;e3e rY NNOQ RX6YTrYqg REMOVAL OF PHOSPHORUS- CONTAI NI NG COVWPOUNDS  FROM AN
OLEFI N FEEDSTOCK Field of the Invention The present invention pertains to a

process ofygho1js8es4enDVi Nng cont am nants from ol efin feedst ocksr/Epi1NBS13
sorbent conprising a nmetal. The contam nants renoved preferably axe

oo o SN R o=

ol i goneri zi ng et hyl edi@isé«<0 | i near ol ef i ns havigggnf rom 6 to 36 carbon at ons,
preferably from 11l to 20 carbon atons, and nost preferably from14 to 18
carbon atons. Backgr orREMOVAL! OF PROSPHORUSDepRUATRYNGPCoMPbENDEL hod of
their production, 15 20 25 olefin feedstocks may conprise a variety of
inpurities. Inmpurities found | FROMeRNNQLEREN EEEDETOEKced by

ol i goneri zation of ethylene units include phosphoruscontaining inmpurities,
i ncl udi ng, but not necessarlly limted to, organophosphi nes and

or ganophosphi Ed.edxd evepttdsphor us- contalnlng conpounds are |argely
removed from many ol efin streans durlnqb Erocess of distillation to

separate various " S PRESReriventg 145, £Q Fe RIS IS phi nes and
or ganophosphi ne, i 4- r enfl, Il with the
Cl4-C g in the prodlqﬁ ma mé&l tgsdlfg le%"qu fi]eot |gr?.}cab(%§sgl"gsll §]th talo renove
these phosphi redbawt idomghe I3 rity rﬂ)lneeumstl Ikt it am MR SabkAred

PCT/ EPQO1/ 05184 - 2 C6-C36 olefins have utility in the fields of paper and
pul p priocessi BFef@mablyhgre mhespharpamadnted rgng memuoumskki mpssi | s.

Al cohol s of such |_efi-ns hare c nnBrC|aI i tance in vari.ety of
appllcatlons q%ﬁﬁ%ﬁﬂ 5§g§[ éﬁi freeze

poi Nt depr essaatigdd Itﬂ&réfféktfereg dl'éﬁn mt%&@car% aPrpduced by a
nunber of commercial processes, such as by oxo or hydrofornyltati on of |ong
chai n ol ef i ns ollinyowemyi mifng heerdeylap itcatliiorsr tdieflef invieed fraeks ate | 0
treated using _acid catal ysts. Unfortunat el any phosphorus cont ai ni ng
conpounds i n BifeSATAAT i Mg d SEEAer AR I %@@étﬁ%éﬂw?@ﬁf@ﬁ A iaFrial ysts.
The ph phor gt ’Pr{ :sz%fgya%lye%x%’n? PRAYS 1 YL Al || neutralize

t he ac Ive aC|

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

15 oligomerization of ethylene units include phosphorus-
containing impurities, including, but not necessarily
limited to, organophosphines and organophosphine oxides.
These phosphorus-containing compounds are largely removed
from many olefin streams during the process of

20 distillation to separate various “cuts” of olefins.
Unfortunately, the organophosphines and organophogphine

oxides found in Cj4-Cig streams tend to co-distill with
the Cy4-Cyg in the product, making it difficult, if not

impossible, to remove these phosphine impurities by

25 simple distillation.



IS the catal yst, which | owers catal yst activity and performance. The

or ganophosphi ne noi eti es nay even cause the olefins to oligonerize into
undesi r ab{we dimscga. Met hods are needed to reduce the phospherygp@ameisggnt of
ol efin feedstocks. 20 Summary of the Invemi-on The present invention
provi des a process for purifying an olefin feed conprising a content of

phosphor us- cont ai niqg-d4pusidfnss eare WOCHRSS DONGHE SEIGlEONSACHAPEL Sai d
olefin feed with a sorbent conprising a 25 netal under conditions and for a
time effectiverdd guldugerseddsont ehti i oSphicis)s -0odtaadhge i gPUriti es
and to produce a purified olefin feed. The present invention also provides
a process of medyg wWHrE R S i fergPh vl surhposiefbre Baveonpri si ng:
WO 011 85654 PCT/ EPOL/.05184 - contacting an .olefin d conprising a
content of phé?b %%%&%iﬂﬁ@ﬁ?ﬁ%ﬁ?éghiﬂi iéé?%ﬁ%&l%#sﬁééxgﬁa%% ?Ising a
netal under coRitidig anst d@fered ) BRI ecdiMeadtames MidngafsedBbal to
reduce said content of 5 phosphorus-containing inpurities and to produce a
purified ol ef ippifrdedlemmazatingisdiubpigatfing olldi n Teese vildtobobkel et al

| somerization catauys under condition;afffective,to ield skeletally

i soreri zed ol & %{ii-bcq_ 06 R FUTRRE Of FINBFER LR} PTUHEFES e S BFRT 35S

e oo o ) SOy SRS oA SO0l Srebgighl o ses
further provigemya 4 aaesse fplications, the olefin feedstocks are
10 treated using acid catalysts.

Unfortunately, any phosphorus-containing compounds
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

15 the catalyst, which lowers catalyst activity and
performance. The organophosphine moieties may even cause
the olefins to oligomerize into undesirable forms.

Methods are needed to reduce the phosphorus-content
of olefin feedstocks.

20 a e venti

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 comprising a

25 metal under conditions and for a time effective to reduce
said content of phosphorus-containing impurities and to
produce a purified olefin feed.

The present invention also provides a process of
making a branched primary alcohol composition,

30 comprising:



15 purifying an olefin feed conprising a content of phosphorus-containing
conpounds, said process conprising contacting said olefin feed with a
sorbent cqgviissdag an ef fective anmount of a netal sel ect edpd¥/BPo110REB49r OUP
consi sting of copper and silver under corndgtions and for 20 a tine
effective to reduce said content of phosphoruscontai ning conpounds and to
produce a purified i dgnSat ekLpqf LSLN LARr L ky

ol efi ns havi ng at |§§§§é§t%§§b%ﬂ g%%ﬁ%# %%?giﬁgﬁpggggé?p%i%ﬁﬂggﬁ?hgk

| nvention 25 Tisogslesens-coneaihingpinpurdesiaspwochsa ssdbaatbents which
efficiently and effectively reduce the content of phosphorus-containing
compounds i n tRfPRL8iRGaAsNeFAl qUBARF cppRAL BHDBE| ARAt forha Edmeent is .

01 ppm or | et eei crpPOEFAE P HoPRE PhstEituerielt roBiaat 8 ¥

tinme, the sorhemdSpheslsecbhtatAnhgNimphr PHOSENARESEBNHRbAIAE Sonpounds in
the olefin streamto parts per billion (ppb) levels. d The present

i nventi on may Weri€eedtolefent f£6edubstantially any olefin stream Preferred
olefin streans are linear olefin, treanf. de1b¥.olggo ri€%n eghilenﬁ.
Some of the known prIeEREEEPEoFadFi GORLt T nG Bt EREYLYE rgaﬁ BhE5Rhor us
conpounds t haty L QRO a o] } i resulfing
olefin 10 strég%?ﬁ%%%?% é??eggggi §Fc§%§?g gégg}gg?gsoPg??§t¥g§d£%or t he
treat ment of tytbeldesledletalent ioomesitb® prefing; mandeted in the United
States by Shell Chemical Conpany under_ the_ trademark NECDENE. In a
pref er i@d embodi mengonyast 6ngf paidealisiobrliy ipeneryzpdf otefénposnte to an
15 acid catal yst, .or_bhefore_ex RSyIr g to other conditions which would be
adversel y affé%?%%:%ﬁlTﬁﬁybﬁgfg ﬁgtﬁ?@p%?lgh8§phorus-containing

contam nants. In a &Bsd BsRTEHE eHgePbOLEPERly tHRpLL8ELEN streamis the
feedstock for the skeletal isonerization catalyst 20 used in the nethod
descri bed in USrdersSB8a08g0at The shidi akelesedliv {bhembéetdefoolbisnskel et a

i soneri zation catalfst are nono-ol efipns h ving at Ieasé 6 carbon atons,
preferably having f}efn BISEENS0IREPBbHORt BHEERGRIPHBYLIBP eR PHEBFSHATPHY

o i4gto, 10 schen shogn. o23cks SEBE ook Deuth ol gt e 1o 11

skeletaf i so on ¢ are pre ear. e the olefin

feed can cont gnosetBrbs aschedinl afi ssmpbhede| etdndf pedcpsgcesnpdibohg
skel etal isonerization . preferably contains greater than 50 percent, nore

30 preferably eprtactinhanafd pbefent feeddwhbbtapserbenbl gompnDshng 88854

PCT/ EPOL/ 05184 _;_5 ter than_.80 n t of li | ef |
ol ecul o6, The HRET Ve cREPHRE G SKBTEThl o7 LonerTz5rPBre RSt STPEP does not

consi st of Z00%04 £&¢ g @ﬂdca%yéklan&oaiﬂf@_ﬁ @ndbst EbRELE 98N8 and for
nono- ol efi ns havi ng dlf?erent carbon lengths, with at |least 50 wt. % of

the ol @0i ns bea ngime t&f fechivet boededarbosatacontanyeobr pdogphorhewever
specified. Preferably, the olefin teedq will contain greater than_ 70 wt. %
nor e preferabIQQQﬁF%%éng compounds an ;o proguce a gurlfled oféfln
feed, said olefin feed comprising primarily olefins
having at least 6 carbon atoms.
Detailed Degcription of the Invention
25 The present invention provides a process and
sorbents which efficiently and effectively reduce the
content of phosphorus-containing compounds in olefin
streams. In a preferred embodiment, the content is

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

30 most preferably to 0.1 ppm or less. Given sufficient run



or nore of nono-olefins in a specified carbon nunber |0 range, the

remai nder of the product being ol efins of other carbon nunber or carbon
struct ur ewgdii@sedsi Nns, paraffins, aromatics, and other inpusdikpsosasul ting
fromthe synthesis process. The | ocation-of the double bond is not Iimted.
The ol efin feed conposition may conprise 15 al pha ol efins, internal
olefins, of adingUithd NLAne NG SUALUND oA S En h oD
conprises a suitable netal, preferably conprising netal “oxide, on a

sui t abl e suppedntaraiey remnpmiralss iar eele alssfimnstedah sto | padisli pgr but
not necessarily limted to, those 20 selected from G oups 3-12 of the

Peri odi ¢ Tabl ®idflicie @Erdnerteedren the Periodic Table of the Elements is

referred to herein,,the _source .of e Periodi.c Ta is: Cotton et al.
Advanced | nor gani C’T&erﬁrﬁs’_ﬁeyn(i:(gt vekg:.l%%%’. léeui“f a%feéom_ﬁxg?%ti ncl ude, but
. are nots neces YIRS d11Y tH IR efSh Sbrdam. FeprderMa Sesrdh, Zr, N,
WMh, Ag and conbi nations thereof. Preferred netals are Fe, Co, N, M), Ag

and Cu. In a ptefeam=edmntddiesntqldfion mitrdans wide dry ovl topperizing

preferably in the _form of oxides. The sorbent suitably conprises fromO.1
W, % to B0 WELRYTEE t hEGR AT dheidnaT RF I ER? reygom SOMST E LRI b y

WO 01/ 85654 P 0 4 - ﬁ;}?%[ f r onpri ses
froml w. % gg@ggﬂe 5"3773% ot 1'lp efe gbqlﬁ{ﬁer%n@%&dg (I}??%@l]ggélwi%&%@and
nost pref er ablghddiphBr®iaMas % tdonbhmiinartt afn tiiee il xidgleclef n The net al

oxi de resides on a suitable support material. Although the surface area of
the support i stmsams ci miraferred gamanmi sy e bralprefefin| feed at

| 10 n2/ g d i de. syffici b h b
and the ol ef |Gt RSl EHSRIE (et diF SR IEATIC 1 SEDPOF (PRaSae

surface area @f;/imd O HO i AW J1ds AG) diite SURBMHSCAT CCSREEny

advant ageous than basic supports. Suitable support materials are acidic or
neutral , nost wyidefrendld - raciabark SEADENE. suhp@ tpmefertred sembmd dent but
are not I5 necessarily Ilimted to, alumna, silica, nolecular sieves, such

as zeolites, & L rapsipt aflurfith dsaatad LA FRPHNR pHown
silicoal um nas.csi\lg]?craq:atelrr#eﬁtsup&orﬁe%%eeré)%?%%% acs é}é):prg di%{]gngores

pref erably aré i Ci Yy large per ry o 0 bul'ky

phosphor us- cORfiRIdH RENEIRMEMINGSrdrbdIie dERibtedl MBSty afed 1@ thStPPor bt
material for copper is an acidic or neutral alumna. A nost preferred

support mat er iRdosfohowig \aantaidne gant@mminayiger ci al |y avai | abl e sor bent
that is suitable f use in the present inventiaon is EXSCORB AS (trade
mark) . which s cortfer Y ERRAT T A Etn | TS B GROme AL 45 |
is preferred figf tMe DAIJIE! &S AhS URROIIEGH SAIRRIE ] 200 RS BSa BBt as
possi bl e; however, if the size of the particles is too small, the pressure
drop tirough IBdddarbethdarsrhesi tdesdailgs] MeryS-shebs4pd i clBseal so are
WO 01/ 85654 PCT/ EPOL/ 05184 i
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
igomerization 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

30 preferably greater than 70 percent, and most preferably



difficult to retain in the sorbent bed. SELEXSORB AS is purchased in the
formof 3.2 mm (1./8 inch) spheres, and may be used in the process as

pur chasedyolpeseger, spheres are not the nost efficient pawpcrmpeisspe for S
pur poses of maxim zing particle surface toswolune ratio. Because of this,

if SELEXSORB AS is used as the sorbent, it is preferred to grind or

ot herw se red ; | i t Jml icles
possible wt hggtga&:% u%h%é{r?r?( %%fe%%%%ﬂ??%flolﬁ% I%ﬁ? %%%r eén’t from
the sorbent bed. Th@epalfdhreEamy davwthe uhisdlatdlalisomans £aarimn i ncl udi ng,
but not necessarily limted to, spherical form tablet form cylindrical
form nulti-| 6psalypti S@sscaot siarsighPh HAG% Drafeldponding yla by
"counterparts. In_a.preferyed_1 nbqQdi nent . th rticles have a di aneter
of from50 meSR™E%E SR %ﬁ%relfbé%lyoqb.gmﬂ7§zenﬁrﬁ%%ﬁv&rf gﬁ?@
_inch), smost peakeeablerRtdhdMwithe dienddsofsd he pay tdkl@se isidoingritical ,
with suitable I engths including, but not necessarily limted to, |ess than
20 10 nm prebedagl withdm Ihemstatedngartbom ghaffrerraaemodiigiit, the
support materjial is an alum.na extrudate which.is truded as a paste using
an aci dic or ROYWEVEEr ﬁﬂfﬁilrf&%ov\dé?r?et%’r@m@’astt&"e icgE< %t d¥*-ot herwi se

noul ded into |t.i | j { feor %qé” i i al
preferably iségﬁ&géha t%n‘%gﬁr g:tﬂya{rrggfdpﬁ%a't T’earmscfl]gl]%'r ana{(}&lgglézqined' at 500 C
or nore in therrRyeneF alordd-@NaTired rin i agadideed Whass aunBgged high
tenperature air drier or rotary calciner. The copper oxide may be deposited

on to tthe 30 gapgert tins mepmainday teblthae autedunie being wlisfindwef not VO
01/ 85654 PCT/ EPOL/ 05184 - 8 ecessarily limted to ion,exchange,

co-mul l'ing, ofP%fifr &Git: r’o_ﬁ’.u"ﬁ’ed:r é}l“ert}aeléi’qréﬁﬁﬁthquélli%’ r%lrcg'?%irg?re

| mpregnation ysiig 3 ns0l WlAkOled CORPRIEINA! LimANC A% GRRRRIE U4 MBS
copper carbonate, or other suitable 5 salts. Al tthough the foll owng
illustration uhes syntteers mrowdss SolThHe dgcathioruset dfhetdmrbl@ sad

sol utions may produce a nore uniform Cu | oadi ng. Copper nitrate is very

sol ubl e i n watér Noknd iMik@s t o Thc IO IRfiDIIRSE GRS IhHIhal WP FR

resul t y be e 0 Qn the _qut.si f_the pellet t.ho mal | er
pel | et %Jr:r e | gg@l& gﬁlgﬁélst’hilgl e ]’)fsﬂea(@:f.c;]%efjsrbéds Oor’? a{or‘-lg]i}ﬁ-“'al%xflé s‘{g}%@??' the art
have the know edge TiR0Worekito sl Pedaw LihvditolqRor@indAi iy en W % of

Cu0 or other material on to a sorbent using 15 the foregoing techniques.
For exanpl e, wuetebl@0gedialan rtaitrablnsconmeissing oretadolaiisdaf @8 al, the

foll ow [ f, | a by which bent t ai ni w. %.Cu0 is f d
G9 o G0l 106G LA AR ) SRS T 0. B 34 T ol e G
(NO3 ) 2 2 . ppeHAQ MR 1Qiiing (AA2 noohdbeddbdiNi3 Dirditred t HiMsmd e Cu
(N03 ) 2 2. 5 H0) In other words, it requires 0.26 g. Cu(N03)2 2.5 H20

per g.20 of fi mallexdraierfirdno Gmoupsa B-M2 .oPothed Reriddin Méalsier behtthdere t he
wat er pore volune is 83 ni of water per_ 25 1D0 g. of copger oxi de, on

al umi na. I n ofd&Mendspr eptiyed tihe PeitiodhkRrRAF Blukhf EXaReet S of 91 g.

o Loe Al umng e ld hed miihi g St Qlce (AL AR BPE & . ©f
F. Cotton et al. Advanced Inorganic Chemistry (5th Ed.
1988) . Suitable metals include, but are not necessarily

25 limited to, Sc¢, V, Cr, Fe, Co, Ni, Cu, Zn, Zr, Nb, Mn, Ag

and combinations thereof. Preferred metals are Fe, Co,
Ni, Mn, Ag and Cu. In a preferred embodiment, the metal
is silver or copper, preferably in the form of oxides.

The sorbent suitably comprises from 0.1 wt. % to 50 wt. %

30 of the metal oxide of the foregoing metals, preferably



x 100 g.) copper nitrate salt dissolved in 75.5 nL. of WD 01/ 85654
PCT/ EPGL/ 05184 - 9 water to incipient wetness. Slightly nore or |ess

l'iquid solgdimiesary be added until the catalyst is uniforrgeyrkpdifogthai th
solution. 2n the case of Cu salts, the calgur of the filled pellets is

Li ght blue and the 5 unfilled peIIets remain white. The sorbent is dried in

an oven at a 't tur th S tbout
fracturing thegggﬁ gnt § %Lég% Eﬁgoggku ?%g%$§g%o grﬁ & YCThén, the
tenperature lStéaﬂ@eﬁttO/abﬁdte4§2eﬁéfaﬁQnyrbﬁ degenpeseot he ptrate 10
salt to Cu0 on the support. Prior to use, the sorbent is stripped w'th
.nitrogen in oraed mostvbrefevabayi Azomng whe &l bbi hofekd %i of bhpgmetal
Preferably, the o efln feedstock is contacted in the liquid phase in a
reaction zone Wt$Hthe sorbent of the 15 present invention at effective

- processscondi Ui ons o1 gduse bRgagorLenked oANGSBNOLYA1COBLARALRY COMPOUNGS

in the feedstock, i.e. an effective tenperature, pressure, HSV (Liquid
Hourly Space Medberiy). Anpthbaghedhenbogtaest apbaaofeBhéosuppsiemikor the
process is an 20 upflow or downfl ow fixed bed reactor. An upflow reactor is
preferred for BREt2rchietifad SPatHESsoEBENBUBEACE TRESR chBRERTAPEY /S| afed
may vary.. Although not ﬁlnlted tQ a Eartlcular tenperature, best results
will be obtai nkeRFF 1hempfgctBsOrdeEoRauRtedide Be EFheNF egOBEAFEOM 0 C to

25 100 G prefﬁé@ﬁ¢¥nf£§g1;§rﬁehe 204Gndhg; BEERSUL £ Ry Yary over a range

i ncl udi ng, but™not aut ogeneous pressures-and pr%s ures in the

range qb from ﬁr@ﬁewédtgmﬁadméntA phef §ﬁ§§6rerﬁ§§uaesh§faeetQfeaaage of
from0.1 MPa to 10 MPa. Pressures outside e stated 30 , ranges may be

used and are nptoRxchoidgB/Er o8 bhe &egge Oﬁmdy\@ {»ﬁéﬁéé Etd/ kBER/ 05184 -

10 the present invention. The feedstock may flow at” a w de range of |iquid
hourly space vafozntageoisHSNVGR heaneaupﬁorth|dSﬁEEdbbershpporper vol ume

of sorbent. The LHSV js calculated 5 as fo 8m5: Vol une_of olefin, _,
cont ai ni ng feeﬂaEFH? ?uﬂﬁeo?c% tBeRt ﬂ?u?ﬁé I ofeft t HeefrERP Yhecgfasrer

will be ther n h nt i C ounds in the
10 feedst ock. %ﬁ %E%? FI@a?élgggﬁpogé%ﬁﬁgg-lﬁ?g %% h$8?1 preferably

fromO0.13 hr -lnéceésﬁmllﬁ lihftedotessalamtnatlQﬂbﬁciprmaleemlaﬂ of tinme
sufficient to achieve a desired reduction in the _content of
phosphor us- cont ¥ YfHg %BﬁboﬁﬁdéeP%lFﬁéroP@FFﬁa§§¢egﬁ¥b9BrThe content of

phosehor - cony AURLAge EPIBOMACE, 88" SRAVhoLBraRuEti o huRier o5
tenths of secomslsrd Oocige né'ﬁ}_@ﬁér@me@éJ£§alT§ﬁrf§é\§tiQ“p@i’@\h@ L{HE béres
preferably are sufficiently large to permit entry of
20 bulky phosphorus-containing compounds in the feed. A
most preferred support material for copper is an acidic
or neutral alumina. A most preferred support material
for silver is X-zeolite. A commercially available
sorbent that is suitable for use in the present invention
25 is SELEXSORB AS (trade mark), which is commercially
available from Alcoa Industrial Chemicals.
It is preferred for the particles of supported
sorbent to be as small as possible; however, if the size
of the particles is too small, the pressure drop through

30 the bed becomes too large. Very small particles also are



| argely determined by the reaction tenperature, the 20 pressure, the
sorbent selected, the liquid hourly space velocity, and the desired

reduct i onwpigsgaient of phosphorus-contai ni ng compounds. AicTsEsgoP@ynt, the
sorbent becones saturated, and nmust be reggnerated. SELEXSORB AS has an

absorptive 25 capacity of about 0.6 granms of phosphorus per gram of

sorbent . The serdanbu be-deganesatif o Aage i  Neosebeits s 1o

regenerati on condi'ti ons conprising an Oxygen contarnin

effective tenpriaindsad pireftHabidrd refn 200 et 0L ASOLkeh yOssheres erakgy from
WO 01/ 85654 PCT/ EPQOL/ 05184 - 11 450 C to 600 C. Suitabl e oxygen containing
at nospher es i mavude UfAfd akle the Dree¥xrad \uyehased t o, Hawevepxygen gas,
“and a conbi nation _of oxygen Wi th nit en gas. A preferred gas is a
commercial ly a??gﬁraerﬁ 5‘% r%?%g‘iﬁ?%ﬁn%s%o J?%Jr?{g: a%ﬁﬁfclf/% o%‘?l,?%"t h the
,remai nder bei g YddRIMFE ot 851 SXRP PH A 40 d NASEFd ACTERSEON Wi PELRL YT €S
for a period of time of from0.5 hour to 100 hours, the bed is cooled to at
| east 100 C, &@wbaueef evfabilyid,o 25 SELEXSCRBIZNtid exgpsd adairehe i sodvelet, t o
avoid |10 overheating upon reuse. The cooled bed js purged with nitrogen or

air before redde isHh RIFFFIRILL FEPT Qe ivEe e cCurded 3 nedan

diti h | ' '
STTght Voss 1 hed0 MbiELdl MUGE Al | 521 UL £AP RS PO ™
regeneration gMejiRsut BrtheAing i ivhdiee dstaoksr€ g S&r fToue 100 ppmto

2000 pmm di enes that tend to |ower the efficiency of skeletal isonerization
catal y8&s. | n soghssfterfirean ditodigmwrant thed suflee tpaft idveeprexenavavent i on

e BT U Sl AL
EE;}C g[ 2}5 thi's jf3ynGtd Pro, ThHlENERA A G Ordlfith AN £ N HARA P 1 OF to
form, multi-lobed cylindrical forms, and their
corresponding hollow counterparts. In a preferred
15 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 suitable lengths

including, but not necessarily limited to, less than
20 10 mm, preferably from 3 mm to 5 mm.

In a preferred embodiment, the support material is
an alumina extrudate which is extruded as a paste using
an acidic or neutral alumina powder. The “paste” is
extruded or otherwise moulded into a multilobed

25 cylindrical form. The resulting material preferably is
dried at temperatures of at least 100 °C and calcined at
500 °C or more in the presence of flowing air in a muffle
furnace or purged high temperature air drier or rotary
calciner. The copper oxide may be deposited on to the

30 gupport using any suitable technique, including, but not



i sonerization. The dienes also may be renpved by 25 sorption fromthe
skeletally isonerized product. C6 to C3g olefins have a variety of uses,
i ncl udi ngwgei/gsgsi necessarily limted to, uses in paper pPpOEEPHIIZER4
drilling fluids, and machine or netal workgng. In a preferred enbodi nent,
the olefin feedstock is converted 30 to branched primary al cohols in the

o1 of o ably.  He TR FEeOar ek &0t 163t e BArare” « e BPEMRS aFB ea 1o a

skel etal i sonefmzedéd et ok al yStprasedesdr t 8€Hni fudSid- p8#89681uMepr ef erred
skel etal isonerization catalyst for use in 5 conjunction with the present
invention is alTYRIRRLIRIASERFtR 2atutien, ohsadesppebedalh, USuph5680306.

| ferred, enbodi nent,, the skeletal |y i i zed ol ef | ted
to any of a brotkPTarue b1t SurFaereht SEPRERUGI gt nORRBhi ELLAPOR ¢,

.cationig, and Jfr aiphof BrhSushT £RET 881 Sowphy hi Bl d8areei8h QLapchi pgpptat
| east 1.0. The skeletally isonerized olefinsS serve as a surfactant
internmedi ate. Bpoecate cadlytiche sShelesal bf osbaer Czedabtetobatsensgemay t he
hydr ophobi c nnietg of the surfactant nolecule, while the npieté added to
the ol efin 15 REPFHRE tHRERVEREF OF prBcteadiReyesCaBPERel hERBBNEPe. The
present invent i bet t de o] Lth.r e t e fallow ng
exanpl es, whi c\hé%{\ég%jﬁ%)g ra i‘\géet%1 yélz%dt?%%&iﬁ eﬁ%gg ?ggl ?]r?ﬁ {:H?hgoﬁﬁsent
i nvention to anyrpestdeplas. eniodi FEsL]t 20 PBORErt MESDENELA& sqAbakai Ng
20 ppm phosphorus was placed in a jar wwth SELEXSORB AS sorbent crushed to
20 x 400 nesh ol Shakeslletsr nditkondly siyablérapebddtshaker legsrpaoperi od
of 15 hours at 23 Cto hi eve equilibration. 25 The NECDENE to SELEXSORB
AS wei ght rati'sd g ¢ ﬁ%%ﬁ'fron1100 to 1000. After equilibration, the
NEOCDENE was separ at e nal y p us using
i nductively coupledﬁ%T%éﬁgjéfc%%§iggﬁg ?%gﬁ tgﬁaﬁggg%génﬂggét géfollomﬁng
Tabl e: WO 0148SAbdge 1deqPlHedEPEd / 821841 AEEDEDE t6 Docbepbraesght ratio
EquilibriumP (ppm P |oading (g/100 _
g) | 000. 50. 16200Vem . @64 500, G0 280 50Phen. BaRSDHaH0eB 28807 . 80rEasE09s 10956700
013.101 7 Vthaﬁn fxqgss.gf sorQent ghosphorus nag redHced igover¥ | ow
LTI AR L AP Ty t he' br BEATPLS, where 100g ol an

| evel s™1n the
alumina has a water pore volume of 83 mL, the following

is a formula by which a sorbent containing 9 wt. % CuO is

formed:

[(9 g. Cu0/100 g. final sorbent) x (1 mole Cu0/79.54 g.)
20 x [1 mole Cu(NO3)y e 2.5 HyO/mole CuO] x (232.59 g.

Cu(NO3) g9¢ 2.5 HpO/mole Cu(NO3)pe 2.5 H20)]

In other words, it requires 0.26 g. Cu(NO3)y 2.5 Hy0 per

g., of final sorbent to form a 9 wt. % Cu0 on alumina
sorbent where the water pore volume is 83 mL of water per
25 100 g. of copper oxide on alumina.
In order to prepare the 9 wt. % CuO on alumina, the
pores of 91 g. of the alumina are filled with a solution

containing 26 g. (0.26 g. of Cu(NO3)pe 2.5 Hy0/g. sorbent

X 100 g.) copper nitrate salt dissolved in 75.5 mL. of



al so was determ ned to be about 0,6 granms of 5 phosphorus/ 100 grans of
sorbent. , EXAMPLE || Phosphorus uptake from NEODENE 16 contai ni ng about 20

ppm phospier #ssédsor 20x40 mesh particles) and 23 ppm phosph@fspoitdsfys 3. 2 nm
(1/8 inch) spheres) was conpared 10 usi ng SELEXS~RB AS particl es having

different sizes. The olefin to sorbent weight ratio was 200. The ol efin was

pecifiod per FaToRr T A AR I I ERET of e LA LT eF g

speci fied period of tineE, e ol efin S “separ at ed "an

for phosphor ugolTitd ohb nags e Bddeil athtare tey etatdlydte foldrovidemikabl e,
clearly show that the smaller particles renoved phosphorus nuch nore

qui ckl y than £hdlesgr gdiths siedrdsioncontiattthe mage 9P G pddicditon (ppm
"20x40 nesh particlesP dn.hydr.gcarpaon -(-p 1/ 8", spheres020230.,.1714. 423 WO
01/ 85654 - 0. FOLREF) ﬁofﬁ%ﬂ%@ﬁ%%i@% P A B8 11210, 3
CEXAWVPLE 111 Qe £913R0he30ldRSRRAS (i U4shed 11 Hbrhetlt Meshir 88 in
equilibrated wth 550 grans of NECDENE containing 5 about 20 ppm phosphor us
as descri bed ban bBramplad la tEwpexmtherd st idierd dfo rboiEr evdteen Hepar at ed

and the olefin was analyzed to deternine the uptake of phosphorus by the
sorbent. Fol | §fen§ongiss Withowo M@t Ut ddih tRansPRNE: 13 ol ng

procedur e: 10 35,Tog) soppept.ouag LhnsedlonLh fgdaboul £3.40, about 10 m

cycl ohexane per “gra sorbent "t o "di'sp e’'th ef in; i'nse
sorbent was heakperdeiiut fdapwoat (839 €& f otobd8toMbESe HBeCnilhgte

tenperature was increased at 3 Cmn to 200 C and held for 2 hours d. The
t enper®t ure waalitndoedsed cat theC/sdppant S0P andhelse f othe swmtvent aiml e.
The regenerat es%rsz.%rb% ntwit Y nCi q:loeg;jdeni nlnaic{rc{eor %:ng)iaevnéid contaminating
the olefin feed with oxygen.
Preferably, the olefin feedstock is contacted in the
liquid phase in a reaction zone with the sorbent of the
15 pregsent invention at effective process conditions to
reduce the content of phosphorus-containing coméounds in
the feedstock, i.e. an effective temperature, pressure,
and LHSV (Liquid Hourly Space Velocity). A preferred
embodiment of a reactor system for the process is an
20 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
the process is conducted at temperatures of from 0 °C to
25 100 °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

of from 0.1 MPa to 10 MPa. Presgsures outside the stated

30 ranges may be used and are not excluded from the scope of



20 tenperature. The regenerated sorbent was contacted with a fresh batch of
NECDENE at the sanme weight ratio of S50 gm NEODENE to 1 gm sorbent. This

procedur epnpd/gsedacat ed for a total of 14 sorption cycl es ap@r/gRo1/05184
regeneration cycles. WO 01/ 85654 PCT/ EPQlY 05184 - 15 The capacity of the

sorbent for phosphorus after each cycle was cal cul ated and conpared to the

capacity data ] The results are given in the
fol |l owi ng TabléﬂéE§%§F¥%ﬁi%Hvéﬁkggan'rgln Sor bent Regen 1XRegen 2XRegen

3XRegen 6XRegen 9XRepenrdedBe8eRrR may flow at a wide range of 1i
|3X000.50.162.20.362.50.262.60.434.90.527.50.557.7CIS|7.80.548.%8.478.50.46

9. 70. 561 0. 40. 5hanrkp. spagecvcdosirdes SLBFVer defdépederat LdauiflbGesdr ption

'cycles) the ca aci of the sorbent £as a e.to that_of the
Y oin mater | BbeE LBt cPeT SV ALEREnRE: AOERBRE ¢y THBe LORYelboa o AEHLACEfe

‘tenth rggeneragéogoligWEXANPLE |V A variety of materials were studied as
sorbent beds for renoving phosphorus |npur|t|es A Cl16 olefin feed WO

01/ 85654 Vol of olefi ing feed yx _I

Volume of sorbent hr

The lower the LHSV, the greater will be the reduction in

content of phosphorus-containing compounds in the
10 feedstock. The LHSV generally is from 0.01 hr -1 to 10

hr -1, preferably from 0.1 hr -1 to 1 hr -1,

The process is continued for a period of time
gufficient to achieve a desired reduction in the content
of phosphorus-containing compounds in the olefin stream.

15 The content of phosphorus-containing compounds preferably
is reduced to 1 ppm or less, most preferably to 0.1 ppm
or lesgs. The reaction cycle time may vary from tenths of
seconds to a number of hours. The reaction cycle time is
largely determined by the reaction temperature, the

20 pressure, the sorbent selected, the liquid hourly space
velocity, and the desired reduction in content of
phosphorus-containing compounds.

At some point, the sorbent becomes saturated, and
must be regenerated. SELEXSORB AS has an absorptive

25 capacity of about 0.6 grams of phosphorus per gram of
sorbent. 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, more preferably from



- 16 PCT/EPQA /05184 having a density of 0.78 g/cc. and conprising 20.2 ppm
phosphorus was fed to a reactor tube having a dianeter of Z 73 cmat a
target flwggiasessof 54 g/ hr. The reactor tube was parti al | pcfEPd1@8184t O
about 50 cnB, with the test 5 sorbent. Lnq{{his experinment, the test sorbent
was SEl, EXSORB AS (3.2 mm (1/8 inch) spheres). Sanples were taken at

various timnes dot,he p ngt ers,qgiyVv in_the follow ng.Table wer

recor ded: El aﬁg’@d {:i ﬁg ?h? )(ILDr oo%\g%t%]}? SHEIEL O RF BT 1?909&?‘(‘8??ﬁ?’:’?5pm P
in fluid com ngAW3elf pbut are not necessarilfl limited to, air, oxygen
bed001. 62136. 468. 201, 818. 5812, 540, 983. 425. 51184, 753, 173. 942, 57204559, 997. 3
49. 52602. 756. 8§9E],. Bifl 533®mblida tARIn .of7 258E8 . gbkb iR . A &REB g8, 671 2. 5

"96. 54109. 846. 331 6. 1] 155194. 855. 641 7. 11 255534. 837. 7817 10 The sor bent
removed 50% of* PREISHFSShEAR IS Fmaamersdddtloc i@ vidsk L aibbtit coteiswat 4ot unes.

At the flow c LLis f t.est rel.at] f sorbent
“wer e noSI abl e%{&g{py&\%gﬁl r?obtsp orirs 5?8‘"5%6?% @%&%ﬁ%ﬁ%% PO1/ 05184
- 17 EXAVPLEnYthogérfi oladitdr ttedbdimd tp andensiinerdaded & diferaitres

conprising 20.2 ppm of phosphorus was fed to a reactor tube having a

di ameter of 1fP¥ emberiesd afgdtime @f facm B .6 ny/te  10hdquest dihe ube
was partially, fill.ed with e test, sorbent. ,In thi,s _experingent, the test
sorbent was " RRLEF 'Coé’L‘ltetqt R&oé%aﬁlﬁﬁ%%&é\/i Eg QnﬂaPﬁe%FE YetSf about 0.8
mm (1/32 inch)s Sanphes ke EaFea aba¥arkousnt biBeARd, LR fol | owing

resul ts recorged: El apsgd {1 e hr?gmaPr odlct l’ICOFI%ect eg)FI Ui d Fl ow

(g hrjopm P iorefdhdiat icgmupprowtewdfe. The cooled bed is purged with

bed000. 12117. 258. 60. 518. 51089. 658. 932. 725. 51506. 259. 527. 842. 52482. 57. 4277. 6
49. 52833. 450. PEEXOEEE: 23730 % e lrgs nerses 4oy $in PR 890. B4 15. 35. 6723. 8
96. 5442| . 351. 0023. 41165675. 364. 3121.91256175. 348. B920. 6 10 The snall,

mul til obed palrtelgglneefao Sortén ess&é'lcdzesrs%%%sf rcé)rﬁ)cﬁgtcf‘%ntﬁb;l?%‘ﬁ ?Daeﬁril all of

t he phosphor ugnwemMid @ ririst oK Ifdds akpWorbhfd duldbmsy, agbyenoved 50%
of the phosphorus in the feed for about 40 bed vol unes. WD 01185654

PCT/ EPOL/ 051841igh8 1d8¥ANPL EovbehtCifpelcftiyn Weeedsdeayibep mmdensiafced 0. 78

g/ cc and conpri si ng 22.63ppm hosphorus was fed to a reactor tube having a
di amet&r of 13PPUmi% xe LIAH\WYSHSE of 30 5 g/ hr. The reactor tube

was partially filled,;R12RAWri30 feedstocks comprise from 100 ppm to

2000 ppm dienes that tend to lower the efficiency of

gkeletal isomerization catalysts. In a preferred
embodiment, the support of the present invention

20 preferably is a sorbent which sorbs dienes present in
initial olefin streams. 1In a preferred embodiment, the
alumina support for copper oxide performs this function.
The dienes are sorbed on to the alumina prior to skeletal
isomerization. The dienes also may be removed by

25 gsorption from the skeletaily isomerized product.

Cg to C33 olefins have a variety of uses, including,
but not necessarily limited to, uses in paper processing,
drilling fluids, and machine or metal working. 1In a
preferred embodiment, the olefin feedstock is converted

30 to branched primary alcochols in the process described in



cnB, with the test sorbent. The test sorbent was crushed and sieved
SELEXSORB AS having a particle size of about 14-24 mesh. Sanples were taken

at vari ouwwoldigeasand the followng results recorded: El apsaer/ipoiRsise
(hr.)Product Collected (g.)Fluid Flow (g./{8r -)ppm P in fluid com ng out of
bed017. 25719. 741. 720. 165. 25209B. 72B. 73<0. 11 37. 753967. 725. 78<0. 11 85. 755069. 7

22.961. 3210. 2 9. . 3234, 25 26,626 724, 8510, 6305. 25799
3. 725. BBLL. 9330 JS0UHD To%: 491D HUSTRLAShal | CBarvTer e EFedaraeh: oo

successful |y rermumesh ssbsdsattiad | y1afdnofatberphosghgr yreiceg t he feedstock
for about |25 bed volunes. ExArsPLE vIl 15 Exanple VI was repeated using 9s

Cu0/ AX- 300 (1.iBomexizavicmctytalysbbeasxdesdunibyd SimpUesAwne8éopaken At

“various tinmes and. the follow ng. results, were recorded: WO 01/ 85654
b EPoL/ 05104 HEERF Ead S T L SRS DI o Do sa Rt Vot EHF Wea Ehow

(gm hr)ppm P i I & Lom f : ; :
bed017. 55625, 3%2’5312’%&165. 2@%%%% B PERS T/ EeaELon4S B YAERISR 451 0. 320,
04<0. 121 0. 255 F 328 D63, 22841 P55954s 32ds OPHH8A6THSBE-8255141d6 6305. 2579 5.

328. 1316. 9330. 25858l . 326. 6418.9 The internediate sized, nultilobed
particles of sarberl sudeeaterrey ewhedtmertbsthnt phelgtallyoisenerized

phosphorus from the feedstock for about_ 130 bed volupes., S MPLE VTI |
Bampl e Vi1 vad et (ornyes e e 20 906 ¢ P0Hh 12755 Phoh) tri| obe
extrudate). Saptegigies) akedlddiNghédSohi BESaAlEntife Eotiomiag gRaults
were recorded: Elapsed tinme (hr.)Product Collected (g.)Fluid Fl ow
(g./hr)}ppm P iamghaiierconswgtactants, with a degree of branching of at

bed017. 25798. 746. 300. 165. 252540. 7 6.2%?.1137.754273.7%3 930. 4185. 755S00. 725
.523.1210.256f6ﬁ¥#?4¥4§5.5rhe skeletally isomerized olefing serve as a

surfactant intermediate. Specifically, the skeletally
isomerized olefins serve as the hydrophobic moiety of the
surfactant molecule, while the moiety added to the olefin

15 during the conversion process serves as the hydrophile.

The present invention will be better understood with
reference to the following examples, which are
illustrative only and not intended to limit the present
invention to any particular embodiment.

20 E PLE I

NEODENE 16 containing 20 ppm phosphorus was placed
in a jar with SELEXSORB AS sorbent crushed to 20 x 40
mesh and shaken intermittently by a flat bed shaker over
a period of 15 hours at 23 °C to achieve equilibration.

25 The NEODENE to SELEXSORB AS weight ratios used ranged
from 100 to 1000. After egquilibration, the NEODENE was
separated from the sorbent and analyzed for phosphorus
using inductively coupled plasma (ICPO). The results are

given in the following Table:



WO 011 85654 PCT/ EPOL/ 05184 -

20

234. 2566S2. 724. 258. 32677600. 728. 0313. | 305. 258680. 728. 2417. 7330. 259410. 729. 2
019. 9 Thewsps1la8eds, Whi ch had a size and shape simlar to tpet/Epii/osianpl e

Vi,

No addition

vy inEg_wv\lln

successfully renoved substantially .alys of the phosphorus fromthe
f eedstock for about 130 bed 5 vol unes.
with the highet
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capacity was observed
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Ving a density of 0.78

Fhe—+eact or

“in fluid coming out oR50

bedOl 8. 5558. 836
6. 754435. 830. ¢
WO 01/ ¢
331 8469. 830. 7%

<0.1°

B27.340. 1307. 57747. 82

aIIy f| ed with the test sorbent. The test sorbent was 9s
ch has &ad%particlejsize ofiaﬁout 0.8 nn1(1/32 Pﬁ@h) trilobe 15
takerr—at—variot res—atdrthe—fott S
El apsed tinme (hr)lagm Producf CollectpedFluid F OM/(qnihr) pm P
2.6 0.43
02+ A3 §E$3 824 69<0 138953966818 620 11633705 831—74<6. 118

7.08

6523. 213440. 625. 901. 3 The snal |

substantially

270.

p90. 1270. 75511 9. 828. 50<0. 1241. 255953

B5654 - 239 PCT/ EPQ1/ 05184 7-8 0.54

<0 1379559924 6307000 A2t 073 624190347452 184623
mul til obed sorbent success?ﬁllv r enoved

all of ¥4 phosphorus frod®the feedsfock for @fgut 275 bed

*Ar-spEE—~x—The—procedures—of-—Exanpte—t>nere—repeated—ustHg

vol unes. s ,>
Cu0 on AX-300

com ng out of

(1/ 20e) .

The results are given in the foll ow ng Tabl e:
El apsed tinme WirdlgraPrexiiess @f | estisstit Ui shddevof@s g ppodibced £6Wirdry

9a

bed00. 118. 5545.@p oL ergpls 10 - 1ze o bshHiursg . 5Plae scanac By . af 639 380Bhena30186. 7

53676. 326. 950.
7743. 332. 091.

£IAS 565 P SASS i SR e,
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. 700. 230

2307.56989. 327. 231331
B 731 660. 626, 392. 8523

. 251294y . 626. 3¢h Il d M 66 BeiiRd oS gSfbeil] il obed particles of sorbent

10

15

EXAMPLE IT

Phospheorus uptake from NEODENE 16

20 ppm phosphorus

containing about

(for 20x40 mesh particles) and 23 ppm

phosphorus (for 3.2 mm (1/8 inch) sphereg) was compared

using SELEXSORB AS particleg having different sizes.

olefin to sorbent weight ratio was 200.

The

The olefin was

contacted with the sorbent under the conditions given in

Example I for the specified periocd of time,
olefin was separated and analyzed for phosphorus.

results, which are given in the following Table,

and then the
The

clearly

show that the smaller particles removed phosphorus much

more quickly than

the larger spheres.

Contact time (hr)

P in hydrocarbon (ppm)
20x40 mesh particles

P in hydrocarbon (ppm)
1/8” spheres

20

23

0.17

14.4

23




WO 01/ 85654 PCT/ EP01/05184 - 22 successfully renoved substantially all of
t he phosphorus fromthe feedstock for about 170 bed vol unes. The | arger

si ze partywel Amsedsoduced a | ower capacity at the sane targepcikpwospise as
Exanpl e | X using the sanme phosphorus _ 5 ggntaining feedstock. F, ~CAMPhE Xl

A series of experinments was perforned to denDnstrate hi gher tenperature
perfor mance { C.and. 120 O\ et nan N O A (1] 29 1 e~ tril aha cnrhant

YWIIT U \/7 Uy ng V. U mrr \ Ll T T TTO CT T T OO00CTT Ooo0T ooTTC

particles. A (?6 10 olefin feed having a density of 6 78 gm cc and
conprising 20|ppm phosphorus wag-fed to a reactor tpube having a di aneter
of ,1.73 cn® ah?++akﬁﬁ—4+@w+%ie<ﬁ723—$ﬁhr.1he eactor—t-dhe—was
partially fillléd with the test sorbent The test sofbent was 9% CuO/ AX300,
"which has a 1%3particle di anet¢B.ef about 0.8 nm (1[{32 inch) as a trilobe

ext rudat e. Theéterperatt-e—A—he—+reacter—t-ube—was—patntaned—at—80—C:

Sanpl es were faken at various fines and the followihg results were
"recorded: Elagged time (hr)gm Preduct CbllectedFIuiszIOM/(gnihr)ppan I
fluid com ng Uj 3
bed03. 2576. 223 &%0 25. 75119. 6l .360.222.5438.319.03059.5552.116.260.145.5
665.5 7.09 -53.5869. 525. 500. 171. 51393. 829, 130. 1B0. 251638. 327. 940 VD

01/ 85654 23 PCT/ EP01/ 05184

95. 752747. 77. CBAMELE BEE 1 325 830119. 752555. 837. S90141. 753322, 734. 860 7149

. 753565. 730. 3701 65. 4540 3 9 YA 1729. 771Q197. 754
965. 427, 710, 1213, 7KL P Y8, BE0-SH KR8, S7ER0n 50 Foea S E5EIa1 226
4.25 6887.7 28yDB equilibrated with 550 grams of NEODENE containin%

3271 .57031.119. 782B8. 57032. Z0. 0610. 8295. 57342. 844. 395. 2309. 757837. 534. 727. 3

316. 58059. 432.a800. mm@@@@HMM@MMtEvm E);sammbe ht gheFhe

t enperature, the sorbent cces lly renoved substant 1 of
hobrhor s r GHIANGN GO A% o hrE b NATe oo ot aia e %16Pen

was analyzed to determine the uptake of phosphorus by the

|._|

~—

sorbent. Following this, the sorbent was regenerated by
the following procedure:

10 a. The sorbent was rinsed with from about 75 to about
100 mL cyclohexane per gram of sorbent to displace
the olefin;

b. The rinsed sorbent was heated under air flow at 125
°C for 6 minutes;

15 c. The temperature was increased at 3 °C/min to 200 °C
and held for 2 hours

d. The temperature was increased at 2 °C/min to 500 °C
and held for 2 hours; and
e. The regenerated sorbent was cooled in air to ambient

20 temperature. ‘

The regenerated sorbent was contacted with a fresh
batch of NEODENE at the same weight ratio of 550 gm
NEODENE to 1 gm sorbent. This procedure was repeated for

a total of 14 sorption cycles and 13 regeneration cycles.



The procedures of Exanple Xl
results appear

in the foll ow ng Tabl e:

were repeated at a tenperature of 120 C. The
WD 01/ 85654 PCT/ EPOL/ 05184 -
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After 9 regenerations (10 sorption cycles) the capacity

of the sorbent was still comparable to that of the virgin

material.
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However, a decline in capacity was observed

after the tenth regeneration.

EXAMPLE 1V

A variety of materials were studied as sorbent beds

for removing phosphorus impurities.

A C16 olefin feed

E



IS A glass colum with an inner dianeter of 50mm was packed wth 3.2mm
Sel exsorb AS spheres obtained from Al coa Conpany of Anerica to produce a
bed 400 Mg gi/gseagth. 20 Iitres of NECDENE 16 ol efin, a ClfctepAmsigsdl pha
olefin commercially available from Shell _Cheni cal 20 Conpany, was passed
t hrough the packed bed of Sel exsorb AS spheres at a weight hourly space

velocity of 0.01 per hoyr _and th iquid,effluent was _col.lected, in a

contai ner | WirthiEsaeden@38y' BE Pril: AdBsoa SBt ERDHLAITE LhogeRbMThe
phosphorus conteakpRbrhBewhEOBENEL 46 a0khicR o¥as ubed H‘&%‘in%’ %mdagmgver% Q0. 2
ppmin the process. . 5 A catalyst was prepared in accordance wth anpl e
C of US-A-5510B0%3 @hi ah asteegebdiited ratpanf Bar gi/hrf.or Thenveaicenge. An
“ammoniumferrierite having a nolar silica to alunmna ratio of 62:1, a
surface area ofulBéwasgupartieliysfpéied;abtn(BbBut=50. 8P, wishdaheomeemt of

480 ppm 10 and n- hexane sorghlon capagity of 7.3 g per 100 of zeolite was
‘used as’the stEPFPRYLzeofPt .l?hEXBSFémﬁéF'CEHﬁoﬁéﬁ s SREPETRUMRED using a
Lancaster m x h | ed cateal/ yst eLl extal us) ab5.7
cm (2.25 inch)g%%%%%?R%iﬁsgg?fglm@x#?ééeégggg %P§E§§?Zrys?a§§§gﬁr@%E%ed
using 1 wei ghttaleexeat asetbasacindesndnd vwhegbhrpeecent giitenc iacikthe The
Lancaster mx muller was | oaded with 645 grans of ammoniumferrierite (5.4%
LO) and 91 gréebleviwaTRpRlepwargniragoreer:of 25.7% . The al umi na was

bl ended with the 20 ferrierite for 5 mnutes during which tine 152

mllilitres of—de—i-enzed—water—was—aaded—rAp—Hixi-ti-e—ot—6-8—grans—glaci-al
e T o AehrR gl Cllgae o and 15 iyt es g onized
. 9 (h%.?) y deCQII&I &la (%.) (gﬂlrpﬁp om‘?i.‘n&I ou]t of,.
25 mxture way nmul'led for 1Q mnutes. 0.20 grans of tetraampge” palladi um
nitrate in 153—¢grars—of—de—tonrtzetd—water—wes
m xture was mjld ed for a perliggd of 5 additi¢nal m nutes.
METHOCEL F4M ydl OXy Pt Upyi fret =|y1I cettutose—was—added—36
zeolite/alumrja, m xture was |myg gd for 15 |\Wp Hl/ 85654
PCT/ EPOL/ 05184~
18.5 812.5 40.98 3.4
25.5 1184.7 53.17 3.9
42.5 2204.5 59.99 7.3
49.5 2602.7 56.89 11.1
66.5 3397.1 46.73 11.6
73.5 3718.4 45.90 12.1
90.5 3831.8 6.67 12.5
96.5 4109.8 46.33 16.1
116 5194.8 55.64 17.1
125 5534.8 37.78 17
10 The sorbent removed 50% of the phosphorus from the

feedstock for about 60 bed volumes. At the flow
conditions of the test, the relatively large spheres of

sorbent were not able to lower phosphorus to <0.5 ppm.
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The small, multilcobed particles of sorbent successfully

removed substantially all of the phosphorus from the

feedstock for about 3 bed volumes,

and

removed 50% of the

phosphorus in the feed for about 40 bed volumes.



A efin UaedTreat ed NEODENE 16. Untreat ed NEODENE 16Phosphorus ContentO. 2
ppm20 ppmlinme On. Stream Hr% Branching Tn Liquid Productl1l3 .597BZ24. 59768
WO 01/ 8566 d1g%¢s5P01105184 - 29 37.8975664. 09733110972023490kapesd Test
after 110 hours In the presence of 20 ppmi@f .phosphorus in the untreated
NEODENE 16, the degree of branching declined rapidly with tinme on stream

In the case o%ﬁed 5 stream where the phosphorus was reduced to

0.2 ppm the ranchi ng stayed much hi gher for a nmuch |onger tinme
on stream E~~ XVI dlcilde1nspoedtees 0dv | @ehs Of Sof epEns 64/ Hsi Hgga 10
feed containing 20 ppm P, a NEODENE 16 to sorbent weight ratio of 100, and

the fol |l ow ng s g rﬁ%)l Qe fpheepISHENEXSCRB 81 thea resadtsr arebshown
in the foll owi_ng Tabl e:_  Sor bent E

sorbent) Ag norttEHiNE & SLABR- % /oi&gﬂ |urgr(1;t_e( pn%’@"l% %9‘?‘%5‘& /1?g€53%e

The resurts a omﬁff?%v*?%&‘?@ﬁpl ol S B NEOB T TR

PP | oadi ngsor hgi® weightdypp benpp & at d OAY rbent
mor deni t e10011. 20. 05( 15- 20% Ag) Ag X SopbS Do M R A T 01785654

PCT/ EPO1/ 05184r:d Hlievatl (SELEXRORS Tad | lesvindien Yoaenldle, sidé ohif cabat ns
| arger pores than the nordenite, allows for uptake of a greater anount of

the bul ky phosifrridiesht ai $ATTRL @B riPRm dsake st Y%W%dtweaxga% the
zeolite was her t he phosphorus upt ake. WO
01/ 85654 - 31 fsci:]g"ﬁq’\g%@l %@}%nﬁé\ce%?%%%ss for purifying an olefin feed

conprising a

Elapsed time Product Fluid Flow ppm P in fluid
{hr.) Collected (g.) {g./hr.) coming ocut of bed
0
17.25 719.7 41.72 0.1
65.25 2098.7 28.73 <0.1
137.75 3967.7 25.78 <0.1
185.75 5069.7 22.96 1.3
210.25 5639.7 23.27 3.3
234.25 6189.7 22.92 6.6
267 7003.7 24.85 10.6
305.25 7993.7 25.88 11.9
330.25 8630.7 25.48 14.6
10
The small particles of sorbent successfully removed
substantially all of the phosphorus from the feedstock
for about 125 bed volumes.
EXAMPLE VIT
15 Example VI was repeated using 9% CuO/AX-300 (1.3 mm
(L/20 inch) trilobe extrudate). Samples were taken at

various times and the following results were recorded:
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The intermediate sized, multilobed particles of sorbent

guccessfully removed substantially all of the phosphorus

from the Feedstock for about 130 bed volumes.

EXAMPLE VITI

Example VII was repeated using 18% CuO/AX-300

mm (1/20 inch) trilobe extrudate).

(1.3

Samples were taken at

various times and the following results were recorded:

Elapsed time Product Fluid Flow ppm P in fluid coming
(hr.) Collected (g.) (g./hr) out of bed
0
17.25 798.7 46.30 0.1
65.25 2540.7 36.29 0.1
137.75 4275.7 23.93 0.4
185.75 5500.7 25.52 3.1
210.25 6100.7 24.49 5.5
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volumes. No additional capacity was observed with the
higher metal loading (9 wt. % in Example VII vs. 18 wt. %
in Example VIII).
E PLE

A Cl6 olefin feed having a density of 0.78 gm/cc and
comprising 10.5 ppm phosphorus was fed to a reactor tube
having a diameter of 1.73 cm at a target flow rate of 30
gmn/hr. The reactor tube was partially filled with the
test sorbent. The test sorbent was 9% CuQ/AX200, which
has a particle size of about 0.8 mm (1/32 inch) trilobe
extrudate. Samples were taken at wvarious times and the

following results were recorded:

Elapsed time gm Product Fluid Flow rpm P in f£luid

{hr) Collected {gm/hx) coming out of bed

0

18.5 558.8 30.21 1

43 1163.8 24.69 <0.1
139.5 2960.8 18.62 0.1

163 3706.8 31.74 <0.1
186.75 4435.8 30.69 0.1
2310.75 5119.8 28.50 <0.1
241.25 5953.8 27.34 0.1
307.5 7747.8 27.08 <0.1
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times and the following results were recorded:

Elapsed time gm Product Fluid Flow ppm P in fluid coming
(hr) Collected (gm/hr) out of bed
0

3.25 76.2 23.45 0.2
5.75 119.6 17.36 0.2
22.5 438.3 19.03 0
29.5 552.1 16.26 0.1
45.5

665.5 7.09 -
53.5 869.5 25.50 0.1
71.5 1393.8 29.13 0.1
80.25 1638.3 27.94 0
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Even at the higher temperature, the sorbent successfully

removed substantially all of the phosphorus f£rom the

feedstock for about 150 bed volumes.

EXAMPLE XII

The procedures of Example XI were repeated at a

temperature of 120 °C.

following Table:

The results appear in the
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5 The moist extrudates were tray dried in an oven
heated to 150°C for 2 hours, and then increased to 175°C
for 4 hours. After drying, the extrudates were broken
manually. The extrudates were calcined in flowing air at
500°C for two hours.

10 EXAMPLE XVI

Skeletal isomerization of the NEODENE 16 olefin was
conducted using an olefin isomerization reactor. A
stainless steel tube, 25.4 mm OD, 15 mm ID and 685 mm
long was used to contain the catalyst. One end of the

15 tube was screwed into a stainless steel head equipped
with a thermowell which extended up the centre of the
tube. The tube was loaded with a small plug of glass
wool, then filled to a depth of 150 mm with 20 mesh
gilicon carbide, and then a small plug of glass wool was

20 added above the SiC. 6.00 grams of the catalyst
described in Example XV was admixed with 45 grams of 60-
80 mesh SiC and added in three parts to distribute it
evenly inside the reactor tube. Anothefbpiece of glass
wool was added and the remaining volume of the reactor

25 tube was filled with 20 mesh SiC topped by a final piece
of glass wool. The tube was screwed into another
stainless steel head and a multipoint thermocouple was
inserted into the thermowell to allow the temperature
above, below and inside the catalyst bed to be monitored.

30 The reactor tube was then installed inside an electric
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In the presence of 20 ppm of phosphorus in the
untreated NEODENE 16, the degree of branching declined
rapidly with time on stream. 1In the case of the treated

5 stream, where the phosphorus was reduced to 0.2 ppm, the
degree of branching stayed much higher for a much longer
time on stream.

EXAMPLE XVII

The procedures of Example I were repeated using a

10 feed containing 20 ppm P, a NEODENE 16 to sorbent weight
ratio of 100, and the following sorbents in place of the

SELEXSORB AS. The results are shown in the following

Table:
Sorbent Equilibrium P (ppm) P loading
(g/100g sorbent)
BAg mordenite (15- 16 0.04
20% Ag)
Ag X-zeolite <2 >0.18
(35% Ag)
15 The procedures of Example I were repeated except the

feed contained 16 ppm P. The results are shown in the

following Table:

Sorbent NEODENE to Equilibrium P P loading
sorbent weight {ppm) {(g/100g sorbent)
ratio
Ag mordenite 100 11.2 0.05
(15-20% BAg)
Ag X-zeolite 400 6.3 0.39
(35% Ag)
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CLAIMS

1. A process for purifying an olefin feed comprising a
content of phosphorus-containing impurities, said process
compriging contacting said olefin feed with a sorbent
comprising a metal under conditions and for a time
5 effective to reduce said content of phosphorus-containing
impurities and to produce a purified olefin feed.
2. A process of making a branched primary alcochol
composgition, comprising:
contacting an olefin feed comprising a content
10 of phosphorus-containing impurities with a sorbent
comprising a wetal under conditions and for a time
effective to permit said metal to reduce said
content of phosphorus-containing impurities and to
produce a purified olefin feed;
15 contacting said purified olefin feed with a
skeletal isomerization catalyst under conditions

effective to yield skeletally isomerized olefins;

and
converting said skeletally isomerized olefins
20 into said primary alcohol composition.
3. The process of claim 1 or 2 wherein said metal is

gselected from the group consisting of Groups 3-12 of the

Periodic Table of the Elements.
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9. The process of any one of the preceding claims
wherein said purified olefin feed comprising 0.5 ppm or

25 less of said phosphorus-containing compounds.

10. The process of claim 2, or any one of claimg 3, 4
and 7 to 9 when dependant from claim 2, wherein said
converting comprises hydroformylating said skeletally

isomerized olefins.



