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5 preferably are phosphorus-containing compounds, most
preferably organophosphines and/or organophosphine
oxides. Preferred olefin feedstocks are made by
oligomerizing ethylene to linear olefins having from € to
36 carbon atoms, preferably from 11 to 20 carbon atoms,
10 and mbst preferably from 14 to 18 carbon atoms.
kgr Inv io
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 wvarious “cuts” of olefins.
Unfortﬁnately, the organophosphines and organophosphine

oxides found in Cj4-Cig Streams tend to co-distill with
the Cy4-C1g in the product, making it difficult, if not

impossible, to remove these phosphine impurities by

25 simple distillation.
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treated using acid catalysts.

Unfortunately, any phosphorus-containing compcounds
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
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.

Summary of the Invention

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

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

comprising:




" contacting an olefin feed conprising a content of phosphorus- contalnln&
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' ~phosphorus-containing inpurities and to-pPoduce a purified olefin feed;

contacting said purified olefin feed with a skeletal isonerization catalyst
under conditions efbgehi¥engOanybibdiskeketakbypirieiny aedoplehicnsf and 10
converting said skeletally Isonerized olefins into said prinmary al cohol

conposi ti on. [Pabsphonusrtongapnéhgr abbyribapsi wvash hy&ogbentyl ati ng said
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2004 )0 01/ 85654 E@Hﬁ&?@ih@5é84d skeletally isomerized olefins into

said primary alcohol composition.
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Said converting p;eferably comprises
hydroformylating said skeletally isomerized olefins.
The present invention further provides a process for
15 purifying an olefin feed comprising a content of
phosphorus-containing compounds, said process comprising
contacting said olefin feed with a sorbent comprising an
effective amount of a metal selected from the group
consisting of copper and silver under conditions and for
20 a time effective to reduce said content of phosphorus-
containing compounds and to produce a purified olefin
feed, said olefin feed comprising primarily olefins
having at least 6 carbon atoms.
Detailed Description 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
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for the treatment of the present invention is the product

marketed in the United States by Shell Chemical Company
under the trademark NEODENE. In a preferred embodiment,
the olefin feedstock is treated before exposure to an

15 acid catalyst, or before exposure to other conditions
which would be adversely affected by the basic nature of
phosphorus-containing contaminants.

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

20 used in the method described in US-A-5845960. 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

0 preferably greater than 70 percent, and most preferably



" . greater than 80 nole percent of linear olefin nolecules. The oleﬁirhégﬁ@ to
the skeletal isonerization catalyst does not consist of 100@60Iefiﬁs,
usual | y W@AY8S6Rs a' di stribution of nono-ol efins havi ng dPFTEPEHISISS carbon

" lengths, with at least 50 wt. % of the of &ins being within the stated

carbon chain range or digit, however specified. Preferably, the olefin feed

will contai nggegaker thRanséOmtlle Perbere: preflambly Ak Min MoledulEy e of
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diolefins, paraffins, aromatics, and other inpurities resuJting_from the
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sui t abke net ab, BRAT 2eABLKsCOMRELS g 1Risd soXivie, Pf tHelidlalHigsupport .
Preferred netals are transition netals, including, but not necessarily

limted to, thesag2@iskliecthd Bramet aarbcdr Thadn ttendeerdmdigitabl e of the
El enents. Wien the Periodic Table of the Elenents is referred tq herein,
the source of hewevpsr sperdfissl-e PFeferabdott dheetol@iimndratt et linor ganic

Chem stry (5th Ed. , 1988 Suitabl e netal g i nclude t_.ane t necessarily
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conbi nat i ons Bge&ggg.ogrﬁgﬁgneﬁquh@;ina%egﬁécﬁgied|ﬁarﬂﬂh grid Cu. In a

preferred enbodi nent, the neta I's silver Or copper, preferably in the form
of oxijgdes. Thgngerbenk serkabdercemiilzeprodunt) Heintg heifirs0 oft . % 30 of
the netal oxide of the foregoing netals, preferably - 19 OCT 200& 6
‘ other carbon number or carbon structure, diolefins,
paraffins, aromatics, and other impurities resulting from
the synthesgis process. The location of the double bond
is not limited. The olefin feed composition may comprise
15 alpha olefing, internal olefins, or a mixture thereof.
The sorbent of the present invention comprises a
suitable metal, preferably comprising metal oxide, on a
suitable support. Preferred metals are transition
metals, including, but not necessarily limited to, those
20 selected from Groups 3-12 of the Periodic Table of the
Elements. When the Periodic Table of the Elements is
referred to herein, the source of the Periocdic Table is:
F. Cotton et al. Advanced Inorganic Chemistry (5th Ed.
1988) . Suitable metals include, but are not necessarily
25 limited to, 8¢, 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
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material: Al though the surface area of _the support is not a critical
feature, the surface area preferably is at least 10 n2/g in order to
provide sufficient contact between the sorbent and the olefin stream In a
10 pref erreccapprni mePxefenablyppbhe Basbensucrnpsisesa foom froth 109 n2/g tb

900 nR/g. Aqi dif, suppogts, ar [ n ows. tha Si payts.
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Sui tabl e supi¥Y tmd@t g5k @f SrAPTY UbPombBt wlegneb 105wieCqsHAF ithe Indkipd to,
alumna, silica, nolecular sieves, such as zeolites, activated carbon,

al um-nosi | i ctiedeed ays and anor phous silicoal umnas. Said support is
gjc al.um na and a

ferab | d f h O i st f i
heutral 3 umina. THRAStHE G688 BefPHRE b sBurBliE s brbstsic. the pores
preferably e siff] ciRDEhougiar et euﬁga&bt a8kl ¥£okhulkpport is '

phosphor us-cont ai ni ng conpounds in the feed. A nost preféfred support

mat eri al fomdopperritical afeakerer theusnsfagkuares. paefesabinefiss rat
support material for éﬁysilver Is X-zeolite. A compercially avail able
sorbent thaeast kA e @ nroxderi kot REopidecarificdanitoFontaddy| EXSORB AS

trad k | I | ' : | ndustri al
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as snual lI0as gasfdhted dmbeitient/ the sipporef hhbeapauirifalces ared aor smal |,
"the pressure drop throH?h. t he bed_becones too large. Very small particles
al so are from 100 m?/g to 900 m?/g. Acidic supports are more.

adVantadeous than basic supports. Suitable‘support
materials are acidic or neutral; most preferably acidic.
Suitable support materials include, but are not
15 necessarily limited to, alumina, silica, molecular
sieves, such as zeolites, activated carbon, |
‘aluminosilicate clays and amérphous silicoaluminas. Said
support is preferably selécted from the group consisting
of an acidic alumina and a neutral alumina. Where the
20 support material surface is porous, the pores preferably .
are sufficiently large to permit entry of bulky
phosphorus-containing compounds in thé feed. A most
preferred support material for copper is an acidic or
neutral alumina. IA most preferred support material for
25 silver is X-zeolite. A commercially available sorbent
 that is suitable for use in the present invention is
SELEXSORB AS (trade mark), which is commexcially .
available from Alcoa Industrial Chemicals.
It is preferred for the particles of supported
30 sorbent to be as small as possible; however, if the size
of the particles is too small, the pressure drop through
the bed becomes too large. Very small partidles also are

Emnfanﬁs;AMENDED SHEET
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sorbent bed. SELEXSORB AS is purchased in the formof 3.2 nm (1/8 H §2W4
. spheres, WAhti/856dy be used in the process as purchased. HoREVEPISi#eres are
.not the npst efficient particle shape for 75-purposes of naxinmizing particle
surface to volune ratio. Because of this, if SELEXSORB AS is used as the

sorbent, it dsfpiehPered ketgihndnothat berveae beduce SHIEXZO0RRTMS (¥ 8
i nch) spheres into the small est particles possible wthout inducing an
undue pressurpuxichased fosthef foro ¢8r Bedt mirr ¢y Bhanshl bephepes., Tmel

particles may have substantiall form including, but not necessarily
limted to, §Bﬁ%r¢%a¥s?érﬁ? FQBIéFOF Fﬁ]aEyPPHHLPESB f%FWFvﬁEPtI Iobed

cyl indrical fgip, cand ghﬁh{’; ch@' hESPORAEDD: BAL] BUrEOUAeLRaRES b A

- preferred 15 e partlc ave a meter of

mm pref er ably H8s88n 61/ @axiReHIngOopadreiame(dhifaceneh) volose paefier.ably
0.8 mm The Iength of the particles is not critical, with suitable |engths

i ncl udi ng, buBermtsaecfsthibl yifi GELBYSOBB A&ssSthaﬁdzaslmhﬁnﬁogbehénably

from3 mMmto 5 nmm In a preferred emhodi menf, the support terial is an
al uni na extruH%tbSWRF%ﬁeFEEQXFPUEEHQQ °3 BEEF€W6§Fn§e angﬁ ¢ -6r Weut r al

al uni na poude, /Jhe,cpasLgh i8s exLEUIRd Ohaot BECWLse TRylded LateId

mul til obed 25 orm e resul ting mat |aI prefre yIs dried

at tenper atUf&fu%u@tﬁlaaéanéOQnCuﬁadeclal:ésaaéeaaroéoarcl%srralfe in the
presence of flowmng air in a nuffle furnace or purged high tenperature air

drier 10r rotagyrbenat ctnem. tﬁhesonbpat bzidde Thy pertepdsist edyohave t he 30
support us'ngsfggtigéigfﬁﬁ éﬁﬁhgégﬁ? 1£Q§L39539 b&%tng%tnecessarlly
limited to, spherical form, tablet form, cylindrical
form, multi-lobed c¢ylindrical forms, and their
corresponding hollow counterpérts. In a preferred
15 embodiment, the particles have a diémeter 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 moﬁlded 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 support using any suitable technique, including, but not
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exchange, co-mulling, or inpregnation. A preferred technique is por 0 Whe
I mpr egnatwomm1assng a solution of a copper salt, such as cRENEPIINSIS4at e,
copper carbonate, or other suitable 5 salt&.~ Al though the follow ng

Il lustration uses a copper nitrate solution, the use of other Cu salt

sol utions MayncpeEYHSE 1§ MAMA LMY [ M h | OfchAtge CopPERTI { hGl EckS Vvery
soluble in water, and ténds to wick out of the pores during drying. The

result may beinptregfa®iem.t hé qucsfiaterdd todchibqpel ietsoral thbuge snal | er
pellets are less prone to this effect. Persons of ordinary skill in the art
have the knoWmBEgGENAEdGHy 8¢ Y Gal UM HIOMINE td FoRRRPoFLE. aSarheAswt % of

CuO or other nmaterial .on _to a sorbent usin 15 the f.oregoi ng techni ques.
For oxanpl o, WHBBBT 100 15t San CHERA M EROTR hin 77 pRr Ao T heerSas . i he
f ol | owizn S r mu ' r i WY 9 '

formed:5 ?(9 g.sa%ilogqg?%%l}é‘yalgﬁs%r%n]i xnfﬁnﬁ%fd%dgg%\f%ie%%%gépﬁr[l

mol e CU(NO3) 2nitZabeH2dimlieru@ha 282 56D Ehet NOB)s&£P: 2551 bt 18R nfke Cu.
(NO3) 2* 2. 5 H20) I In other words, it requires 0.26 g. Cu(N03)2 *2.5 H20
per g., of fpuratiuser Bemereo Wdfiamn Cunloadiqgd orCeprped nal txakdehs where

t he water pore volu is 83 nL of water_ per 25 100 g., of copper, oxi de on
al um na. Iﬁ oVg&yY ?gﬁﬂﬁiﬁaﬁg'ﬁﬁ§%¥wwan@g£ (ﬁPéﬂéﬁ#rﬁﬁttﬁg therBeT8F 91

8, ot B 2 SRR B Lot il U s 19 30 he (e o
75.5 ng. of of the pellets, although smaller pellets are less prone
to this effect. ‘
Persons of ordinary skill in the art have the
knowledge regquired to calculate how to incorporate a
given wt% ;f Cu0 or other material on to a sorbent using
15 the foregoihg technicques. For example, where 100g of an
alumina has a water pore veolume 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 ¢ 2.5 Hy0/mole CuO] x (232.59 g.

CU(NO3)2' 2.5 H20/mole Cu(NO3)2‘ 2.5 HzO)]

In other words, it requires 0.26 g. Cu(NO3)p 2.5 Hp0 per

g., of final sorbent to form a 9 wt. % CuO 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. % Cu0 on alumina, the
pores of 91 g. of the alumina are filled with a solution

containing 26 g. (0.26 g. of Cu(NO3}p® 2.5 HyO/g. sorbent

x 100 g.) copper nitrate salt dissolved in 75.5 mL. of
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Slightly nore or less liquid solution may be added until the catalys Ui
uni for nd YWOPIBIS&H with solution. In the case of Cu salts, PEREPOBI8Yr of the

Cfilled pellets is light blue and the 5 unfilled pellets remin white. The

sorbent is dried in an oven at a tenperature sufficient to boil water from
the pores w tWwmigr frtacimecipjetbewsbnbest - aSdught2¢ Gore268 Epskolifindd 4 to
8 hours. Then, the tenmperature_is_ ranped to about 482 C (900 F) to
deconpose t heSMUFHPR MaY shet addeduensmlt ReesappalyStpipolnE§orBdy t he
sorbent is strd d wth nitrogen in_o r to_ayeid contam nating the

ol efin feed \/é%#]feg(gy‘&%\%h %?%?éf‘%ﬁr Y, EPhéggl S%Fﬁ ?geggt %8;%|S$ gk}ﬁt acted in
the |iquid phasst o ¢RACEL DNedOpRIIbER saeﬁgﬁeemuef ahBetndS present
“invention at effective process conditions to reduce the content of

phosphdr us- canifi Il ¢y pehpetsndsenaint WhiteedsTheksorbentahsefiteeti va
tenperature, pressure, and LHSV (Liquid Hourly Space Velocity). A preferred
enbodi nent ofara 9ERietaF 3yEeBReFREvEReSpESéedsnEstanbodlupprEs® SroBownf | ow
fixed bed reactor. An upflow reacto Ls preferred for_pette tting of the
sorbent bed. G BYERATArarut chbrShur i) Ehar FoEbarEraReHt noetl T fod to a
particul ar te{% I d s Wdilrde otal nadhd fred PEESHe 1 S
conduct ed at enp:)trsgt ?roells)%oni ?%LHI%O Cto r25 100 C, prefer%bé;%rfir om 1OSC to
50 C. The preassw«s fHyabyat y4®yelC alI@ngeE)i nel ddicogpdset thel niivtated to,

aut ogeneous pressures and pressures in the range of from_ 0.01 MPa to 50
MPa. M pref ergaldt resew? eonsthe swpppahge Poiofr bth BSE. MPhet 80XbenPais

Pressures outside th& stated. 30 ranges By be_used agd are not _excluded from
t he scope of Stripped with nitrogen~in order to avold contaminating

the olefin feed with oxygen.

Preferably, the olefin feedstock is contacted in the

ligquid phase in a reaction zone with the sorbent of the

15 present invention at effective process conditions to
reduce the content of phosphorus-containing combounds 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. Pressures outside the stated

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




1 9 CCT 2004 WO 01/85654 PCT/EP01/05184 - 10 the present invention.g Jieng
feedstock may flow at a wide range of liquid hourly space velocities

(LHSV), O%0ion8%5as |iquid feed per hour per volume of sorBSGHEPOLPREB4 HSV is
calculated 5 as follows: volune- of olefil® containing feed x _ L Volune ..
of sorbent hr The |l ower the LHSV, the greater will be the reduction in
content of pheshyrssant Bhrdmgi &@pounds in the 10 feedstock. The LHSV
generally is from0.01 hr -1 to 10 hr -1, preferably fromO0.1 hr -1 to 1 hr
-1. The process is Tmntierndstdait mapefl@mlaﬁ ai wede sufhgei et Liguadhi eve a

desired reduction in the content or us nt ai. ni ng. conpounds _in the

ol efin streamh© upiYﬂﬁ?Qﬁﬁn OQﬁtﬁﬁg &ﬂ%Y%tc@%géFﬁ@n@sc%hﬁggﬂdgeﬁﬁeferably
is reduced to | m. Qr t r

reaction cycl@eFF%ERH% var O#“ﬁ% $£ %§;§Q+€ sggg%d%ﬁﬁg]égnﬁ éﬁl%gQ§0urs

The reaction gyclgtidwsis largely determned by the reaction tenperature,
the 20 pressure, the sorbent selected, the I|qU|d hourly space velocity,

and the desired req oL Us- conf ai ni ng conpounds. At .
sone point, the sorterf st ¥ egener at ed.

SELEXSOR. B AS hasaﬂbkﬂm&wqﬁlaarbémtcapa0|ty of about OR® grans of
phosphorus per gram of sorbent. The sorbent may be regenerated by exposing

t he sorbent to re eneratlon condltlons conpri si n o en- t ai ni.ng
at nosphere at T g%?@%ﬁ eﬁQﬁESre{g%ﬁéVgﬁ}sb? 25@d%9€b°§56nc
or e preferab%g HEHP:Eé)éggéﬁﬁg¥hs 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 -1i.

The process is continued for a period of time
sufficient 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 less. The reaction cycle time may vary from tenths of
seconds to a number of hours. The reaction cycle time is
largely detexrmined 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




" WD 01/ 85654 PCTIEPOI /05184 - 11 450 Cto 600 C. Suitable oxygen c g;ﬂaﬁT '@g
at nospheres include, but are not necessarily limted to, air, ox §‘ 3@ ,

. and a coM@AEE®BN of oxygen gas with nitrogen gas. A prePeTER§l/ is a
.commercially avail abl e conbi nation 5 coni si ng about 1% oxygen, with the
remai nder being nitrogen. After exposure to these increased tenperatures

~for a period td of o 0. 3,ReWH1E0 LG RO St iRE ndP ekl to at
| east 100 C, ggn% ;)d;rngoersegj;)clny]Lo 2% C, or anbi eent tenﬁelratnl#rje, “}Oﬁs or eefsdto

avoid 10 overiteslihde, Upon dfeiseot Thecesokedlpelimstpdr ged wikh omriyheagen or
air before reuse in the process. Ten regeneration cycles under these
condi ti ons haes beard ahownbinapioduet PBYEeBRsIRA YorbeRitrapani ops-Some

light | [ t it begi nni af 15 about .10
egoner ar: on AU THGD G514 of | GOTOCHSTOLkE BBbIrEGer FORPIBILARM t o
2000 m di e : I effigie tal.l.someri zati on
cat al Sgt S. | I n@%n%%]érfg%ﬁlgtnbg%\?%%ggnf h%ig%pg%% 9%?‘5‘?%2&% g%é’% i nvlaf]t i :)n

20 preferabl yhitsragsor bentrawi €posoibe €bepRéser eaepbakad tambeahtakeki n
streans. In a preferred enbodi nent, the alum na support for copper oxide
perforns thi £duretperiod The tirsest afrogol bedhonrt bot heCahaursa phieor to

skel etal isonerization. The dienes al so may, be renoved by 25 sorption from
t he skel et al 1824 sohed? p?%d%"cnfe%%ttBO%Sé:'oI%?c?r%r?é‘?/’é&éﬁOa’f? ety of uses,

the skel et t Dt ST8 1 07 EsT ol B Ly
i1 ing 11 uidis, Cand et et o R A e AP PGS0 rent.

the ohgefin f%}@d&irsggc%eri@sdséo toh&r apehed bednmasypakgeloksthn the
process described in 1 2004
nitrogen or air before reuse in the process. Ten
regeneration cycles under these conditions have been
shown to produce no loss in sorbent capacity. Some
slight loss in sorbent capacity was seen beginning after
15 about 10 regeneration cycles.
Typical olefin feedstocks comprise from 100 ppm to
2000 ppm dienes that tend toc lower the efficiency of
skeletal 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. In a preferred embodiment, the
alumina support for bopper oxide performs this function.
The dienes are sorbed on to the alumina prior to skeletal
isomerization. The dienes also may be removed by
25 sorption 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 alcohols in the process described in




WO 01185654 PCT/ EPO1/05181 - 12 US- A-5849960. Most preferably, the 8 f& F
feedstock is treated before the olefins are fed to a skel etal 19 0CT 200

| somer i zav0om83sad al yst, as described in US-A-584.9960. A qﬂmmmmmeﬁuskeletm
i sonmeri zation catalyst for use in 5 conjun@ti-on with the present invention
is a hydrogen ferrierite catalyst, as described in US-A-5510306. In a

preferred enbpdi gealy oy Skolcliallef SABTLZofhe OLPLERS PLEACOBYRTLED {0

any of a br oa range o sur I ng nonionic, anionic, catl oni c,

and 10 anphot epkatedr baficad Thavidle Bimeoiee Dédbeanshipglefant |east 1.0.
The skeletally isomerized olefins serve as a surfactant internediate.

Speci fical | y, isbmesichétiagn watiaslyar,i 7z dtetrhbeder iR US-Ah884H98E0phOAI C
noi ety of the surfactan | e uIe whi]e the noiety added to the olefin 15
during the coR¥EE&rs®IpE rlv%m%l%%l%o%mi}%t L9Re1p? edBnt

i nventicon mnllﬁgiFggkaﬁﬁUSt@ r%&g?%%@ééhtrfﬁf&&@fgntPst$eh¥&4$§¥%he present.

exanples whi € I Ve and ended

i nvention to apyrparkieulatayeedi ra@tdeg@rﬁa@a/% us-ANEBENDE6 cont ai ni ng
20 ppm phosphorus was placed in a jar with SELEXSORB AS sorbent crushed to

20 x 40 nesh and Zhakepriefieemad teeiidditsna, ftle weelstmkkby Lsemerazedri od
of 15 hours at_23 C to achieve eq U|I|brat|on 25 The NEODENE t o SELEXSORB AS
wei ght ratlos°?1§§élnﬁaﬁ§§dcoﬁ"ﬁ’&ﬁtﬁ§b G2 Aot A& tRFORGUT TS o2F on, the

NECDENE s scpatated,Lf 0T LG SOIbept, AN analygsd,  orc shospho! ugcusi ng

I nductively coup s are” given in 2 f ol omnng
Tabl e:;p\WO 01/§§Eﬁéter1§ surfactants, with a degree of branching of at

least 1.0. The skeletally isomerized olefins 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 EXAMPLE_ 1
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 equilibration, the NEODENE was
separated from the sorbent and analyzed for phosphorus
using inductively coupled plasma (ICPO). The results are

given in the following Table:




1 9 CCT 2004
(g/ 100 g) wei
3504. 90.

t he sorbent

PCTI EPO1/ 05184 NEODENE to Sorbent EquilibriumP (ppm R4 pardigng
ht ratio 1000.50. 16 2002. 20. 36 1502. 50. 26 2502. 60. 43

) AE$FF5B0. 54 5509. 70. 56 100013. 10. 67 Wth an exc@SIEFPIEIBHent
~phosphorus was reduced to very

low | evel 33in the olefin. The capacity of
al so was determned to be about 0.6 granms of 5 phosphorus/ 100

grans of sor HeREcpeNEXAVIEELddE Hhosphor us upt ake frfom NEDDENE 16 contar hi ng
about 20 ppm phosphor us 2

(for 3.2 mm (
havi ng differ
ol efin was

d

0x40, nesh rticleg) d 23 m,. phosphor us
\?‘/g%l ﬁb‘é“i? d ‘BRM L di ngrsé’éét'}égﬁélg%g arficles
efin to sm bent weijght rati @.was 200. The
sorbent—under the gonditions given.in

ﬁfor

1/ 8 T51eRY *5h8r es)
ent St zelo The ol
ontacted with the

Exanple | for

the spé@Pfied perliod of tfre, and then the &&¥in was

separ.ated an
the follow n

phosphorus mJ

hydr ocar bon (
02023

10

15

amatyzedof or pnogphor us. J4ie 1o resuyits, Wwhi @hz@r e gi vemin
Table, clearly how that the snoalldr particles remved
ch nore&>Quickiy tlhan the Bt ger sphéres. Confatt time (hr)P in
ppm— P Tdghydrocanbon (ppk. 0X40 Me3N par U1 ClgEsal/ 3 Sphef es
450 7.8 0.54
550 9.7 0.56
1000 13.1 0.67

With an excess of sorbent, phosphorus was reduced to very
low levels in the olefin. The capacity of the sorbent
also was determined to be about 0.6 grams of
phosphorus/100 grams of sorbent.
EXAMPLE II

Phosphorus uptake from NECDENE 16 containing about
20 ppm phosphorus (for 20x40 mesh particles) and 23 ppm
phosphorus {(for 3.2 mm (1/8 inch) spheres) was compared
using SELEXSORB AS particles having different sizes. The
olefin to sorbent weight ratio was 200. The olefin was
contacted with the sorbent under the conditions given in
Example I for the specified period of time, and then the
olefin was separated and analyzed for phosphorus. The
results, which are given in the following Table, clearly
show that the smaller particles removed phosphorus much

more quickly than the larger spheres.

Contact time

{hr}

P in hydreocarbon (ppm)
20x40 mesh particles

P in hydrocarbon {ppm)
1/8* spheres

20

23

.17

14 .4

23
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24.3 33.222 52.4 72.221 11210.3 EXAVPLE |11 One gram of SELEXSORB AkY 0CT 2004
(crushed WO 028568440 nesh) was equilibrated with 550 gr ansPGI/EREOSENE

contai ning 5 about 20 ppm phosphorus as dagcri bed in Exanple |I. The sorbent
and the olefin were then separated and the olefin was analyzed to determ ne

t he upt ake of [(pIOSPNOTUS Dy THETgSPrbent. Fortow ngr §im s, —the—sorbent—weas
regenerated by __the follow. ng procedure: 10 a The kor bent _was rinsed wifh
from about 75| to about 100 ni}@yZl ohexane per gram of sorbent to displafe

the ol efin; bfzTheTrmsedtSOrbegts wasTreatedunder—ptr—fHtow-at—325—c+ey 6
mnutes ; 15 g¢. The tenperaturp was increased at 3 & mn to 200 C and held
for 2 hours dl 3The tenperaturelwas increased at 2 #®in to 500 C and held

for 2 hOUI‘S; aore—e——The regencey at 20 .
t enper at ur e. T%e regener at ed sprbent was contacted With a fresh batch of
NECDENE at thje?7sane wei ght rat] & »f 550 gm 21

112 10.3

EXAMPLE IIT

One gram of SELEXSORB AS (crushed to 20 x 40 mesh)
was equilibrated with 550 grams of NEODENE containing

5 - about 20 ppm phosphorus as described in Example I. The

sorbent and the olefin were then separated and the olefin
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 tc 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 cocled 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.




" NECDENE to 1 gmsorbent. This procedure was repeated for a total of184C7 200

sorptionp&chQ§ and 13 regeneration cycles. 1 9 OCT 2004 WD 01185654 - 15

~ PCTI EPO1MB4B86Fhe capacity of the sorbent for phosphorusPSTHEEPLRHEH cycle
-was cal cul ated and conpared to the capaeily data for the virgin sorbent.

The results are given in the follow ng Table: EquilibriumVirgin Regen

Regen Regen Regro RegeRiRegsh RageroPheRPMraer @)Ts?’h%ﬁéﬁ %PrerX bRt 0

0.50.16 2.20. 36 2.50?26 5?60.43 4.90.52 7.50.5?%7. 0.51 7.B0.54 8.40. 47

8.50.46 9.70.56pc18. wAsbtalculated and compared to the capacity data
for the virgin sorbent. The results are given in the

following Table:

Equilibrium | Virgin Regen | Regen | Regen | Regen | Regen | Regen | Regen
P (ppm) Sorbent | 1X 2X 3x 6X 9X 12X 13X
0 0

0.5 0.16

2.2 0.36

2.5 0.26

2.6 0.43

4.9 D.52

7.5 0.55

7.7 ' 0.51

7.8 0.54

B.4 0.47

B.5 0.46

9.7 D.56

10.¢ .51

12.6 0.36
13.& 0.6

14.2 0.3

After 9 regenerations (10 sorption cycles) the capacity
of the sorbent was still comparable to that of the virgin
material. However, a decline in capacity was observed
after the tenth regeneration.
10 EXAMPLE IV
2 variety of materials were studied as sorbent beds

for removing phosphorus impurities. A Clé olefin feed



12.60.36 13.60.6 14.20.3 5 After 9 regenerations (10 sorption cyclesg EP?
capacity of the sorbent was still conparable to that of the virgiﬁ 0CT 2004
mat eri al WOHMR®Y , a decline in capacity was observed af (PSIT/ER§&/0318At h
regeneration. 10 EXAMPLE IV A variety of- mgterials were studi ed as sorbent
beds for renoving phosphorus inpurities. A CGolefin feed 190CT2U4 WO

01/ 85654 PCT/ L05184 - L i It f : . »@N rising
20.2 ppm phogghgéél sémésenfsélgnqgﬁé dr1'g7a82t /r?&fshb%nﬁa%%gég%lﬁgn%ﬁég éﬁﬂpl. 73 cm
at a target fhewspabeuef wedk FdH tdhe reasier tube M@Fingrhi athvetsll gd, to
about 50 cnB, with the test 5 sorbent. In this experinent, the test sorbent
was SELEXSORB1AS3( 83m2atma( Ha&datr Hlepheates)of Satpy Asr wer Ehet nék@aotat vari ous
times and the paranmeters given in the follow ng Table were recorded:

El apsed time PubeuwtsFpairt ifdldw ppirhlRed n Hd wlbthrs) Gohf ecwieth the test
(g9.)¢g./hr.)com ng out of bed 001.6 2136.468.201.8 18.5812.540.983. 4
25.51184. 753. $9gbenk2 53ipoihdsy eopergment, the test sorbent was

SELEXSORB AS (3.2 mm (1/8 inch) spheres). Samples were
taken at various times and the parameters given in the

following Table were recorded:

Elapsed time Product Fluid flow ppm P in f£luid

{hr.} Collected (g.) {g./hr.) coming out of
‘ bed

0 ) l.8

2 136.4 &68.20 . 1.8

;8.5 B12.5 40.548 3.4

25.5 1184.7 53.17 3.9

42.5 2204.5 55.99 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 §.687 12.5

96.5 4102.8 46.33 15.1

116 51%94.8 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 lowex phosphorus to <0.5 ppm.



49.52602. 756. 8911.1 66.53397. 146. 7311.6 73.53718. 445.9012.1
90. 53831.86.6712.5 96.54109. 846. 3316.1 1165194. 855. 6417. 1 1255534.8§$.W3ﬂﬂ“
10 The sWa/MséHenoved 50% of the phosphorus fromthe feBEHESRKIAR}} about

60 bed volumes. At the flow conditions-o¥? the test, the relatively | arge

spheres of sorbent were not able to | ower phosphorus to <0.5 ppm 1 9
OCT2004 WO G CTI EPOL/ 05184 - 17 EXAMPLE A C16 olefin feed having
a density of 0. g/ cc and conprising 20.2 ppm of phosphorus was fed to a
reactor tube havikgCh6doheéier feedlhagiom at densityePLf PoWsr g¥ec Bndf 54
g/ hr. The reactor tube was partially filled with the teest sorbent. In this
experiment, tPRUBEEFIBGr BBnE PRAsOLARNOFHNCTYS WRS,EE FENPnESRSTPRg a

particle size aof about 0,_8,¢ [32_inch e a ri ous
times and thetﬁ?)?llaW?ﬁﬁgr%sﬁ sggggoPgeg:)]El g?}gg‘g tﬁi %@Eg%kpﬁggﬁg El\Ié%ui d Fl ow
ppm P in flui C§’4’“%ﬂhfhr)§ﬁé| geae%g%bb)aomasogamdam - £i31%4 258160. 5
18. 51089. 658. 931. 7 25. 51506. 259. 517. 8 42.52482.57. 4217.

the test sorbent. In this experiment, the test sorbent

was “AX-200,” a trilobe alumina having a particle size of

about 0.8 mm {1/32 inch). Samples were taken at wvarious

times and the following results recorded:

Elapsed time gm Product Fluid Flow ppm P in filuid coming
{hr} Collected {gm/hz) out of bed
0 0 | 0.1

2 117.2 58.6 0.5

18.5 1089.6 58.93 1.7

25.5 1506.2 §9.51 7.8

42.5 2482. 57.42 17.86

49.5 28313.4 50.16 ’ 22.2

66.5. 3730.6 52.78 29.5

73.5 4018.9 41.19 28.8

90.5 4115.3 5.67 23.8

96.5 4421.3 51.00 23.4

116 5675.3 6€4.31 | 21.9

125 £115.3 48.89 20.6

10

The small, multilobed particles of sorbent successfully
removed substantially all of the phosphorus from the
feaedstock for about 3 bed volumes, and removed 50% of the

phosphorus in the feed for about 40 bed volumes.




49. 52833. 450. 1622. 2 66. 53730. 652. 7829.5 73.54018. 941. 1928. 8

90. 54115. 35. 6723. 8 96. 54421. 351. 0023. 4 1165675. 364. 3121.9 1256115. 348 0§33k 6
10 The snebbissssdtil obed particles of sorbent successful | YPCTVERMDDSELE4
substantially all of the phosphorus from tige- feedstock for about 3 bed

vol unes, and renoved 50% of the phosphorus in the feed for about 40 bed
volurmes. 1 9 1. WD 01/ 85654 PCTI EPOL/ 05184 EXAMPLE _ VI A Cl16
olefin feed h sity of 0.78 g/cc and conprising 22.6 ppm
phosphorus was fedat @13 ARGHH AdRE hdieMidih aighaB) &5f of . A8 7P/ &M ghga
target flowrate of 30 5 g/hr. The reactor tube was partially Tilled, to
about SO cnBeowpistimg Rests b eiiosplimri e stas ofddnto viasreaatsde dcubad

si eved SELEXSORB AS having a particle size of about 14-24 nesh. Sanples
were taken athazingud Gid@et@rd ahel . Tolowih rexedels Feeorigdes &f apled ‘
time Product FlLuid Flow ppmP in fluid (hr. | lected. (g9.)(qg./hr..)comng out
of "bed 0 17, 28758 7 I G ERES D3t WA ARG At h kel b b iE 5
185'755069'72§m§?1w§th the test sorbent. The test sorbent was crushed

and sieved SELEXSORB AS having a particle size of about
14-24 mesh. Samples were taken at wvarious times and the

following results recorded:

Elapsed time Product Fluid Flow ppm P in fluid
(hr.) Collected {(g.) {g./hr.) coming out 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
210.25 563%.7 23.27 3.3
234.25 6189.7 22.92 6.6
267 7003.7 24.85 10.6
305.25 7983.7 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

{1/20 inch) trilobe extrudate). Samples were taken at

various times and the following results were recorded:



210. 255639. 723. 273. 3 234. 256189. 722. 926. 6 2677003. 724. 8510. 6

305. 257993, 725. 8811. 9 330. 258630. 725. 4814. 6 10 The smal | particles bf 0CT 200

~ sorbent W@RBE8SHUI |y renmpved substantially all of the phggﬁﬁgPU@“?$on1the
-feedstock for about 125 bed vol unes. EXAMPLE VII 15 Exanple VI was repeated

usi ng 9% CuQ AX-300 (1.3 mm (1/20 inch) tril obe extrudate). Sanples were

taken at vargous—tTmES and the ol 1 OW Mg Tesul TS Wer ¢ recor ded. WO 01785654
19 1 9 O C T Z¥owsepcimepd1/ 881389 Fapged Tihe fJAY Pr gdudP FF utt SEP ppm P
in fluid (hr)lCol | edB®d(gm Hr) FOAERTFGut |of bEFVEEN7. 25658™8%% o35 (Pf) bed
65. 252064. 329980137 7537523237280 4 [185. 754810. 324 U4X0. I
210. 255375. 323. 063. 2 234. 2595951. 324. 006.|8 2676839.327[1111.6
305. 257915. 32813169-3830358581. 3266418 9 THe Tt er yedi at €SI Zed,
mul ti.l obed pgrticl¥s28f sorjbent 525-3 36.25 0.1

65.25 2064.3 29.98 0.

137.75 3752.3 23.28 0.4

185.75 4810.3 22.04 <0.1

210.25 5375.3 23.06 3.2

234.25 5951.3 24.00 6.8

267 6839.3 27.11 11.6
305.25 7915.3 28.13 16.9
330.25 8581.3 26.64 18.9

The intermediate sized, multilobed particles of sorbent
successfully removed substantially all of the phosphorus
from the feedstock for about 130 bed volumes.
5 EXAMPLE VITII
Example VII was repeated using 18% CuO/AX-300 (1.3
mm (1/20 inch) trilobe extrudate). Samples were taken at

various times and the following results were recorded:

Elapsed time Product Fluid Flow pem 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




successfully renoved substantially al
bed vol unes.

for about 130

5 EXAMPLE VI I |

of the phosphorus
Exanpl e VI

CuQ AX- 30000183834 mm (1/20 inch) tril obe extrudate).

various tines and the follow ng results -wete-recorded: Elapsed time Product .

Fluid Flow ppmP in fluid con1ng (hr. )Cbllected (g9.)(g. /hr)out of bed O
BT 754275728

17.25798. 746.
185. 755500. 72
PCT/ EPQOL/ 0518
330. 259410. 72
that in Exa
phosphorus fr
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density of O.
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073672901t

was repeated using

from t he 119e@@fsytic k

18%

Sanpl RCHERW/OSHen at

930

}7.7

p. 5253@. 22_:,10 2b6100g66247495. 5 1 94 QT 2004 WO 01/@@654 - 20
4A—234 256682724258 038 1—305-2586680—728—24
9.201%69 The >orbenko.which hadzatﬁlze hnd shapq3sin1lar to
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bm t hgs f-eedst ack f@aoakpout 130 Q@chs vo| unes. Nq7a¢d| ti onal
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The sorbent, which had a size and shape similar to that

in Example VII,

successfully removed substantially all of

the phosphorus from the feedstock for about 130 bed

volumes.

higher metal

loading (9 wt.

in Example VIII).

EXAMPLE

% in Example VII vs.

No additional capacity was observed with the

18 wt.

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

gm/hr.

test sorbent.

The test sorbent was 9% Cu0/AX200,

The reactor tube was partially filled with the

which

has a particle size of about 0.8 mm (1/32 inch) trilobe

extrudate.

Samples were taken at various times and the

following results were recorded:

% <

Elapsed time gm Product Fluid Flow pem P in fluid

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

0

18.5 558.8B 30.21 1

43 1163.8 24.69 <0.1
139.5 2560.8 1B8.62 0.1

163 3706.8 31.74 <0D.1
186.75 4435.8 30.69 0.1
210.75 511%9.8 28.50 <0.1
241.25 5553.8 27.34 0.1
307.5 7747.8 27.08 <0.1




10 conprising 10.5 ppm phosphorus was fed to a reactor tube having pggcyzma
dianeter of 1.73 cmat a target flowrate of 30 gmhr. The reactor tube was
partial | WOPIB%6s with the test sorbent. The test sorbent PRAZPOVITREH AX200,
which has a particle size of about 0.8-n®1(41/32 inch) trilobe 15 extrudate.
Sanpl es were taken at various tinmes and the followng results were
recorded: El gpsedH§{E QM ProUEEds.gf UT G FI OGP P 1 1] 11T U d <g.1
(hr)Col l ected(gm hr)com ng out of bed 18. 5558. 830 411 431163, 824, 69<0.{1
139. 52960. 818, 6203I9f%33706 83122#4£0. 1 |186. 7AP4885. 83(3. 690.1 ©-1

210. 755119. 828—50<@zt 241 455%53—@27-3ﬁﬁft“ﬁﬁiﬁﬁ??ﬁ??827?68<ﬁa;r1-9—ff?4'
7004 WO 01/85654 5 2-1 PGT/EPQ1/05184 [3318469. 830, 72<0. 1

379. 59924, 630. 000474-32711(073. 6248490. 3 {474. 312184. 633. 270.6 ©-6

- 523. 213440. 62‘5—.—99%??%3%:134@&]&_?' bed—sarggnt—successtut{yyrenoved
substantially all of the phosphorus frdmthe feedstogk

The small, multilobed sorbent successfully removed

substantially all of the phosphorus from the feedstock
for about 275 bed wvolumes.
5 EXAMPLE X
The procedures of Example IX were repeated using 9%
Cu® on AX-300 (1/20*). The results are given in the

following Table:

Elapsed ﬁime gm Product Fluid Flow ppm P in f£luid

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

[ 0.1

18.5 545.3 25.48 g

43 1220.3 27.55 0

139.5 2415.3 12.38 0.1

163 3036.3 26.43 0
186.75 1676.3 26.95 0.1
210.75 4340.3 27.67 0.1
241.25 5185.3 27.7¢C 0.2
307.5 6989.3 27.23 1

331 7743.3 32.09 1.1

379.5 9127.6 28.54 1.8

427 10400.6 26.80 2.6
474.75 11660.56 26.39 2.8
523.25 12947.86 26,54

10 The intermediate sized, multilobed particles of sorbent



for about 275 bed volumes. EXAVPLE X The procedures of Exanple | X wef@grT 00
repeated using 9% CuO on AX-300 (1/20"). The results are given in the

fol | owi ngw@dati$sss4 El apsed time gm Product Fluid Fl ow ppm P RGT/EROI0S184

(hr)Col | ected(gm hr)com ng out of bed 0G. £218. 5545. 329. 480 431220. 327. 550
139. 52415. 312. 380.1 1633036. 326-430 186. 753676. 326. 950. 1

3317743, 335, 00T 555 Bato 7 IR BB AR ATb 86 hog et Phosphorus

474.7511660. 626omIZhe TR EH2GHE 0L Thebedt eoTREeat € Bhdelarger
mul til obed particles of sorbent 1 9 OC T 2004 WO 01/ 85654 PCTI EPO1/ 05184
22 successf ukliger panddlashizoricead \a dldwer capaphiogphor tke $awoen t he
feedstock for about 170 bed volunes. The |arger, size particles produced a

| ower. capaci t faggetnd iohdats st Biafp ol s BRanpie FanesPhesphersane
phosphgrus 5. gentalni-ng £eedslosk |
EXAMPLE XT
A series of experiments was performed to demonstrate
higher temperature performance (80 °C and 120 °C) using
0.8 mm (1/32 inch) trilobe sorbent particles. A Clé6
10 olefin feed having a density of 0.78 gm/cc and comprising
20 ppm phosphorus was fed to a reactor tube having a
diameter of .1.73 cm’ at a target flow rate of 23 gm/hr.
The reactor tube was partially filled with the test
sorbent. The test sorbent was 9% Cu0O/AX300, which has a
15 particle diameter of about 0.8 mm (1/32 inch) as a
trilobe extrudate. The temperature in the reactor tube
was maintained at 80 °C. Samples were taken at various

times and the following results were recorded:

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

3.25 76.2 23.45 0.2

5.75 119.6 17.36 0.2

22.5 438.3 195.03 0
16.28 0.1
7.09 -
25.50 0.1
29.13 0.1
27.94 0




EXAMPLE XT A series of experinents was perforned to denonstrate

of .1.73 cn2 at a target flow rate of 23 gnihrf

partially fil

| PR Y

hi g
tenperature performance (80 C and 120 C) using OB mm (1/32 inch) t
sorbent parewgskss. A Cl6 10 ol efin feed having a density BET/BPHENS cc and

’..conprising 20 ppm phosphorus was fed te @ reactor tube having a dianeter

The reactor tube mas

W'l

gy

e et

AX300,

T TTTC U CDL S Ul UCIIL . IIIC L CDL $ Ul UUFIL WaS U/U u.lu
whi ch has a 15 pagghﬁge dlanetpﬁ7o; abqut 07&mnn1(i/32_|nch),as a trll)be
extrudate. The- —terperat-r H—the—reactior—tube—was—arntarned—at—86—¢€
Sanpl es were takﬁmaagsvarlgus 15;.5|4n§s ardrFQg gpllounng result§ wer e
recorded: El &psed—t+rre—gmPretuect—Hut-¢—FowppmPrr—ft+utrd—coenng
(hr)CbIIectel(gn1 )ggt of bquQ5352576.22%74§9.2 $. 75119. 617 360. 2
22.5438. 319. (36-29--5552346—260—1+ 4556655769 5%?5869?525?569r%—————
71.51393. 829. 130 251638. 9 VW)Ol/ 5654 -123 1 9 T 2004
AT TRt VRRT=Sr Y At EANCEL YOS PN 34 SO R

149.75 3565.7 30.37 0
165.75 4064 .2 31.16 0
174.5 4302.9 27.28 0
189.75 4747.7 29.17 0
197.75 4969.4 27.71 0.1
213.75 5432.6 28.95 0.2
237.75 6126.3 28.90 0.7
244.75 6322.5 28.03 1.2
264.25
6887.7 28.98 3

271.5 7031.1 19.78
288.5 7032.1 0.06 10.8
295.5 7342.8 44.39 5.2
309.75 7837.5 34.72 7.3
316.5 B059.4 32.87 10.2

334 8667.1 34.73

341 8908.2 34.44

Even at the higher temperature,

the sorbent successfully

removed substantially all of the phosphorus from the

feedstock for about 150 bed volumes.

E L

I

The procedures of Example XI were repeated at a

temperature of 120 °C.

following Table:

The results appear in the



119. 752555. 837. 590 141. 753322. 734. 860. 1 149. 753565. 730. 370
165. 754064. 231. 160 174.54302. 927. 280 189. 754747.729. 170 197. 754969. 4

213. 7554390 602836360. 2 237. 756126. 328. 900. 7 244.756322. 528. (FXLOA/EP01/05184
264.256887. 728.983 271.57031. 119. 78 288.-52@32. 10. 0610. 8 295.57342.844.395.2 ..
309. 757837.534. 727. 3 316. 58059. 432. 8710. 2 3348667. 134. 73 3418908. 234. 44 Even

at the higher
all of the ph

b9 061304

EXAMPLE XI'I The proggglures

120 C. The re
01/ 85654 PCT/
fluid (hr) Col

tenperature;, {thesorbent—sucrcesstutty—Tepoved—substanttaH v
DSpRQSdea £1uM | hegn freedsdiock| f of1 @Bl oWl 50| begha @l {HT8S ;D
T bi_asarediaaX! ier e (56Re31 €0 Plcgaind SIRRIALUEE| Of
sSurts—appear 1T tme—TUoUrTow g taolr €. L 9 ot T 20000 O
FPOL/ 054184 - D4 El apsed tijpve gm Product Fluid Fl ow ppm P i n
ected(gmr)ycpmngout—of—bed
3.25 103.2 0.00 0.1
5.75 160 22.72 0.1
22.5 566.7 24.28 0.1
29.5 686.5 17.11 0.1
45.5 788.6 6.38 -
53.5 827.1 4.81 0.1
71.5 1364.7 29.87 0.4
B0.25 1614.7 28.57 0.4
95.75 1986.5 23.99 0.3
103.75 2178.4 23.99 0.3
119.75 2570.1 24.48 0.3
141.75 3107.9 24.45 0.3
149.75 3298.4 23.81 0.2
165.75 3689.4 24.44 0.3
174.5 1892.1 23.17 0.2
189.75 4270.7 24.83 0.3
197.75 4459.8 23.64 0.2
213.75 4854.5 24.67 0.3
237.75 5443.7 24.55 0.6
244.75 5611.2 23.93 0.9
264.25 6091.1 24.61 3.8
271.5 6260 23.30
288.5 6683.8 24.93 10.8
295.5 6848.6 23.54 13.1




0 3.25103. 20.000.1 5.7516022. 720.1 22.5566. 724. 280. 1 29. 5686. 517. 110. 1

45.5788. 66. 38- 53.5827.14.810.1 71.51364.729.870.4 80.251614. 728. 57014 0CT 2004

. 95. 75198 @m@B59A0. 3 103. 752178. 423. 990. 3 119. 752570. 124. 4BOT/EP01/05184

. 141. 753107. 924. 450. 3 149. 753298. 423. 810.-22465. 753689. 424. 440. 3

174.53892. 123. 170. 2 189. 754270. 724. 830. 3 197. 754459. 823. 640. 2
JdI

213. 754854. 524603235443 24— 550G 24475561123

g 3
264. 256091. 124. 61% g ﬁ{l 5426023 ﬁg 288 56683;§24 9310.|8
295. 56848. 623 - 85654 6 F55484 9
3 3

2t o A
\J.Ll TOIT 7 ILI'UJ.I UJLO0S

309. 75719324.[177. 3, 316. 57348. 423,0222. 2 3347773, §24. 25

334 7772.8 24.25

341 7941.6 24.11

Again, the higher temperature did not interfere with
successful removal of substantially all of the phosphorus
from the feedstock for about 140 bed volumes.
3 E E I
The procedures of Example I were repeated using
different sorbents using a feed containing 18 ppm P and a
NEODENE 16 to solvent weight ratio of 100 with the

following results:

Sorbent Equilibrium P (ppm} P loading (g/100 g
sorbent)
BARNABEY SE carbon 7 0.11
BARNABEY CE carbom 3 0.15
10
EXAMPLE XIV
The following examples illustrate the nature of the
present invention and its impact on skeletal
isomerization of detergent range olefins.
15 A glass column with an inner diameter of 50mm was
packed with 3.2mm Selexsorb AS spheres obtained from
Alcoa Company of America to produce a bed 400 mm in
length. 20 litres of NEODENE 16 olefin, a C, limear,
alpha clefin commercially available from Shell Chemical
20 Company, was passed through the packed bed of Selexsorb

2AS spheres at a weight hourly space velocity of 0.01 per

hour and the liquid effluent was collected in a container
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P (ppmP | oad
carbon30.15 1
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substantially all of the phosphorus fromthe feedstock for about 140 BER20N
vol unes. VEOBMBIPLE- XI I | The procedures of Exanple | were rRGEERG@S184i ng

different sorbents using a feed containi-ngslB ppmP and a NEODENE 16 to
solvent weight ratio of 100 with the follow ng results: SorbentEquilibrium

of

detergent range olefins. 15 A glass colum w th an inner dianeter of 50nm
packed wché Br2mesSel exsorb AS spheres obtained from Al coa Conpany of

was

Anerica to produce a bed 400 M i n

a d,, |inearEX2YPBEaX¥| efin comercially availabl e from Shel

wei gt Shour 1y spack Garateey SpbEEERARE B ALEERCe EAPERRG Clas

collected in grcgatAaLBsh 0308, OwhibRQ4 rf L &R650

Chem cal

HERGEADD] 8o 26

|l ength. 20 litres of NECDENE 16 ol efin,

20

purged with nitrogen. The phosphorus contént of the ODENE 16 ol efi n was

reduced from @6nppmienct.. 2 Apprmmoniture fenocess t EdPLIEG XY holarasal ys& was

prepared in accordance with Exanple C
to alumina ratio of 62:1, a surface area of 369 square

metres per gram (P/Po = 0.03), a soda content of 480 ppm

10 and n-hexane sorption capacity of 7.3 g per 100 g

of

zeolite was used as the starting zeolite. The catalyst

components were mulled using a Lancaster mix mullexr. The

mulled catalyst material wags extruded using a 5.7

(2.25 inch) Bonnot pin barrel extruder.

cm

15 The catalyst was prepared using 1 weight percent

acetic acid and 1 weight percent citric acid. The

Lancaster mix muller was loaded with 645 grams of

ammonium-ferrierite (5.4% LOI) and 91 grams of CATAPAL D

alumina (LOI of 25.7%). The alumina was blended with the

20 ferrierite for 5 minutes during which time 152

millilitres of de-ionized water was added. A mixture of

6.8 grams glacial acetic acid, 7.0 grams of citric acid

and 152 millilitres of de-ionized water was added

slowly

to the muller in ordexr to peptize the alumina. The

25 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 ° hydroxypropyl methylcellulose was added

30 and the zeolite/alumina mixture was mulled for 15

Y



of US-A-5510306, which is reproduced in part herein for convenience.. An
ammoniumferrierite having a nolar silica to alumna ratio of 62: 1,T LOCT 2004
~surface av@a1/8%5869 square netres per gram (P/Po = 0.03) PCA/ERBHRS1BbNnt ent of
480 ppm 10 and n- hexane sorption capacity2of -7.3 g per 100 g of zeolite was
used as the starting zeolite. The catal yst conponents were nulled using a
Lancaster m x .l er he, : d rd t using a 5.7
cm (2.25 inc% gﬁr?&a-&pﬁllrg%'frér% %%%%%u 11?Trh%£c%%|§§tﬁ(\b/l\g§&fprepar ed
using 1 wei ghtz3pencerthe aeilic Bl wth Tuminghhipeitentasitratsfetted The
Lancaster m x nuller was | oaded with 645 grans of amoniumferrierite (5.4%
LO) and 91 gtanthef SCATAPALID 28 vingla (BORnet «5:-nuder Trd gitivdedas

bl ended with the 20 ferrierite for 5 ninute urin i.ch time 152
mllilitres of*Sd&S &ni R%zﬁté? RANRS ajdtrngecff‘mAf u’r’gc%ﬁ] h‘gl.%sgr ams gl aci al
acetic acid, 7.0 gr Lol t é:mﬁgé g LIbd4Hlddres of Hesghoni zed
wat er V\SZS added sl o y“%{loscdt heira*rm eilfje"?n or%ggrét%) p%pti ze the %I%T’J% na. The
25 m xture wageRtldedd arsdhe Forubehoudsl0 gidanhedf iricdigaamanivre 1pa@°tadi um
nitrate in 153 grans of de-ionized water were then added slowy as the

m xture was mfldred Homrss geftien dfy Sxaddile opplirudateesvenRoxpken of
METHOCEL F4M Ohydr Qxypropyl nethy| cel | ul ose added, 30.and. t he_,

zeol i t e/ al unmi AEAtHT-e &t G&5% %%??.%$$§ﬁn%%oﬁn PLEEEL At
PCT/ EPOL/ 4518 2 additi m nutes. The extrusion mx had an LA of
43.5% The 90:%&5) %eg) Tt gﬂgl h%ﬂ%'m' xture was transferred to the 5.7 cm

(2.25 jpnch) Bg¥gggggggﬂgper and extruded wusing a die plate with 1.6 nm -

(1/16 inch) holes. 5 The noist extrudates were tray dried in an oven

S Skeletal isomerization of the NEODENE 16 olefin was
conducted using an olefiﬂ 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
silicon 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 wﬁs admixed with 45 grams of 60-

80 mesh SiC and added in three parts to distribute it

evenly inside the reactor tube. Anothefhpiece 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



heated to 150C for 2 hours, and then increased to 175C for 4 hours.
t he extrudates were broken
500C for two hours.

drying,

in flow ngoai/sseas
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t he react or

condenser and a

producy col | egti anrayst & 60 .N J1eG8N pRir ddiat,e Lf1dvdd tf@smperwiurtnes

passed

13

20

incoming nitrogen and then passed through the catalyst

bed. During the testing the inlet pressure was held at

11.0 kPa g (1.6 psig) while the outlet pressure of the

reactor was maintained at 6.9 kPa g (1.0 psig). The

liquid product was collected in a 19L (5 gallon} vessel

while the uncondensed gas was passed through a gas meter.

Sampling ports incorporated in the reactor allcowed the

liquid and gas products to be analyzed regularly. The

products were analyzed by gas chromatography. The results

of the testing are presented in the following Table.

TABLE The Effect of the Phosphorus Content in NEODENE

16 linear alpha olefin on the Degree of Branching

During Skeletal Olefin Isomerization

Olefin Used

Treated NEODENE 16

-Untreated NEODENE 16

Phosphorus Content

6-2 ppm

20 ppm

Time On Stream, Hr

% Branching In

Liguid Product

13.5

97

8l

24.5

97

68

e
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| “Branching in Liqui

In the case of the treated

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)
Ag 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.

following Table:

The results

are shown in the

d

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




110 hours In the presence of 20 ppm of phosphorus in the untreated NEQDERL -
16, the degree of branching declined rapidly with tinme on stream 1In the
case of tfgoi/twR8ied 5 stream where the phosphorus was reduereepd105342 ppm
the degree of branching stayed nuch highgt for a nuch longer tine on
stream EXAMPLE XV11 The procedures of Exanple | were repeated using a 10
feed containing 20_ppm P, NECDENE 16 to sorbent weight  ratio of, 100, and
the fol I owi ng sor bbAt §REn2pPYte TaPieRe tEELEX LS P SRR shown

in the foll ow s n uil Lheium P I i 1009
sorbent) Ag Vrr\jbr %gfgg?ﬁ %gsoﬁﬁgo&"kg)ehigex- z%gg%eggg.‘%%%%%gg% 15 The
procedur es ofyExa0PleahoWBt ecEepaat 8d1eyC phbsphe ruseed antpifed 16 ppm P.
The results are shown in the follow ng Table: Sorbent NECDEN, :™ t oEqui |l i brium
PP | gadi ng sordreambumeésght Appo) (ghe0QgasopiieAy) onattihe Agpaioremas10011. 2D. 05
(15-20% Ag) Ag. X-zeolited006.30.39 (35% Ag% 190CT20D4 WD 01185654 '
PCT/ EFD1/ 0518%-gheBy Whichhéngksasetabhes PROFRNRIZEURI@KSvhi ch cont ai ns



| arger pores than the nordenite, allows for uptake of a greater anount_of

t he bul ky phosphorus-contai ni ng conpounds. Al so, the | oad of Ag on t$haCT 2004
zeolite was higher, which increased the phosphorus uptake. 19 OCT 26h -31
CLAIMS 1. A process for purifying an fiin feed conprising a content of
phosphorus-containing inpurities, said process conprising contacting said
olefin feed with a sorbent conprising a netal under conditions and for a
time effective to reduce said contggﬁéﬁsphosphorus - containing inpurities
and to produce a purified olefin feed—2—A process of nmaking a branched
primary al cohol conposition, conprising: contacting an olefin feed

conprising a content of hosphor us- cont ai ni i,npurities with a sorbent
Compri si fg a AncREPCERTer PonHRELSHMnch} 0P 5 Hihet 8FF o HIRRF 15 Hbr i t

sai d met ghptentedyge SRbSHKOPE §0E0RE a PROSH OIS r QO Al NisRd 4 | BRUEkkises and
to produce a purified olefin feed; contacting said purified olefin feed with
a skel et gompirdsibgi z gondractdirgl ystaithderlebindi tferd efitlti se sorperatd

skel etal ly isonerized ol ef.ins,,and converting i kel L1y i ized
ol et ne. PRFBZARAGT G Rl ATttt cOtitonrty idafonig E1BecberBRtEre 1 or
2 wher ei gosatsiured akalis Sehesiedolr GRddh@reHraonsistifgifbubietips 3- 12
of the Periodic Table of the Elenents. 4. The process of claim1l1, 2 or 3
wher ei n dadteopBefuces @ Per fdeshciledd ma f€@shbort, and said support is
selected fromthe group consisting of an acidic alum na and a neutral
alum na. 5. A process of claim4 when dependent fromclaim 2,

2. A process of making a Dbranched primary alcohol

composition, comprising:

contacting an olefin feed comprising a content of
phosphorus-containing impurities with a sorbent comprising a
metal 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;

contacting said purified olefin feed with a skeletal
isomerization catalyst under conditions effective to yield
skeletally isomerized olefins, and

converting said skeletally isomerized olefins into said

primary alcohol composition.

3. The process of claim 1 or 2 wherein said metal is
selected from the group consisting of Groups 3-12 of the

Periodic Table of the Elements.

4, The process of claim 1, 2 or 3 wherein said sorbent
further comprises a support, and said support is selected
from the group consisting of an acidic alumina and a neutral

alumina.

5. A process of claim 4 when dependent from claim 2,

wherein the olefin feed comprises from 100 ppm to 2000 ppm



wherein the olefin feed conprises from 100 ppm to 2000 ppn1190CT2C1 ii %h‘
di enes and wherein the dienes are renoved fromthe skeletally isone ? b
product by sorption on to the support. 6. The process of any one of the
precedi ng clains wherein the sorbent:%Pnprises a netal selected from Co,

|

Ni, M, Ag and Cu. 7. A process according to any one of clainms 1, 3 or 4

wherein the sorbent conprises as the netal, silver or copper. 8. The

process 8k agyels ohniNe,RLECE! Nehe! ALBMELED r2fiohed ChiBal Cefe
conprises prinmarily olefins having at least ~ 6 carbon atons. 9. The process
of any os&ebdtthbhéypiecosdirnged prosukctr biyesorparipn snngor éhenesugpiorg .sai d
sorbent. 10. The process of claim9 wherein said regenerating conprises
exposi ng said sorbent to regeneration conditions conprising a quantity of

oxygen agd a {REPRIIHE &if e4hi VEnel B RIRNY A &SRS SPEDRI whidteidhe
process of any one of the preceding clains wherein said purified olefin

f eed conphesisegb@s pprmprisessaofredaild sgplasyatbr fisonsoRtai Ming ¥onpdands.
12. The grgcgss of claim2, or any one of clains 3, 4 and 9 to 11 when
dependenf™froth cl ai m 2, wherein said converting conprises hydrofornylating
said skeletally isonerized olefins.

7. A process according to any one of claims 1, 3 or 4
wherein the sorbent comprises as the metal, silver or

copper.

8. The process of any one of the preceding claims wherein
said olefin feed comprises primarily olefins having at least

6 carbon atoms.

9. The process of any one of the preceding claims further

comprising regenerating said sorbent.

10. The process of c¢laim 9 wherein said regenerating
comprises exposing said sorbent to regeneration conditions
comprising a quantity of oxygen and a temperature effective

to regenerate said sorbent.

11. The process of any one of the preceding claims wherein
said purified olefin feed comprising 0.5 ppm or less of said

phosphorus-containing compounds.

12. The process of claim 2, or any one of claims 3, 4 and 9
to 11 when dependent from claim 2, wherein said converting
comprises hydroformylating said skeletally isomerized

olefins.



