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- *@00002* PROCE TI NG LI NEAR | NTERNAL COLEFI NS FROM BRANCHED

| NTERNAL COLEFI NS r «issied*i el d of the Invention This invention relates to a
process for separating linear internal olefins &rqmr d 4i

olefins. 2. B t he I nvention 5 ny'$%§%@?§%®ngrJggggggaggoduce
ol efins that meﬂﬂmmﬂmmmmwof | i near internal ol efins and branched al pha
olefins. A efins aggoht equently used in the manufacture ' of polynmers or as
drilling mud additives, or _as internediates for the production of oi

addi tives and 10 HBPSFEnFOR BERGRATANCUPGNEARe IAFANGH ALEEIRIS GROMon, it
woul d be desirable to manufact gr@nagkbneareriker ralgahef i n conposi ti on
having the greatest purity possible. For exanple, detergents manufactured
fromlinear internal olefins are nore bi odegradabl e than detergents derived

15 from many ipgu§€%ialg¥ gﬁgu&gggugggpolefin streans containing branched
t nt ernal ol efins: T linear internal olefins with a
narrow car bon nunb®Bnis ahgeestanoberahabfactaor edpogpcpsedfoed siepasrling
gquantities at a. great. > fo t [ | d _20 he pardt.icularly
desirable to e %%%%cé P§E6?§SPE§¥$8Fggggﬁag?%PFé§%8ﬁ“%eﬁ&ﬁﬁndif4¥“ﬁear
internal ol efihs BackyrawnfiecedstbekIngentabni ng a m xture of |inear
intern%l ol efins d brangheg in%ernal olefins. .Se arﬁtin% and isol ating
li near “i nternal ol @7 As FFORT 252 5r RheREAST it BFREFCSI 8ftdd1Ps tRG te LS t ask
especially ' wherthheseospethearhaveeshaill aledtnisdenid ®alknhlel Wiphanei ght s
or carbon nunbers.,Cbnvenii nal distillation.' netgpds are i nadequate to
separate speci@5eb"thi s® ?génﬁhFEﬁ RLGEVUENER Y MGEE! ¢ 1y &Gt B@ PdiAGtNg €
poi'nts. The 30,sep3lahtps probkeArisifiugt han aganavaked or khat the

intermediates for the production of o0il additives and

10 detergents. Depending upon the particular application, it
would be desirable to manufacture a linear internal
olefin composition having the greatest purity possible.
For example, detergents manufactured from linear internal
olefins are more biodegradable than detergents derived

15 from many industrially manufactured olefin streams
containing branched internal olefins. While pure
species of linear internal olefins with a narrow carbon
number range can be manufactured or produced in small
guantities at a great cost, we have found that it would

20 be particularly desirable to economically provide large
quantities of a purified linear internal olefins from raw
feedstocks containing a mixture of linear internal
olefins and branched internal olefins.

Separating and isolating linear internal olefins from

25 branched internal olefins is no easy task, especially
when these species have similar or identical molecular
weights or carbon numbers. Conventional distillation
methods are inadequate to separate species of this type
which have such closely related boiling points. The

30 separation problem is further aggravated in that the



2 Substitute sheet - 13 May 2002 linear internal olefin species not only
"needs to be separated from branched internal olefins, but also from
everything el se present in the feedstock m_ xture, such as saturated
hydr ocar bons. US Patent No. 4,946,560 5 dedcri %%%itﬁé%%‘éé?- f1%erép?00
separation of internal olefins fromal pha ol efi NS by contacting a ee%stock
wi t h ant hr acere ten f cimtannal eflaf addseeciseparat ongyt heeadduet He om t he
f eedst ock, dissqciatin he ant hracenel i pear _al pha_ol efi n_adduct through
heat Lo br odUCE PR B fr HERes BA LR of BF EAonBaeteran B cHat? 13FSA pha
ol efin, and separmatthigh®utlsdepansdbnacenetheofebhe takphaicdtefdd). erhawe
found it desirabl e, however toggroduce gn olefin strgary lg:iCh isrichin
a o n24

linear interndl®oteate’ DSt CaLhARRr y PRESTHVERE| i°%2% nventi on

relates to a RIOGEASHEDIa SEPEEass NPot i ARAEr skpheaRabnobef iing friram branched
internal olefins. In particular, there is grovi ded a process for converting

. . P
a feedstock, CORFIRT nfr T bbb nee? bl S oP&f FRETEAG DG Br &eEFed Aokt eriid
olefins to a ljfigpfaddierdl coLRTAN §08PORI hHANCRAVSRB 2R QRS the
concentration of branched internal olefins than present in the feedstock,
the process c@fsUS ngrom) thonfeeds heck hediseasiaekngi thea anithaacene-
pol yaromatic, 2 isﬂﬂ?f‘; Y, i d e C i£ians
effective to fltziLr%rﬁ%gltl I eaér %%%Jg%} oérr%%?gt cgﬁpgggﬁﬂ Pigﬁgarr'toi %{}g)rdﬁl}aﬁ% ol efin
adduct9 b) separtdtriawpndeand nearopefimroemppsitdapoandikchedann rmilehaal

as vl |+ 11 om e ToaclTon AT 10 I 61 CSCTat I hGERE FEABar "ForyerBmat |

compound- | i neayldfitrer rid loded i flomdduct desioahia,| hnearvepol yar praduee
compound and a linear, internal olefin. conposition, and 35 optiqnally -
Substitute shé&& Qq%%’i/t’@@? @)‘l%%pla? a%TiPﬁlS f’ﬂeTFPﬁgér lB&feﬁélragrrati c
conpound fornmed dfimrdep ¢) froma linear internal olefin conposition.4.
Detai| ed Descrjption of the InveptionA |linear internal olefins) is an
ol ef i iPwhose doulAWEMIRE 9h FRS AR GRare al ong the carbon chain except
.ata termnal carbam i OfAvdiei b NeaT at & e Hak ﬁk@tzéssdeein%pa@éeiﬁ@y :
al kyl, aryl, or alicyclic branching on_anyof the doubl e bond carbon atons
or on any car BémeRondketERehtotefthe HH0BI kradrRbccatbéRrardneledANS anched

internal ol ef ifhsgailstiaéhpép)‘ | thahosedaubhei Headai p/ﬁlgegafsg@ﬁ%nx%%re%t%%ng

t he carbon chai néxcept at a term nal carbon atom use erein,

t hebr anched i rit e sto? @t i rcoreRr ben@rl hpeeral Ryernadypledialsi epd i c

branchgs on o . b bpplsa rs carhen atom
adj ac%ﬁt to a%grgg.{ﬁ}{eg}{)glnrggéé%%ln g?%ﬁn%eegegdggggﬁgollg:‘e ie%ggt}sgﬁ%?ﬁnt he
process of theonpatitieedmprice @i heeri aeeeeatraképnnofabdanched
oranchedi nter nale QLEMH Nor o 2110, TERES Q0SS ORY £R! LROAELYceRLA! N2AQ! her Kinds
of olefins, aromatic conpounds, paraffins,and oxygenated conpounds. The
feedstock i s gemeredd ygomeiucendy commerci al processes such as

t heol i goneri zat,i on, of.. et.h f Y., 1 ri Lon .
di sproporti oné"t)i on%.O%&atéeérynlg?ein@Ea ypé%cg%\@(?%}gd@fggﬂgn%;%%g g?g Sggglatt%)}ct’ he
Fi sch2s - Tr opsaiptproocaslsy svibsthi i edd | gompotad nendesubshdntiansnunber of
br anchedspeci Le?ﬁqftas wel | as par affigs -l ong{((i g%makcohol s, ket anes aci ds,
and ot her i mp§hitdBstYAne? he? - Process®d or Raky AECTRE&F nSPTBPE PR 1§30

di meri ze or oliing@rerd zelDpf apydddmectand hi gher ol efins using conventi onal
organo-netal lic dinerizatijon cr?t alla%its or {ml ecul ar sieves chhas ZSM
zeolites or SAPO FAFPIAUMY ot braHEHEY PRt EFhaTe bt & FREPOMPRE&PREEr nal
ol efins, and atrherrmglt i ©natin ngdddct-endsd poeseoh3bin the heaedatkael i s not
particularly limted. In fact, . Substitu%e sheei_ - %3 I\/a% 2002 the
feedstdck may WEEARBP R FIPE FLC s80MPUNY 3F KAt bephFo” EPEnLeAREIW t o
95% of internali@efes.s, based on the weight of all vngredients in the

f eedst ock. However, the p=ocess of the invention ~s particularly suited to
an 5 industridl) scHisSFRLET oDl G2 ReRP L YR BFARE CoFEMPRUSHdaRR AT
Accerdingly, -~ HEf 65188 @Mhedhde. Lo ~rfmt h: €1nka¥eBbiGRrokide ifeedst ock
co be treated according to the process of the invention contains at |east
50 wt. % ef i nteEmRRuEt A)fhsa ahHNedr t P UB ARl 0P bR LAt EPRROSAILéPINns 2D
Ceneratly, th will contain from5 w.%to g5 w.% of |inear

i nter%gl ol effor%tﬁe:grﬁstmp}rl{\eferabl y from25 w.%to 80 wt.% of linear internal
ol efins, based on the weight of all ingredients in the feedstock. The
particular amount will often vary with the nethod of 15 manufacturing the
f eedst ock, such as by oligonerlzing olefins er by the Fischer-Tropsch
process. The anount of branched internal olefin in the feedstock ~s
generally in the range of 1wt.%to 95 w. % based on the wei ght of the
feedstock stream w th anounts 20 ranging from20 w.%to 75 wt. % bei ng

o - N o v - o, o . o
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O her ingredients which may be present In the feedstock include al pha
~olefins, aromatic conpounds, 25 paraffins, and oxygenated conpounds. Since
the |inear polyaromalLic conpound preferentially fornms an adduct w th al pha
olefins, thereby interfering with the formatto _ pal ic
corrpound linear ~r.terr.al olef=n adduct, it |§L§Sg@é%sggé{ hgtg I\%{%F%@i

f eedst ream shel)l d Sboout @id O YL a0 p&l@}ﬁ&@m@h@ fbapohedi Ao radghias
| ess than 5 w . % of aIPha ol efins, and nore preferabl 2 W.%or |ess, nost

preferably 0. 5P o5 lorT TP BedFHest 1 Her 2 bhal of &fi ﬁ%mp?ﬁetePﬁer
ingredients may, he €56 Beddr idiei froasist 0ok invarpUsLS ranging fromo wt. ~
to 50 wt.~, 35 Dbased or. the werght of tThe Teedstock. 5 Substitute sheet
- 13 May 2002 TypikatiRrahe Teotiat etisfsimitl haven apladth ageearbdaunlaber
rangi ng from 4,404 22, 1o £ 4 efgpakl Yo fLosmboute c£9bertzoer1al§ eIBepthE' cal
properties demanded bythe end use of the olefins in part determne the

sui t abl e5car bo?n trRIrfbiErasl t@R o st et ed. Tk efim@afi thtearbonalabensdgeeat er
than 22 and | q Eh,a%r am g utili ostan ut, froma
comercially pr actr ca pagrrnﬁt of” Vi ew, }fz dlgt%ig %watﬁ %Egﬁgﬁgﬁgnggréngl

rangi ngf rom 5 afo tJrBe vddublbe st dadeprentignused as awughcarisdfi atemsedi at es
for derlvatlves . z for._us f d_of detergents,

pl asti ci zers, aﬁe nEq]réubc(racrl%:baln sbolhéa(J‘paV\rekPCFbo‘J:rlgJJ arinni ng fluids. The

| i neat0pol yar omat iZc bmarrpmmti dirscetrid i zelck fiim (el st amt ope DLesshbeef orm t he

adduct with th | .ph frn 15| e feed stre e not being.bound to
a theory, iti éjeod'laeti]ieeaje $n‘¥§fw %ﬁ/a?g%?v\ghe cdPbon chdin

conpoundpr ef ereaqid 1axt fa)rmrr@mardchmbcm tdcdhe |Aseaged nheraahol ehibns and
to a lesser extent with the branche rnal ol efins. The preferenti al

adduction of MRLRMRTH OB i AWt PRES | Fhie%t | AFEFnaPT

ol efi nover th%l@@j&ﬁ&ﬂ dideinad ol efddisormmcbe doeh1o thest @8ksohi ndrance
and/or electronic effects of the latterolefins in a Diels-Al der reaction. As

used hérein, 'A5RERCHAY AV L TORIFThPIT2FR§ 259 02 adPithkar bond

pol yaromati c copaundidsyi ng at | east threefused aromatic rings, which may
be unsubstituted orsubstituted and possess simlar adducting properties
ast he unsubsti t ut dverdieadft©ckamd & W suresed higk ebte TRetenea?ft Yhehoul d
extend to at gLl dfyes doddie Jdised3Or méénﬁt@r@elﬁysgﬁdrbggnepgaound
is used and to atleast four consecutivel used cyclic rings I our
ornore fused rindeorpouREins usekhe ‘Iﬁr%ecilﬁfrfealﬁ %@Yy@?bmmbbbnpouhdlal o)

refersyto m xtyy alﬂ el r ts the
i near poI yar omarh c%corrpoungﬁ incl udi ng” but no(feorﬁé?rlr&?%% t%&gégﬁiﬁg

6 Substitut easr@eaxygelrsau\my czamomshr aﬂawefﬁdiste@d anygenedal iy xt ures
contai ning cuts [ At e e yaromati c
conmpound al so B nccﬁ‘lo%eag (;;j u O:é;e 1 ed‘“f%g%% hL’et(r?(13 by a bridgi ng
group, such a&ladqncérraczaarﬁ:lmn dﬁreﬁhxalrer&,etﬂtelrldwedkakgxe isomar kedonengr oup
cont ai ni ng chain s wel | Sg, containin rogt o V\/mc do not
interfere in taﬁle sdgpaor “ath on oofnatqch |nezglr U e‘?ﬂé&% e mg} ?ﬁ may
branched i nt etealpmidfders.byNdrid |E‘m3ahug:ﬂ30mnﬁcets pfotdes) mlez‘achpol yaromati c

10 conpound i clude thra cene z entacene, . and
hexacene. Suit UC adfﬂ udosst bcistr}cen on su’ﬁ%‘?‘?t u]%alar??ﬁ}éﬁig

pol yaromati ¢ cpymeElsad rmdludms mﬂreaﬁﬁ-nmt diomdetcsp,aloveslal kyl, e.g.,
met hyl , et hyl utyl; halo r bronp, flu 15 nitro; slfato;
sul f onyl oxy; é%?rttﬁf%ﬁ ac%do%—ragr%r%ﬁ%&yl MpArLties; ’8%‘?%%&%:88?5& Bky;
am Eol; rrﬁnlo- mldrgllgwearrraddlkwmm s 9:0 dmﬁéwﬁaén ap, oﬂigméy%am no,

nmet hyl et hyl ami no; am do ro an ower - al koxy, e, g., . nmethoxy,

et hoxy? | ower PHIRMIFRA O‘Y@/ %ﬁ/er d%ltee%@s L?‘bl%n%%?%‘?w:“g’??’r sorgagor
‘phenyl, xylyl ndidiule dezylzaeion Jhe paddd colt afio5ebdst 4 uentvskzeuchheir
nunber, and their |ocation, should be selected to that they are relatively
inert under t e reREtZTN CATRIIQT oHPAnd relatively small to avoid

'sterical l'y hinderifg thega for mtdamef the Digl soAbdegs addugta rSui tabl e
substituted |inear polyaromatic conpounds can be determ ned by routine
experi ment at i ot x| T bifnsuiab| &g el t PP §hr bt edrevhponatsenfcl ude
9,10-ginet hyl 'Hht!'r?é:efl?ed&h<9<dl§m&tf%¥ﬂ'&?ﬁ£‘§ly3plr%9§&hy| 2Rt Rracene,

9- acetyl ant hracene yl am nomet hyl) ant hr acene, ~ 2- choi or ant hr acéne,
2-et hyl 9, 10- di net hoxyant hracene, anthrarobin, and 9-anthryl trifl uoronethyl
ket one. The preferred |inear polyaromatic corrpounds are ant hracene and 35
2, 3-benzant hr acene. Substitute sheet - 13 May 2002The process of the
instant invention is basically athree step process wherein (a) linear

pol yaronati cconpound is reacted with a feedstock containing branchedand
Irnear i nt er naI oI efr ns to form an adduc~ (b) the5adduct |s separ at ed from

o, . N o o, S "




whi ch the olefins, linear polyaromati c conpound and ol efin-1|i near
"pol yaronmati ¢ conpound adducts are soluble. Illustrative exanpl es of useful
sol vents include the 5 al kanes such as pentane, iso-pentane, hexane,
hept ane, octane, nonane, and the |ike; cycloalk 4 SHIC B t ane,
cycl ohexane, and the |ike; and aromatics such agugétﬁgféne,e%?oﬂufe%&%
et hyl benzene, diethyl benzene, and the riRe:- The anount of solvent to be
enpl oyed can 10 vary over a wi de range without a deleterious effect on the
reaction. |ntoeeferhadionzntnaef cbheaiinvent Long_however wtt.Beosi 1heedskock and
| i near pol yar tic co und-| i,pear i rpal .ol efi.n_adduct formation is
carried out iogg?ﬁaslgnggg‘éngg (%E°ao1s‘:o%gﬁfga%oﬁggénﬂ)uﬁﬁsteﬁafmtﬁ €absence
of a sol vent wdaghtnott sustagidhkeytaf fecthehéeamsuntkof | iHogarer,
pol yaromat | ¢ .gempound egenerat ed underrequi yalent. feagti an. conditiggs. and
that the concentration of linear internal ol efins gener t8dS
substanti al | yindhe tgarme. s2@1Fhpsodiugtaocpr eferr édneasodnrentnalt e efiocess of
the invention. condyct i:n the ahsen of .. ol . After the |inear
pol yar onat i cr}gg%%md%%lc% icrjfggédtﬁct‘ghasgggé[ﬁ'ggr%lrrgﬁl,%%tlmﬁ' “separated from
t he reacti onmvetuden, THéolfefidscloickear pel facemeti ¢ccorplomyd addbet 25 is
separated f1 Qe eACLAN WXL g DY coRV ARt ional, Jieans. Jug Lo the |arge
mol ecul ar wei'ght” ‘and structural di Perence et ween the [inear polyaromatic
conpoundl i nedm tientgringll edliefs rrdddect-cadd the ¥ erailndernefl rhefreaction
m xt ype, convent i;anal. .SERAT &liO0R LBCRBLAUES 18T @ 30 29U ke JUist 3Rl @ fcgr .
removing the unreacted ol'efins fromthe |inear polyaromatic conpound-Iinear
i nternal ol efdbn wAddu@t IRGreaexambieanathe Leniddet &g toPakifey abdy e ormenoved
at the overhead Qr 4 nd raartjons By 1Maeuum ok oflhash (diestild atj.qaof,t he
reaction mxture to |leave the 35 |inear polyaromatic corrpouné—l I near
internal ol efihe weldihaf takle iSeadients NMay 2607 e&ddreckand Tiner eact ed
linear pol yargumdtii G, GOt as:ia 1l igtied Ratd,OnR.c ,The Otham nrgact ed
conponents of the reaction mxtured such as the unreacted olefins as well
as paPaf fi ns,mayort G st N Al dthdae I TBne S L cAciads PYard 15 searz ingour i ti es
- may be distildekoff o Alderaat imelone e disrearspolagaromat i ¢ conpound! i near
internal olefin adduct is separated by cooling shq reaction m xture until
the adduct cryst&ng ARG ,°F AHEE Dby ot 19T TR déhtti& ugation to
renove the 10:sadyLasdiect Ol @fidrallny Mmsterasesdhetunr eacd.ed dd meane . s
pol yaromatic co und will separat ut with the |inear polyaromatic
conpound- | i ne%éfsr?cﬁt%? nat® N EF9H acifgtfg}e. Iﬁ‘?edqsrte%éi rde Bt the T SR
m xt eoe can beausiaty i firat BF Wi FCessEr ot @ppldioad inons: sidmeeord Ssand | | have
an enriched 15 inter naall oé egé n, cgnné einctaﬂver l}hfﬁltf ofa tsheogleehdstﬁock. The next
step of the iPRT&AMT“HFaReSs T TTD Uissoci‘ate 1 He ¥ i hear Hot yatdmat i c
conmpound- | i nearoded eramd vl eld deadidust .p2Kw:ali ssoci ati on process can be
acconpl i shed by i ng. i y oV d.hear polyaromatic 20
conmpound- | i near ir}ﬁ?%e%%a r?%f%%{%%%Jt%éﬁﬁna;?%een%éfeg%QU?“e o tfprf“om 250 Cto
400 C, preferadtysfoom 3001 Gt 2 BBE @ lahinss pyrotysd sid resspedredd i near
interna~! ol efinscErom theyl i near, polyargmmt ey conpaynd. . The, | i near
pol yaziggmati C %)‘rr%b%{nd i_s t%en )g%%%r ated from t%e gggl resu t?nblm Xture by
any conventi opalya@eansTiahtehp aw i Hd 3 S R eChyiotlysi s
_ i 1 ahEen W&W?%ﬁm _Jalfmofi%# A2 addiech otly

operati on, Sugbpﬁ% Dye¥aguum L fhash distdliing, ofd the kingar; intes nal
olefins along with any inpurities at the pyrolysis tenperatures, and
renovi ng the Bi hedf2poPyaysral? Bl 30CeBAPOLFT: B3 bbttors2+ rehefHe adduct
di ssoci ating zgAg-+d ©ther sepacatignciechpiguescipectagde fhttration and
centrifugation. The linear polyaromatic conpound nay_be a recycled back to
the atfluct re&ERFdh"zBREY ThBOSepRPaPedl P near fntefhal: oP &FRN2EohddSi ti on
is enriched imanhkhneawt3% baterpak elefifscogh@nhoovesrthatawiytheyt . s
f eedst ock, and _ .

or less, most preferably 0.5 wt.% or less. Besides zhe

alpha olefins, the other ingredients may be present in

the feedstock in amounts ranging from 0 wt.% o 50 wt.%,

35 based on the weight of the feedscock.



- 10 - gubstitute sheet - 13 May 2002 . the concentration. of the branched
internal olefins in the linear internal olefin conposition is reduced over
that of the feedstock. Wiile nost of the branched internal olefins wll
have 5 been separated fromthe |inear interha Slisditis shdef Mk Mavesns  of
branched internal olefins, along with other inpuritres may be presSent in
the final linear ifyeinallgl ¢hienfeedpedieiion wWRdrl mane appldeations, the
amount of brancheg8intern olefins in the linear internal 10 olefin

|
conposi tion af t&f ﬂeniﬁ‘?grt RPOIGH St 17é Bt Scds o (HFS et erPly from

sufficiently sapblitt Batooabyuena spaghet Wrough £1ne RIRCESSE: 4 Sdé}ﬁé:r‘?é%@rﬁ’ | f
desired, however, the linear internal olefin conposition may be subj ec% ed

to multiple pasiesePfr Bi§hCadd e Bﬁélfllné’adﬂ &1 o T e aeffuciuitable

di ssocisati ng~r gagbehsnhedeRy thepki nean dduer male A& i tn carbo

conposi ti on~produced fromthe prior _pass, to further reduce the branched
internal ol ef i RUBBREENETEAGCFULPREr 28nRAcd e Itihvdeard | garerbel utol Efded
conteZt. In a prefger edseaRedirBRbsst Ng R QG5 Of *@% Vet i | S 20
repeated nore than once,slrmr ebpr ef grsabI;/l 2-4 ti r?esc. ellé;lrfagltr]lnbf OFE(;?A%trlacnac]hed
internal ol ef i p8inh PheVitHeaferAssprgds oligh wagdmposiunters srdregsng han 3
wt.o after subj I pg L hef t ack t of the invention.
Preferably, thgggﬁmgn%goﬁbr&ggghg% F‘rﬁtgé:r %Ie ul%g]](‘%‘ls‘L s 957 25 i met
interdd ol efi intenpediaten feor2dbritvatiorsl,esor mrieyquefierad) Yea: Qad . O

or less, nost preferabl .5 -w,.0 or less. Wth nultiple passes, the
content of theP%r%%%hgﬁx%étgrfn FQSFQFPEE’Cé’\r{TVaﬁélFé&ﬁ ed iTE ke 19HEA9
internal ol ef i uisohpestsj oantiowd Qb0 dari 118%g, 3Qimer.e preferably 0.7
0.5 wt.%or |ess. The present invention wll

wt.o or |ess, rmstTlEre erably ). . . .

now be illustrated By MEARZT oOPOLKBIPBRAFSRI FQMPOHISE A&t iNFe ldmsstiimerite and

exanpl es. instant process to form the adduct with the alpha olefins
15 in the feed stream. While not being bound to a theory, it

is believed tha;.the linear polyaromatic compound
preferentially forms an adduct with the linear internal
olefins and to a lesser extent with the branched internal
olefins. The preferential adduction of linear

20 polyaromatic compound toward the linear internal olefin
over the branched internal olefins may be due to the
steric hindrance and/or electronic effects of the latter
olefins in a Diels-Alder reaction.

As used herein, "linear polyaromatic compound" refers

25 to a linear polyaromatic compound having at least three
fused aromatic rings, which may be unsubstituted or
substituted and possess similar adducting properties as
the unsubstituted molecule, and mixtures thereof. The
linearity should extend to at all three of the fused

30 rings if a three fused ring compound is used and to at
least four consecutively fused cyclic rings if a four or
more fused ring compound is used. The linear polyaromatic
compound also refers to mixtures of compounds containing
as one of their ingredients the linear polyaromatic

35 compound, including but not limited to coal tars,



- 11 - gubstitute sheet - 13 May 2002 EXAMPLETo illustrate the concept of
"the 'invention, several sanples of six-carbon atominternal ol efins

havi ngdi ff erent conpositions were used as F%he f eedst ocks. The5comnposition
of- each feedstock sanple is set forth inTable 1lghgl@aw 4

ant hracene (sanples 1-5),0.022 noles of 2, 3- ben?aﬁ?ﬁwwaec%r?g(sg?rrgﬁg %02

or0. 022 nol es aoft hiyR>dyenzaint hraceneny sanpdie @i xforesnpantsan) nyasuelar ged
to a 100 m. Parr aut o Ita]_yoe 1%50% eéjlé hreeTti Nes Wit h n&trogen .and seal ed.
Theaut ocl ave W& RS 150" W5 Ho% @ha ot 108 heFes BPLYATPPEGET pur ged

f eedst ock sanmaloamprmamdddesh tind hede aud oehave; mbbaguikshliAkel. telyedner
nitrogen- purg?jdtol ene in sanples 1, 2*?1 6 angwg. The autoc| ave wasl5seal ed,
removed from PHe ARF I DIHZW i iP5 hedT | hghihf Pea5RARheaRL t 67255 C-.
The reqction itk arisamgdes dy 2. ké-ad Jreopt ebNtaInt g takyeane a30! vent
was3 hours. The reaction tinme for sanples 3-5 w thoutsolvent was 1 hour.
The aut ocl ave "€t érft SRS G T3 PP | PRFER Fo. Wohel €Renpéacti on was

conpl ete, thegutaglane was a0l &hd 0 205C o Thendint eaet ed; nexcggsol efin
f eedstock was renoved by distillation fromtheproduct m xture. The

remai ni ng unceAedrtngd fyafeditpol e d cltorpoyhdo badinge |inear
| tic25 13-4l 1+ i fi 1 .t henheat ed
o 300°350 C for g e e B B e i | <

to 300-350 C for .5 haours, g tinme ear polyaromatic
conpaouhd- | i nescmpetarchalngd lefden aduucacelissoti atleentantecycenbl e

| i near pol yar ogati.c _conpo n | nt fin Si.ti on30pr oduct
enriched in | Pﬁgg‘raclen@ér ;%dd (a)rfeg?%@negnérél :%l?%a%gh%}(?r@ﬁgggo?%i nt er nal
ol efins in theubsedsteeit sThirs dubeart utrderhialeof ebdo hyenopasiti abmpasnds

anal yzedby gas chromat ogr.aphy. The results are shown in Table 1. The
concentrati onlBth“r?ga'sgg'bti @s"ye?/virf%h[i nlﬁr?ﬁet‘?%e%%‘t 0 ?(w%’ﬁd%gW?hi fi-fhe resulting
li near internaktelyaf,i RuagMpoYdtiwn; hald?2 e SuUbstdtLbeo sheebmo, 131MBY 02002

are aeﬁorted as wei ght percentages. TABLE 1 SEPARATI ON OF LI NEAR AND
BRANCHED | NTERMAL “CL 5 1N Tt O B3- HEXERE2ONETAYL -

2- PENTENE3- MEEhi¥lex 3- RENTENEA Mdhdfthoxy, carbethoxy; amino; mono- and

2- PENTENE1Feedst ock50. 4----49.6-------- 1Product93.5----6.5-------- 2Feedst oc

k33. 233. 033. gdirlower@middi@ud o5F 43. 4-tethylamipedsi bagbrybamino, - - 99, 0-
-~ 3P oduct O3udvry vt dhrins ARGRAN A0S dy  -cvanc: -1 803981 RBUG1 86 1. -
--------- 13. 95Feedst ock----50. 0--------50. 05Product ----77.9------:22. 16Fee
dst ock50. 4- - - €49..6- methoxygPregdi@t 0. lgpwer2ml byanoyloxy, e.g., acteoxy;
(co Feedst g A Wbrs e cgo 0 AP ) REQAUEt OF 5150 0% - panzyys NO
addtrjgztdfor med. E)\Igivlé)g:yc 5% rﬁﬁvﬁ’N eOgO'NF( - 14)- %%Es'ti Pt &Y SheSFR2Y1s May
2002 The resukts.i Mdiecatee tiatldn st sampite siczor dilnglt onwnkeirnventi on,
the amunt of Jineandataral l&lis yasseuiched inhhe progugtenhile the
anmount of branchéd internal ‘ol efin was dsrastlca |y reduced. fn Sonme cases,
5 the anount oflbtdnveted linetmy naldet efhier mescrieduceehdyt hone &hdn 800, even
over 900, OVEEeﬁ%%f%Q%ﬂ“s ﬁﬁﬁ%&gAJE%JE%J§¥¥g§ff§'hE# eP?Hélkﬂgar
1, 2- benzant hr acene was ‘i ne af ective.

25 formation of the Diels-Alder adduct. Suitable

substituted linear polyaromatic compounds can be
determined by routine experimentation. Examples of
suitable linear polyaromatic compounds include
9,10-dimethylanthracene, 9,10-dichlorcanthracene,

30 9-methylanthracene, 9-acetylanthracene, 9-(methyl-
aminomethyl)anthracene, Z2-choloranthracene, 2-ethyl-
9,10-dimethoxyanthracene, anthrarobin, and 9-anthryl
trifluoromethyl ketone. The preferred linear
polyaromatic compounds are anthracene and

35 2,3-benzanthracene.
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pol yaromatic, opti®hal pbyosabst ictfuttée, mcsnr]amlmndnwmadﬁrlocomh tbalsnﬁceﬁlf]f}ec‘dl ve
to forma Ii nea{1 gol ggromatl C congl%und H l| nternal olefin adduct; 10 b)
separating t he I'Fhigar 5Bl YAPETEE ¢ ESMESund” | iMeSR S MOAIOBetF n adduct
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the linear pol yaageatis sepRounrdd ormd the S8R tQod AMde | I figar 4yt er nal
ol efin conposition. 2. The process of claim1, wherein the |inear

pol yaromati c cbhpodfdurs aft ﬁ{rlaéé’ﬁéaéledat%lﬁ@tlﬁta@teedihﬁo At hrmcere. 3. The
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2, 3-benzant hr acgg%en%r a subgtl ttr}teed BQbénzgnt hracene. 4. The epr'%)lceelsss of
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linear pol varogmgnemgyngagm{t gmerr@tawt%orna% Frgm dpQG fo Z90C. 5.
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0.5:1 to 30 10;1, Subtltute sh 200 he process
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i nternal ol efi aradddadédi SOdtaaocmatl@d by aheatiirrgd hank,neatd rm{eyaronati c
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to 900C. 7. ThESprbteBs™dFTHAY drie “6f “¢l4CNS i’ O\ﬁf"f‘é’ﬁel The" e pdridiisshs

in step b) andtenkd)aatersatiived: /QUTr_hby r‘éa@ulimnOIfnafyi ash dHstidd aiutprin &
The pr.ocess of an%%one of clai the 10 separations in steps

b) andPor d) aPRTERArFFRABOt My eFrerlst 80P|lﬁ HoPPGwed oyt 193% ati on or
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a)-c) are repeat ed nore than once. 10. A process according to any one of

clains 1-9, whifethenshepbefeé@sfolRaGFiIGIn&EBR LRSS Ssidherientogsth
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I
cajcal c a]ca]ca §§§J@§§ liquid phase or mixed gas-liquid phase,
25 depending on the volatility of the feed olefins, but
generally in the liquid phase.

Stoichiometric proportions or an excess of either
olefin or linear polyaromatic compound can be used in
forming the adducts, but a molar excess of olefin is

30 preferred. The molar ratio of olefin to linear
polyaromatic compound is preferably from greater than
0.5:1 up to 10:1, more preferably from 1.5:1 to 7:1.
An inert solvent can be utilized to dissolve the feed

olefins or the linear polyaromatic compound or both in

35 the reactor. Preferred solvents are the hydrocarbon
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cyclopentane, cyclohexane, and the like; and aromatics
such as benzene, toluene, ethylbenzene, diethylbenzene,
and the like. The amount of solvent to be employed can
10 vary over a wide range without a deleterious effect on
the reaction.

In one embodiment of the invention, however, the
feedstock and linear polyaromatic compound-linear
internal olefin adduct formation is carried out in the

15 absence of a solvent. We have found that the absence of
a solvent does not substantially affect the amount of
linear polyaromatic compound regenerated under equivalent
reaction conditions, and that the concentration of linear
internal olefins generated is substantially the same.

20 Thus, in a preferred embodiment, the process of the
invention is conducted in the absence of a solvent.

After the linear polvyaromatic compound-olefin adduct
has been formed, it is separated from the reaction
mixture. The olefin-linear polyaromatic compound adduct

25 is separated from the reaction mixture by conventional
means. Due to the large molecular weight and structural
difference between the linear polyaromatic compound-
linear internal olefin adduct and the remainder of the
reaction mixture, conventional separation techniques are

30 quite suitable for removing the unreacted olefins from
the linear polyaromatic compound-linear internal olefin
adduct. For example, the unreacted olefins may be
removed at the overhead or in fractions by vacuum or
flash distillation of the reaction mixture to leave the

35 linear polyaromatic compound-linear internal olefin
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liquid bottoms. The other unreacted components of the

reaction mixture, such as the unreacted olefins as well

) as paraffins, aromatics, alcohols, ketones, acids, and
5 other impurities may be distilled off.

Alternatively, the linear polyaromatic compound-
linear internal olefin adduct is separated by cooling the
reaction mixture until the adduct crystallizes out,
followed by filtration or centrifugation to remove the

10 unreacted olefin. In most cases the unreacted linear
polyaromatic compound will separate out with the linear
polyaromatic compound-linear internal olefin adduct. The
remainder of the reaction mixture can be used in other
processes or applications since is will have an enriched

15 internal olefin content over that of the feedstock.

. The next step of the instant process is to dissociate
the linear polyaromatic compound-linear internal olefin
adduct. The dissociation process can be accomplished by
heating or pyrolyzing the recovered linear polyaromatic

20 compound-linear internal olefin adduct at a temperature
of from 250 °C to 400 °C, preferably from 300 °C to
350 °C. This pyrolysis frees the linear internal olefins
from the linear polyaromatic compound. The linear
polyaromatic compound is then separated from the

25 resulting mixture by any conventional means, which may
occur simultaneously with the pyrolysis operation, such
as by vacuum or flash distilling off the linear internal
olefins along with any impurities at the pyrolysis
temperatures, and removing the linear polyaromatic

30 compound as a bottoms from the adduct dissociating zone.
Other separation techniques include filtration and
centrifugation. The linear polyaromatic compound may be
recycled back to the adduct reaction zone. The separated
linear internal olefin composition is enriched in linear

35 internal olefin content over that of the feedstock, and
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the concentration of the branched internal olefins in the
linear internal olefin composition is reduced over that
of the feedstock.

While most of the branched internal olefins will have
been separated from the linear internal olefins, a small
amount of branched internal olefins, along with other
impurities may be present in the final linear internal
olefin composition. For many applications, the amount
of branched internal olefins in the linear internal
olefin composition after one pass through the process of
the invention is sufficiently small that only one pass
through the process is necessary. If desired, however,
the linear internal olefin composition may be subjected
to multiple passes through additional reaction zone and
adduct dissociating - -reactors fed by the linear internal
olefin composition ‘produced from the prior pass, to
further reduce the branched internal olefin content and
further enhance the linear internal olefin content. In a
preferred embodiment, the process of the invention is
repeated more than once, more preferably 2-4 times.

The amount of branched internal olefins in the linear
internal olefin composition is less than 3 wt.% after
subjecting the feedstock to the process of the invention.
Preferably, the amount of branched internal olefins in
the linear internal olefin composition is 2.5 wt.% or
less, more preferably 2.0 wt.% or less, most preferably
1.5 wt.% or less. With multiple passes, the content of
the branched internal olefins can be reduced in the
linear internal olefin composition to 1.0 wt.% or less,
more preferably 0.7 wt.% or less, most preferably
0.5 wt.% or less.

The present invention will now be illustrated by
means of the following illustrative embodiments and

examples.
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EXAMPLE

NNDNDN

To illustrate the concept of the invention, several
samples of six-carbon atom internal olefins having
) different compositions were used as the feedstocks. The
S composition of each feedstock sample is set forth in
¢ Table 1 below. 0.054 Moles of anthracene (samples 1-5),
0.022 moles of 2,3-benzanthracene (sample 6) or
0.022 moles of 1,2-benzanthracene (sample 7, for
comparison) was charged to a 100 ml. Parr autoclave,

10 purged three times with nitrogen, and sealed. The
autoclave was placed in a dry box and 0.108 moles of a
nitrogen purged feedstock sample was added to the
autoclave, along with 10 ml. of dry, nitrogen-purged
toluene in samples 1, 2, 6 and 7. The autoclave was

15 sealed, removed from the dry box, placed in a heating
mantle and heated to 255 °C. The reaction time for
samples 1, 2, 6 and 7 containing the tocluene solvent was
3 hours. The reaction time for samples 3-5 without
solvent was 1 hour. The autoclave contents were stirred

20 during heating. Once the reaction was complete, the
autoclave was cooled to 20 °C. The unreacted, excess
olefin feedstock was removed by distillation from the
product mixture. The remaining unconverted linear
polyaromatic compound and the linear polyaromatic

25 compound-linear internal olefin adduct mixture was then
heated to 300-350 °C for about 0.5 hours, during which
time the linear polyaromatic compound-linear internal
olefin adduct dissociated to recyclable linear
polyaromatic compound and the internal olefin composition

30 product enriched in linear internal olefins relative to
the moles of internal olefins in the feedstock.

This linear internal olefin composition was analyzed
by gas chromatography. The results are shown in Table 1.
The concentration of the species within the feedstock and

35 within the resulting linear internal olefin composition
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1nv ntion, the amount ©of linear inteérnal olefin was
enriched 1n the product while the amount of branched
internal olefin was drastically reduced. In some cases,
5 the amount of branched internal olefin was reduced by
more than 80%, even over 90%, over the amount present in

the feedstock. The non-linear 1,2-benzanthracene was

ineffective.
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1. A process for converting a feedstock comprising
linear internal olefins and branched internal olefins, to
a linear internal olefin composition having a lower mole
concentration of branched internal olefins than present
3 in the feedstock, comprising:
a) contacting the feedstock with a linear polyaromatic,
optionally substituted, compound under conditions
effective to form a linear polyaromatic compound-linear
internal olefin adduct;
10 b) separating the linear polyaromatic compound-linear
internal olefin adduct from the reaction mixture;
c) dissociating the linear polyaromatic compound-linear
internal olefin adduct to form linear polyaromatic
compound and a linear internal olefin composition, and
15 optionally
d) separating the linear polyarcmatic compound formed in
step c¢) from the linear internal olefin composition.
2. The process of claim 1, wherein the linear
polyaromatic compound is anthracene or a substituted
20 anthracene.
3. The process of claim 1, wherein the linear
polyaromatic compound is 2,3-benzanthracene or a
substituted 2,3-benzanthracene.
4. The process of any one of claims 1-3, wherein the
25 feedstock 1s contacted with the linear polyaromatic
compound at a temperature ranging from 150°C to 290°C.
5. The process of any one of claims 1-4, wherein the
molar ratio of olefins in the feedstock to linear
polyaromatic compound ranges from greater than 0.5:1 to

30 10:1.
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10 separations in steps b) and/or d) are carried out by
first cooling followed by filtration or centrifugation.
9. The process of any one of claims 1-8, wherein steps
a)~c) are repeated more than once.

10. A process according to any one of claims 1-9, wherein

15 the feedstock originates from a Fischer-Tropsch process.



