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; e3eYh@re4j 66T@HY] WO 01/ 85653 PCT/ EPOL/ 05181 REMOVAL OF
PHOSPHORUS- CONTAI NI NG | MPURI TITES H FROM AN OLEFI N FEEDSTOCK Fi el d of the

| nvent i onwdhAa/sResasent i nvention pertains to a process of Spdedd/os&I0Vi Ng
contam nants fromol efin feedstocks using sorbents. In a preferred

enbodi ment, phosphor inmpurities, m ably

or ganophosphi nes antjmmmmumlmml“MOSphi ne oxi (’IMMWMWHWIW m)ved fromthe olefin
f eedst ock using an aci di.g,Q§ a neutral sorbent. .dhg.sorbent preferably is
selected fromthe group consisting of an acidic ion exchange resin, an
acidic zeolite, an aREYOYAM @F FHOSPHORVS-JONIIATNING IMRUVRNTIRA | vat ed
carbon. Preferred ol efin feeds s.ar e ol i goneri zi ng
ethylene to |inear ol efins havéﬁéﬁf%ﬁn&%é$%§3%ﬁﬁgg%§ﬁKatonB, preferably
from1ll to 20 carbon atons, and nost preferably from 14 to 18 carbon atons.
Background of g Bgql B¥eRbieORnbaR@AdyIg upon the method of their production,
20 25 ol efin Teedstocks nmay conprise a variety of inpurities. Inpurities
found in ol efins t Tae arespnadiucesninicn pgoterinzsatticom gfireetdnd erfe units

i ncl ude phosphoruscontaining inpurities, including, but not necessarily
linmted to, oF§HRAYPREsFRIFEILZFRLS FHBhRISHHI S Hdsfackarpedag

phosphor us-co ini i riti re |larqgel v.. ved.,f ITRJLY. olefin
streans duri nggghghgrgécre@gl i bg%%xﬁeéﬁiegﬁot\é&%%g%dr g)thégsggqu ous "cuts" of
ol efi ng. UnfoebHeataing thpuetiddrenhesphi pe® fareHaRdJIRRRIRTHINY St indM0
01/ 85653 PCT/ EPOL/ 05181 2 oxides found in Cl4-C 8 streans tendgi?lo
co-distill w ehdibe Crgatophiosphlimeproxddets, malei mgmovedl fidapultthe i f not

i npossi ble, to.renove these phosphine inpuyrities by sinple distillation.
S Co- 36 of ef PREEREY SoRERECER (i 571 BRICIST Shapor S Tults st o,
drilling flui hi l4 LK | £GRh such
ol efi ns have ?g%mggglbgﬁei Q%F%rﬁrr?c%y?nls\zg%\?are{&gteg é%oggm I cglﬁjcl)'{r)'igs, i ncl udi ng
det ergents, seapsisstihbaeifasns adnl d riesr exthapoientredapr esanicidie

|l ubricating oils. These al cohals axe produced by a nunber of comerci al
procesies, suEROAGtBY 8R0 36 Rl PIAEHMAA, ali SRS AloRd W @nddiafs. | n
many of these,appligali Q3ncte Y&l 8edite9ks AR RALL ARG ACT d

catal ysts.

made by oligomerizing ethylene to linear olefins having
from 6 to 36 carbon atoms, preferably from 11 to 20
carbon atoms, and most preferably from 14 to 18 carbon
15 atoms.
Background of the Invention
Depending upon the method of their production,
olefin feedstocks may comprise a variety of impurities.
Impurities found in olefins that are produced by
20 oligomerization of ethylene units include phosphorus-
containing impurities, including, but not necessarily
limited to, organophosmhines and organophosphine oxides.
These phosphorus-containing impurities are largely
removed from many olefin streams during the process of
25 distillation to separate various “cuts” of olefims.

Unfortunately, the organophosphines and organophosphine



15 Unfortunately, any phosphorus-containing inpurities in these olefin
feedstocks wll negatively affect acid catal ysts. The phosphorus-contai ni ng
noi eti es wp@1/BessCc in nature and will neutralize the acti werarotosisi es of
the catal yst, which lowers catalyst agtivity and 20 performance. The

or ganophosphi ne noi eties nmay even cause the olefins to oligonerize into

undesi rabl e f grige MRS i8] e:lrrgllee.ﬂ%d @ R G id @ PhespiigusTeopgnt  of
e nv

ol efin feedstocks. Summary of t ention 25 The present invention

provi des a pre&ess$:f,aic Rurin WHY prbRIcR,| Malkaed GeMALifHiRg1a ot it of
phosphorus-contai ning impurities, said process conprising contacting said

olefin feed Witlpoasi®nkentecs deved e i ophaue cepairsidiws oy an acidic
ion exchange resin, an 30 acidic zeolite, an acidic alumna, a neutral
alum na and sWOPdE 88653 1RGKIEMGL/ 05181 3 an activated carbon, under

diti d f t] ffecti t [ .ent . of
PhoSphGT US- cont af nCg SIS S RS 5o d h T (HHCdDI 2 (BRI, The
(O ti I id feq5, snpki ched_ pri
Bl ool CompoSit] B ELBRSHeA TS c FCAGE CHE et P SHE OO TSl ng &

content of pheaRRAr YIGANAIYIING | MWIHJ1RS o Idhch SAlFas 3alweted from
the group consisting of an acidic ion exchange 10 resin, an acidic zeolite,

an aci di ¢ al uromme rairdutitgdordanuend mard variaty vt eghpdardsononmder
conditions and for a tine effective to permt said sorbent to reduce said

content of phéSFHEGINT AALATIT S NARFRS e SUH R EYod FeE L£5578%9 i ed
lefin feed; |S. i jd . I, Fd l.efi n.fheed w
ol f i ced | isonacting sy mad ool eed wihp skelEIA

. . (=] .
I sonerizatl on aalysetpun conditions e Ive to

i sonmeri zed ol ghdeNSrcEEeeP ML innbed &S keiniiealdinll gaRidgsek ol afdmsad nt o
said primary al cohol conposition. 20 Said converting preferably conprises
hydr of or ny| at byy os@i s ketdnafidnmyladten add lenef iahsinDetl# figws Destr i pti on

of the Invention The present inventi,on prqyide pracess and sorbents
which effici ey &fd ES& BRREYAFY e S et dfedRtocks are
phosphor us- coptai-ning ,§ igdfg;éékéyyggglstreans. In a preferred

enbodi nent, the content |
15 Unfortunately, any phosphorus-containing impurities

in these olefin feedstocks will negatively affect acid
catalysts. The phosphorus-containing moieties are basic
in nature and will neutralize the active acid sites of
the catalyst, which lowers catalyst activity and

20 performance. The organophosphine moieties may even cause
the olefins to oligomerize into undesirable forms.

Methods arxre needed to reduce the phosphorus-content

of olefin feedstocks.
Summary of the Invention

25 The present invention provides a process for
purifying an olefin feed comprising a content of
phosphorus-containing impurities, said process comprising
contacting said olefin feed with a sorbent selected from
the group consisting of an acidic ion exchange resin, an

30 acidic zeolite, an acidic alumina, a neutral alumina and



reduced to 1 ppmor |less, preferably 0.5 ppmor |ess, nost preferably to
0.1 ppmor less. Gven sufficient run tine, the sorbents reduce the content
of phospRppuWgsskescontaining inpurities in the ol efin streaorikropasiss per
WO 01/ 85653 PCT/ EP01105181 4 billion gppb) levels. In a preferred

enbodi nent thesorbents of the present invention may be used to renovedi nes
fromthe ol ef igh SHJtGHFALEE dHBSHN] WIS ESIBYoRS MS@UESP a time

treat 5substantially any ol efin stream Preferred ol efinstreans are |inear
ol efi n streansifstEine dia gmﬂamamged hydretrent Sofrephydspherkaovmnipadubsges

for oligomerizingeth Iene r hosphor us_coppo resul t

. i nphosphorus as" ﬁ??@‘ﬁf% |R1}ngfb?£p?#q’g§? E%ﬁ"r‘? A preferred
comercially avail fr%?éﬁ Jegeof 4 t e
invention is the &?%Jd‘}ct 11<etled [ n‘pjt:%e Un| t St atee&g %ﬁ%@%$§£em cal

. Conmpanysinder  trask iiricAde riafan d¥=aDENE may aa pratiEl resmesdbel omnt , t he ol efin
feedstock is treated before exposure to anlbacid catal yst, or, before
exposure to oteEPWEIdIG onswhi ch woul d be adversel y affected by the basic

nat ure of phosphor us- on{ a.l ni o pref erred enpodi nent,
the ol efin stream9%t %b%%% )ﬁe sk né?%* Hgs%rraer?g FFoh © S

cat al yst 20useq,Hduy H@rd@lmgﬁ@ﬁ befoh e - wBA? 99 Osofbent ebéNe-Hegd in
the feed to this skel etal isoneri zatl oncat al yst are nono-ol efi ns havi ng at
| east 6 car borfmanoheprepfaumbdondbet gy fobrar la¢od PO tem bexcladwgs, and

nost pr ef erably having from 14 to 18, carbon atons. 25/ n general, the oI efins
in thel®eed t Fasidsiadt aatdsorRPLhET orPR A JLF & PR domi PREEFHL1 i near .

Whi et he ol efiffaed can: cNtaliy SoNEs branched el Nsondliepbel i Bubepdy

processed for I'soneri a I On. pre | y cont al NS gre

percent, norega t%&ﬂ@@ﬁi@ﬁ&%&fﬂﬁ&%aﬁd psefiesad| Yo oreates saza 70

percent, and nost preferably greater than 80 nole percent of linear olefin
mol ecul es. Thewitenm d%@h@@lﬂwsk@@t@inimmehﬂbﬁscaltl‘él Y8t does not

consi st of 100% ol efi ns, and_us a |ns a distribution of

mono- ol ef i ns ARAGHESIF R :frén"g with at least 50 wt. %of the
ol ef i ngs bei ng wi t éartecl &gl bene £h8 51 & BNYeE A N DLk 2 NONEYEE a1
speC|f|ed Preferglbc{h e ol |naE15eed w |l contain greater ?han 70 wt. %

nore prefer ablzbcacﬂﬁémitzat%dxﬂ et ahy et ohndenocal@f t hens nefifspetvéi ed car bon
nunber range, the remnai nder_ of the product being olefins of other carbon
nunber or car Bekeld rakelpteal By ol ePTesized reiefHas i ARfmti cs, and ot her

inpurities resultl e C f doubl e
DU LTeS TSl 0 A S DS 5 1 RY S oond L 8°L LB 158 ¢
ol efins, int ergga_,_d Peefthdlsy I cshdl xtomposhei®®f . The sorbent of the present
i nvention may be substantially any suitable sorbent capable of sorbing
phosph®? us- cont ai nigrid npervereing ppe¢tendbly neompaisend 20 acidic

sor bents, rably acidic_s e abl e neutral [bents

i ncl ude neut ré?y%?ﬁ?ﬂ%f ‘éjc?gv%? %’é %%5§ﬂj%nﬂs%?ﬁ+z?ﬂp?éﬁﬁé?§d
activated car : 2 BhiNSE{bAPr egnated carbon

avail able from areey 5 T abl e acidic 25 sorbents include,

but are not necessarhé ypfésﬁmedlmmen’ai:onhpromndescdmapgeceemandand aci dic

al um nas. Suitabl e commerci al I%/ avai | able al um nas include, but are not
necessarily |iSR¥REPED, WhkiRj @f Bhel FRELY arnd cef farelvetvintadecestbR as

NS0 s tabi o S e Of bR el e a T EEL e TERCBLRELE 2O
such as SELEX$RELHAX) 200h SEbFXEERPe £D¥mbAMNDhSEE FXORBc6hedbess al uni nas

are nodified to
reduced to 1 ppm or less, preferably 0.5 ppm or less,

most preferably to 0.1 ppm or less. Given sufficient run
time, the sorbents reduce the content of phosphorus-

30 containing impurities in the olefin stream to parts per



i nprove the sorption of polar organics, and are commercially available from
Al coa Industrial Chemcals. _ 5 Also suitable are acidic ion exchange
resins, SwelhiasesAVBERLYST 15 RESIN, avail abl e from Rohm & pidaagpotfosssical Co.
The surface area of the sorbent is noy critical, but preferably is at |east
10 n2/g in order to provide 10 sufficient contact between the sorbent and

the ol efin stngamidd ot el BE&vers enbedi BRé fetRed SONBEAimBAE enheur face
area of from 100 n2/g to 900 n2/g. It is preferred for the sorbent

particles to Eorermldof ashpasedent hoveneionmay hee sigedotot hempueticl es
is too 15 smal], the JaS{éessu]irle d:{ﬁ:o ,throu%;h t he bed becones too |arge. Very

smal | particl &880 AN i #F i QLR o°TEEATN in the sorbent bed. The
particles may have.fwg) Ak da | £ 195 Mhad- NG udihg, + Hut - 89¢ necessarily

limted to, spherica fsé)rm tab?/rét orm c?/indtl?ca forrrf mul til obed 20

~cylindrycal foumstanthdllky racprebspmdstgednnl | oprepemnted patésinl n a
preferred enbodi nment, the particles have a diameter of from50 nmesh to 6
mm pr ef er abl YWirsaman §1¢ 3binepk)otefineshxeans 1wadachy , okdIeMreréngbl v

0.8 mm The length of the,partigles is not critical ith 25 suitable
Cengtns 1 nol vl HILHE " notonbcalsaie | §ooth Fhat T80t e L0t nakPadtt 4o tem,
preferably fromy3,1End 0ude BrgdiophdsShEFisdc ABNEhat hgesQIbeNh IS an
acidic ion exchange resin, nost preferably AMBERLYST 15, which generally

may be used apheaxphomrds fasna ttentsapphaet . i30the mestheingrelefierd
enbodi nent, the sorbent is an WO 01/ 85653 PCTI EPOL/ 05181 7 al unm_na

ex;tMrjudéQ ehvxlni cHqeamxt rRdSIeERTEEP SPENEEF Ayt b ARt ePe ALeEiBl fapdni na
powder e Rast Eizll?]é S rﬁgﬁg OF %Q:ﬁ%%g%g?%%?%%&%oh% gféé;t:hggﬁgt

cylindrical form e resulting nateri

t enper at ures Gfa et &ASin 100 GraDtegabeaned By SHO1L ChekDESL | OohPeny
presence of flowing air in a nmuffle furnace or purged high tenperature air

drier or rotaryndst cibertr@lenaribfFODERE. ol Bhia prefierbek ¢wbedhmested in
the 10 liquid phase ip, a reaction zpne with e sorbent of the_present

i nvention at etﬁ'feeccfelr?/’g“br%%% %t%‘gﬁﬁd?'?i BEgaF%é:lléﬁﬁ%ﬁet‘ﬁ’ép%%ﬂ?%ntfgo?n

phosphes us-co i i i i theSHd e C } et Me

t enper g% ure, prgrcgiscgué%éa %IELH%% %?%%‘?de{{—gﬁgﬁ%lgsggc%tl\%/eéfggci)tﬁ%eg%\h%r eferred

15 enbodi nent wHich reagldrbsysdearselyt AEfecoedskyi shanbapitonaburdonhf | ow

fixed bed reactor. An upflow reactor is preferred for better wetting of the
sorbent bed. Rhosrhgierat ¢PRt2HPI R cBORBIWABRYES Al t hough not linted to a

In a most preferred embodiment, the olefin stream is
the feedstock for the skeletal igomerization catalyst

20 used in the method described in US-A-5849960. The
olefins used in the feed to this skeletal isomerization
catalyst are mono-olefins having at least 6 carbon atoms,
preferably having from 11 to 20 carbon atoms, and most
preferably having from 14 to 18 carbon atoms.

25 In general, the olefins in the feed to the skeletal
isomerization catalyst are predominately linear. While
the olefin feed can contain some branched olefins, the
olefin feed processed for skeletal isomerization

preferably contains greater than 50 percent, more



particul ar tenperature, best results will be obtained if 20 the process is
conducted at tenperatures of fromO Cto 100 C, preferably from10 Cto 50

C The pragypwigsssgay vary over a range including but not |ipgte@diisis:
aut ogeneous pressures and pressures i® the range of fromO0.0l MPa to 50

MPa. A preferred pressure is in the range 25 of from0.1 MPa to 10 Mra.
Pressures out 3pdpeks: 9! ged deangeanlTey BRaRed At A0l uad, from

t he scope of e prese Invention. The feedstock may ow'at a w range
of liquid hougkgaspacehuel 80 iode PeMIEnt deff ilnetaas dliefdind ricdedul A0

011 85653 PCT/ EPQ1/ 05181 _8 per hour per volunme of sorbent. The LHSV is
_calculated as fol | &#8: oy&fdRe ferdoer ithec sfediatiadg isemeni zaligiomme of

sorbent hr - 5.Ihe | Querothe LESK e rgate gl ke he reduction i n

content of pthp us-containing ropuritresin

. generalsly is tpAR9n8lahist didutQdi ofl maRiceidarediing ey BilFferkdto 1 hr
-1. The process is continued for a period of tinme 10 sufficient to achieve

a desired redoerbon ilenphéscomicht asf LglasspHdr od-.cénicdl riheg dlmfuimist i es in
the olefin styeam The, content of phosphorus-containing i ities
preferably i sb?éﬂﬁc@_&tpénl tgﬁm%atﬁgsﬁr %Fé@ﬁ% ngglﬁlﬁpm or |ess.
The reaction ggheeli BRaFAY 1YY Prelfcombient Rhdloi3aondad quber of
hours. The reaction cytle time is [argely determ ned by the reaction

tenperature, tbatpbiassreaterhehsor Fonwtselkgchrte idieferalild Baumty, fpace
velocity, and the desired reduction in content of phosphorus-containing

i npuril®i es. 20rARcseneipsicne-oliedisier Bane IsRestes eshogrdcsd hualpethust be
regenerated. The sorbent may .be regenerated XROSI_N he .sorbent to
regeneration EaﬂgFfigﬁg ESH%%F@FE@%En%%§yéﬁﬁ£%6ﬁigﬁﬁfﬁgcﬁfﬁﬁgﬁh e at an
effective tengepatubgrbBheherdly off B2l GhuaM el AoraHiaLref erably
from450 Cto 600 C. Suitable oxygen containing atnospheres include, but
are not necesparaffinsl i eroecttics,aind othgen igasiridndsa reaulitialy drond
oxygen gas with nitrogen.gas. A preferred_gas is a comercjally avail abl e

conbi nati on cbhfr PEREGSEREUPTORFERY geTROWIOFAEG A&t &g iR e i
nitroggn. Aft?% SégoigEgtE%.th%%% olefin feed composition may comprise

alpha olefins, internal olefins, or a mixture thereof.
The sorbent of the present invention may be

substantially any suitable sorbent capable of sorbing
phogphorus-containing impurities, preferably neutral and

20 acidic sorbents, most preferably acidic sorbents.
Suitable neutral sorbents include neutral aluminas,
activated carbons, and metal impregnated activated
carbong, such as BARNEBEY CE, a silver impregnated carbon
available from Barnebey & Sutcliffe. Suitable acidic

25 sorbents include, but are not necessarily limited to,
acidic ion exchange resins and acidic aluminas. Suitable
commercially available aluminas include, but are not
necessarily limited to, acidic and neutral activated
aluminas, such as those available from Aldrich Chemical

30 Co. and Selecto Scientific Co. Also suitable are the



WO 01/85653 _ PCT/ EP01/ 05181 9 increased tenperatures for a period of tine
of fromO0.5 hour to 100 hours, the bed is cooled to at |east 100 C, and

pr ef er abl wot¢i/s8653C, or anbient tenperature, in order to avggemdifsisgati ng
upon reuse. The cooled bed is 5 purge@ with nitrogen or air before reuse in
the process. Ten regeneration cycles under these conditions have been shown
Lo produce norfesddy sohieiiadanagil as SRR chSPod | SOibERoRs
capacity was seen beginning after 10 regeneration cycles. 10 Typical ol efin
f eedst ocks commy,seAND GRIEXEQRBNAI. 2M:gepraldindesad hate treodh £ Ded oyer t he
efficiency of skeletal isonerization catalysts. The sorbents of the present
i nvention’ ar e iggEie fdie SMMHPHIh &P a0 REFRISd AR %S bot h before

and after the ol efin .feedstock co t he e . Isomerizatj on
catalyst. In & Oﬁrf“éefrecrlraggwerﬁ)v(c)a |1#§)n © r‘%y%)g& ga(‘)lr%oeantsf( rb‘#“?%%lel%ﬁ eés%?{?l‘f htion
_may be sused t @1%Qy uditengse famddididlidl ehidhgige arss fiad oraugondsact with
the isonerization catalyst in addition to |owering the phosphorus content
of the ol ef i n AMBERIEHM1BREITAN isatd il abllle dfranhRdun beriiaad i Ghadi dmel ei n
may be used fqgr this purpose. A preferred sorbent for renoving dienes is
al umna. C6 t&C36 ol efins have a vari ety of uses, including, but not

necessarily |imtedyd s 18i-d HRAPYE HHCERMPUht 20 Hdd Iéln&{é#&e ,ggbéltuggg

machi ne or netal working. In a preferred enbodi nent, the olefin

is converted Anghied ¥ iq@r ol i e RIDeass gesefdded in

US- A- 5849960. TﬂI\B}.beg pr e%rﬁl{? ]%éhagétgl efin 4ggeldrgfoock is treat eddél;ef ore the

ol efi n®) are fedififl &l eakel®irtlad0 betowersri 2die aroxdsdral yegid tdse debefibed in

US- A-5849960. A WD 01/85653 PCT/ EPOL/ 05181 10 preferred skel etal

i someri zat i on edatesyst Fora eeefisrrashjawradisent « Fhnesorkarhthasvention is
a hydrogen ferrierite catalyst, as descrjbed in US-A-5510306. In a
preferred enbslinfane anea sikelfaiam 1309 iePY Mef9ns Hrel&onverted to .

any of a broad_r e o ur f.act ant i.n¢l udi.ng nonionic,_ anionic, cationic,
and anphot eri &% ef*q:arcet s t\(j}\}et %%axsdferbtr ea%gﬁl reasn::qﬁ n%ge oa}ga%‘%frﬂe];s?s 1.0. The

skel etal |y i sqeydiaet oliefvdifeserie ife & il It patei dBsk AL €. too
Specifically, the skeletally 10 isonerized ol efins serve as the hydrophobic
noi et ylof t he ssalflactizie pugssute duop |tdndughdike yoedideerenes Heod| ef i n

during the conversion _process .serves as the hydrophile._.Th resent, .
Cventi on wil La%et (S At GRF G TIPS t%l%’eC%o‘Fl‘b%’Fﬁqtam

LT o 8 St v etln s ) R ALt
contai ni ng 22 sppmfvmasphiaicisudiagy pllatechot necessarily limited to,
spherical form, tablet form, cylindrical form, multilobed
20 cylindrical forms, and their corresponding hollow
counterparts. In a preferred embodiment, the particles
have a diameter of from 50 mesh to 6 mm, preferably 0.8
mm (1/32 inch) to 1.6 mm (1/16 inch), most preferably 0.8
mm. The length of the particles is not critical, with
25 suitable lengths including, but not necessarily limited
to less than about 10 mm, preferably from 3 mm to 5 mm.
In a preferred embodiment, the sorbent is an acidic
ion exchange resin, most preferably AMBERLYST 15, which

generally may be used as received from the supplier.

30 In another preferred embodiment, the sorbent is an



inajar with the sorbents in the follow ng table and 20 shaken
intermttently by a flat bed shaker over a period of 15 hours at 23 Cto
achi eve egoighigkgsati on. The NEODENE to sorbent weight rati eovaspol/és: After
equi li bration, the NEODENE was separated fromthe sorbent and anal yzed for
phosphorus using inductively coupled 25 plasma (1 CPO). P | oadings on the
sorbents were o ! : ' due to
equi libration a%ﬁkﬁﬁaﬁ%g%olfr‘{)&grﬁ% %‘I;h(ge}fl{%gu }?:sﬁgk?%gg%%gl ns t%e‘%ﬁol\gwl ng
Tabl e: WO 0kbB326%3 d2CHdRA 10 Z 0’ inika Jasvodent Equlthe brpawtd” (gm P | oadi ng
(9/ 100 g sorbent) SELEXSORB CDO 2005. 10. 17SELEXSORB CDX2. 90. 19SELEXSCORB
CD4. 20. 18ALUMERIk2uissB o3 ofjhegry i ssamgu e & 4o8e 13 NEUTRebed 4 0. 1BALUM NA
ABA- 6000 ACI DI_Ct** 0,.1B NA -.60 *x Q. BA- 6000
NEUTRAL**+ 5. ST T Aot aci e ST iRt o 57T ort herieey +5.
C**Neutral  al ugmad rAmuiniddturdds ARMNase Dbt ai 0edd =010 2Rl1eGkRd at
Scientific. 5 All of the sorbents were effective to renove phosphorus from
the feed, witBath&Cnoremaredit tbebpmesebcien@isifilgwing rore ief faecififdle
EXAMPLE 1| |

furnace or purged high temperature air drier or rotary
calciner.
Preferably, the olefin feedstock is contacted in the
10 liguid phase in a reaction zone with the sorbent of the
present invention at effective process conditions to
reduce the content of phosphorus-containing impurities in
the feedstock, i.e. an effective temperature, pressure,
and LHSV (Liquid Hourly Space Velocity). A preferred
15 embodiment of a reactor system for the process is an
upflow or downflow fixed bed reactor. An upflow reactor
is preferred for better wetting of the sorbent bed. The
temperature employed may vary. Although not limited to a
particular temperature, best results will be obtained if
20 the process is conducted at temperatures of from 0 °C to
100 °C, preferably from 10 °C to 50 °C The pressures may
vary over a range including but not limited to
autogeneous pressures and pressures in the range of from
0.01 MPa to 50 MPa. A preferred pressure is in the range
25 of from 0.1 MPa to 10 MPa. Pressures outside the stated
ranges may be used and are not excluded from the scope of
the present invention.
The feedstock may flow at a wide range of liquid

hourly space velocities (LHSV), defined as liquid feed



The procedures of Exanple | were repeated using 10 different sorbents using
a feed containing 18 ppmP with the followi ng results: SorbentEquilibriumP
(ppm P | owdioigsésy/ 100 g sorbent) BARNABEY SE car bon70. 11 Thacserdaopisiwas
effective to renove phosphorus fromtise feed. 15 ,~;, XAMPLE Il1 The
procedures of Exanple | were repeated using the follow ng sorbent and a
feed contai ni gl G&PRBP Whidind her fobloumng resdltssy 1 MQ-014:8P563312
PCT/ EPO1/ 05181 Sor bent Equilibrium P (ppm P | oading (g/ 100 gsorbent) SELECTO
SCI ENTI FI C2. 9@&=l ANBUIdRE : ALUM NA The sorbent was effective to renove
phosphorus fromthe feed. 5 The procedures of Exanple | were repeated using
the foll owi ng sor hgyitisnansk afered) cosrgd 1 1o 16l %pnlf with the follow ng
resul ts: Sorbent EQui | i brium P P | oading (g/ 100 g ,sorbent) AMBERLYST 15
resi n<2>0. 14MOL ECHAR"S éigsg%’(&‘i) T%o.ozzsww (Si / A1=40}12. 50. 04ZEOLON
200H 0. 60. 06 The results demonstrate that the fp oi sorbents, are, 10
“effective to r%@é’%s%rltﬁg\%'r oS HEF T RETE %n’%\‘? T’ﬁ%g‘b?'bi:%’au?’és of

Exampl e | wer i ananl ode USACIRdIR.S SbboUA 1161 807 HRILS; ¢ Fed o8 0ROt i Ning 24

ppm P, and varying the N to sorbent weight Tatio, as 15 1 ndicat ed,

with the fol | Glidisosul t sinSarhont NECORNE § OFgUEbddbré Ln B | amck ggser bent
wei ght (ppm (g/ 100 gratiosorbent) ZEGLI TE USY- HLDO010. 90. 13f or nZEQOLI TE

USY- H20016. 10.:46f-ar Mpreferably from 0.1 hr -1 to 1 hr -1.

The process is continued for a period of time

10 sufficient to achieve a desired reduction in the content
of phosphorus-containing impurities in the olefin stream.
The content of phosphorus-containing impurities
preferably is reduced to 1 ppm or less, most preferably
to 0.1 ppm or less. The reaction cycle time may vary

15 from tenths of seconds to a number of hours. The
reaction cycle time is largely determined by the reaction
temperature, the pressure, the sorbent selected, the
liguid hourly space velocity, and the desired reduction
in content of phosphorug-containing impurities.

20 At some point, the sorbent becomes saturated, and
must be regenerated. The sorbent may be regenerated by
exposing the sorbent to regeneration conditions
comprising an oxygen-containing atmosphere at an
effective temperature, preferably from 200 °C to 550 °C,

25 more preferably from 450 °C to 600 °C. Suitable oxygen
containing atmospheres include, but are not necessarily
limited to, air, oxygen gas, and a combination of oxygen
gas with nitrogen gas. A preferred gas is a commercially
available combination comprising about 1% oxygen, with

30 the remainder being nitrogen. After exposure to these
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USY- H500210. | 5f or mMAMBERLYST 15100c0. 60. 23r esi nAMBERLYST

152001. 60wé1R56s8AVBERLYST 1530080. 48r esi nAMBERLYST 155001gc198re@bER3i N The
foregoing results again denonstrate tlhat AMBERLYST 15 is effective in
renovi ng phosphorus fromthe feedstream EXAMPLE VI 5 A series of tests

were perforned to illustrate the nature of the present, invention and its
mpact on skelEEEEAEOE BRI deterb @it 1 Ehge orilts it oM B ghar a ti
o.ri of Trea ieg Feed 1A@IRRS£0IuE pid h Anddind! «H ABIRIQf Rfymaas 10
packed with 150 nesh neutral, activated al um nium oxi de (Brockmann
obt ai ned fr omasldd piretf e@edilicalo QETFEnY otro apbddnte tanipedatih@enminn orelagt h.

20 litres of a mxture of primarily linear Cl4-19 ol efins, obtajned from
and commer ci altidy 3XPAd sBIer BearhnShaROToREHES M aRPLShPed Iassed

h h AN SY N [ 1. :
and Lhe |1 qui BUEERCLam Thdl R 0 o PERAR RN b A ie T ogen

The dinme cont @i @eddierivish GhA1Ek 1Rt thems dathiiceitbid B Gbddrin t 0

20 ppmin the process. 20 B. Preparation of Skeletal |sonerization Catalyst
A cat al yst wasshomep dce prdadiuese oraldiasss Vit [sapkan! eapaditys- A-B519306,
reproduced ins&%%%th%ggé]fé”sorbent capacity was seen beginning after
10 regeneration cycles.
10 Typical olefin feedstocks comprise from 100 ppm to
2000 ppm dienes that tend to lower the efficiency of
skeletal isomerization catalysts. The sorbents of the
present invention are useful for sorbing dienes from the
feedstream, both before and after the olefin feedstock
15 contacts the skeletal isomerization catalyst. In a
preferred embodiment, the sorbent of the present
invention may be used to sorb dienes from initial olefin
streams before contact with the isomerization catalyst in
addition to lowering the phosphorus content of the olefin
20 stream. Substantially all of the sorbents listed herein
may be used for this purpose. A preferred sorbent for

removing dienes is alumina.

Cg to C3g olefins have a variety of uses, including,

but not necessarily limited to, uses in paper processing,

25 drilling fluids, and machine or metal working. 1In a
preferred embodiment, the olefin feedstock is converted
to branched primary alcohols in the process described in
US-A-5849960. Most preferably, the olefin feedstock is
treated before the olefins are fed to a skeletal

30 isomerization catalyst, as described in US-A-5849960. A



WO 01/ 85653 PCT/ EPOL/ 05181 14 conveni ence. An ammoniumferrierite having a
nolar silica to alumna ratio of 62:1, a surface area of 369 square netres

per gramvyBlorgses30. 03), a soda content of 480 ppm and n- haxangreses18Li on
capacity of 7.3 g per 100 g 5 of zeoligte was used as the starting zeolite.

The catal yst conponents were nulled using a Lancaster mx muller. The

el oot 2 BB AR HAREUS A0 h Bt AP £ D)1 D000 1

barrel extrud e cata was prepared using 1 percenjt 10 acetic

acid and 1 weicghlj pRitiei Wit itha@rbsckte lrdraasic 18 Xa Mydesgavas | oaded
with 645 grans of ammoniumferrierite (5.4%LA) and 91 grans of CATAPAL D
“alumna , pur eagderitemoataly themit dessirifmmition USreas51QI@A. of 25. 7% .

The al um na was bl ended with the 15 ferrierite.for .5 mnutes during, which

Uime 152 m i1 1itr o G RESSST b PRy HCERGL R 30 F ot S 2SR ans

. glaci als aceti g1agiiths 4% HHFeHeLidd 'éhf‘cdﬂ 2n8k-Jn? fﬁﬂd{é ldgres of
de-ioni zed water was added slowy to the nuller in order To peptize the

al um na. The 2@nfiaxtuare syasimiludeichd ororlibmicutaesioi @0 cataoenid, and
tetraammne palladiumnitrate in 153 grans of_ de-ionized water were then

added sl owl y &PhREaRLG FERELRNT e ¥t & IR O Brarrhindmef at
inutes. T f T : ical Co f
5 M A and. MEEREGan - Dy ar i St b TR L A, R U A TR ©

25 M dl and, MT<h ul‘'ose Was a

zeol i te/ al um RRYFHHER: Was dtthd Bihfedr  Idpeadidi fd0Mma), NinwitHge] dthel Byt r usi on
m x had an LA of 43.5% The 90: 10 zeolite/alum na m xture was transferred
to thells. 7 cmigpresiizesh)oBoie ssxvaidss thel hydrapteeb3 nsi ety ofli thel at e

with 1.6 mm (1/1 incag_z hol es. VDO,]#%S% PCT/EPC%{C%)S 81 15 The | St
extrudat es wertdY P&}: & PLGFHE ovBH Mo dthd 1950 o : L1 t he
tenperature Wem iheh die! g Drded i b\ g Al flindgits e
extrudat es were broken manual T'y.” The extrudates were 5 calcined in flow ng
air at 500 C for twhe@resent iSkedretioon lvsidiie ber ddtatet)simge dstesdd dvHeed
from A Skel etal isonerization of the m xture of alum na
reference to the following examples, which are
15 illustrative only and not intended to limit the present
invention to any particular embodiment.
E PLE T
NEODENE 16 containing 22 ppm phosphorus was placed
in a jar with the sorbents in the following table and
20 shaken intermittently by a flat bed shaker over a period
of 15 hours at 23 °C to achieve equilibration. The
NEODENE to sorbent weight ratio was 100. After
equilibration, the NEODENE was separated from the sorbent
and analyzed for phosphorus using inductively coupled
25 plasma (ICPO). P loadings on the sorbents were
calculated from the change in the P content of NEODENE

due to equilibration with the sorbents. The results are

given in the following Table:
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The procedures of Example I were repeated using

different sorbents using a feed containing 18 ppm P with

the following results:

Sorbent Equilibrium P (ppm) P loading (g/100 g
sorbent)
BARNABEY SE carbon 7 0.11

The sorbent was effective to remove phosphorus from the

feed.
EXAMPLE TITT

The procedures of Example I were repeated using the

following sorbent and a feed containing 16.8 ppm P with

the following results:
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Cl4-Clg ol efins through an al um na bed. WO 01/ 85653 PCT/ EPOL/ 05181 18 C
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the following results:

Sorbent Equilibrium P (ppm) P loading (g/100 g
sorbent)
AMBERLYST 15 resin <2 >0.14
MOLECULAR SIEVES 5A 14.6 0.02
ZSM-5 (Si/Al=40) 12.5 0.04
ZEOLON 200H 10.6 0.06

The results demonstrate that the foregoing sorbents are
10 effective to remove phosphorus from the feed.
EXAMPLE V
The procedures of Example I were repeated using the
following sorbents, a feed containing 24 ppm P, and

varying the NEODENE to sorbent weight ratio, as

15 indicated, with the following results:
Sorbent NEODENE to Equilibrium P P loading
sorbent weight (ppm) (g/100 g
ratio sorbent)
ZEOLITE USY-H 100 i0.9 0.13
form
ZEOLITE USY-H 200 16.1 0.16
form




19 PCT/ EPOL/ 05181 3. The process of claim1l or 2 wherein said sorbent

sel ected fromthe group consisting of an acidic alumna and a neutral
al um na. wWo olRssspr ocess of claim1l, 2 or 3 wherein said olpgfri/rporoged
conprises primarily ol efins having atid east 6 carbon atons. 5. The process
of any one of the precedlng clalns further conpr|5|ng regeneratlng sai d

r\r\r\n

v“ﬂhAl €+

ol
\.rl (J.I III

Ko -0

-~

sorbent. 6.
exposi ng sai
oxygen and a
process of ai
feed consi st 9

f%gg;g nt ?% I
n?EQﬁéTEfU%’ﬁé* i

of E¥¥m or

Bgener at I on con

b less of said

Dr ecedi5r98 cl ai n

1 O(J.I

itions COprrIS
i-d-s

CTTICl

U

LI IIB UTI_’.II I
i ng a quant i ty
rbent 7 The

svma&%smd
phosphorus-co

puri fPel ol ef i
t ai ni ng Il’TDUI’l

n
t

8. The proceq
further conpn

SAMBERIYPToAS

i sesras&dnt ent

bf t he J¥Pecedi n
of di enes and

g cl ai -6 wher di
said sorbent r

in saPd2dl efin
educes said can

of said dieng
when depender

b SAMBERIYSTTRE
it fraossthai m

br oces08f cl ai
P wherein said

m 2, oR-Any ong
converting con

of cPaths 3 tjo
pri ses

hydr of or nyl at
.A3" . AF . AR
| KL\ ] e| >?WK" ¢
aljcalcalca U
<UkIl 137" g wr r?

10

15

20

| RGBERLIVETS RE] ¢
I” . AreRiA . AL

pt al ['y 3090meri z
Al y. AL. A@ %

A3°

ed ol ef Bns. LA
__ALE .A3L_

JAL7. A3L. A

F 9. AV, AT A3

SR T3]
cralpgghcal

caj caj Gapcal caj
ta)] caU] cal] ca] c

cajcaltajcal caj

|

cajcapcaicajca

p) c: a] cLaU] ca §

61J]}9;

Y] /A }ba] vayv

[ h | h | h | h |
orcarcarcarecal

S

es
of

i es.

f eed

tent
8

cajc

cr}\,a] ca] L,d.] La] bd.:]l \,a] \,a] L,a] L,u] ca] C
aJjcaljca Ucta Ucna Ucna]ca]ca]ca]calcalca]calca 2G-~
The foregoing results again demonstrate that AMBERLYST 15

Jpq

is effective in removing phosphorus from the feedstream.

EXAMPLE VI

A series of tests were performed to illustrate the

nature of the present invention and its impact on

skeletal isomerization of detergent range olefins.

A. Preparation of Treated Feed

A glass column with an inner diameter of 50mm was

packed with 150 mesh neutral,
(Brockmann I) obtained from Aldrich Chemical

produce a bed 400 mm in length.

20 litres

activated aluminium oxide

Company to

of a mixture

of primarily linear Cjg-39 olefins, obtained from and

commercially available from Shell Chemical Company, was

passed through the packed bed at a weight hourly space

velocity of 0.5 per hour and the liquid effluent was

collected in a container purged with nitrogen.

The diene

content of the mixed Cq14-Cig9 olefins was reduced from

270 ppm to 20 ppm in the process.

B.

A catalyst wag prepared in accordance with example C

of US-A-5510306,

Preparation of Skeletal Isomerization Catalyst

reproduced in part herein for
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mixture was mulled for 10 minutes. 0.20 grams of

tetraammine palladium nitrate in 153 grams of de-ionized
water were then added slowly as the mixture was mulled
for a period of 5 additional minutes. Ten grams of
METHOCEL F4M, purchased from Dow Chemical Company of

25 Midland, Michigan, hydroxypropyl methylcellulose was
added and the zeolite/alumina mixture was mulled for 15
additional minutes. The extrusion mix had an LOI of
43.5%. The 90:10 zeolite/alumina mixture was transferred
to the 5.7 cm (2.25 inch) Bonnot extruder and extruded

30 using a die plate with 1.6 mm (1/16 inch) holes.
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The level of branching in the isomerized product was

significantly higher when the dienes were first sorbed by

passage of the Cj4-Cj19 olefins through an alumina bed.
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N CLAIMS

1. A process for purifying an olefin feed comprising a
content of phosphorus-containing impurities, said process
comprising contacting said olefin feed with a sorbent
selected from the group consisting of an acidic ion
5 exchange regin, an acidic zeolite, an acidic alumina, a
neutral alumina and an activated carbon, under conditions
and for a time effective to reduce said content of
phosphorus-containing impurities and to produce a
purified olefin feed.
10 2. A process of making a branched primary alcohol
composition, comprising:
contacting an olefin feed comprising a content of
phosphorus-containing impurities with a sorbent
selected from the group consisting of an acidic
15 ion exchange resin,-an acidic zeolite, an
acidic alumina, a neutral alumina and an
activated carbon, under conditions and for a
time effective to permit said sorbent to reduce
said content of phosphorus-containing
20 impurities and to produce a purified olefin
feed;
contacting said purified olefin feed with a skeletal
isomerization catalyst under conditions
effective to yield skeletally isomerized
25 olefing; and
converting said skeletally isomerized olefins into

said primary alcohol composition.
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20 9. The process of claim 2, or any one of claims 3 to 8
when dependent from claim 2, wherein said converting
compriges hydroformylating said skeletally isomerized

olefins.



