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WD 2004/ 056730 PCT/ US2003/ 040403 PROCESS FOR
SEPARATI NG LI NEAR ALPHA COLEFI NS FROM SATURATED
WONYRROSABRBONS Field of the Invention 5 This i nP€nUSDING/040403
relates to a process for separating |inear alpha
ol efins from saturated hydrocarbons. Background of the
I nvention Many industrial processes produce
PRSIGHS $/EQR FERARRT AR 1dAHA RIRHA PREFHIE ERQM SATURATED
m xtures of ol efins, hydr ocar bons, and
oxygenates. defins a§§&#¥g%ﬁgﬁ% y uged in the
manuf acture of polymers such as polyethylene, as
ril i ?ud a dltlves or as internediates for the
_ _ Oladditives and detergents. Sone
IPﬂhibrl@hv@ﬁ@@@ﬁseﬁelﬁﬁﬁyfantume(ﬁﬁﬁaasssﬁkﬂansepprating
ol i gomeri zi ng _et hyl ene ov efin
lln@éFaP}BPatSl%ﬁbaﬁcgrﬂWxFﬁ§8§ gF%aP ﬂgogﬁa °P'fit er na
RacRbebuAs Baving a?béﬁaﬂoﬁarge of ﬁarbon nunbers
HOWEeVEr, [ hese sfreans re on the | ene  as
a VpeEdst Rkt al Prwﬁﬁéﬁe&dd %r%%%‘?f i 83&%@&&?3‘%““
hydEB@arH@Wﬂéﬂﬁﬁﬁ%‘ﬁhé@eagée&h&tdgééf&fobméflhandsdHMiated
process 20 starts with an 'inexpensive feedst
hydgyﬁgébon@enéﬂﬁll PY¥YI8BRIEREd f PSRIAERSURER 4§ 6151 Yused in
the ﬁ%ﬁquQQuQEh%E %%ﬂ?%@%%e%%%h %%”@QH@@%Hyld%%Keas drilling

oners conprised ol efins, aromatics, saturates,
muda@didéiyg@‘@at@sf alﬂwelrﬁ%wdm%%%cﬁm( Fiieppgegistion of oil
addg?@%%%r éﬁdnobe%% Yend2 . Sel ecldoye t o hbesPFroduct iftdbcesses
fins. I'e réaction condi tions and catal ysts
manmactu@reuwé@ftmsmﬁ@rfemsubé/ & lsgcamal zdinch eitrli%]ﬁ‘éle over an
1pHES! LedrsRecLgs i n phe, FIapeQdugtysiFr&amo@ d1a81e and
a pggrcgﬁgage OF ﬁ%&ég streg%1c%ntalns %ther tj%es o?r o
1ntecrmadund$en’z'\,{nnah hasinde asepaead ed F1IM Phe SR EPPMs DUTbETS.
ich 3 fi p | ang t d
Howgvfﬁéreg?ggg ﬁﬂiggﬁﬁioggg an%? a 9§?c§9éc553§3535 2
feeHEtsatdieamaWelrtLa@ontmncla m&tmeséﬁngétl@ﬁ@ttedcos’c to the

carbo , olef and, o e HHHH‘ r
man Fﬁ )&Jfl i & acJ:°|h rkgLo olg) e%%’e:b:g esters, q%?o%ggﬂfocess
staand ahdeftydes Amexpmﬂaawannﬁﬁﬂdktanﬂ RyngBaAD -generally
2004 6730 PCT/ 2003/04 403 ar d fr t
derdvig é;PQnQ%ﬁﬁﬁ% fore a %a?t.%é%e 9 JUHUP ' trbonaceous

compounds to make oligomers comprised of olefins, aromatics,

Fie

saturates, and 6xygenates.

The Fisher-Tropsch (FT) process, however, is not very
selective to the production of olefins. While reaction
conditions and catalysts can be tuned to manufacture a stream
rich in the desired species within the FT product stream, a
large percentage of the FT stream contains other types of
compounds which must be separated from the olefins, which
olefins are purified, and then sold into different markets.
For example, a typical commercial FT stream will contain a
mixture of saturated hydrocarbons, olefins, and oxygenates
such as organic carboxylic acids, alcohols, ethers, esters,

ketones, and aldehydes. All these compounds must be
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conposi tion nmay be offered conmercially. To further
conplicate the separation operation, the FT stream
W@ 0w@asd130 conpounds havi ng a w de spectrum of PCEUBIING/040403
nunbers, as well 5 as a wide variety of olefins,
rangi ng from C2- C200 species, internal Iinear
ol efins, alpha linear olefins, internal branched
sepataféds, faiphatsr arehiele olf8f i séreand BpéPre ofefPREticular

comnasnj}/tﬂ%nmﬁgg haye sigidary mobegybariweights. to  further
eparating a d isolating these species is no easy
comp Biska t €ohtientsieprala ti®ndi apetataion FBehdds Hfeeam contains

frequently.jnade e a i e -
com{d SRUETRRY N FoMTLE o P0RE L8, cERBERR IR =0 weln
as propagedvipietfi cifentlgfineparanginge &HdM eferfizo0 species,

., . specjes.in a FT stre Wi ffiei it vt hat
10t SERE} cutheRBmpBLr E Lo | s-XEapt bEPERF, Phet g " indernal
brahdhendete apptj calpba. brénubatidobefdrsi r abbecveléendbefins,

a separatjon operation. T : -
man%p?$v$?§cgnganf§l%f ?ﬁemgsgggigffﬁéﬁ g@?? rgéﬁgfgﬁﬁng and
isothfingshede by theepresence afo iegmyri theed.in t Renventional

. stream such as oxygenates; whi.ch renai,n activ
i Ghugr-hob) G DRI of By e Lo bon RLRBAPS o il 522
speti89 BvERY, capdeWbbenifdysbbngusshes between |inear
al pha ol efins, branched alﬁga olefins, a dtggr ffi
e

VAT EYUSst PERRTSTES PAtERT O, GUS RS Heder | bod 4 oY

sepRtQEESEhEOH B3t SpRaRaki @R ef Firntseteah eliehi ssfficient
from al pha ol efins by carryi Qut a, Diel s-

. . Al d :
puribsctifoi by dOHRETY aCPQQg%PG&ﬁnmA%% ﬁﬁceggﬁggﬁiﬁﬁl the

int%gg@guggp§gggt§gnanthracene to forman olefin adduct

Di el s- Al der adduct), separatlng t he adduct fromthe .

f edtisworkd disssiraatadle thHe SPRFVACaBdGEPFREGUGN RELH O™
on tQ 3 p&%ﬁﬂ&ﬁnaqhhraﬁﬁﬂﬁ1a@@eana@kﬁﬁﬁﬁyCOﬂ@@Silifél‘of the
~enriched in alpha olefin, and separating ut the
sepamehiagenegensm tise n@ﬁph&%ﬂ%ﬂﬁ%ﬁeduskpétg%@ npresence  of

imp%F&%ieé3§19e§ﬁérQ@%e?mprQﬁ§§§ £9r ok PensePaf alvheBhOfremains
al pha and internal olefins fromsaturated 35

actdompoundsr by cdsttadeand aff eaPsEeck WIPCR PERRgEs  yanging
ro%F)8004/05q;%9 Rl 4520034940403 neR0l ¥aEQBBAI Clinear alpha

—C
Conpourd’to forma reaction m xture conprising
olefins, branched alpha olefins, and paraffins in a FT

stream.

US Patent No. 4,946,560 described a process for the
separation of internal olefins from alpha olefins by carrying
out a Diels-Alder reaction by contacting a feedstock with an
adducting compound such as anthracene to form an olefin
adduct (Diels-Alder adduct), separating the adduct from the
feedstock, dissociating the olefin adduct through heat to
produce anthracene and an olefin composition enriched in
alpha olefin, and separating out the anthracene from the
alpha olefin.

US Patent No. 6,184,431 describes a process for the
separation of alpha and internal olefins from saturated

compounds by contacting a feedstock with a linear
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| i near pol yaromati c conmpound-ol efin adducts and
saturated hydrocarbons, separating the adducts from
Wwo b@4®ai7e¢ at ed  hydrocarbons, then dissoci ati nBCT/II82003/040403
I'i near polyaromatic 5 conpound-ol efin adducts to form
| i near pol yaromatic conpounds and an olefin
conposition. US Patent No. 6,271, 434 describes a
polypromess cf gromgreindepar 4PirBn Bfr e Fiehen alpKEUEPefGHRrLS1Ng
roma.cr rea L at
llneﬁﬁdrggaygggga%nt e?%rgﬁggﬁﬁtlg ?%gglﬁr aﬁﬁﬁgio a(l)rlloclaf |Sr?sJ,C urated
hydrapdrbionear alephaasiioni nghisy eslusdts nFadfe réddstiurated
with_ |inear polyar un o f r t
e
comp@ﬁmemd,»fwrefauddwﬁmmos fomeﬁamam@qlh@w}?@t% FAunds
t he satuyrated dr qQcar bons and dissociating the
and agq3 Cf%‘ﬁ# €ar pol yaromatic 15 conpounds and
olyef | PatHemevsn,. 6, 27ils 48dsi dabkeibes obt apnogepﬁoc%@é the

wth econom_cal nean her, s t
sepageditdd Hrodddf§ar Sﬁﬁrﬁ‘é?y 8# %Fﬁg |n\%,‘g§1{“| ob. Thate j3rear
conﬂgﬂﬂﬂdgﬂkétdﬁéﬁéﬁﬁhﬁdﬂodﬁﬁhﬁﬁﬁAlmpﬂermﬁﬂ Ql@ﬁ;ﬁﬁ» Ippnched

ol efins froma feedstoc ion co
olefiiinfearanch| IHE2T| BT Gttt yd?%‘%r%‘%‘i g feedstock
w1t%i}$?éﬁ& b§§éﬁ§mabi@n@bﬁﬁoEﬁHetbnioﬁmuhEﬂeaﬁuﬂon mixture
risin contacting the feedstock co (e}
compgi g | i gééﬁarpolwm%% Jc%np&?ﬁlgoblﬁléie con tlg%%mts’
sepa}eﬁafteﬁ{ d vento dfupt25raoneastd ogabixhtee (}Q/rd:crdcanbgms and
I near” pol yaromatic corrpound ol efi ns adducts,
dissetintingd hydfocad BHHIES uhfeact ol gﬁnr?§r angolyaromatic
com]g% ol s, @angh upyeact ed poI yaromati ¢ conmpound; b)
separating the |inear polyaromatic npound- ol ef i n
ad@iwee et r omt hel satdsat dlt@calo%&?&n ufir eBEPSSSS Puith
ecoé&ﬁ#égf §|EQhﬁurtHefh§e§§§&ﬁéoﬂh§1dé@iﬁeﬁopf@ﬁ@mﬁs

ocar on stream conpri si ng saturated hydrocarbons,
Summmr:ea@fe‘dhe)l efivestapd- al cohol s and an adduct ed stream.

CopprLsi g Lhe hiedt RAlMAEIdL somposnthel Eih@ar351pha

and-unreacted I'i near polyaromatic conp 3
0le NN 200450567 I RET/AIS20VSIHATIUPT cFOTRE EHLRY | g%%‘iﬂ?ﬁgalpha

ole£Q§s9ddu%H%%§§feﬁg&?¥c§955ﬁ§l|Xnternal olefins, branched

olefins, and alcohol comprising:

a) contacting the feedstock composition with a linear
polyaromatic compound under conditions effective to form
a reaction mixture comprising linear polyaromatic
compound-olefins adducts, saturated hydrocarbons,
unreacted olefins, and alcohols and unreacted
polyaromatic compound;

b) separating the linear polyaromatic compound-olefin
adducts from the saturated hydrocarbons, unreacted
olefins and alcohol in the reaction mixture to form a
hydrocarbon stream comprising saturated hydrocarbons,
unreacted olefins and alcohols and an adducted stream
comprising the linear polyaromatic  compound-olefin

adducts and unreacted linear polyaromatic compound;
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and sel ectively dissociating the |inear polyaromatic
conpound- ol efi n adducts under conditions effective to

WO paonesEe0 t he percentage of the pol yaronati c cRPOPUSINA3/840403
reacted with Iinear alpha olefins over all other
olefins reacted with the polyaromatic conpound in the
stream thereby producing a re-equilibrated stream
canpr i stereeauihidarapoly afbratdddutmsbufirepef iy partially

adduet s, i | edy fii ndnenr eagted apgd: ti
di%%%cf%?%ﬁﬁﬁS%% r q?ﬁg%%?ﬁgggﬁgtic conpound,; g ya?oma e
s epanadimd- ¢ hef 11 neadusslsy avodari cashpoieis Sifdeicyive to
adducts from.the_di Late | ef,jns. . - d
CTITASE oqnel, PohReRBEr o8 e PRy Snaric compoun

comgydisedigrilssbrhadedalphef phefome averneddt other olefins

al pha-ol efi n _adduct ed [ 0 i t ldvnea

ok 7 Ot 1 B B in 2 o BT BdducEP R | pg e - otrean
pot yer et ipr cehnpiolnda ejeth@socilataied t FEddareapomprising
pol yaromati ¢ conpound- ol efin_ ad ' i :

D bt de by SBTRer o cSPrRRRpTS FoHE, pldkgEs) ' BeBboctated
pobyaron®} i ¢ eedApoungseartdeal phaan®0 ofleésnckatédhedlinear
ol efin product; and f% separating the al pha olefin
enPPL¥RECBREE FnCAFBAURE? from the pol yaromati c

cogpoungepuber ey the akpbaropeiiarematthedonbetind- olefin

product is enriched in the cqncentration ol ef i,
ové@dﬂﬁEchﬁé@anﬁtﬁéﬁSBFlaﬁggoPEF%ﬁgsiﬁnt%&ef533§?%%§ated

andy epriched #dvd hgnconeenhr aftianof compneaingl phasociated
ol efins over other olefins in the feedstock.

Furt her,
a pleEess fendsepar atiBRPEY | RERRATPha %Pef?ﬂguc%F§n1§tream
Fi%EﬁFiIQQH ch figedstaekshavi Pl Ve Bge eatpomnd-olefin
nunbe

In the range of from6 to 16 and having a
pr eddnichanendo lénepirn PepEereBW EhFAMERM 3 ¥ ange, sai d

feggst oggsggggglt%gg didneari ddpha ghelbpsmaelef i m®mpound- -
other than linear al pha olefins, saturated ,
hydiefanbordduahd alBohbhe coMmfRasi mEPhy COrftfdti agducted
said feedstock, w th;acbi-near v RYUATATBEbRp S@IROURHA] alpha
cofnprising ant Aif acene or 35 benzant hr acene under
condiefiionsneficded wa etfd nf erecacts AWH2004/ 056730

Eg%gg?g%%%%%%@i%% FHRAGHIAR TEUYHE LRI A dfifedroduct
from the polyaromatic compound,
whereby the alpha olefin enriched olefin product is enriched
in the concentration of olefins over the concentration of
olefins in the feedstock and enriched in the concentration of
linear alpha olefins over other olefins in the feedstock.
Further, a process for separating linear alpha olefins
from a Fisher-Tropsch feedstock having an average carbon
number in the range of from 6 to 16 and having a predominant
olefin species within said range, said feedstock comprising
linear alpha olefins, olefins other than linear alpha
olefins, saturated hydrocarbons, and alcohols comprising:
a) contacting said feedstock with a linear
polyaromatic compound comprising anthracene or

benzanthracene under conditions effective to form a
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compound- ol ef i n adducts, unreacted ol efins, alcohols,
saturated hydrocarbons, and unreacted pol yaromatic

wa@eowposiTe) 5 b) separating the |inear pol yar onBtT/TS2003/040403

conmpound-ol efin adducts fromthe saturated

hydr ocar bons, unreacted olefins and alcohol in the
reaction mxture to forma hydrocarbon stream

commdtsiony sanimbued hy@PEREAESRS, JriMERd ed BPEYRRYUatic

f‘”éjon?' § thoSfL And anyadduct edsbhearyl0oearPhES| NY1EHEo1 s,
I he yaronatlc conmpound-ol efin adducts and
Lﬂﬁaﬁuﬂaﬂbdw neadrpceyboomat i cardnpeBFgached  polyaromatic

re-e U|I“$rat|ng t he adducted stream by partially and

sef 'y dissociating the linear polyaromatic

campounskepd ef i m@adibet < imeder Rﬁﬁkﬁﬁ@%ﬁﬁ#%fﬁ@@PPV@dr@lefln

15 i ncrease_t he cent f

co % EF rgﬁe?ed%%lth %gﬁgg? 5*pH§$ %gglns over E?FeaCted
Ot(’ﬁEeIS;]fi_th@f kA8 alesdtedd wht hheherqeotyiarromai kKEusenpounPrm a
in the stream thereby produci.n i i

StR¥ARE 9?3|§Efeﬁﬁln §W¥581y§%%n§ %grgg%dOUﬂgégﬁg?F%ons,
gdﬁﬂﬁééeﬁa%ssgéfahed 20 dolaafdahe, s, amdxiunueaddedtaddstream

i ssoci ate i near oI aronmat.,i ¢ co oy nd;

seﬁgm%f}%bnqhetﬂxﬁea ¥§aféﬁ§té%:conpoundcg%P Pnd olefin

addygtstironntherdhsseqi at sdavl pbinpsrbmathe compound;
equilibrated  streamto f?6r1an ol efin tream

cofibri sTRgeArssbRFaF&RI SIS FTREChAY & Fﬁﬁghrby partially

al pha- ok &f & - pelduGt egh Sds o i PN S| rlgntehae: | pp@garomatic
pol yaromati c_conpound-ol efin adducts

poboaPewadelebipoldiiu SS(MW§§8E|a??ﬁagpﬁgnFlﬁ%é§GCtlve to

pohﬁ@&@?@é'QﬂﬁQ RN Q] 'Bfad@M§t%@Mydﬂﬁmdﬂfmabompound
fin adducted 30 streamto formlinea

pokyaﬁbﬁdtWétboﬁﬁééﬁésa&ﬁaaapﬁﬁglnﬁlQF?E Bt Oiggr olefins

: f
enr| cEt%a ﬂbﬁh g f)ospRabatt 08 Idimsahn @heftme stream

n product “fromthe polyaronati

‘Combemﬁby\Mﬁﬂ@%@im%eéalEﬁaeéPé@Fﬁréﬁﬁﬁcmﬁf?ﬁ%fFmerlSlng

gﬂggr o%?% ched i 33 oliRe-eareent Baldert 9f dissociated
oIe i'ns o e concentration of 5 WO 2004/056730

PCBA@$2@@3/04@4@B olrt¢aEtech t enfeeddigERCRGed  inear
entighedohachihe eapeeatsation of
d) separating the linear polyaromatic compound- olefin
adducts from the dissociated olefins in the eqguilibrated
stream to form an olefin stream comprising dissociated
olefins and a linear alpha-olefin adducted stream
comprising the linear polyaromatic compound-olefin
adducts and linear polyaromatic compound;
e) dissociating the 1linear polyaromatic compound-
olefin adducts in the 1linear alpha olefin adducted
stream to form linear polyaromatic compounds and alpha
olefin enriched olefin product; and
f) separating the alpha olefin enriched olefin product

from the polyaromatic compound,

whereby the alpha olefin enriched olefin product is enriched

in the concentration of olefins over the concentration of
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andrey - d6ntaiatidng - Wi LPEsCARbAGRWISHFPEn B i BRSL i°C

i near al pha olefins over other olefins in the
feedstock. Brief Description of the Drawing The Figure
wo s00a/0bd76ck fl ow di agram representing the 5 pPODESE08040403
adducting, separating, re-equilibrating, separating,
di ssoci ating, and separating to provide linear alpha
ol efin conposition. Detailed Description of the
olefnuenthofhThifselmtenki ondr enatiesefo 18 Fheceengegtration of
llngg aéﬂ%hggﬁﬁgglnéoogégoﬁ%ﬁngo@%@ﬁﬁsoﬁﬁf%ﬁ% fre@@stock.
ura ydrocarbons and alcohols, and in
Brlpérﬁeeutaptlpo afotb@e§§aWéﬁgseparat|ng and
opbhanap] , FECQLEr LnGod dagare12),Pha; ghebhnS g Aenting the
urate ydrocarbons in a FT stream It has been
proteaed thaf i naddpctdeys sucteparalesedi bed Hareqs Wdrating,
271, A34 n er Lncr
SepﬁFSﬁéngéléslss%ﬁﬁf%in%ne%%buISé %tg%%h€héﬂbrgg§§gd%sllnear
alpAaDerﬁla-Gombbsnahoand so on wherein A is adducting,

D EsgdbSt'llaE'on of Sﬁd 9 v% %r%%kgrggo; di ssoci ati on

re*relqu;l lirbreattii@m stepatds aocragkioupst eporhsepa@atang and

yite c I|ca can e el i m.nated T
rqulﬁgﬁpﬁyiﬁ Phf[e é?gﬁggs oA RE BT éﬁ#rq$%59%ﬁﬁi and
al&ﬂ%ﬁ%ﬂ}%ﬁ%?%?fﬁéﬁf?bmlﬁmpgtbyannptesesfomle@paxating and
saturate ydrocar bons, and al.cohol s h I
optdAnaldtedr YAV SEAPBons AE2 s &d A ePh® %ﬁgf’ﬁd 590t saturated

hy %f%?ﬁfb@n%51@a@aﬁﬁiFtr%ﬁglclass of saturated

ydrocarbons may al so. include other nole ules

oy ditoPaafEioRs £ AT O™t e dhPERRF Torph 3888 MHedt in
us CoAMt &I NG .8t oheastagnein carben- e Mt&iﬂubhach@ﬁded alpha

The ol efi ns nay be Iinear branched, conju
OlQﬁ%ﬂeﬂWﬁ%ﬁWtPB?eVHBH%ieS%%n&g arfifnh BFSCQESa%H%gg_ e~ A-D-C-

Dfl @T'bn&“g§téﬂuﬁﬁgreﬂﬂsﬂb§%|%@b@@tlﬁ@ntwlléﬂddsﬂwllatlon ,
alicyclic groups, or contain heteroatons._The olefln

1jm&¥%&°%%&%. %'%eagbﬁﬁilﬁkghhentggeﬁanﬁ CQMBPHBHing 0£tep that
may “consi st sol ely of an aliphatic, cycloallphatlc

carg m@@w @@6@3@CP@ﬁUSQOOQPO@éA@BDaE%r oaf phat sio £ying

thM R pQ%thpDnﬁL?LbE§f9Ha&he conpound. Preferably,
the ol efinis an a i phati ¢ conpound.
The feed stream to be treated typically comprises

olefins, saturated hydrocarbons, and alcohols. The class of
saturated hydrocarbons as used herein includes at least a
paraffin. The class of saturated hydrocarbons may also
include other molecules such as cycloparaffins.

An olefin means any compound containing at least one
carbon-carbon double bond. The olefins may be linear,
branched, conjugated, contain multiple double bonds anywhere
along the chain, substituted, unsubstituted, contain aryl or
alicyclic groups, or contain heteroatoms.

The olefins may contain aryl moieties along with an
aliphatic or cycloaliphatic moiety within the same compound,

or may consist solely of an aliphatic, cycloaliphatic, or

E<Gr found
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The olefin may be branched or Iinear. Exanples of

branchi ng include alkyl, aryl, or alicyclic branches.
wab@4/05678unmber of unsaturation points al ong theCT/IS2003/040403

is also not limted. The olefin may be a nono-, di-,

tri-, etc. unsaturated olefin, optionally conjugated.

The olefin may also contain acetylenic unsaturation.
cycmmmzmtm efiith s ahiphatia VoLt BoUbl @ bokde scompound.
ocate both of a ( bon. SiBo a carbon

Pre%ﬁ%‘%]{%’ %%%_?le?%rhgjfggg? b%’lnf%{ om ?%gar dlllrgegé of how
Ionthbeled:‘hlal mayp beellatavehed othetirparn | endables of
a npl ecul e. The al,pha in Y. | r
e AR e AR SR 1 CRELT ofdl B UpS amy oo The
numﬂ)@ﬁadedLmlsaiQMtﬁdeidmn@odwtlsommthen dwmigonisgs also not
. atons adj gcent to the double bagnd rbon atons, : _
llmla?@%ere Té}bef s &Y 7Y c&%oR bg@%ﬁoﬁe. a“tf'hé altg%a' ete.
unsg%@f?@e@?blakgabepfﬁ®méylynepn@hgaebdntmoTbelnﬁeiin may
poi nts of unsaturation may be, .l ocated anywhere al on
als?h%oﬁ%?é%u?%?tgﬁévbﬁguEEagFr?Ehg?'on doubl e bond isg
i nahhey Bhipha quesiitd oA.s 2@nAnclefennathadef ideg)ld s bamd  is
ol efin whose double bond is |ocated anywhere al ong
locthedcanbbntbhaifn dexaehtP arazign 3 nadhh cAr BBRPG oAFO™ 18
The internal ol efi y ' a d+n&h R
any| G0 BR -of "B BraER 6! "SUBLFI LT 06 o the o nrerpar " 1S
relgtefen dos dioteti whbed Beagidhesior f uneleenak. grolips alpha

25 may be | ocated on th | e, bon r ;
OleééPb&%ﬁ’a?%n@Jéﬁ?%%e%¥ ?ﬁ%&%%e dubl%r%%ﬁ %%a?%gg§un%%lonal
gro@peMmayobeanyuareel @l séowbbmgoome carbon backbBenen carbon

The ol.efin al so he ubsti tut 1,1 h i call
atoWéa@@P@€6P5g3¥?dE%T 598823.%Oggaﬁ%gg%&%fagﬁg%}cgkléHYWhere
elskeagbhyethunehirbbal bgictipsear e The edphexylle fandatyyd@lso be

keto,xthloh et her, hydroxyl, and %ni%%. The er, of
& PPdHcENEnal’PGr6tPs T & MBIPECuRE s “not anitgg% g2y be
1ochuRel izoRahgouIonmythe hotatedeanywherenal angathéeast on

carbon backbone. The _feedstock .can be produced. by

doupdembBrEral-Spidc&58§edl L6 A8 he oligonerization.

of agt hyliene.a10Riicaal ty) fos | snedle7iM0sR604/ B56036 bond is
PCT/ US2003/ 040403 _ by isomeri zation and .
Locgitssh 0 poWtPER&L | GOTAl t tiQﬂﬁaﬁntlﬁgalfbe5§¥§%¥:wﬁf any
te B dAnoduced by the. Fi sher -ifrepseh pyoeeiss, may be linear or

branched. The location of a branch or substitution on the
internal olefin is not limited. Branches or functional groups
may be located on the double bond carbon atoms, on carbon
atoms adjacent to the double bond carbon atoms, or anywhere
else along the carbon backbone. The olefin may also be
substituted with chemically reactive functional groups.
Examples of chemically reactive functional groups are
carboxyl, aldehyde, keto, thio, ether, hydroxyl, and amine.
The number of functional groups on a molecule is not limited.
The functional groups may be located anywhere along the
carbon backbone.

The feedstock can be produced by commercial processes

such as the oligomerization of ethylene, optionally followed
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whi ch typically contains a high proportion of

paraffins. A Fisher-Tropsch process catalytically
whyanosesat es CO to 5 produce conmpositi ons CoONPEI/NBI0G3/040403

al i phatic nol ecul ar chains. Oher processes for

maki ng feedstocks which may contain m xtures of

ol efins and paraffins include the dehydrogﬁgatlon
by b5PREFiLA2TS0RN 288 tHoRF SRS IR atiePac o ﬁné‘ééggég, the

fee@btoOP.maand dhepehankeny B W@%?SFiQH%ﬂnﬁgo %E%@ess,
feedstock 10 is that obtained froma Fi sher- Tro S
whickTLyRiRERY| SONERIGH A yRigh aﬁa0p@aéftpan o@bmwﬁmns A
FisB8P-PoSELECt BdokRssPr Qde A RantiLul ﬁéﬁgtes CO to
species in the reaction product strea exanpl e,
Pro@ﬁéepﬁpwp@ﬁﬂﬁﬂQ@éta¢9@tahmﬁﬂgeaéﬂpbﬁtl@onm¢1¢©mbamayhalns
t nhance .t [
Oth%ﬁcr%ﬁﬁé&%%é§annunt of pa # #ﬁfﬁgﬁgﬁggixsggha eégyh Fﬁntaln
mixgpreanet Ablefhasi setlyparhéftasaliysiudadtheadehgdrogenation

condi_ti,ons ned to enhanc the a Jnt of
of BaParEIRe SHATHALS chbBse: HEdEmidn it EREPInE mpgoesses of
uoP pxa@@naﬁ@scr@ckbﬁg%feaake&neméI NMost hﬁré@@%ben feedstock
conditions will vary depending 20 on_t

is BlRF prerrieedl Byen. a TheskgrrEaepson ( F”éh’p%]ﬂégbiaéésvary
betpegar 1006+ 50a300Ge R 1idH oIS i LI St Oséy@cted to
reactor from atnospheric to 1500 psig, and an CO

Proyhes of Pemte colan guist 10f ppeeeiabl yof ridia 1r@agtien product

stréar; 1, @ Q§§mﬁ9grlMﬂﬁpaﬁgryfé@féfycﬁﬁggyg f%ﬁﬁnlegetion
10, OO 25 v/v/hour. A variety of reactor

congbit PrEraey oRs &aRebe touswdarniasc| i ryneunt of olefins and

[ e d),be xgd lyrri:ed
dec£é§§9 4§q§e2%%$g?ﬁréx$nq%]ggghbgbsgggh %g§ge%a§s% dagy the
stredose Bfiterdphavglyki Ithet Oiamhyﬁtzeartd]erémtra@nononditions

may " egﬁgﬁgﬁgﬁgngﬁﬁla%@englw R 0&() @a‘ﬁgr :esgmhf{%%{ease

”thel$m@m@niqf1Ol¢ﬁim@|@mdeQXY@ﬂmab¢meﬂ@ bee(shredhe

te r t er&l hi.gh- e.q. .
OB She" PR SePRRE Sy 3T, P ceppnaing
on'athéxedyped DéacE@m@@mamx lﬁmgioymhb reacth®n FT reaction

erature is generally ranges within 35 200C to
tem URSSf fHDY y PREVRH 2¥H%5hdt?40éooaﬁd when anlgt gas

pre§¥&£Q0H$0@@¥3§b£%3$£5%99§/9&@§9$he§i&ffa bedo P?lg' and an

reactor(s) is used, the tenperature i s general
H2/GR t KPRiPhef¥aingd 0f: 19GC té szocpreferably from 1.8:1 to

2.2:1, and gas hourly space velocity ranging from 1 to 10,000
v/v/hour. A variety of reactor vessel configurations can be
used, including a fluidized(entrained) bed, a fixed bed, and
a slurried bed. The temperature in these beds can be
adjusted by those of ordinary skill to optimize the formation
of FT products, including hydrocarbons, and particularly,
olefins and types of olefins. To illustrate without

limitation, in fluidized (entrained) bed(s), the temperature
of reaction is generally high- e.g. ranging from 280° to

350°C, preferably 310° to 340°C. If a fixed bed reactor(s) is
used, the reaction temperature is generally ranges within

200°C to 250°C, preferably between 210° and 240°C, and when a

8
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The catal yst used in the FT process is any known in

the art, but preferably fromanong Mo, W and G oup
wWRdok/03@E3€onpounds, including iron, cobalt, ruP¢EDE203/040403

rhodium platinum palladium iridium osm um

combi nations of the foregoing, conbinations with

other netals, and each being in the free netal form
slugryadesl | ogacter (2 AR @)’?leél]e dhe aFprRRra bR Bt Aer generally

or a L | yst I 10
witBa g#ﬁ GRBFS 8o 128 % % 6 vat al ;/n;%/g acti vi ty,

st abiel idayta1@istSeiseet i ttyne Sﬂ]’?tlabbee@s; oiret eny ikmownddn the
al kal i or al kaline earth rretalsllvj eor of i ned

artpor plds RCIEXPREY hydPExi G8°Tgal £°°or cOn‘& { QP VIII

combengaf, - ﬁﬂdﬁﬁﬂfhgcaﬁﬁbh$t5cﬁmﬁlﬁﬁcrrbeﬂeﬁmnmexammoﬂlum,
In US I5atent Nos. 15, 6,271,434 and 6, 184, 431

plagilegios uPeslafdeuRer ebiyl I3 Weor PSFALEY b OFREBR ﬁQE‘S Mt the

foreEo%%@ea@dﬁﬁﬁﬁéﬁ|dhé“%¥ﬁﬂr@kwéftﬁétéyspoaﬁd|%@bh @¥ing in
ni'trogén ‘ conpounds, which - nmay be deleteriqus to

theptfieae: neahl JR¥E WHi 6§ deridlfi 2F the slePiAscorr carbide

or éﬂﬁ%yZSQRQSuﬁg r%ﬁptégnaoﬁﬁgi?f|nSTHé‘%&@%lysts may also
I goneri z tion or pO yner|zat|0n processes.

m@gmdlms@n@ieatme et horamsd®  Hewevertadyetrp activity,
t % B Qh 81Y 58] eCtd g 4 & PMdd il Alinclude alkali
Sh4 % le\éieﬁ l:f%)w dé var | ety ptol?jrspecl eslrb\(; tuhlen aa ot
or C@hb@uneorear’z&l Enahpllés dfn séreeofort hecspéBrds fFUhdas an
oxildL any dro%&ﬁgan] %fgluQﬁrp%%ﬁBEhg§lgﬁ%'n9h§r969ad Suitable

Spéct 'Y nol ecu wei ght's, al cohols, acids
ca’deéltystes cared  aledehyides]  dfiv- srdmplgnout s W Patent Nos.

i Ccs he r,poly ti dse in

6/ %aft%én%ﬁ oce%sg 1%%3n4vagnt [ ghggﬁomgller 'S part| %ﬁlearlrilereby
inc¥rpueldteatiapt eckfeorertdee separati on of ol efins from

saturatg&bf %%Pg%%¥g§§1lr5fi Fgéﬁggi é&{hﬁéﬁ%ly no sulfur:

presenc SI NCe oxygenat e

~or Shdrirbigeant tympoads, t hhipdr f negance d@‘letthaerjlduﬁeato other-.

| romati.c compound., Wi l referen ds de
Ca%%f%%ﬁ M ¢ edfelvaffsl%ehdei} § oot anéy./@st?éetgafyfg the
redm@deody agy proegessncont aimi ngotEeW) 2©a4jg@5@matlon or

PCT/ US2003/ 040403 | ef d d
po Ly B e PEEGSEOERS |1 ORIHEIS deets g] naCEHOR® used,

hoWéﬁ@ﬁulﬂﬁb pbsirsdate 9 ¢t edamdy selective to a particular
species, and yields a wide variety of species within a
composition.

Examples of some of the species found in any FT stream
include paraffins having a Dbroad spectrum of molecular
weights, alcohols, acids, ketones, and aldehydes, and small
amounts of aromatics. The linear polyaromatic compound used
in the process of the invention, however, is particularly
well adapted for the separation of olefins from saturated
hydrocarbons in an FT stream in the presence of oxygenates
since oxygenates do not significantly impair the performance
of the linear polyaromatic compound.

While reference is made to a FT stream, it is to be

understood that any stream made by any process containing
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contain from5%to 99% ol efins, the remai nder being
saturated hydrocarbons conprising paraffins and
waeyokopasaf f i ns, and 5 optionally other conpouPdBUS20051040403
as aromatics optionally containing saturated or
unsat urated al kyl branches, and oxygenates, based on
the weight of all ingredients in the feedstock stream
olefansherpt osessretethenydweafenns TREE preierPd dps@sicocks

of, 0l efin RLesent LRt he,Fdnstggam ranges idd oy 13t
for, th%, P%B9gs\%ﬁ .&%. LtJnflﬁe Jgnrmu?lt of l'inear al pha olefin reene
conitaihhérbh §6rcamoioé wdefing t dde Femagheiesr sIyng Segegated
from.15 wt_ %10. . : of ..t £fihs, d
hydrREPEEPRE B?Igé% ggnglt eﬁ{%ﬁgpgﬁlgg?n%t%? na yq%lr%aiu%ls, both =7
optlibnean yandtheranciegounsisal sechot alsi maregatijyss optionally

referably ranges froml .9 5 %

COY&%&P&&@ y%ﬁtgﬁgge& . Sto" a%.r‘ébotte%he%l\g%unt o¥ fohes,  and
oxyR@hafkisn ivas@mst oRT e eamsghangef f pdM Singradietgd in the

w. % In _sone FI streans, the. FT_catalyst_j ed
feedstogkhaftEctle B?ef?%ecéﬁ%§h5¥%tfgﬁ %ﬁg d%%?é%%%gghe. The
pre&%rxﬁfeﬁii ﬁm&;@fﬁgeﬁfr EH]JeQTLln |]gl51réfh®$18f str Gtgms, thetammmtrfanges

of paraffin, general |y ranges fro to 65 w.. . %0 -
xS STt ganto 101 HE Gt hel TREToAT FennBT wAerg ehe TRpe Blefin
in caial ¥8t st sebMned trptenhantesd hebuanpusteahbpgr afafiges from

the amount of paraffin in the streanb range .fronLGSl din
15 it 9% t'e° 900 Wi Eos® - Thel im0t S of ©bt REFSTc ¢ i GUne

praubld edMe SSUWEN amPXHoaNaes and <ioist i asoti25 Makear  and
up nost of the remainder, of the FT stream _an

d are

brajeiedhl |36 prbsenfiotn WRsifcds rAHgi RESFPHAPSYwWE299F8 dgom L
wt W % 5 MpoTe anpibd s @i Q4eF IPrHARCES Bhdi5 wt.3.  The

inpurities, less than™ 5 w. % nmay be(gre ent in nost 99
amdU s tafe A a T TF R 15 tRQsm i e BBh i A4S eSs@ht? afty® t°
wt of pargffins,. okefins canomatires 30 angkoxygenatestaasd to
~include such mnor anobunts of other: by- products and ,
enhianme i thes oIR{df eedseonkr whyobe 3@ %pr ReseREc FERG AR TTAn

co%nqlra{’aaison been:fragtd onated and/ ore Par iddRthibyod paraffin
conven

i'onal- disti ation, extraction, or other

gersepsilat | oangret hBdemt & 35 refovie SoRE SRt FE TSAFaf f i 1y, other
hi_gh I I I i 0 3
BT P'é%:@%%gogﬁ#ﬁogﬁlé Sfrp W%'agggxg% i’p %@%@&5@3 @nhance the

speci es, oxygenates fromthe
ameuntde ost remm f en tthe swoparhtiadh bpspafisn i3 the stream

raﬁégghj f%% b%5di%£[%|Lﬂg Rﬂﬁ Q%@%tion‘rhe amounts of other
compounds in a FT stream, such as oxygenates and aromatics,
make up most of the remainder of the FT stream, and are
generally present in amounts ranging from 5 wb.% to 30 wt.%.
Minor amounts of other by-products and impurities, less than
5 wt.%, may be present in most FT streams. An FT stream
which consists essentially of paraffins, olefins, aromatics
and oxygenates can include such minor amounts of other by-
products and impurities.

The feedstock may be a processed FT stream which has
been fractionated and/or ©purified by a conventional
distillation, extraction, or other separation methods to

remove some of the paraffins, high and low molecular weight

10



10

15

.20

25

30

35

m xture containing the adduct, it is preferred that
the feedstock used in the process of the invention
weomiasasan 5 average carbon nunber ranging frpoT/CS2002040403

and wherein the predom nant olefin species in the

feedstock is within the range of C5-C20r inclusive.

The pol yaromati ¢ adducti ng conpound efficiently
spec?ﬁﬁar?gﬁslb?ggsa&ﬁeate@mhwdtb@aﬁﬁ%ﬁkiaﬁﬁr%ﬁ@oholswbﬁﬁmthe

. ol efi.ns e car hor I ;

e
mixtlirehi Bohbhsniangethei mddisive, By tlse Porfarired ofhdhe the

D el s- Al der adduct. \Wen _the :
e AU B0t Wiehc e, AVerRse, AAEONL, UBBRE.Sh an
averGypodadbehefnimiseiduadarudirigs &tom |@msko 1&:ncenpbeacife the

than many of the species in the + Stock, :ini
predogpEsitt i BhC Lt Her Jﬁ?ﬁvﬂﬁg1ﬁﬁ%§§8ﬁgaﬁgggifﬁ%ngthln the
rangPef €5-th,, tihe-Inesictd on mxture bottons. contai ning

t he adduct.,. Accordingly, tge. particul ar. -

pdq%fpr@@Jr%a%%rﬁ%Bhﬂd at%ldufz &%9%ar 5L A cedtt bR ety
sep%%??%fb%%?héﬁﬂﬂﬂé%é%iﬁ.d?@b&ﬁgeﬂs 220 t hdtohbes from the

. i ¢ conpound-ol efin adduct co it '
olefigutt Woen nFREUPY BEIAS GRIRCTHI YAEret eﬁggﬁiieu'r%ﬁsané&e and
thetigﬁf&ﬁﬁﬁﬁgnﬂﬁ s epeied posafdd n specveshin theis range,
~ feedstock one desires to separate. Therefore, .in this
inciusfers day ehbodPrBALIoPhETf Beo Ui ey i (ATt Swnen
the"‘Qb%?agé’”%%%%r@%&%o@febﬁg%%armmrekﬁeéhe Ca0, the

range from5 to 20, and nore preferably in the range
poljaom#tio 16or@ednAersitint hetdPretoniitdrt ol 8 na  lower
tem§g§g%S§?lﬁ?§%tQEﬂl h§§etﬁ@n%%%ciE@CHH§iﬂEe cThesefeedstock

ypes of FT strea are generally processed, by one of .
Com$2ﬁ%tE@?nL@éggah%uﬁ?@?b@gaﬁbﬁéqcﬁ%ﬁ%spﬁﬁﬁﬁgﬁlf*@01es in

. cut s. n ' j S I o .

ere SERGH AR B EC RGP Lo e empiche ey

deBcceBdingEﬂprdyua~p@@&gp@é@r(ﬁ@%yﬁéo%@t%ﬁquﬂﬂﬁynd and

theg&%%£g§%g.%¥e£gg§?g§%Q9%d%§g§yifyhféﬁ@%lé R 28 selected

atTon ni ques can be used to separate |, ,
thathenaddustvdramthe compavhddoleddni GfdHck upgnposition in

enep S, MISGTREThaE!Aoas o s Dby fepe chan coe
amoﬁgﬁ;%f)?ﬁﬁiagagata pﬁmf'ﬂepapapﬁéﬁ t@hﬁp@ue@e%@ﬁ:wcé]% one
ceshsdih AL W SiCtTon Al figsial 12801 ohsThogRererse
embodiment, the feedstock stream is one which contains an
average carbon number in the range from 5 to 20, and more
preferably in the range from 6 to 16, and wherein the
predominant olefin species is within these ranges, inclusive.
These types of FT streams are generally processed by one of
the techniques identified above to substantially remove cuts
containing ingredients below or exceeding the range of Cs—Cyo.

In the event that one desires to employ a feedstock
outside of the range having an average carbon number of from
5 to 20, other separation techniques can be used to separate
the adduct from the unreacted reaction mixture, including the

selection of higher boiling polyaromatic compounds and/or

11



10

15

20

25

30

35

in Crgen ?etlfﬂ:ds ISnyin 'g@lgl:g:y g&glryeqaﬁ;ﬂa\‘ﬁc uRgehoaRY

be used with feedstocks having average carbon nunber
inthe range of 5 to 20, inclusive. 5 The |inear
w@oelgasasamt i ¢ conpound is utilized in the i nsPEMUS2003/040403

process to formthe adduct with the olefins in the

feed stream As used herein, "linear polyaromatic

compound” refers to a |linear polyaromatic compound
othhavisegpaatthieasttedhriepidseecar asmi L gui FAgs quiki extpagtion

be unsyhstituted or bst.i ; nd S i m.Lar
OF Sddrdtirig Bropert i (o THeSHPTEhlithaan uﬁdéﬁéﬁzéu%?ﬁ also
be angdriwiti eScé¢tietecks Theihpneasirege stotbeh extwhdrt én the

all three of the fused rings if a three fused ring
ran@&nﬁ%uﬁd%PsEBSe&ngggsﬁgeat | east four consecutively

fused cychésrripgbyaformatfour compmomel f dsedutihyzé8 in the
- conpound is used. _-The linear  polyaromati,G co :
insgpyy RHEEY tE)Onif?trHH' e?eofa%(g%%uﬁ g%cézn Si Jr;ﬁ')%gfg% in the
fee@ﬂ%t&%a&helUASI@Qé@dhéﬁé$nthElﬁhBaarpolyaromatic compound"

ol yaromati c- conpound, including but no i_m.ted
refegsl tars dAPRA&C Rl BRFOMARYC éﬁ§@¥%yﬁ%eha§FQ90r%§ least
thr%%ntﬁﬁgé@?ax%ﬁkii%ﬁpﬁiﬂggﬂ gﬂﬁ?ﬂﬂa@@yhakfnensﬁbetiﬁuted or

I near pol yaromatic congoynd al sp includes_aronptic
SubRSLEeHes 214 REESTBBeCHEN 1By 4B Uoi Iy GFodp: Chaghas the
un =S st 1ERC HPUL L INAI dnd ani gthess | tRkages.or Thekelionmrity

group containing chain so Ion%Has at least threge

[

sholsedexiogd &Ce preséheen o | ThEartUsH] afd8Fsntit a8 three

Fusily | §n%h9%%ﬁ$y@ﬁ§r"DQ_au@%ﬁerQﬁh9”1%BiChﬂ25 deaB@t four
interfere in the separation of olefins fromsaturated |,
cortpingdartan sTd d T ToI9fardind (1O EorPouRtE hadlsed ring
con%fo‘?{wn%{ eFE' dlsesel ectiyity jhawer 4, ¥ M Emboeadr also

pha olefin conpounds, and secondly wi th other ,
refmef | be, manturast of t AOBPOPAGAT CORS A1WLNN Vit cANEhOL thelr
_ opefAtiditg but .
lition outsi cking conditions, The |'i near
notpollyardeet | to compolundasts ,chantbragenne bt ch aigs gny . crude .

.. Selectivity far i.g?g[ 12,9 ef4d WS Qyer  Th
Husiqﬁﬁs %)%ﬁ%ﬁé?%#ea er than f&%§g§nﬁgle, preferab]y ©

lirsdr qrolymrmmatdse nosrepqred ex iy yinpe ludep ayymatic molecules
1540081 BT30:FOT VSEORLOSOA | 04 AR ocarcn
cha&it hracesehe?, 3ibdmzant vacenestpeat geemp, containing chain
so long as at least three fused rings are present in a linear
arrangement; as well as those containing a heteroatom which
do not interfere in the separation of olefins from saturated
hydrocarbons.

The linear polyaromatic compound has a preferential
selectivity toward adducting with linear alpha olefin
compounds, and secondly with other olefins, and last with
paraffins, with which the compound is virtually unreactive
under any operating condition outside of cracking conditions.
The linear polyaromatic compound of choice is one which has a
selectivity for linear alpha olefin compounds over other

olefins greater than 1:1 by mole, preferably 2:1 or more,

more preferably 4:1.
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and hexacene. Suitabl e exanples of substituents on
substituted |inear polyaromatic conpounds include, but
wae@4H356¢16¢ |imted to, |ower alkyl, e.g., nethpcT/US2003/040403

ethyl, butyl; halo, e.g., chloro, brono, fluoro;
nitro; sulfato; sulfonyloxy; carboxyl;
carbo-1 ower - al koxy, e.g., carbonethoxy, carbethoxy;

anNes:- liprid-4ingnd dikamphes- at&ylahbno lEngar polyaromatic

I [ 0, hyl am no;
confBAN A afad! TMEARAC, 0TI DULCAT Migncacene,
andet hosyacémomer - alwyanbwbbay e&agpleact&m&y subBRacyehte on

I g en tolu zyl., etc The
surdofiche st  n B0E T bon e 1) HpoalRHEY tndlutiare Bit are
notlotamlbad shnuldomersehbkybd &ngjhatmbhaylareethyl butyl;
ha lrelatlvely 15 éﬂert under the re tion condjtlons and

6t s6-Parge S8-P5°7 bl 0Bk Fhe f ?%%ﬁ of 1} e sulfato;
suleﬁ@&oA&der addietbos5¢l £ abl e céﬁbstﬂbwb@dahk6§9r e.g.,
omati c congoggds can be determ ned v, routlne
car% é%%ﬁéﬁfatlﬁﬁ SF¥Fes OPLRQF t abfROT| nedpd  di-lower-
al bmahanatlc CQﬂRﬁQﬁdS I nchd€Bylamino, dimethylamino,
k§Q 10- di et hyl ant hr acene, 9, 10y 20 R
met N&ﬁFBWééﬁﬂﬁPac@ﬁ“ﬂéiorg BT wint BYaRene Lower-alkoxy, e.g.,
met@m& tyl anthea¢; ene,low%z(-@qk@%%gur&@et hy! éaat hraceng.eoxy;
ol orant hracene, 2- ethyl-9,1 dlnethox ant hr acene,
mon&ﬁﬁ’ﬁ#é?oﬁwl%nde 9d ant ﬁbwyltr r |Xf§411ydwon*@ft>hwl kebgneyl, etc.
TheThgapt @14 8d duneart RolyarQnat i Cth%S%mDOHaﬂﬁeéfe and their
ant hracene and 2, 3-benzant hr acéne. The procéss o
1ocﬁﬁéopmst%®@ul%véﬁiléﬁlﬁ§t§d5|%ﬁlﬁywét thegstaresinelatively
inetteRRILCESSe WagLELR oha)co%dflt'lgﬁ{ p%l‘é{ahggats!o large as to
eedstoc

conpound i s reacte wth a conpri sing
blogkt ukke ed ommpdricuar bénstld Dislisods dsiref pAduche| udiSugtable

«subgkﬁga%e8|@1 e 0l %ﬁfg%rgﬁggfgegpﬁgghh@% ég? b@t%%%%rmlned

I NS orn1 duct n olefi i Néa

- Dy, pbwbm@rataz@emmwlc(rb) t hBxamgdest oé ssp;narmled linear -
.polglS?h%@%crggﬁébgﬂdg]ﬁﬁ%&%detﬁpﬁ%alh%e%% n%% a@%ne, 9,10~

unreac bdnent’s 1 nc
dleéDmpaneurhydn@earBemstamdaatbmhobseat Bhao&tgﬂhaadracene,

ﬁ@ghzﬁgﬁ?%?ﬁ%ﬁﬁy&%%n@ﬂggggngs paétcho ran%%ggge?% 2-

strean1cohta|n|ng
ethylbpPetfedinothexgquichirhrahkpn ah8hWOr2B@4/,0567380 9-anthryl
under_.condi ti.ons

er i FERERRRrRY 2t 10 TR aadULd ol SSres by BTt 1 SOy gRBaCLe
compehadbi sekyadthgaceati agdt De3tbasaanthracene.

The process of the instant invention is basically at
least a six step process wherein (a) a linear polyaromatic
compound 1s reacted with a feedstock comprising saturated
hydrocarbons and various olefins including linear alpha
olefins, branched olefins, and internal olefins, to form an
adduct of an olefin-linear polyaromatic compound, (b) the
adduct is separated from the reaction mixture, typically by
flashing or distilling the unreacted components including
saturated hydrocarbons and alcohols at the overhead and
recovering the adduct as part of a bottoms stream, (c) the

stream containing the adduct is subjected to re-equilibration

13
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15

pol yaromati ¢ conpound- ol efi n adducts under conditions
effective to increase the percentage of the
weolgasosmt i c 5 conpound reacted with |inear ab@irEs2003/040403
olefins over all other olefins reacted with the
pol yaromati ¢ conmpound in the stream thereby producing
a re-equilibrated stream conprising |linear
undepol yet et d1es cemﬁeundvel dfd nradeget sibtdstngi ahed adducted

ol efins, and
stre&g} MO%FFEa%g%%ﬁ 4, & %%&véﬁgcaﬁ%§g?%%§?ﬁg the linear
polEHRAHIE ol Qfdn{p@ﬂdﬂﬁ]ﬁefﬂmm stdpdy | sandmpar at@editions
fromthe re-equili br t.ed m xtur

ef fq5d iy ofvRt | LR CHAPBENdE %? e 5 Gl ucoges sgpar a?eopo%yaromatlc

comgddnd Sretgb’étéﬁcwlaitt&d u@néelreaes}a_oktdweodlleéﬁnﬁs avelr all other
regener at e e linear aromat.i ¢ _conpoun f

Oleﬁ#ﬂ?cﬁ%ﬁ?ﬁﬁ§1éﬁ%F%hEBelﬁogwéﬁﬁmf 161 &% %U§~Séﬁhﬂg} d%tream

theféﬁynﬁf@ﬁﬁ@&ﬁ@fQn&bL@q@QEﬂbwadedThareﬂmﬁodmpﬁﬂsIngnllnear
from'step (d) can be optlonaII§ recycled into

pol ek GOTRERY BTG UAFEHEFSd’ afle SPELGEFR cateTine:
andpQL%QBQQE&'%ngomﬂﬁﬁﬂ§c£§@é@el&ﬁ§¥§|@%MyﬁﬁbMdﬁic compound
sto step ('a) der a

e
(d) fiomen Pl Yasetd ok - ¢@m1%<aw<ﬂe<ai%%%n ?%dﬁcﬁﬁ%ﬁﬂ% o %IP is

sepé c?n and, reagld on.2ong,: b exasw| emoktarepr ef er(@)d the
reaction zone i1s a plug flow reactor pegateg .
pOlYanr@nargoﬁ ovompelendvibeEim BHURCEReSPPHEAFCD 10 S d) is

c n n f d d
iDL R G e T b o ooy g o inear
polp@?ﬁgmUD@stymp@hed,r@adt|éﬁ prsd kel e Rt ehRdusRyairha

r awn e
oleﬁll ong%ngH b% dJﬁCt oﬁ?@?%ﬁétlﬁnoéﬂﬁﬁound The

Surta eaction zone is a
oleﬁonslsﬁoaahyf$bmrﬁ¢@EtahM rectien (@)t iewntlyuredvased into

. the’ ﬁ%é%%%ﬂé} ste ?5 IlelTh@ruh?eé@%b%ﬁ’aM@eBQbBoc1ated

ear omat1 ¢ conpound are added

‘ ,.polgoabmauouslcpmpouadstam goe - rankcspdt ¢niter nﬁféelﬁaﬁﬁi%ltock of.
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stepopR

reacﬁlon m xture, and the reaction mxture is :
nuously withdrawn fromthe stirred tank(s). For
| ovge mﬁlelllsngxlfdmdsamkcst(fogﬂnieg freedstionk)is acagsied out

b
i 2020 .£EL U, Ty B BT L L 39541 AfSuc s o ot

prefbi-ecnat huglyt t heacedohi onommy be carripédidoutt Liow areactor
opeggggg GE?Ctgr upflow mode, wherein both the 1linear
polyaromatic compound and the feedstock is mixed and fed into
the Dbottom of the plug flow reactor continuously. The
reaction products are continuously withdrawn from the top of
the reactor.

Another example of a suitable adduct reaction zone is a
continuously stirred tank reactor(s), configured as a single
unit, in parallel, or in series, wherein olefin and linear
polyaromatic compound are added continuously to a stirred
tank(s) to form a liquid reaction mixture, and the reaction
mixture is continuously withdrawn from the stirred tank(s).

For lower boiling feedstocks (lighter feedstock), a

bubble column may be preferred as the adduct reaction zone.
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The adducting reaction is typically carried out at a
tenperature in the range where the |Iinear polyaromatic
woe2@anpoend is in a liquid form Suitably prefreT/@82003/040403

tenperatures are in the range of from 200, preferably

from 220C, nost preferably from 240C, to 290C,

preferably to 280C, and nost preferably to 265C.
Alteparaivagypr ddwur 66aChienndiakr Pei cAT e sebtt gn a batch
rea$ yre that none of the olefin 10 stream vapori zes.

hi's pressure will depend on the olefin feedstock

us&de /act@:mtcnatg operatiing pressuypéceddld ¢aopisd opdi gat a
tem%érg%g %ho %E% §5Qg%15§% Q%) tﬁge ﬁgﬁ%%'onﬁﬁi @%matlc

SFried e gas “phase Sinder vVacuum or | Fqui i
compbasd orls m xed gas- liquiid phBseyn. dependiihigplohyt hgpreferred

volatlllty of the 15 feedstoc but rall
temppgait Hrﬁﬁa%e Stoi Eﬁ?oﬁ@ﬁgl c ‘?étfﬁ%mogs ﬁ' e95§§§r8%’51 from

(S th e n OhYgéOMaLLC L£OHROU
220 (l: é£g¥% u?i}gonp %’%g ér)h)l %? ratio o?gr§§€r%ly to
280b@ |bﬁ@ﬁ&mﬂﬂiy@E@ﬁEEbBl9OWﬁ9UBQ5?§ pre@ﬁéﬁ@f!nér essures
.1:1 up to 10:1. Preferably, a nolar excess 20

arel m&iarCprtlfai‘Jonaﬁﬁc sednpoungnfsras&dato neisuref a°Che olefin
strcéggiﬂ rl% largq i C;%;/&{ Yo fhh10l@Rs idhthBe olefin

ction zone, step Wien a greater selectivity
feeﬁ@\h@ﬁdi fumad.ng Adduptisaw pedatiegr iR etpusdafaom 50
es| 2t h d ti 2y D r
pSl% 6% rgﬁgtgHﬁ ég%é g§5kgV§ eflﬁgémgg%gkéﬁ? can be
cartm@elr a>tud=;d lnf atheexgam| @ba@@sum@@? yveteger orowdddd daphase or

o Bl o, SR MR i T cne

feeldisnear, bultygenaa’alldycampcmmd Iviiquh dt paaskef i n. Typi cal
reacti,o tlmssranefromSOmnt to- 4
ba %ﬁllcg]&(?fnegﬁlcs& l(?sne? ] vé%te%%an eD?H%}?zeg ?ln o
11in@iass plol g atrbea tfiee dstpokinad efanndeon stelie ta feam the. adducts

; ] 9 h
ThePRiclan d e Vet St Bt he YBFBEaPBIN oRrTeR STRCHRY 1o

bre&re&ahoilquufdomt or.@adt ugn teemperlat urres fandkily, \Ahlndlatmeexcess

of MRt A LRamAtie CORPOUNE aRDLGrS af B SOPUbFes CrgPIete

andM@a%@%4&@5@%%QyP6f/@SZOQﬂkﬁﬁQﬁﬂan tdhleu stddatdtieon zone, step
exanpl es of useful ]lH egts gde t.h %Imkanes d%c(;cs with
()56 PRihrfo, 0T S0 Pent ahEC hEkER L OHEBHaRE g CEarns.
llnear alpha olefins are desired in the adduction zone, the
molar ratio of linear polyaromatic compounds to olefins may
be moderated, for example, desirably closer towards a 0.5:1
to 1.5:1 molar ratio. The residence time is for a time
sufficient to adduct the desired amount of linear
polyaromatic compound with the olefin. Typical reaction
times range from 30 minutes to 4 hours in a batch reaction.
An inert solvent can be utilized to dissolve the
feedstock olefins or the linear polyaromatic compound oxr both
in the reactor. Preferred solvents are the hydrocarbon
solvents which are liquid at reaction temperatures and in
which the olefins, linear polyaromatic compound and olefin-

linear polyaromatic compound adducts are soluble.
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nonane, and the |ike; cycloal kanes such as
cycl opentane, cyclohexane, and the |ike; and
wae@wasi’es such as benzene, 5 tol uene, ethyl beP@ZB82003/040403

di et hyl benzene, and the like. Preferably, the sol vent

shoul d be a hydrocarbon having 20 carbon atons or

| ess. The anmpunt of solvent to be enployed can var
Illu@wé;taku @?Oanm@rl@e wift hosefwl devbventousnefndet the alf@nes

reaction In one enbo nt in [
such ho®€Veﬁ@qﬁﬂ?e¢eeﬁ%?d%?ng%%%ct|g%xggﬁd pgrglgﬁgar petans,
nonah€ Igﬂ@arth@oHyaknnabycloaﬁﬁauﬂd okefthn %&khﬂﬁclopentane,

formation is carrie ut |n th e I
cyclphergpfove*the Eb? t e &8N ongogggfg\g/oisgjca}gdlétg i \&“r:ggfzene'
tolu%%%'p”$ath mﬂeﬁ&ﬁ@%?s Sﬁﬁpﬁh?bbeniéneeparamdng the like.

sol ven ter the line aronatlc
Prefegaddty - haghebé%HJE%VhEaﬁoPﬁg ¥5%0?|51 n1f¥ﬁ$%ﬂflggggh§ 20
cartroehad i oh 1¥essel Tefd ealdue: fof sefbaeatl ng ttee employed

saturated hydrocarbons frqom:t Ilnga ar gm@ffé
can compoufdcsl &f i SRIdEERIB o oM ‘% gg?ur a%( ct on
the Q% Cﬁg_fpon strFan1?nd an olefin adducted stream Due
arge nol ecul ar wei ght and struct I

dﬂﬁfeﬂéﬁte e@b@@k@ﬁ“?heoﬁlgégﬁ pg1 é?gﬁé#{a however, the

fee&&ﬂ?ﬁgnd ohgfbpigdduct apd thersatuwiated, hydroear bohsnear

reaction m Xt ure, conventi onal separation

pOly&Kﬂmatmmscqm@O@@dt@l%@%$aBﬁ@UFBrf?ﬁmPERB ﬁft?ﬁ?rled out
in ﬁl’rl] egg%&q gatyr at egof\yg{@c% bopgrotrer texam®s of heeaction

ucted compounds may be renpved over head or, in
andfraobndnsa@ﬁnhmﬂmﬂh(Hequ¥ﬁﬂﬁQﬁst?P@atP6999sﬁiu§ eps for

IIO furent o | eave the linear polyaromatic
Sep%% % é% adduct and unreacted |inear

DOAWDWBM clcmnumlza@rgmwafm eompoppitehslirngdduct has
bee Qgﬂﬁﬁgf%gte%h%?”@%%%@ioﬂh'ﬁbxéuﬁefQﬁR%@Q ddicludgepheation

hydriocarbons, the aromatics, and the
ves@éyg@f&te@ﬁwmhfas tste@aaaactam sthietsorieatgdg dgydéPSﬁﬁbonS

frognt%%d££%g£af% ¥ﬁ£ ?ﬁggfgoﬁkggégﬁ%¥?EQ?oﬁgggﬁgttBOEHkm a.
satlﬂ\ﬁggg4hgaagr&2§aﬁt6w US26081 0404031 mh@rmata%mte@ hegtream..
oueb BTSRRI SOOI LSy sfbte by pceesence
betaddHct iy y3t akkirz aso owt soria] 1 owedmbpuhi-pi&fiien Qﬁduct and
the saturated hydrocarbons in the reaction mixture,
conventional separation techniques are quite suitable for
removing the unreacted saturated hydrocarbons. For example,
the non-adducted compounds may be removed overhead or in
fractions by vacuum or flash distillation of the reaction
mixture to leave the linear polyaromatic compound-olefin
adduct and unreacted linear polyaromatic compound as a liquid
bottoms. The non-adducted compounds which are removed
include the saturated hydrocarbons, the aromatics, and the
oxygenates such as the alcohols, ketones, acids, along with
internal and branched olefins which did not form an adduct

with the linear polyaromatic compound.
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centrifugation to renove the unreacted olefin. 5 In

nost cases, any unreacted |inear polyaronmatic
weormpositéo Wi | | separate out with the linear PCT/US2003/040403

pol yaromati ¢ conpound-ol efin adduct in the adducted

olefin stream Oher ingredients, such as snmall

anounts of higher nol ecul ar wei ght wunreacted ol efins,

i nhétrahatlistiys, el Biaseked ol ¥dFomatia o cegpouasgaiodetin

aad G P8 B P T ey e p o Lor TR e SnbdL ehe
addwhitch capspatlérabl y detcarriedlowdusityy a fisldemfdon or

reactor after th i.sti_kbl.at.i [
cenl iR Ehge TGk bac L ERO s ihsn U2 RaRLeR WlEEl ooV es
compoungsst r otadSsi he aagducinresaritedn pindact . prdivgromatic

re-equilibration reactor , (or.r.e- { | i5br :
COmRONfity I évrﬁ?ﬁ?ﬁ??ecs?‘ﬁ? s“éﬁ%sqﬂ_g% &g‘f%ag,)@go??h matic
com@@@@ii@bédfliﬂuia@ldﬂmmfjlmvxt}hmbdi)di@uc’oédlnnleféacts(bﬂfzeam- Other
. operated.. in -the |liquid phase and, .at te r r .
ingrrcdeREdi atE be e S e aﬁ%&’lﬁ%ts fﬁé’l N g&&ucgfoafe?rdr%ang welght
unﬂe%l%@‘{e@lr goﬂél)_%ﬂrﬂg, t heitdirssqci alédimzpnandadduehebedclalmgfins,

reactor) ., is reactor y preferably operate at a
ma v EePerat die H§ @ﬁ@%ﬁgﬂem@?ﬂlﬁ ks to 310C. The

re-[@Qui L hBrbvsmEeactdiists poef erdbing carrredequtldtration

a hi gher tenperature than the dducting reaction. The
regcédiogent@e i WEL1Ght h%nap.r@f@gasian eorggEFl§ oul'§ pE=tnd @

secHifd 1 cbapthy | 9pget 0 @hd OWitdta 1adduehedstepr eanight hidmoves
the re-equilibrator to reach the equilibrium as
allgeseni bararatonl Thef Hesi deRde EPrEMPPRPHS fPRUnds  from

+thefOMhbEOr atar Wi bl gahenaldly renikr ara-3Quiinwes oy breactor
ours. The purpose of this re-equilibration reactor is
(o1t orealdwWli3Tagedictaan Pl yarRie | el oA (e, o TR, series

of atdyracene)  .and olefins t9:30PHOAGBWALNEW bubble column
equi 11 br'i um where sore of the adduct has cracked back

regadissooparetipdt olml éffien aAdupel yRRrdaL 2D cBipobRgPeratures
. ti.vely. f - : efl | 6 &

s e et il
andelbet iigspdindrieas ezone soladiughiercriesgépgonreactor) .. This

t erat ur 7 4,057 03/ 3
A e
of THromeq@BDP O itum GArstCant f Bhet heeiamedidirigmef prgction is

o dSSLARE® SARED, U0 O£ AR e che
adducting reaction. The residence time within a re-
equilibrator should be sufficiently long to allow the adducted
stream within the re-equilibrator to reach the equilibrium as
described below. The residence time within the re-
equilibrator will generally run from 30 minutes to 6 hours.
The purpose of this re-equilibration reactor is to allow
adducts, polyaromatic compound (e.g., anthracene), and olefins
to approach a new equilibrium where some of the adduct has
cracked Dback (dissociated) to olefin and polyaromatic
compound. Relatively more of the internal olefin adducts

cracks than the oa-olefin effectively providing a o-olefin

selectivity increase. Also, higher reaction temperature takes
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for the a-olefin, thus providing an increnental
selectivity 5 inprovement. After this
WO 2008@8§7B0 br at i on, the dissoci ated or rel easedPCDUSI0031840403
are renoved by one or nore separation steps such as
distillation or crystallization. For exanple, the
rel eased olefins nmay be renoved at the overhead or in
advdriagid 088 byuﬂOtha@mudynamibashxﬁisﬂﬁhbétifﬁmmﬁti¢n} The
reaction n1 to I he Lin y
e GO SO BFPA e nd i AF BAkt Sao B o 4y 2 850r A 8 2o
wit%iﬁ?ﬁyeﬁﬁ?ﬁgam@m@emetm@epmhad deea khgueduibdbriws. constant
in e re-e i brator .can el nlna -
fOIdF%%o@T&@@éﬁn'lgﬂEE%ppﬁﬂglg?ﬁﬁll i €5 d%%?%ﬁ%ﬂplgﬁ%eCthlty
imp é&g@ﬂgﬁgonpared to a conblnatlon of two adduct
ormation cycles to, provide the ired I|n r m
mﬁﬁﬁ?Fc%mb%s¥%|%ﬁplﬁ%éﬁ%ﬁﬂ?%,, %%??%c 2o ? Befeased
olef e PERdUEtmbSeclineheased by azbraolsep%xafhenn@ﬁepm eqmch as
of the instant process, is to dissociate O th
distpol yalriorat P& conptimd-iidedt” al pRA T ET %@d&g‘te rerﬁ%ased
ole§%§§oﬁ]g hon Péﬁ@@é@ G @ﬁea%@@ﬁﬂbb$haﬂrbinfeEﬁﬁdKﬁOHS by
ucted I near al pha olefin streamt
vacdimssori Bt 3on @E%EellaﬁhéﬁeofhEh%daﬁﬁFEHOBI@F?Fgrgthaﬁ$ave
the'§1H8§EegOQ&ﬁQ$E§EX€e%dﬁpdﬁndiﬂﬂéﬁﬁﬁlHdﬁ&ﬁﬁeﬁﬁdVankéacted
di Ssoci a uct, typically 25 from 250 to 500C
or paieéewcamiyECﬁrdethQ’lmomﬁlsc CABIYNE Beed t heauid
bot ﬁflns fromthe linear polyaromatic conpound.
yplcally the majority of the adduct is dissogciated.
Pr afiéi adpl ’g/hd: rneemmitlblsaMSitéﬁhtqld{leat& SPGciddEegeiation
90% r
Ste?ea%?dQS/ugif T eg/ e renalggggﬁp AR Y Ppdged to 2

of the "adduct is
combenavien wift httrhe qishyclr oferietéenpotilelutpngprovide the

Yaromati ¢ I's then separat ed
contenm ihethespitddunge matmcerdws@h)by @dﬂ\ﬁ@dﬁ sonal - means,

op$§§t| tp;%%%P;é 1&%960H3£XH¥AFQOE% yEQ'ﬁ%@%oc1ate

vacuum or fFash stl I|n

"des%ﬁggri%éggrgg? OR%lee%%n%ounEQOBhe @@%HEhlﬁ%aCbelefln

© theWWD12Q04/ Qﬁﬁmoaﬁwdszmaﬁmo&n@ﬂ ahlehel efle%sn adduct.-

along wi.th .an urities at the oy,
They ghFetosttdr ryéﬁ?%%ﬁ%v?ﬁﬁ ﬁeﬁ%%ﬁﬂg l%ﬁ%ﬁu%%nfeedlng the
add@@%@ugdﬁe&s; a 1hotd aneefionst heamddoce diissociiatiion vessel
Zzohe
where the adducted olefins stream is heated or pyrolyzed at a

temperature effective to dissociate the adduct, typically
from 250° to 500°C, preferably from 300° to 350°C. This
pyrolysis frees the olefins from the linear polyaromatic
compound. Typically, the majority of the adduct 1is
dissociated. preferably the adduct is substantially
dissociated, i.e., at least 90% by mole, more preferably at
least 95% by mole. The remainder of the adduct is removed
with the polyaromatic compounds during separation and can be
recycled to the adduct reactor. The linear polyaromatic
compound is then separated from the resulting mixture by any
conventional means, which may occur simultaneously with the

pyrolysis operation, such as by vacuum or flash distilling
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separation techniques include filtration and
centrifugation. 5 The |inear pol yaromatic conpound may
wheomessred ed back to the adduct reaction zonePCTg82003/040403

separated ol efin conposition is now enriched in

| i near al pha olefin concentration over that of the

feedstock to the adduct reaction zone, and the
ofchnsenﬂK?ghnn alosat widhehrty dioparbbhsSadd belamch¥golysis

ol efjns in the ol ef] Lt L S1 ¢ eauged;
tempgratiyfes ne 2 ife era%ntloo‘{:lkﬂ.lé] L}gﬁé‘eﬁéﬁe a\%ﬂ eéléjt'% e s a%ﬁ% g;/ ggmpound
as hydnecardiens faoen shpar adédctr omsheclidpeer zone. Other

pol yaromati ¢ compound-ol efi B, [ h LOE
cepBELY B ATEL RS EQTROUIECOLEL! By SEUEL o BolPEpRERRERH R
satné at edehydpotasbonast ceanmpsurdr melebei meicys1ed back to

concentration of saturated, hydraqca .
thegREMREr HSAGFIBF 34T at g&‘%fﬁ%%r;%er]d ogféif%gecomp051tlon

on I'n

is fﬁgséﬁgkch@dt%addngbr regstid onledde. .cEacdniofathen over
ol efin conposition and the saturated hydrocarbon

thagt P@anﬁ%ggﬁﬁd%@ﬁ?eﬁ@d tI}?F’d ?3‘3\18 e&eaf% Use“ o 3nd the

con?%??%a@%@h'%%“éﬁﬁhﬁ%%éﬁiHyﬁﬁﬁd&iﬂdﬂ§8anﬁnbmhhehedZ@lefins

‘ Y rocesses. Wth reference to the Figure

in f‘éb@st@]eﬁgﬂﬂ,l i SOBPRTT B thH° arff%fgb"tﬁ:‘% react igo fon®t  the

feedatWhRr eby thihe fieedst QKNI sheoBbactaded thya@rdcaetaons are
pol yaronatic conpound thereby producing a reactian

sepairrteade fZomoPri JilAgar ROAY IFOMRar opgd-olefin adduct

n‘%NE“%%E%F%?%&QSv@QQ@@t%s sat gk gt ede by dngeabbardon stream,

unreacted olefins, alcohols and unreacted || ear . ,
thepol setrworsited cbypser@rbothe FERAN on A xteiﬂ'relqr}ée in its

con%%%%&gkggni%ftg%ﬁﬁ%%@égiH?&ﬂ%@%%H%ﬂ‘bvé%'ﬁﬂy(ﬁﬁﬂdﬁﬁtration
sti'eam’S conpri sing saturated hydrocarbons, unreacted
of obetiinstadd laydohohsband dn dductegdistresm goaothe adduct

conpri si t he i pear_ ol onatj 0 alefin
roeET0E & R oRFSact S |1 acr oLy Rt compound o e

_ satTive tadd Uty édocatbeamsits eprovialed beo ggrovered and Isolated

re-equi libration ‘. e e duete r .
fox élsr?ea:'_trétqo t(?)uf%% é}ggifhzgjﬁgtg?%ng%e%%eﬁgt%%re t%écr%tesbgam()ther
regotdduc ipagpcegseeequi | i brat ed-stream 8 conpri sing -35

) 3635 LSl S IR, 4o provioe
to Olaglfi gag;gg?a?ige?f:ﬁggrmm@leaﬂ,pow_@m@ﬂm’t i §heonpesmgtock 1is
corfr Sl SSFPLR! L, BP0 Yot QUELLE TP QMo T chereny
pr&fieicld e dendtnicsreasiexting: 3 comprising linear polyaromatic
compound-olefins adducts, saturated hydrocarbons, unreacted
olefins, alcohols and unreacted linear polyaromatic compound.
The reaction mixture is separated in the separation zone 4 to
a hydrocarbon stream 5 comprising saturated hydrocarbons,
unreacted olefins and alcohols and an adducted stream 6
comprising the linear polyaromatic compound-olefin adducts
and unreacted linear polyaromatic compound. The adducted
stream is provided to an re-equilibration zone 7, whereby the
adducted stream is heated to the equilibration temperature
thereby producing a re-equilibrated stream 8 comprising

linear polyaromatic compound-olefin adducts, dissociated
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percentage of the polyaromatic conpound reacted with
l'inear 5 "al pha olefins over all other olefins reacted
WaowRdoh/0sd¢180 pol yaronati c conpound in the streanPCg2003/040403
re-equilibrated streamis separated in the separation
zone 9 to an olefin stream 10 conprising the
di ssociated olefins and a |linear alpha-olefin
oleﬁﬂﬂyptednétreaneaitednplLBEﬂg t helpakyapoiat i copgound and

fi d .
o1 FFTBIIBY QL1 SHVE mhd gl ancofepgpitdcion
is eamdwad- obef iat add@mp@ratarelssbﬁ$@newe(@ﬁ>cl@@R@%ﬁe the

perlﬁgp%g{;gd S %:atl og%%g&gﬁﬁgzi Lea%%rm | Ifleeaaéted with linear

'alpﬁhefbMeﬁmﬁscheee@Ieéum ppodaect bmefeby predatiedg &ith the

di ssoci ated stream. 13, al pha- olefl enrlch
PolyREPTALLF onoEpOred séﬁérgﬁb & FRFE separatlon%%glllffated

strb8mt K& poebyasesat iia Cﬂﬁ@osﬁﬁa.’rétabd zone 9 to an olefin
al pha-ol efin-enriched olefin

strpafpode 6PTPHEEFR Nty ﬁﬁ@?ﬁ&ﬁg gpé%}%gl?élg%@ $Minear

alpBALbEhednoradrdiucRrd Syréhe Q'lOQﬂﬁ@rmnsg dehet p®lyaromatic
concentratlon of the speC|es inth g ﬁ tock an
ra

Compﬁéndppééﬁéﬂ ks 150G HRETHCE lgisotcﬁgged linear
pol?@?%hﬁ%ﬂ:n thsnpd@edst oakel s %E%?foxﬁ&@ﬂcl t $ompound-olefin

oncentration |n t he product, en the process,

addpetigceset Ré sspedipésd | Prt feagkReeniFatinen Bsspcipfdon zone
12 SRECEES ﬂ,ltrltéeclrpr}?gi‘§£r§1ﬁ£@§£n ktembbahels thah 1isear alpha-

concentration 1 n the feedstock, then the process
olednni-ehedchird spuldiaian F%ﬁrQ¢R?$urpB§@r6?Ydet@FﬁpﬁFﬁ&g a

dls\é%%tlg% £ S8k ggeCI estiS enrdrned of i feducethdy olefin
process, consider the sum of the concentrations
pro@hC&helsetsepath§e§pe¢hesthﬁ tpRPBREERUst BeRe angt to the

roduc tr t he-su ratd f
ﬁgomé':{t %f g‘;ggﬁgoluﬁid n§t5he 2 S]frtg%akﬁﬁﬁswﬁgﬁr%cﬁ olefin

=.prdd®@tsam|of their .concentrations.in the product, then

he g ogges Leduces the seloalRpegl ectied e supbeles

en ns o t he ecles in
ennakmﬁmbt 020 WbeZin@46056B880 POTE US2003¢ 949403 C%@$%§ﬁﬁ the

confcg hg{gthagn ’{fﬁ Sume%& tsheirg & %CeP%éééteeﬁ 'zﬂiof h@n the

e pPOCGSS enri C e set
prdi:@,&ﬁj est r&Men aIip&@ees:c(rwnt(rfa‘SlpHcl@é) the seggies Byr the

the Cﬁ{OCGS% t et‘tl%aennt:ail g reo% Cetnt%tqor{ hfns’%%‘é' eﬁ‘roduct
then the process. reduces the species. If the concentration
of the species in the product stream is higher than its
concentration in the feedstock, then the process enriches the
species. For the purpose of determining whether a set of
species is enriched or reduced by the process, consider the
sum of the concentrations of the set of the species in the
feedstock and product stream. If the sum of the
concentrations of the set of species in the feedstock 1is
higher than the sum of their concentrations in the product,
then the process reduces the set of species. If the sum of

the concentrations of the set of species in the product
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5 species) is calculated by subtracting the
concentration of the species (sum of concentrations of
wo b@4sd730f species) in the product stream frpOT/URE03/040403
concentration of the species (sum of concentrations
of the set of species) in the feedstock, then
dividing this difference by the concentration of the,
strdfnspechéghésurheh ¢hecemm atf oHtebf ¢prceerirafions in the
ecies). in t c h I gkyi .
reed e Gnenn sple: BEETEEE “Snr Plee SRy Vet ol ehas s
t hghen oces e qrer derttagef espéchaeht b  tirdlugsnst the

set of, species) .is cal by . s actlng the
proé:%ﬁ%egweat ip(_%cco%ntta‘%e sﬁ%%hgggggumogf u%écorﬁ:éek%ltérg]at j{ges of
spe6iethe iset cof cspecea@spyi nsulherdeetisy otkef ropnceferation of
concentration of_ the species (su f n trati : ;
they ﬁ@egé?sof(sgﬂe&feés)onicrgq re‘—"eﬁolroodsugﬁs }?é(;a%nggt %gngggélgg) -
thedjﬁybdhag bhirsam- @irbhetkacepnbyntheticonoéntchat sprcoes (sum
the species.. (.s f cqnceptrations,of. th et _:.aof
of GHBGRREF M TReBoPoCET A “BBCCASN il t BTy Re By
theA0QyiFQfiRXaRRLE, CONSd@icd hay acieedshoektcantiannsof the
40% hexane, while the product_stream of the groge Sin the
spegdffailfEToMty CHB Onf 1 WedxangSt sOF edBcEd 62:?
feelBEoRKOCESS. tTRe mRArGNILAGR Wy hex@ne Wrdtcki epecdes (set
given as ((40-5)/40) X100 = 25 87.5% For exggpl e, :
of cERSFAEF)thaf acP&égsedckP¥ont&fns PISTCES déléne PaAE e -29¢
enr?o pedecene, i Lt hes prigduch rstdmarm €ont asnead@¥ ated by
-decene and 2% 2-decene. Consideri n% onlg/ 1- decene, £
subtragsdade idenrFeneNBYREHe pr 8ées P eThe PRI ot agéum ©
' 3Q,10f ¢ s dggene i S@iosess )asi K (908 351L3BLXLR0 £rom
Conggi‘g%.g%ghscg)nsi dering only gydecerie,lZ-decene S ..
ther ethiwezhtsattien pEoddss. sTeelper denffagRt r ABEERGRBFONS ©OF

the? SAgC e s%%ﬁqie%gn iBY £ 1 Bt XY s 0%n LLonEivdeTiintg this -
he set of ol e e

t i'ns (i.e., 1l-decene and 2-decene), the

-di fetreafceol Bli nghes earFentdabiyorhect 21tk 2RRGEH73FUm  of

conceH ¥32003/.040403, . process g parcent agaeeileeRBRk, and
of tTHé set of ol éfins Is gi ven by

thefn( 2O#2)ip(135-:8) oy 38495) ) X100 = 130% Anot'her neasure of
enrj chment red I y rogegsgskscknecontains 40%
en ioghngﬁfamgp‘efedﬁé{llégﬁe%f gaﬂ%ub%et of g sgt CSO%f .
hesspesi edirlel attie/ @raiudie Seteasf spddieRrdwnsy wontains only

5% pHggg%g. Thus hexane 1s reduced by the process. The
percentage of hexane reduction is given as ((40-5)/40)X100 =
87.5%.

For example, consider that a feedstock contains 35% 1-
decene and 5% 2-decene, while the product stream contains 90%
l-decene and 2% 2-decene. Considering only l-decene, 1-
decene is enriched by the process. The percentage enrichment
of 1l-decene 1is given as ((90-35)/35)X100 = 157.1%.
Considering only 2-decene, 2-decene is reduced Dby the
process. The percentage reduction of 2-decene is given by
((5-2)/5)X100 = 60%. Considering the set of olefins (i.e.,

1-decene and 2-decene), the set of olefins is enriched by the
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of determ ning whether a subset of set of species is
enriched or reduced by the process, consider the sum
wobogoscent rati ons of the subset in the feedsPOrkSzNg 040403
in the product stream If the sum of concentrations
of the subset in the feedstock is 10 higher than the
sum of concentrations of the subset in the product,
procies -t hdlpr qeesseratir esnt hehmemsepfotheheesetofofolefins is
. ecl es., oo, -t he f, t rati 5 of the
glvé%ﬁbg ts(i(r?Oth e (p3§5% Jgt/ (gggggﬁw&ﬁ?%}m ghéL?%tséh'an the sum
of Anlbéhegoncentsuats orns ofentriechegliget dm ttesldcdedst odky the
t hen t.he . .1 roce ri.ches .subset of _set of
prog3sh db e PRatERletr ooty G T calBhe optan oot
of shsdtesnfralasete ofosphel estcart bepeiseds. FOFor the purpose

reducti,on, the first neasure. J1s calcul ated by .a .
of FRSEHN I ORARET B BB A e s B oL 1ecLe? 3 enriched
or Geucerid &y are gfirddesssulseisiided hd eadstatkdntentrations
e.- sum: of concentrations. of the set of species
of e FRUDRBbIOrb S (RS S PO SroG e o TS ke, 1f
theDLs\dnd%fd h@oﬁdﬁh@ﬁ:at%@nsﬁ BHfC &iHg ae%lhmét ofnt RBes Lﬂ@@atsf tidkk is
. the product_ stream the sum of concentrations of .
highge ddianf tpedds ‘?% EARCHRbBREL O1 8t Ckant® hgRPset in the
prodict, Plohdy 2R08. gedldestshigedYeesThensuls@ise2S €l BhéVeet of
to the set is then said to be reduced fromX%to Y% i
sPeffése Y 15 FBSs SURariX thsorcorerREF O Ot heCSebbRd Subset in

thaTeasgbgubs deniowed from hhgnbil St iBASULBEDY sum  of  the
subtracting Y% from X% then dividing this difference

congenkyAtires ndift i pryi rieodn thes fsegaFpel: t hghen the
prReEeRNIe HRdUGd it Re suhselr 3).d8lalive to the
set of species. For enrichnent, the first neasure is
callgd aeedWiesa afvgestugs igroced gre i ahimande athe 3ihhedt of a

m of concentrations of the set of species in the

: set: %g %g:récﬁﬁrété' atd Py fsdde sseteddtiing, f %tﬁ%@hﬁasure
- is feedgstledled them va-igHep BrorGOiurGal | Rifigexghepisymie . the

o s s 22 W 3004, 0867130 FCIT LRa003 040455 - o
conpentthre tsigmsofo L ohlbenseht icdnsrsfcidme tet tbe dpeciséockn then
mey B Ly S oot FBaTht FOESt ot he st i hen a0 e TP
conemmnitalaed dnsomt X%at cudarheme thd prpdatterstttem Xy Fdre sum
of ?E?é%gﬁggéggé%%yso%quﬁg eRasul & i%pggﬁggediﬁroyﬂér“%roduct
stream, then multiply by 100. Call this Y%. The subset
relative to the set is then said to be reduced from X% to Y%
where Y is less than X. For reduction, the second measure is
derived from the first measure by subtracting Y% from X%,
then dividing this difference by X%, then multiplying by 100.
This is <called the percentage reduction of the subset
relative to the set of species. For enrichment, the first
measure is calculated by a two-step procedure. Divide the
sum of the concentrations of the subset in the feedstock by
the sum of concentrations of the set of species in the
feedstock, then multiply by 100. Call this X%. Divide the

sum of the concentrations of the subset in the product stream
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subtracting X% from Y% then dividing this difference
by X% then nmultiplying by 100. This is called the
w@eooa@pi7age enrichnment of the subset rel ati vePtDUB1063/040403
set of species. For exanple, consider that a feedstock
contains 35% 1- 10 decene and 5% 2-decene, while the
product stream contains 90% 1-decene and 2% 2- decene.
by CGdresi den bfdecemeccrmb2iastend ttdichesethefsepafies in the
Si e su h °
proaeEset dengﬁ%Q gﬁﬁﬁgﬁﬁdtﬁ@Fagbge tog$ﬁ% gé %1X6' The
subspEcmeiathaeadse the sehceﬁtmmemnsardrm@hbe enrtihbed from
rod The 15 percent e sub t ecene_in the
56% YOS a?d ceﬁg |ﬁ Pﬁe prod ctt (Y5 Chment the

secaﬁd(gaéaswm£7.ﬂ§96déhfvpercémb&getﬁe sfibset 1mdaeeme by

the fe ck s 35/(35+5 7.5%. _Thus; . o
subi 2aERERE e G o i SR ELaAN, thes ghsoihee by X3,
thent h.r@uEEiprlln@pQﬁj eaoo The me]rs:eritsageaemédchmt pefrcentage

ge ene reI % ecene and d cene i,s
enryCHBAN 5y Of ZC S§§S§”f EFLAE1YE) XPoGhe Spig O5yFSPRGWSS -
conzrahcdeéxé’mﬁee;eneotn@l@eﬂ hehstbset fefBersdhsetordains 35% 1-

decene is reduced relative to the set of species .
decgpgaddel i ¥s 2cOREEREr atidrts < W%mEFO?HCFhétﬁﬁédhﬁontams 90%
1-débenpehegntbage Ofccctiehsetcdrgierane 1deddiee piRdUEidéSene to be

2/ (90+2) X100 = 2.17% The 25 percentage of subset
thep s@dcetie PROEHES f cedoNgaRers 5/ ) Xaoobe=the syfoset. The
subsBYs 2-decens I.’LSS r %glﬂﬁégeﬁr one 12Dt @ 2. Lh% ikt her species

set of species. gercentage reducti on of 2-decene
becpgpsgt i §&s t@O&C@P@Eé?ﬁ iand s dédlerey s igi védepyproduct. The
per@%%%a@ezo¥néd%%éﬁ)QL&ECEnglﬁﬁb%QeT@%ﬂ”fuagﬁéﬁg 3¥® 2-decene

invention will enrich the total concentration of
in |theedrredytia Mfefl As, %rd He¢duce t Bé. 8BdnceMheatiiresftage of

sub%@‘tur t&@c%yg“l%ar@:%‘sf%%@s%%ﬁ‘ﬁr efing §5’}2t‘3§‘$5 = 87.5%..

ranc i ns and i nternal i ns conpar

+ Thusheilr-desspyect 1 veesbheckad r Arpons 7. p% h@f%d%@@ckn XBe set of

Spe@%%i’g‘n‘é?% AR T oA G aT e % LR g edve b0 1-

. .dechyeér ogadboh-&tcaremn dse gedenedoy hricifgh &he 7 ﬁr s )eFL00 =

118t %e in Qlt c%r}l%lgiaeg:tn &%%%n%asc% l?cy at:thébl ) a? easﬂt’h%o%}lbset 2-

preferably at nore prefera
decever i= t hedocoadenterlattior dfo athet lsetol @f i specneshdecause its

h
Congﬁn%rﬁeépnalpﬁaqgoé eLSenb Inen}ed&hg Conﬁﬁﬁgrgergentage of

subset 2-decene in the product is 2/(90+2)X100 = 2.17%. The
percentage of subset 2-decene in the feedstock is 5/(35+5)X100
= 12.5%. Thus 2-decene 1s reduced from 12.5% to 2.17% in the
set of species. The percentage reduction of 2-decene relative
to 1l-decene and 2-decene is given by ((12.5-2.17)/12.5)X100 =
816%

The process of the invention will enrich the total
concentration of linearl alpha olefins, and reduce the
concentration of saturated hydrocarbons and other olefins
such as branched olefins and internal olefins compared to

their respective concentrations in the feedstock.
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in the saturated hydrocarbon stream are reduced in one
pass by at |east 30% nore preferably by at | east
waohosose preferably by at |east 60% over tReT/US2003/040403

concentration of linear 10 alpha olefins present in

the feedstock stream The amount of excess |inear

pol yaronatic conpound present in the adducting

rg?rto?? me@ﬁimbatne§ﬂd@n@@n$$hﬁ¥atéﬁ@ pémpdrlat@fefins in

Wi af f.ec of _i n r ahehe
thecﬂ%ﬁ%qﬁ§Eﬁéu%?%ﬁ§g%#pénthng%%éaﬁgggl;ﬁ%%natic@?gough the
pro€espoud thandinterefar eint balymune phssnber idl bpast 15%,

ranched__ol.efins Jgft rea asgi ' h
preﬁ%f%?ﬂYeat ﬁ?&?&cgggﬁnIﬁ??%aﬁ%ggﬁgﬁg}gtﬁz p%ﬁ§§%0560§ over
theFQbM@éﬂﬁF&E@onon@mﬁl phef erlerftirad | yn &Hdudiesddtidek.a In

inear al pha olefjn, the esence 0 ; :
anoBReE heTofty Pt FES CORBGARG: 37 Pl & VTt Re-anouRe.
in €hel :gmd p@ﬁm@ﬁdmm esentainatrhe refdeedst ook one pass

coupled with [ong residence tinmes, wll leave un-,no
by a@fductedt i ndar %B?%r &?ﬁfecr%bogﬁdsa};r :Jge?%yac%)lfdt most
prePbthp1yheyi Bkenralstamh fr anchedciot etdbnsentheteby of linear
enhancing the reduction of tge%e, olefins in the
alpbat alafedshparsear boh 5BesfrE ﬁ1895r8§ﬁ8a90ncentration
of phhesgneleki NS n d:heesd eetshogk spokaarohatanot kempound
enbodi ment, the concentration of internal olefins :
prepeasentn ihe heddattiad edSRFELGRarBIE: stiieahtfsdence time,
andr¢98ﬁ§9r9¥uEé9”1&iiP_59%&@&@f the comsendratf onimfernal or

linear Internal olefins present in the feedstock. 30 .
brahphadot haefenbodRREHELERIt helithy effiSon L ifpgr polyaromatic

com%?ﬂﬁgnt%ﬂa_ Of . satdir atgd hydregardbonsntdridie akphaanched
e I’ enriched ol efin product is reduced through the
olefiosesd edit t hmrdamkas i 7Nd n PAF§iBAe pAES bylgt IS&4Srated

‘ 'hydggoc/oar%roglf gsrg%fééfn;by ﬁfélilleeab%te 9% 4Pr ol al-enably¥ Bpmpound

T éas over t 24 WD 2004/ 056730

. prePETRUSI003/040408ctsonwénty ati ol igfeadat Gridéy - olefin,  the
: pre%%dr%gag?ona!rhé‘\ f egdstack yrangdh e mst 1 prefed@t Y dpound

o AS above, e percentage reduction or enrichnent
relaftivier ancheéd elreiints odnd. iinsteer malphsl eflisfsins pygsent in the
ol ef i 5c¢ Sition e : : ung;+ -
oot SriRBESy AT dogents L d Aol 1eave un
addiesicdententa e pofl yelmerbéddst oukodwnds hd ragdued i pgduct with

tjmgegg %ggaionghdlQn%ﬁﬁﬂ%ﬁpoglgﬁﬂkﬁ,th%hereby enhancing the
reduction of these  olefins in the saturated hydrocarbon
stream over the concentration of these olefins in the
feedstock stream. Tn another embodiment, the concentration
of internal olefins present in the saturated hydrocarbon
stream is reduced by from 1 to 50% over the concentration of
linear internal olefins present in the feedstock.

In another embodiment of the invention, the
concentration of saturated hydrocarbons in the alpha olefin
enriched olefin product is reduced through the process of the
invention in only one pass by at least 80%, preferably by at

least 90%, more preferably by at least 93% over the
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concentration of branched olefins in the olefin

conposition is reduced over the concentration of
whra@aobedo ol efins in the 10 feedstock. |n thePCT/US2003/040403

i nvention, the concentration of linear alpha olefins

in the olefin conposition is enriched over the

concentration of linear al pha olefins present in the
conpeagspgdlonstafearaturptad dnpdue sanponf iphséhenfesdssock, and

h tipga of linear al pha ol efins present
mos%n%f%gegﬁggﬁﬂ%&?%ggoéition Is enriched by at | east

106% abeEcpr eflee alfordentage | gastuct40% . onostnrichment of

referab t st . _pover . cancentratio .
bragfﬁéﬁinégﬁ$?hglp gaole%%%?%ﬁgseﬁ%ekggfhegﬂlfeéé%to&ﬁefln
composptésion okepdids copoanttrtet | emoonht- Idfheadtnabhph@@Faromatic

lefins. after the separation ste f.) is_at .|least. .
comg g PR Ay =it P Eagt SIS ol ¢t oS y Sfdstock in
thel eastd@G%rky neegghitorof idrest ot al Ial ebhe embodiment, the

concentratio [ n_anot her _enbodi nent . t he . .
conZBREERELaN GIF oPPRTTOEH oPLRCLAPN Thetlf opFRELR composition
is cenpesid iored sclenrdeheshioveridheoconeantnatli elef2bsofin the

gll olefins in the feedstock stream The degree of
feegsEPC -enri chnent vari es inversely with the

congenthat i Div&it Dhef | Rhe PEeserhtirattibe feedstotdar | mipha

a preferred aspect of this epbodi nent, the
oleddhcentPat FBR ofL&Finol €12 Phe bF effiyiched over the
cone@mReSittiiban isr entigched byighal easite 50% PRSP YiBY the

at 30 |l east 75% nore preferably at |east 90% The,
feegghoskt rai T of Yheali RERoHIY oP&f ithS sierenthed, the

cont@natralteast K% inpief giphhy o@te_fli%%s?z%é%?rﬁy wei ght, olefin
of the total olefin concentration. Fisher-Tropsch

compppdiienc dft A iehest ikt yaof leasti £008, t Borgspseparabdy by

at SReGesyabac! wding 2@9@9@@5@9 hzbg,f ogarbense 12340 oyer the
2004/ 056730 PCT/ US, 03/ 040403 romatics, oxygenates,
concaP&rA&R ol efdins, L bremehedlohefi s, efiand InrReentl pha  the:
l.ef.i.ns. e o Fi S tr I 4 .
£ € vaptage ofna R i
eeg'a%b?f %ﬁﬂ%ggns a mxture of oﬁﬁngggﬁﬁgn8§odgﬁﬁgé alpha
oleganbonafhad thee promessigfon hetiapvedfd) onipr ctlucelssast 90%,.

pre¥bi&af Q@Vil'é%secve%?f‘dn%% Cﬂ%g@grgw‘geratol ?‘éé@t 96% by

species at véry low tbo zero ahount of Satura
welbpdr ofatbensotailt hlkifgh coopestitredtioons of |i near

alEﬂaSﬁéﬁﬂéFieﬁggaﬁ%Qﬁgsgjﬁg égﬁcentration of all olefins

in the olefin composition is enriched over the concentration
of all olefins in the feedstock stream. The degree of olefin
enrichment varies inversely with the concentration of olefins
present 1in the feedstock. In a preferred aspect of this
embodiment, the concentration of all olefins in the olefin
composition is enriched by at least 50%, preferably by at
least 75%, more preferably at least 90%. The concentration
of the linear alpha olefin is enriched to at 1least 092%,
preferably at least 96% by weight, of the total olefin
concentration.

Fisher-Tropsch streams contain a variety of difficult to

separate species, including saturated hydrocarbons,
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i nvention can al so provide a Fisher-Tropsch olefin
conposition having a mxture of internal olefins
wan@ios673® branched ol efins, and |inear al pha BCEUSII®3/040403
with | ow anmbunts of saturated hydrocarbons. The
process of the invention advantageously provides a
| i near al pha olefin streamthat is highly concentrated
argmatildmeapxspphatebef i st ewikrk eiod eifi@sgonkeancheforrdfins,
[ 5 a tips imdh ' al.ph efin. _
and ey e TR 0B TR, L "GP E R P B, By Teopscen
stddameats aktphé dltef conpainsy a mixtimee | pledrotdl phwen and odd
lefin itio e Li r.. - Ql ef
e e e
havargorgeennd rodhl | thilpgn hlhwbds; pledin2@peedets ati tvery low
el enental__sul fur to make sul furized roducts as_ . .
to o fTERe SPRUEr e Sente i retal TG TTir o, "¢  high
coreentradnerss 4Hrliheapohypini zdidfdmsaf pdbhyephypkese, of the
,__as.an_internediate in_naki pol yal pha ol efins (,PAO .
VG 45 aC3Pubr F‘iﬁﬂt, 8§O§§l§%I orf natqojdﬂqefre'é RS ke otefin
conp@ictiler | matethg25ahyslieearbonsfi nifM&wpD! | B¢ fORNS, and/or

to.react. with hydrogen sulfides to ke primary and
DrafERT JE e Dapt e 148C Sh A RIFe LR FORI? Rt Rediclt emounts
of ¥yt aSsRAiNiMesd®omdi fy the properties of rubber,

as solvents, and as_a precursor for the manufacture

of TaskTesoet af cohG LR ideter genenFangeusdy provides a
lirdleohgh snandietrifrackanbam WHLh Y hieyrdef i vahicz@drated in
~into detergent range sulfates or al koxysul fates for _ .
LineamdpyPPRi ARSI Id PORIEAE, BRS hWRSKSHG T0WRsT s Oandtinear
algH0ubdssi0arin sean, 19hMPR0G131Hub e PARD 8RBBsi8A8n may be
hard surface cleaners. The ranges and |imtations _ .
at pleRsHedOin tHefaiddint 968% Jpeerfi cHiiivh ah@fénapygity 1in

theN8 A0S e thal AlE held ayreitd 026 WD.2004/ 056730

PCI/ US2003/040403 particul arl'y poi nt out and '

di sStenctliiypedirai mlrhe i eshedin  iqamaRdignion t §tream  of ..the:.
indMBVES . s Undelstod fhat oLhes,Langes andi 11448 L #1988,  to

t hat per%orm substanti a Iy t'he sane unctlpn In
reagiibsvabli gleypeniiels sl frnnee - e ksbt st hf thezeanprodusts . as

T N e e O s IS
morpmesent fiowerithieon pallyme micg theori | |afst ratlace iy res ofs an
inéel}%lefcﬁlalt%w 0g irLé]?fﬁ&‘atpio\i%/alpha olefins (PAO) used as a
lubricant, as a chlorination feed to make polychlorinated
hydrocarbons in PVC applications, to react with hydrogen
sulfides to make primary and secondary mercaptans as
pharmaceutical intermediates and as additives to modify the
properties of rubber, as solvents, and as a precursor for the
manufacture of plasticizer alcohols and detergent range
alcohols and surfactants, which may be derivatized into
detergent range sulfates or alkoxysulfates for laundry
liquids and powders, dishwashing powders and liquids, bar
soap, shampoo, liquid hand soap, and hard surface cleaners.

The ranges and limitations provided in the instant

specification and claims are those that are believed to
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enbodi nents and exanpl es that are provided for
illustration and are not to be construed as |imting

wo b@4ioperent i on. 10 The exanpl es that foll ow arBCT/082003/040403
predi ctions of plant sinulation using AspenTech's
Aspenl O Chem cal Process Sinulation Software. The

I mportant features of the process invention stemfrom
partheulzakyi @rieguatdwhs adekcdilsed nsélloiv §a@im hghe instant

1nv%%€§%%ge t?sCOQ§Rﬁ$$§rta@H&Q}SQOQ&'Qﬁhﬁhkﬁﬁﬁﬂﬁrﬁanéés and

fror‘nre on experi nment reacti ons
1imfoht bons hehkinetens orat es@&@t@lsismhly afifactsaie Chregtion in

racene Cadduct ncen ati it e
Subgﬁ%?‘?f?fg‘( %Fe c%h%s aﬁ? 1-gﬁave ]tglgneoggﬁ:i?ls i_i‘kﬂ% nverse .
subbwnslawyv&aomaﬁé@;mamzaasﬁadedozo Kge kyithin the

cecta LS 0 P0G 0. 510,01 B00C 1§ Fp 0GBl w1

now3lQC ilzﬁsﬁfa@éd &nanﬂehnbeknaltbbefﬁqlldwmmgOilluet@ative
280C 0,48 0.57 31Q0C 1.77 CiS. | n .

emboagEeDt 41 00 H TG D, WET5 4 Froe gy Har p411uderation

andEX28ph8t lto5hé Eerdstael aen$mﬁtmggoth@9ﬁ.menonehi ns,

C9/ C10 al kanes. and g / C8 al co S Table 1
i sSTREacEdRAcEh B hir 08187 atare Spd i8S 82 plant
simulation wusing AspenTech’s  Aspenll Chemical Process

Simulation Software. The important features of the process
invention stem from the reaction equations described below and
the kinetic rate constants tabulated below which were

developed from reaction experiments.

'All reactions follow the kinetic rate expression

- k ¥ Cadduct

adduct anthracene

! k C lefnC

Concentration units are gmol/liter. Rate constants have time

units of inverse hours.
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a nol ar anthracene/olefin ratio of 2/1 in a plug flow
reactor wth 4.5 hr hold-up tine. It |eaves the

wo e@ansg73@t 260C. The al kanes, unreacted ol ef PEIEFISZN8040403
al cohol s are separated from 10 the ant hracene and
adducts in two distillation stages. The
anthracene/adducts streamis then fed to two
continuous stirred tank reactors in series to crack

the adduct. Thé olefikp is taken off askyvapor products
and distilled to renpve anthiacene—Fhe—ecerpostpn
1-obefihe product lis conpared tofthe 15 fnndstggk in
TaBbB°@. 28 wol2004/ 858730 pCH/ US2003.848403 U 10/ O N
4)280°4) m 00 ¢o fd 6-A3m CC) (00 u N Ox KP4 ~A Ll
~-B1IX°C NHE-HHNKBN a U U ewndlaoi o u4™
2-mBthy), Cbg)eftw|L) u) C LO (D|CDrd co NN C m (h|C7
[O260°C1 11 10 OC) OHIOw N[N 4J 00.43 -H H 3 U
U) 2Blotct ~ 0.48 3.38
310°C 1.77 37.05
trans internal
olefin
250°C 0.11 0.04
280°C 0.48 0.57
310°C 1.77 6.30
cis internal
olefin
250°C 0.11 0.65
280°C 0.48 7.81
310°C 1.77 76.14
Example 1 .

A feedstock con81st1ng of C9/C10 oleflns, C9/C10 alkanes,
and C7/C8 alcohols (see Table 1) is reacted with anthracene at
a molar anthracene/olefin fatio of 2/1 in a plug flow reactor
with 4.5 hr hold—upitime. It leaves the reactor at 260°C. The
alkanes, unreacted olefins, and alcohols are separated from
the anthracene and adducts in two distillation stages. The
anthracene/adducts stream is then fed to two continuous
stirred tank reactors in series to crack the adduct. The
olefin is taken off as vapor products and distilled to remove
anthracene. The composition of the product is compared to the
feedstock in Table 1.
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Table 1: Without Re;equilibration Reactor
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then fed to two

w%)

(

l-olefin

Composition

2-methyl-1-olefin

trans internal olefin
cis internal olefin

alkane

alcohol

(w3)

Composition—-Olefin only basis

1-olefin

2-methyl—~1l-olefin

trans internal olefin
cis internal olefin

Rate — 1b/hr
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stirred tank reactors in series to crack the adduct.
The olefin is taken off as vapor products and
wale@kiokd7ed to renpve anthracene. The conposi t i POT/OS2005140403

product is conpared to ,the 20 feedstock in Table 2.

30 WO 2004/ 056730 PCT/ US2003/040403 U t- a) Na) 61 N

N6l NUUUIDNUI9 00 ~wrd (0 00 LO O(,~ ~ |

~1 ~4C; CODMHHHMN pO U "S O 0 -H -P
Examg@e M UCD -PLS7T000r--qco NNO Md MMO00 O

QO TIT_d+ O N. _
O T b o AT s Byes piones

and 4t /8 41doHd I3 NddeOTable 2) is reacted with anthracene at
a molar anthracene/olefin ratio of 2/1 in a plug flow reactor
with 4.5 hr hold-up time. It leaves the reactor at 260°C. The
alkanes, unreacted olefins, and alcohols are partially
separated from the anthracene and adducts using the first of
two distillation stages. From the first distillation stage
the anthracene/adduct rich bottoms product is then fed to a
plug flow reactor for re-equilibration. Hold-up time for re-
equilibration is ~0.8 hr. The re-equilibrator product leaves
the reactor at 290°C. This product is then fed to the second
distillation stage to remove all the alkanes, most of the
free/unreacted olefins, and all the alcohol. The
anthracene/adducts stream is then fed to two continuous
stirred tank reactors in series to crack the adduct. The
olefin is taken off as yvapor products and distilled to remove
anthracene. = The composition'of the product is compared to the

feedstock in Table 2.
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4
3
3.
7
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37.5
5
0
0
0
78.12

‘;Feedstock
3
2
2
84,000

(W3)

Table 2: With‘ReFequilibration Reactor

(W%)

l-clefin
2-methyl-l-olefin
trans internal olefin
cis internal olefin
alkane '
alcohol
Composition-Olefin only basis
1-olefin
2-methyl-1-olefin
trans internal olefin
cis internal olefin

Rate — 1b/hr

Composition
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conmpound- ol ef i n adducts under conditions effective to
i ncrease the percentage of the polyaromatic conpound
wo e@atset3mi t h |i near al pha ol efins over all ot P€T/US2003/040403
olefins 25 reacted with the polyaromatic conpound in
the stream thereby producing a re-equilibrated stream
conprising |linear polyaromatic conpound-ol efin
adducts, dissociated & &f &nd, MYafd unreacted and
di ssoci ated |inear polyaromatic conmpound; 30 d)
separating the linear polyaromatic conpound- olefin
1. adduprocksemtolre s¢pgseciaged lokeafi adpha lefins from a
i Lhbr a a |_ef tre
A
satatphadohgﬁwncad@@@sed19teeaaﬂ odeﬁRM§un@ran@hbﬁn@éefins,
pQl nd ol efin 35 adducts and |i near
andp%ﬁxgbgggtfﬁpggggg Ad: 32 WD 2004/ 056730
PCa/) Us2003c8404038heefedidssockationgotshie ionnedrith a linear

pol yar omat i ound-al efi.n_ add sint | i.near
P BREReheG 50 S, Fhkhr, SERHE kT ot ghE et 1% o form
pobyaeaﬁahb@ adspowedsoapdialiplha 1dhekirmn podyeirohed i c

enePEREHPGY BT LB GHOEEESr  GREEHE 6 JSFDRBEREons

conpeeadsedwagkghy st halabpba sol ehidn uekicached @b&&eﬁomatic
product is enriched in the concentration of olefins
ovEPTPRENESncentration of olefins in the feedstock

ang)egebehed ing the cencant patiyarcahtlil lofgatnalphartin
oleflns over other olefins In the feedstock. 2. The

pr 6E8%StST TEPE PE RREVERRCChEVEERGREPGR Sof VoEEF LR

I S ogafiingd a0t adtoBoli ghek hkerparatvhe nfikaneheéo form a
condition of step a). 3. The process of claim?2

\Ah@ﬁ/élrrﬁclaﬁb%ﬁté)eafﬂhéoa‘a’a&étl@& sptugptegdmhysirocarbons,

renequilicbbatad fay shaaki aqcbﬂ% 1adduet aé SiibR@Medl s& ream
tenperature in the range of from about 280C to about

3160omprisinge theoddssast POLIPFCRakkEr SORPPHEdedgdtiack

'Sadﬁﬂ%E%C%%@_Wh&@a%t%ﬁnQéh@%&y%%9@%&b%a%%%p%%&%ohﬂd
step a) at a enperature in t fange from about

206C €€ @@@Gﬂl@ga@@ngzﬁhesade@tﬁdo@é§§a6¢bwl@@#ﬁzally and .
rhgéﬁb%ta%%1§ohé%56%55919 tﬂ%eﬁhﬁ%ak p%ﬁ%ar%%g§3%0k

[l near po yarorm I ¢ conpound
compound-olefin adducts under conditions effective to

increase the percentage of the polyaromatic compound
reacted with linear alpha olefins over all other olefins
reacted with the polyaromatic compound in the stream
thereby producing a re-equilibrated stream comprising
linear polyaromatic compound-olefin adducts, dissociated
olefins, and unreacted and dissociated linear
polyaromatic compound;

d) separating the linear polyaromatic compound- olefin
adducts from the dissociated olefins in the equilibrated
stream to form an olefin stream comprising dissociated
olefins and a linear alpha-olefin adducted stream
comprising the linear polyaromatic compound-olefin

adducts and linear polyaromatic compound;
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ranges fromgreater than 0.1:1 to 10:1. 6. The process
of clains 1-5 wherein the linear polyaromatic
wa@ eovposaTae ol ef i n adduct is dissociated by heat P@mUSRBS3/040403
the linear polyaromatic conpound-ol efin adduct at a
tenperature in the range from about 250C to about
500C. 7. The process of clains_1-6 wherein the _
f eetlsddeRoctahpristeal spPaaANPAGYPYERAFLEnParPound-olefin
F!éﬁSﬁa@FOEﬁCPpgffﬁﬁéér 39p8a H1BE9RES8dTiEEc8EBAEBRINEO
l'inear alpha olefins froma feedstock having an _
avEpageliaecbonpalirbeenphicheomapyadst anfr gApbat gledin
an | ogi £0l ghyn species within said
ra%ﬁgigéggdggggggtQ%Eag%npr?sing ol efins and saturated
hyd) osapbors iagdthbcahphs edspinsengichgdwplefin product
2004/ 056730_PCT/ 3/.0 contacting the
fegagpogéecgﬁ§§§??§%g§ﬁﬁ?%ﬁggﬁpgéér pol yaromati c .
wheeebpothed aigen odadihi ensiehkdcbiledinoptrodictais enriched
_ action m xture conprising_li r I [ ;
in R GORACOr G e s RaURTE 08t O Stedthydr beaTBaRs. B OF
oleinheachedhel ekedsroakcahdl snranttednieached concentration of

. pol yaromat i conmpound; separat.ing.the, i r
llnﬁéFyé#Qg%tPgegéﬁﬁoﬁﬁﬁyopgkfﬁ Ogg &@Fsl%rg%FtﬁggdStOCk'
2. satrukaipeddayer otachans, lurheaetied thel ebinds tdod @ifcehep c)
in the reaction

_ ) i xture to forma 10 _hydrocarbon .., .
is §PF§&@@C6W§rP§iﬁgk§§ GratETPRyALSESr b ?,%%Snﬁgiﬁﬁgion ot
ste@l @fji.ns and al cohol s and an adducted stream
conprising the |linear palyaromatic conpound-olefin
3. adgrﬁh@t PTLE Sen P&atéd™ i%n rﬁd‘lny&nor?g‘tpﬁpc Cgo SuRgaugted
st e8P aW Iidreatiing pirhe caid eic thed tSie ameby deridtieal sy ranth at a

15 selectiyvely dissociating the Ilne%§ % aromat i, c

s ef

tempemsduF® dinefihe Zdagét £Tu GOt | efPe ARME t30°C-

4. 1 NGHRASHE Je Py entage 20fHd1e R0l ERidst cranpeund : -
- reacted with-linear alpha. olefins , over all other

- conglasttiass With cadieeam Hv iR PHIYE GRIRAC ConpoditeH #) 2F 2
e el SR ROd g J@edkl LBbatedooe.

pol'yaromati ¢ conpound- ol efin
5. addued Hratiessoaimtead imlefiirs;eiandhenmedatedaanied of

ol edfi isnsso Cii natt%de | j’:l ene%a}srt o CR{O ltyoa rlerIrlaeta{ L pcoolrgpaoruorrlndaf.t ic compounds
ranges from greater than 0.1:1 to 10:1.

6. The process of claims 1-5 wherein the linear
polyaromatic compound-olefin adduct is dissociated by heating

the linear polyaromatic compound-olefin adduct at a
temperature in the range from about 250°C to about 500°C.

7. The process of claims 1-6 wherein the feedstock

comprises a stream derived from a Fisher-Tropsch process.

8. A process for separating linear alpha olefins from a
feedstock having an average carbon number in the range of
from 5 to 20 and having a predominant olefin species within
said range, said feedstock comprising olefins and saturated

hydrocarbons and alcohols comprising:
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d) separating the |inear polyaromatic conpound- olefin
25 adducts fromthe dissociated olefins in the

wequiiosdsat ed streamto forman ol efin streanPCT/US2003/040403

conprising dissociated olefins and a |inear

al pha-ol efin adducted stream conprising the |linear

pol yaromati c conpound-ol efin adducts and |inear .
poldlaraameid ot lqwhpdin df e Bts e cleli cmra B G IQp t'hieth | jekinear

pol rj%f?(#]r! ; ?ﬁﬁﬂﬂgl ' adduetis; dis t Lneak

al ﬁ%cglo e |a(r:1tlgé; ucte %?&%&rﬁﬁo fort:'nlc%ripsneéa?fé(E to form
polay arermitian uirpourel scemer 8 prm bledah Pehydedreatic

ol ef ] oduct : - . rat.i '
enrclgécr#ecﬁj%c?éollenflg%d%%?é gg’ %%%%%@%ﬁﬁar o%ﬁl?llg%ﬁs’

C o noaEts e B 4 ME 12004/ 56780l PCHNS2A003F 40D olyaromatic
wher eb otr{]c?' al pha ol efin enriched olefin product is

enrfEHed™9n the concentration of ol efins over the
corngedadiaanirof thod efimsai npod e f @edst o ckorepund-olefin

enriched in_the concentrat,on .of ., linear_ al ol efi ns
v et e s e S N e L B S Rl S
of slafinsd aereicvidie freetsd ockacloimr isestare to form a
Fi sher-Tropsch stream 10. The process of .claim8 b
wheP TP TR T AT O SFIREEHIRS 57 S Lo div ShrCarbyrs
hi ghefed €rgeratarend hand t hecsosTh tamd of addepted . sibeam

11. The process of_ claim 10 wherein, in step c) the_,
ad dERTRA S K1¢ edtf iJslfi%‘%%@?%Y%If%l?%l%f%%‘?%%‘?ﬂ%fm

addurgd 88k StARaMate Aot d @NPEEEA HINM8o 1 Yo £ diea f 80 g€ombotii @M
about 280C to, about 310C roces

o, . . 12. Ap s for ,
sep@t G TRATH hidra G phat oF A FFECEFOnT B S H SHErRPaF bpthy and
f eeglst acki havy NG S0 QVLF €3¢ bpim 1ydrdbatibe
range of from6 to 16 and having a predom nant ol efin

S peRPEROWRATR H SH (RAdNEES Wadler fevidt btk R o FSFHYS O

| i ngatre 2PN Ol 811 osnt 0 £Tb RSt 0L NSs1 §ABdnA t NeaEombOHRAd

ol efins, saturated hydrocarbons, and al cohols ,

compragted: wayh chitert | atPRai ol ¢ ebu tQERE with At Phearetins:

20 BELYAUSTELLY, L OTPOU COTETL L, O A 85t Ot xean

r ealch ¢ b yri Nt edlec Totipt | 8¢ ngIr i hblarapoll yak be@R | eomprising

compoyag; al &f § 0. SHAULL Se.oHPE 8RGL S0 PL £T4AGuc Bl C08PL Sociated
olefins, and unreacted and dissociated linear
polyaromatic compound;
d) separating the linear polyarcmatic coﬁpound— olefin
adducts from the dissociated olefins in the equilibrated
stream to form an olefin stream comprising dissociated
olefins and a linear alpha-olefin adducted stream
comprising the linear polyaromatic compound-olefin
adducts and linear polyaromatic compound;
e) dissociating the linear polyaromatic compound-olefin
adducts in the linear alpha olefin adducted stream to
form linear polyaromatic compounds and alpha olefin
enriched olefin product; and
f) separating the alpha olefin enriched olefin product

from the polyaromatic compounds,
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saturated hydrocarbons, and unreacted pol yaromatic 25
conpound; b) separating the |inear polyaromatic
wa@eoposdTae ol ef in  adducts fromthe saturated PCT/US2003/040403
hydr ocar bons, unreacted olefins and alcohol in the
reaction mxture to forma hydrocarbon stream
conprising saturated hydrocarbons, 30 unreacted
whenlegfyi ridie adehal cdiedlisy eard cedaddwdtiod pstadisgh 1s enriched
in %gl?rdo%%&%etﬂdm% P HBIONRILC +GURANR £ by of
adduct's and unreacted linear polyaromatic conmpound; c
olerfell-r@qmd itihrea theregl stthees ka diaut teadt istheshirbyc hgaraaregant zafdion of
. sel ectiivel y -di ci atli l i I I '
L lrlceoarrrpoa l.:IL e isaoloe |f§%%d dt 3%:%12 %l}%%g:r dcl%ﬁfg'lrﬁogr%a% ecételcc%/s’é%tcok'
9. 35 TWR 2004356 730 REHINMUS2 008140403 e i fegdsisecht heomprises a

. percent age of_.t he pol yaromati c conpound reacted wth
Fl%%eg‘rlgoﬂgsﬁpa Séﬁrgfa}nﬁs over all other olefins reacted

10 Wi tThd heqaedgsarciatliac e dhpduenck im tthve trrdsiamoornt heff edlyep ¢)
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sty efjins, and unreacted and dissociated |inear

pol yaromati ¢ conpound; separating the |inear
11 pm% RRRGE T SHp U™ AP e pehe adducted
st 5800 ateed pliafigisidd the regididratedddfcséd etimdam at a

forman olefin st i Si di ' d ol efi o
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12 L hen Idneads POt rar e i £ Gofrpoigk ol e GusEts ansh a
| i near polyaromati c conpound; e) dissociati t he
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pol yaromati c conpounds and al pha ol efin enriched

Spestieds i igriolauctaid amndy, sebet atT IS I : SPE B ed fHinear
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f eedst ock and enr§c‘ed in the concentration of |inear
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benzanthracene under conditions effective to form a
reaction mixture comprising linear polyaromatic
compound-olefin adducts, unreacted olefins, alcohols,
saturated hydrocarbons, and unreacted polyaromatic
compound;

b) separating the linear polyaromatic compound-olefin
adducts from the saturated hydrocarbons, unreacted
olefins and alcohol in the reaction mixture to form a
hydrocarbon stream comprising saturated hydrocarbons,
unreacted olefins, and alcohols, and an adducted stream
comprising the linear polyaromatic compound-olefin
adducts and unreacted linear polyaromatic compound;

c) re-equilibrating the adducted stream by partially and
selectively dissociating the linear polyaromatic

compound-olefin adducts under conditions effective to
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13. The process of claim 12 wherein the condition of
step c) 25 is carried out at a higher tenperature
W0 b@r/osd180 condi tion of step a). 14. The proceBeT/052003/040403
claim 13 wherein in step ¢) the adducted streamis
re-equilibrated by heating the adducted streamat a
gidn%ecrrae%%ree tlhr;s tpre]eeT:cre%Q:gaegeOfo rt%rg %%(?L%/tarzo%?a 1t co caok%r?puéund
reacted with linear alpha olefins over all other olefins
reacted with the polyaromatic compound in the stream
thereby producing a re-equilibrated stream comprising
linear polyaromatic compound-olefin adducts, dissociated
olefins, and unreacted and dissociated linear
polyaromatic compound;
d) separating the linear polyaromatic compound- olefin
adducts from the dissociated olefins in the equilibrated
stream to form an olefin stream comprising dissociated
olefins and a linear alpha-olefin adducted stream
comprising the linear polyaromatic compound-olefin
adducts and linear polyaromatic compound;
e) dissociating the linear polyarocmatic compound-
olefin adducts in the linear alpha olefin adducted
stream to form linear polyaromatic compounds and alpha
olefin enriched olefin product; and
f) - separating.the alpha olefin.enriched. olefin product.
from the polyaromatic compound,- *
whereby the alpha olefin enriched olefin product is enriched
in the concentration of olefins over the concentration of
olefins in the feedstock and enriched in the concentration of
linear alpha olefins over other olefins in the feedstock.
13. The process of claim 12 wherein the condition of step c¢)
is carried out at a higher temperature than the condition of
step a).
14. The process of claim 13 wherein in step c) the adducted

stream is re-equilibrated by heating the adducted stream at a

temperature in the range of from about 280°C to about 310°C.
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