe nethanation

t 44 is | t . t 3 |
 cfovedaptRenan ¥ MCRE PRGBS aRFR AL Bleygyd Been
f WongRedEar¥bithendiide drRIMEE@iet 08 a@éactibe pridutitBéreot. S

rai sed before being passed to the reductive coupling

reactor 33. [00124] Referring nowto Figure 3, in a

proces [ ; : s
.oty pRoest o B T erlin o Mook BYERE M cafbon monocide i

r epredsced Hlyishid ressing 0arb62 dioxdyket ieh hydrdgereand/or methane.

hydrogen-rich, aromatics-depl eted side stream 63 from

the effluent 64 froma reductive coupling reactor 65.

| g4 hi : fif dou f :

roict Vi BRE o oo of Uine 1 o6 Whehfly sRCHICHRng agent

c orvakgprives mgthanolfandstr dimeethdretheand

napht hal ene-contai ning stream 66 and is then

conpressed to condense out a second benzene and

napht hat g Brdeeat ¢f ﬁiff‘%'eéédil@%aﬁhﬁﬁ Wk 6ih Saf @ fovatic Hydidd8rbon

side stream 63. [00125] In the reverse shift reactor

6 2onggrised herdienx indlesai dreontasting (h) pad dugesstolusne ead/oexylenesh

met hane to produce carbon nonoxi de- and hydrogen by

reacti ons such as Reaction 5 above. The effluent from

t hgs.r eath®bhrfssdbarfynprebédind cRRA WiRG6iAalE AbaEc El‘gdrocarbon

napht hal ene-contai ning streans 66, 67 are then fed to

ancaahpjdes maphthalene et s@8 allipdatingbpioducrs methymaphihalenesand/or

in,th tr 66, 67 are al kylated according to

re%ﬁ&éhﬁk?ﬁﬁﬁg%ng§ Reactions 7 to 9 above. If desired,

part of the side stream 63 can be conbined with the

effluent fromreactor 62 and/or the natural gas stream

6 1 to adjust the H2/COCO2 ratio of the feed to the

al kyl ation reactor 68 and/or the reverse shift

reactor62. [00126] The effluent 70 fromthe al kyl ation

reactor 68 is the conbined wth the portion of the

effluent 64 remaining after condensation of the

streans 66, 61 and renoval of the side stream 63 and

the resulting conbined stream69 is fed to a sol vent

extraction tower 71. The aromatic conpounds are

o g, o a1 Y o o - e —




[00133] While the present invention has been descri bed
and illustrated by reference to particular

weniwedsssent s, those of ordinary skill in the aptT/MB1005/043523
appreciate that -the invention lends itself to
vari ations not necessarily iKBlustrated herein. For
this reason, then, reference should be nade solely to
t he appended cl ai ns for purposes of deternmining the

trye s e h e ] QN [ A .
iz cad PomBesh ld BhrBRR ath B fhRkl Subar Gnrasting =
hyelisp partbonshe thydragencess eadrinsts efflien ajregNivith t dn@xfgen-

f eed gontainjng nmet hane with a dehydrocycli zation

c &Paiaipang spegies T piodies Hesord ellientsropm laymeay reduger ydrogen
”?%F@H@c PR kG B BgAUPARSnANd produce a first

e uent ream conpri sing aromatic hydrocarbons and
hydrogen; and (b) contacting at |east a portion of

said argmati ¢ hydrqcarbon fraomsajd first effluent, - .

< 1176 am e Proggss aﬂfkcang ?ggvfﬁg@ﬁtsa QYZCBABiaipg species in (b)

ef B! y’av] ' i ¢ hydrocarbon and
cBﬁ%%gé’sZcﬁ}%% 1H@Bleca§96rfjm§f18{1{§% y

pro ated aromatic rocarbon having nore
al kyl side chains than said aromati c hydrocarbon prior

tq the gl kylating., 2. .The process of claim1 wherein
safa f okhe HrACen Pt £lalh 10oRRaIPRcSak oa7hok dioxie s fntygsitced to the
H eSO A SfPnatkal JRQuBARCESS of claim 1 or claim2

 wherein said feed in (a) contains less than 5 wt % of
C3+ hydrocarbons. ‘4. The process of any preceding

cl.ai mwherein sai.d.conditjons in re nonoxi di zi ng.
et 1 asrogesS B GRRLbaRR iy hueliefs R afeyeorifins a
Wedsehatt §£hE ntthvdietih HRFeddlin((@). | ncl ude a tenperature

of about 400C to about 1200C, a pressure about 1 kPa

to about 1000 kPa and a wei ght hourly space velocity
of,nabo 0 Q 00_.hr. he.praocess qf

anz)g)‘?l pr gléheedP r%éesé Ioafi%%?ﬁ g gogi cﬁa@gi %’ tgeﬁby 3’3;81%/ L ek ﬁ cffluent
C atrehnyi Sonpeieey watesard methale, sthagosmombdurc e hesiane AndBthane.

i norgani ¢ support.7. The process of any preceding

cl ai m wherei n said dehydrocyclization catalyst in (a)

c ri . .

PR gt et BE a0 30 Sha ERAH LA Do DAL g wpter from
arsdida secoad i efifinend isfroamd ainth re6$blintg  ats idastcpardof ahe alethung wind/or

oxi de. 8. Th roge of any precedi ng.cl ai mwherein
o SFLBAT iy Saif rgae CERIRESRAE SR CORIABING @Bt Sut o6
nore aromatic rings than said feed. 9. The process of

any precedi ng claimwherein said al kyl ati ng agent
cafr i sHe pobgsk efieny dik ofl¢lainpr fceskd) whereinasenordl effileentistream

at | east part said | ene i roduced in said . .
c HAURBEH0Y dF e, SLICH o RECdiny aihpleiee: Srekrriengropatic
t ohyRirgMassoRk And &) & €} Kbiid.ng agent conprises carbon

nonoxi de and hydrogen or a reaction product thereof.
12. The process of claim 1l wherein at |east part of

saifd carbon nonoxi de i roduced by .said.react.i

catbon TRORoRE Bt elrtn B HieBii 558 euRR B St pycrogen
pr &sagsistion. any one of clains 1 to 8 wherein said

al kyl ati ng agent conprises net hanol and/or dinethyl
ether. 14. The process of any precedi ng clai mwherein
said aromati ¢ hydrocarbon conpri ses benzene and said
contacting (b) produces toluene and/or xylenes. 15.
The process of any preceding claimwherein said
aromati ¢ hydrocarbon conpri ses napht hal ene and said

al kyl ati ng produces net hyl napht hal enes and/ or

di met hyl napht hal enes. 16. The process of any precedi ng
claimand further conprising reacting at |east part of
the hydrogen fromsaid first effluent streamw th an
oxygencont ai ni ng species to produce a second effluent
stream havi ng a reduced hydrogen content conpared with
said first effluent stream 17. The process of claim
16 wherein said oxygen-containing species in (b)
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