2 0 OCT 2004 1 REMOVAL OF PHOSPHORUS- CONTAI NI NG | MPURI TI ES FROM AND GCERI0
'FEEDSTOCK Fi el d of the Invention The present invention pertains to a
process of making a branched primary al cohol conposition conprising
renmoving contamnants fromol efin fekdstocks using sorbents. In a
preferred enbodi nent, phosphorus-containing inpurities, nost preferably
or ganophosphi nes and/or or ganophosphi ne oxi des, are renpoved fromthe

ol efin feedst ockpib gL aOF Bib SbBORYS 2CORTA TRENG OtMBURTTTRE SOF bent
preferably is selected fromthe group consisting of an acidic zeolite,

an acidic alumina, a neutfiRgM @leﬂlrﬁ‘é‘nhﬁ@WTé?&fq vated carbon. Preferred
olefin feedstocks are those nade by oligonerizing ethylene to |Iinear

ol efins having from6 to 36 carbon atons, preferably from1l to 20
carbon arpabd andthResinpeatesably from 14 to 18 carbon atons. Background
of the Inventlon Dependi ng upon the method of their production, olefin

f eedst ocks mafh %oﬁﬁ??§§ta108PPE%9noPeFHﬁ&PFtF@sa PFREEFSt PEsTREHRT i n

ol efins éhﬁ£aﬁéﬁe8rﬁ99ﬁ§9 b¥1c8hb§988ﬁ85§3tQBnOEoﬁbPXEQHS ¥Binb%ihge! ude
phosphor us cont al ni hg |np¥r|t|es, i ncluding, but not necéssarily “limted
t o, orgacophasphants ﬁndmoogaﬁmphﬁepdsnech5|dssng Fhebents. In a
phosphor us- cont ai.ni n urjtie arg renoved ny olefin

B roams BEFfbrencepPanibenty ShpapRerlrSrbrasHona: sreeaFIBR:  cut o

of ol efifgst preferably organophosphines and/or organophosphine

oxides, are removed from the olefin feedstock using an
acidic or a neutral sorbent.

The sorbent preferably is selected from the group
consisting of an acidic zeolite, an acidic alumina, a
neutral alumina, and an activated carbon. Preferred olefin
feedstocks are those made by oligomerizing ethylene to
linear olefins having from 6 to 36 carbon atoms,
preferably from 11 to 20 carbon atoms, and most preferably

from 14 to 18 carbon atoms.

Backqground 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
oligomerization of ethylene units include phosphorus-
containing impurities, including, but not necessarily
limited to, organophosphines and organophosphine oxides.
These phosphorus-containing impurities are largely removed
from many olefin streams during the process of
distillation to separate various ““cuts'' of olefins.

Unfortunately, the organophosphines and organophosphine



Lnfortunately, the organophosphines and organophosphine 2 0 OCT Zbﬁﬂci?W4
oxi des found in Cl4-Cl0 streanms tend to co-distill with the Cl4-C1lB in
the product, making it difficult, if not inpossible, to renove these
phosphine inpurities by sinple distiflation. C8-C36 olefins have utility
in the fields of paper and pulp processing, drilling fluids, and machine
or netal working oils. Alcohols of such ol efins have comrerci al

i npor t angRi d8s aryanbely of,- @F“p |gtG@lain®N Terdd tlol diond i sdatiar garys cKeoaps,
surfactants, and freeze point depressants in lubricating oils. These
al cohol sCar€1s prodlice®rodugtnumedking itotdfdicatl tpr ddedsds, such as by
oxo or h atjpqn n i Lns. . f ot

appl | cat T ARG= et RLeS) LB R 8hetdcPhsRe Bndkphily, sByERELed by BERELL,
Unf or t undi et ¥yl lavyophosphorus-containing inpurities in these olefin

feedstocks will negatively affect acjd catalysis.. The
phosphor us- coﬂi'ﬁsni?ﬂgem%tl?%‘ée alt“élajo]a { c1% n&‘%aéjcﬁ]e‘l%n?if WwiPehetfal i ze

the actiygigchfosbbgsng! 4Pe11¢aLakYaidsWhal haWBiAeCatalyshiactivity
and perfornmance. The 0Organophosphi ne noieties nay even cause the ol efins

to oligenckine dhls. uAdesheabl eff suab. olefhndshave aewuwedcialr educe the

phosphorus-content .of _olefin fee stoc%s. §unnary.oflt e | nvention 20 OCT
5004 3 iMportarnce in a vdriety Sf applications,-”including

detergents, soaps, surfactants, and freeze point
depressants in lubricating oils. These alcohols are
produced by a number of commercial processes, such as by
oxo or hydroformylation of long chain olefins. In many of
these applications, the olefin feedstocks are treated
using acid catalysts.

Unfortunately, any phosphorus-containing impurities
in these olefin feedstocks will negatively affect acid
catalysts. The phosphorus-containing moieties are bagic 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




.Jhe present invention provides a process of naking a branched prlzrgaurrg} 2004
al cohol conposition, conprising: contacting an olefin feed conprising a
content of phosphorus-containing inpurities with a sorbent sel ected
fromthe group consisting of an acidit zeolite, an acidic alunina, a
neutral alum na and an activated carbon, under conditions and for a tine
effective to permt said sorbent to reduce said content of
phosphorus-containing inpurities and to produce a purified olefin feed;
contacting said purified olefin feed with a skeletal isonerization

cat al yst undeFheopBeeeBhsiBVEBELPRePrOVifeEda BKereedl Pf MakABBi 2ed

ol ef i ns; V. i sai I ! ri LNs into said
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hydr of or nyl at cogtasaidgshel elafliy feedecowpdisiregi ascobeeat! ed
Description of the Invention The Brocess of fhe gregent inien%ian

conpr i seRNESPRPEIBsSOBhA1ROPBehFRURAF LR et FRi BnPPYCERE 8RFEEEFTel v
reduce tbﬁoﬁoeﬁsn§r@ﬁppbeﬁ9b9£yﬁgcentahnaagd&apgébREEé,lan akekin
streans. In a preferred enbodi rent, the content is reduced to 1 ppm or

| ess, pralenipay 8. Bepprpbdralusinanasd aprackbiudtedt eagbenppHnger| ess.

G ven S“ééﬁ&i@?éné!@n&' BBy al ?méoé%g%éi&%dpésep&?ﬁiEOQ%&Ht s8rbent
phosphorus-contai ni ng- inpurities In e ofefin"Streamto parts per 20
OCT 2004td bedhtensdpabyohesrt sofl phasphetfeasredneabndhgebimptibeties

and to produce a purified olefin feed;

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

converting said skeletally isomerized olefins into
said primary alcohol compesition.

Said converting preferably comprises hydroformylating

said skeletally isomerized olefins.

Detajled Description of the Invention

The process of the present invention comprises a
process and sorbents which efficiently and effectively
reduce the content of phosphorus-containing impurities in
olefin streams. In a preferred embodiment, the content is
reduced to 1 ppm or less, preferably 0.5 ppm or less, most
preferably to 0.1 ppm or less. Given sufficient run time,
the sorbents reduce the content of phosphorus-containing

impurities in the olefin stream to parts per



sorbents used in the present invention may be used to renove di ep@s){FTriflhn
the olefin stream The present invention nmay include treatnent of
substantially any olefin stream Preferred olefin streans are |inear

ol efin streams made by oligonerizing thylene. Some of the known
processes for oligonerizing ethylene use organophosphorus conpounds that
result in phosphorus as a contamnant in the resulting olefin stream A

preferregd;)eopneiphBl | Yed¥akl abheaopgbiearteadefBbdifentr eakmeNt in the
present invention is the product marketed in the United States by Shel

Cheni cal sCohpahy uaddr inhether pgesank NEVBENEON| May BrepepfAedi®enbodi nent,
t he oIef%QmoLgeg?éggg k§o&rgggeglg§§8rStgégasure to an acid catalyst, or
0 of he | y

bef ore exposure r-condrtrons whirch woul d be adversely affected by
t he basic natThe ptepbasphaveationnmayningladet apeaameat bfi a nost
preferred enbodi nent, the olefin streamis %he f eedstock for the
skel et al SPRBRRRT AL L ¥n2BYt L§SEuSEEeNy PRELRELR d°38§&PiS&EGPWS

US- A- 584992807  f88robebEns Ueedamb"mhie hoed1tgokbBirsz3kel LAl 1ene.
i somerization catal yst are nono-olefins having at | east 6 carbon atons,

pr ef er abfgme hafi nhef knownilproceesear bon aléogsmexhdingsetpydracalbsg
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Lo S epmmepgaatly availabiel S1aRiY 2205%E02 2hetetatnane InPer cont:
nmore 20 €2MmeppaaLly avallable

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

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



D preferably greater than 70 percent, and nost preferably grewukﬂnghﬂm‘
80 nol e percent of linear olefin nolecules. The olefin feed to the

skel etal isonerization catalyst does not consist of 100% ol efins, and
usual |y contains a distribution of ndno-ol efins having different carbon
| engths, with at least 50 wt. % of the olefins being within the stated
carbon chain range or digit, however specified. Preferably, the olefin

feed W IpreEOPABLY greater than 70 percdhtwandpheker pbeye88bM,. % or
nore of nono-olefins in a specified carbon nunber range, . the renainder

of the pBbeREesr behap 8PcNPhs BETBEREr OEat BBRAT NAHABELNOFCEEFBSRSSt ruct ur e,
di ol ef i ns, pafﬁéfbféﬁ%nafgggpEgstPg?%Eg%ggé}ggggﬁé}&gétggﬁult|ng fromthe

synt hesi s process | ocafion o Is not limted. The
ol efi n feadatpapodoesonotayonenpti o€ abPhaoclefehansandntienadlyol efins, or

a mxture thereof. The sorbent used in th resent inventign nust be
capabl e 9PREJBF Y gﬁ%ﬁﬁﬁ%?ﬁéQEoﬂ aWﬂPﬂ@oiﬁgﬁP?tH@gfngpaérgﬁﬁﬁF neut r al
and aci db&rs56nbesh§Eh8PSkipheher abh¥t 861 4tC $0bbenhs. obUELaBl € neutral

sorbents include neutral alumnas, _activated carbons, and netal
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the remainder of the product being olefins of other carbon

number or carbon structure, diolefins, paraffins,

aromatics, and other impurities resulting from the

gynthesis process. The location of the double bond is not

limited. The olefin feed composition may comprise alpha

olefins, internal clefins, or a mixture thereof.

The sorbent used in the present invention must be

capable of sorbing phosphorus-containing impurities,

preferably neutral and acidic sorbents, most preferably

acidic sorbents.

Suitable neutral sorbents include neutral aluminas,

activated carbons, and metal impregnated activated

carbons, such as BARNEBEY CE, a silver impregnated carbon

available from Barnebey & Sutcliffe. Suitable acidic

sorbents include, but are not necessarily limited to,

acidic aluminas. Suitable commercially available aluminas

include, but are not necessarily limited to, acidic and

neutral activated aluminas, such as those available from

2Aldrich Chemical Co. and Selecto Scientific Co. Also

suitable are the



Aldrich Chenical Co. and Selecto Scientific Co. Also suitable are 2h8CR0O0N
OCT 2004 6 nodified alum nas, such as SELEXSORB CDO 200, SELEXSORB CDX,
AND SELEXSORB CD. These al umi nas are nDdlfled to inprove the sorption of
pol ar organics, and are conmmercially®available fromAl coa Industrial

Chem cals. The surface area of the sorbent is not critical, but

preferably is at least 10 n2/g in order to provide sufficient cont act

bet ween ©bgisoedeal uaidathesabpf b8 g8t.ER8ORE! D8 poef eskedxsokedi ment,
the sorbent has a surface area of from 100 n2/g to 900 nR/g. It is

pr ef er r €ePXf RNPhBEEBXBERB EHrt TEFBS pbupénas agfll modsfpedsEsl e;
however , %"H% %@% ghé%Bf: {:QSnDSEtgBﬁ.%gr&gEH?Fﬁ”Bé#gI %F@ pressure drop

t hr ough econes " too |ar es also are

di fficul totwereialbyi avahtabler beotm BeédoaThedpattial eShemychare
substantially any form including, but not necessarily limted to,
spherical form tablet form cylindrical form nultilobed cylindri-cal

forms, and thehe SOFFEE08EEATJ-ROLLEVWsoEBHAL CE BaRbE. ckRtachlef Bueed
enbodlnent the particles have a dlaneter of from50 nesh to 6 nm

pr ef er abPyebesa is/ap ieeaf 16tLﬂBrﬁﬁ(qu§¥|ﬁQﬂBr0Yk¢ﬁ preferably 0.8
T TehER Rl HOSCRE bELRRChS IR pREbLbE by hA SULEY o 1 enotns
preferabéyréamn1Bnna1pne5eﬂnedlemhoﬁiméntredhenboﬂbennthasha sorbent is
an 20 ngﬁg géé area of from 100 m’/g to 900 m’/g. It is preferred

for the sorbent particles to be as small as possible;

however, if the size of the particles is toc small, the

pressure drop through the bed becomes too large. Very

small particles also are difficult to retain in the

sorbent bed. The particles may have substantially any

form, including, but not necessarily limited to, spherical

form, tablet form, c¢ylindrical form, multilobed

cylindrical forms, and their corresponding hollow

counterparts. In a preferred embodiment, the particles

have a diameter of from 50 mesh to 6 mm, preferably 0.8 mm

(1/32 inch) to 1.6 mm (1/16 inch), most preferably 0.8 mm.

The length of the particles is not critical, with suitable

lengths including, but not necessarily limited to less

than about 10 mm, preferably from 3 mm to 5 mm.

In a preferred embodiment, the sorbent is an



.7 al'umina extrudate which is extruded as a paste using an acidi ¢ 0o#CT 2004
neutral alum na powder. The "paste " is extruded or otherw se noul ded
into a nultilobed cylindrical form he resulting nmaterial preferably is
dried at tenperatures of at least 100 C and calcined at 500 C or nore in
the presence of flowing air in a nuffle furnace or purged high
tenperature air drier or rotary calciner. Preferably, the olefin

f eedst ocklumiganeactadate whechl iquedtpbhdesd an a paacki apimgnanwi th the
sorbent used.in the Ere eni invention at effective process condjtjons to
reduce tAGIebht@ht B ﬁﬁisa BRi82 cBAYEF AT nah?rrpmﬁ%s i qu%%%stock,

i.e. an gffeehivgiLENRSLAREACinPEEaSHECLi18BEaLERYihkiauhd HBYRl Y Space
Velocity). A preferred enbodinent of a reactor systemfor the process is

an upf|8heoregohninguwnateedabedreéacably Aa dpiedvarehemperpsurppeferred
for bettge wptiing ofobhecsorhept RedoqThe 5hGToEr afupg, gmphoyad may

vary. AlThough ™ not Iimte 0 a partrcu enpératuré; "best résults
wi |l be pbtaened of flbeipgoaessihsacmadtéedunhatenper pivged highrom 0 C
to 100 Cuwgéeferabl%,fron110 Cto 50 C Thesgressures may vary over a

b

range i nePTRPHICBEE AdY FFriPtedTt BORBTBgEALBURST pressures and pressures

In the range piefepabPdy0ltNBaciorinOrbBastbeRl ehCEEREaREEGSYRCLhE I N the
range of fromO0.1 MPa to 10 MPa. Pressures outside the stated ranges may

be usedlid@didrehase érchudedctiom ehreswopb bhet ferbessensedi hventi on.

The | eedat ol amtoF1 08 8he Bkl dp (2RSS Ol | AUbdosOURLY ¢ 3BREC YS! 0T Ui €5

reduce the content of phosphorus-containing impurities 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
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
100 °C, preferably from 10 °C to 50 °C The pressures may
vary over a range including but not limited to autogeneous
pressures and pressureg 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 ranges may be
used and are not excluded from the scope of the present
invention.

The feedstock may flow at a wide range of liquid
hourly space velocities (LHSV), defined as liquid feed



2'0 «OCT 2004 WD 01/ 85653 PCT/ EPO1/05181 8 per hour per vol ume of £00CT2004
‘sor bent . m@1,$k§v is calculated as follows: Volune of ol ebiiygpenisasNi N
feed x -1 Volune of sorbent hr 5 The | ower the LHSV, the greater wll be
the reduction in content of phosphorus-containing inpurities in the
feedstock. T \/ gener o] hr r r ably
fromO0.1 hr Tﬁ?%}gép% giab#%u&grégegéngﬁgontF%ﬁegH%Q l% Egﬁlo gfgi
10 sufficientzdorgchbpye a deS|red reduction in the content of
phosphor us-cont ai ni ng |npur|t|es in the olefin stream The content of
phosphor us- cont ai . &edugﬁd to 1 ppmor |ess,
nost preferably } [ e time may vary 15
fromtenths of sé@@hdmetofasnuhbet of hours The reabmlon cycle tinme is
| argely determned by the reaction tenperature, the pressure, the
sorbeng sel ectied, 16her thguidshouthy spaatevekdlilt pe &hé trheludesioredin
reduction in content of phosphorus-containing inpurities. 20 At some
poi nt, the sordepenbecdnpbosaborusegonindnipgs tMparitdeseriat édie The
sorbent may be regenerated by exposing the sorbent to re neratlon
conditions chepdsepal. anThryhERVca/narALAYy éﬁn§§9ﬁeﬁe0ét%§h lefticedtq ve
tenperature, preferably from200 Cto 550 C, .25 nore preferably from 450

Cto 600 C. Surtabl epor§geablyofiremniong bﬁno&pﬁ@réshﬁhcl de, but are not
necessarily

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

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

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

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

30 the remainder being nitrogen. After exposure to these



limted to, air, oxygen gas, and a combination of oxygen gas mnt% OCT 2004
n|trogen gas. A preferred gas is a commercially avail abl e conbi nati on
conpri sing about 1% oxygen, with 30 the remai nder being nitrogen. After
exposure to these 20 OCT 2004 9 increased tenperatures for a period of
time of fromO0.5 hour to 100 hours, the bed is cooled to at |east 100 C
and preferably to 25 C, or anbient tenperature, in order to avoid

over heat i NGr&pO8dA I Eemperd baresotod heﬁeksoaucgedlmeﬁbﬁ ﬁfbmogeﬁ or air
before reuse in the grocess Ten regenerati gn cy clei under %
condi t i oAQURate bRRNNCUKEBwnthE BEBduEecRBl F8sECi AtsofBEht 88pa Fty. Sone

slight Lpgsp f@fé?éﬁf ttsa@§6b&y ¥esamBeBnbegbRpbrdratter ih0order
regeneratlon cycles. Typical olefin feedstocks conprise from 100 ppmto

2000 ppntdiavesdt buerheating UDmerreheeefThelen@&edfbedkésepurged

|soner|zat talysts. The ents d.in I nvention are
useful 98t @o?b?ﬁag§FeﬁﬁsafFoﬁggﬁre Fee §t%8aﬁ%gbgfﬁégggore and after the
olefin fr@ﬂsf@g&neeaﬂiaﬁtayemesskﬁaetathesenecnaatnonscaaaéybéenln a

preferred enbodi nent, the sorbent used jn the present |nveni maybe
used to SBPMNJFeNRXORNEH NAi LPEF sNePPAPSRErER CBEYoréo@Sn? ﬁnth t he

| Somer | Z8bLenAokakuShe | DapRUULYT B! cLAVBEGBANIRG RERSBNORUS content of

the olefin stream Su stanhti a the sorbents listed herein nmay
be used fegenhrstpunpogelea preferred sorbent for renoving dienes is

alumna. G5 tp G368, 0181k} PEYGBYRL Eh¥pRlstSEom' 16bUEEATL,
2000 ppm dienes that tend to lower the efficiency of
skeletal isomerization catalysts. The sorbents used in the
present invention are useful for sorbing dienes from the
feedstream, both before and after the oclefin feedstock
contacts the skeletal isomerization catalyst. In a
preferred embodiment, the sorbent used in the present
invention may be used to sorb dienes from initial olefin
streams before contact with the isomerization catalyst in
addition to lowering the phosphorus content of the olefin
stream. Substantially all of the sorbents listed herein
may be used for this purpose. A preferred sorbent for
removing dienes is alumina.

C, to C,, olefins have a variety of uses, including,
but not necessarily limited to, uses in paper processing,
drilling fluids, and machine or metal working. In a
preferred embodiment, the olefin feedstock is converted to
branched primary alcohols in the process described in US-
A-5849960. Most preferably, the olefin feedstock is
treated before the olefins are fed to a skeletal

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



but not necessarily limted to, uses in paper processing, drilli%aﬂmmEM
‘fluids, and machine or nmetal working. In a preferred enmbodi nent, the
olefin feedstock is converted to branched primary alcohols in t he
process described in US- A-5849960. Nt¥st preferably, the olefin feedstock
is treated before the olefins are fed to a skeletal isonerization

catal yst, as described in US-A-5849960. A 2 0 OCT 2004 10 preferred

skel et al réﬂéﬁfedaékQMeealahséme£@EausenlaatamyauncbrOﬁsanﬁh t he present
|nvent|on is a hydrogen ferrierite cataly as described in

US-A-SSIGQGBumﬁtbQBrE¥EFrEHeeﬁﬁﬁﬁﬁﬁEn%nV?ﬁElgﬂeF§télhy FegfBri zed _
mﬂmS%ﬁww%%&wgwag%%%&@%%ﬂAww%WMSlmwmm

noni onic, anionic, catio anphoteric surfactants, with a degree
of branching Dh atprégesred. embﬁﬁemSRELetEEIykeﬁeheiizedsgmetuﬁgdserve as

a surfac%ag internediate §pgc ifical g B eletall¥ i sonerized
ol efins %ef %n%safﬂecﬂQH?BBﬁ @ ABYe? 8f FH% EaP¥Ectant . nol ecul e,
whi | e t hgupphetanedfedntdulggohehibnidyr bigohhe, ceavesaien pracess
serves as the hydrophile. The present invention will be better

under st oRBPRPE AT 1¢ cFEF EAEEARES hW1EDI PodAPAGSEXAFPPEANCEXARPLE RENECDENE
16 contai glgg 22 ppfhggggﬁﬂggﬁi1¥a§58hé9§9ean01 £hA5 wbkDelhg gorbents in

the follow ng table an termttentl y a f shaker over
a per|odsuffastahbunstarmeéi&teg aphceﬁecehmyblbhatsbﬁleﬁhéINEODENE to
sor bent ¥§é erlég IO %n%ogéréétgg gﬁgih§8£géhgﬂictmgiety of the
gurfactant molecule, while the moiety added to the olefin
during the conversion process serves as the hydrophile.
The present invention will be better understood with

reference to the following examples.

EXAMPLE I

NEODENE 16 containing 22 ppm phosphorus was placed in
a jar with the sgorbents in the following table and shaken
intermittently by a flat bed shaker over a period of 15
hours at 23 °C to achieve equilibration. The NECDENE to
sorbent weight ratio was 100. After equilibration, the
NEODENE was separated from the sorbent and analyzed for
phosphorus using inductively coupled plasma (ICPO). P
loadings on the sorbents were calculated from the change
in the P content of NEODENE due to eguilibration with the

sorbents. The results are given in the following Table:



NEODENE was

separated fromthe sorbent and anal yzed for phOSphOIZLpSUWSm%

Cinducti vedoyopssgsd ed plasma (1 CPO. P | oadings on the sordgameryineis

cal cul ated f

romthe change in the Picontent of NEODENE due to

equilibration with the sorbents The results are gi ven in the follow ng

Tabl e: \/D 01! Uv653 11 [~ V \J I A Ao ) A\ N I_I:)rw’I I n 1 Qfl.l‘ hﬁnf E““I I I I"\.l'l m
P (ppn) P | oddi ng (ﬁ%& sor bent q@é%ié&src%“ﬁoag 15a9R%s Q08
CDX2. 90. 19 SELEXSORB CD4.20.18 ALUM NA 24033-13 AL*pO. 16 i&f%ﬁ 24033F 13
40. 18 NEUTRAC*SET B0 - ACOMIN ABA- 6000
60. 16 BASI C** ALUM NA A13A-6000 5.50.17 NEUTRAL*t* *150 nesh acidic
al um na from Al dBEGEX SORENCEE] . **Neutral alumnga from A dirg ch.
SELEXSORB CD a.2 0.18
ALUMINA 24033-13 AL* 6 0.16
ALUMINA 24033-13 ]
NEUTRAL** 4 0.18
ALUMINA ABA-6000 3.8 "~ 0.18
ACIDIC***
ALUMINA ABA-6000
BASIC**x 6 0.16
ALUMINA ABR-6000
NEUTRAL*** 5.5 0.17

10

15

*150 mesh acidic alumina from Aldrich Chemical Co.

**Neutral alumina from Aldrich.

***aAluminas obtained from Selecto Scientific.
21l of the sorbents were effective to remove phosphorus
from the feed; with the more acidic sorbents being
slightly more effective.
EXAMPLE I1

The procedures of Example I were repeated using
different sorbents using a feed containing 18 ppm P with

the following results:

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

The sorbent was effective to remove phosphorus from the
feed.
EXAMPLE TIIX

The procedures of Example I were repeated using the
following sorbent and a feed containing 16.8 ppm P with

the following results:



F**Alum nas obtained from Selecto Scientific. 5 All of the sorbe?@ il
effective to renove phosphorus fromthe feed, with the nore acidic
sorbents being slightly nore effective. EXAMPLE 11 The procedures of
Example | were repeated using 10 difflérent sorbents using a feed
containing 18 ppmP with the follow ng results: SorbentEquilibriumP
(ppm P |l oading (g/ 100 g sorbent) BARNABEY SE carbon70.11 The sorbent was
effective to renmove phosphorus fromthe feed. 15 EXAMPLE Il The
procedur[es of Exanplie I were repeat ed I Ng_TNe ' oW _Ng sorbent._ an
feed cort ai ni ng IFZEFpm P wi t F%%“ﬂ'iFr "hd’ res%l@?? 90CP/2084 %1
Sor bent Hqui |'i brium PP | oadi ng (g/ 100 gggapnm sor bepnt) SElsbBEEent)

. NA Thé sorpent was|effeciive. to renove
phosphorjus FLEmeh T "EXAMPLE |V 'slahe9 proceduf es of E:/?arjfﬁle I wer
repeat eq USINEUTEARL ALUMINANg $orbents and a feed|containing 16.4 ppm P
with the folTowng results: SorbentEquilibriumP

a

N L

1%

The sorbent was effective to remove phosphorus from the
feed.

EXAMPLE IV
The procedures of Example I were repeated using the

following sorbents and a feed containing 16.4 ppm P with
the following results:

Sorbent Equilibrium P P loading (g/100 g
(ppm) sorbent)
MOLECULAR SIEVES 5A 14.6 0.02
ZSM-5 (Si/Al=40) 12.5 0.04
ZEOLCON 200H 10.6 0.06

The results demonstrate that the foregoing sorbents are

effective to remove phosphorus from the feed.

EXAMPLE V

The procedures of Example I were repeated using the
following sorbents, a feed containing 24 ppm P, and
varying the NECDENE to scrbent weight ratio, as indicated,
with the following results:

Sorbent NEODENE to Equilibrium P P loading
sorbent weight {ppm) (g/100 g
ratio sorbent)
ZEQLITE USY-H 100 10.9 0.13
form
ZEOLITE USY-H 200 16.1 0.16
form




P 1 oading (g/100 g (ppm) sorbent) MOLECULAR Sl EVES 5A14.60. 02 zsw 2 0 0CT 2004
"(Si/ Al =40)12.50.04 ZEOLON 200H10. 60.06 The results denonstrate that the
foregoi ng sorbents are effective to_renove phosphorus fromthe feed.
EXAMPLE V The procedures of Exanple t3wer e repeated using the follow ng
sorbents, a feed containing 24 ppmP, and varying the NECDENE to sorbent

A=A A/ | wouUur U OUT OO TTU T O

wei ght rati-o—as—indicated—wththe-fpHoewng+esultsi—SerbentNECBENE

t oEqui | || @EQLDTRP Us¥ad g sor bawo wei ght ppr’r)(g/ual(ﬁlo g ra{i osortbdrit)

ZECLI TE

USY—E%Q 0.90. 13 form ZEOLI TE USY- H20016. 10. 16 form 20 OCT 20p4
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EXAMPLE VI
A series of tests were performed to illustrate the

nature of the present invention and its impact on skeletal
isomerization of detergent range olefins.

A. Preparation of Treated Feed

A glass column with an inner diameter of 50mm was
packed with 150 mesh neutral, activated aluminium oxide
{Brockmann I) cbtained from Aldrich Chemical Company to
produce a bed 400 mm in length. 20 litres of a mixture of
primarily linear C,,,, olefins, obtained from and
commercially available from Shell Chemical Company, was
passed through the packed bed at a weight hourly space
velocity of 0.5 per hour and the liquid effluent was
collected in a container purged with nitrogen. The diene
content of the mixed C,,-C,, olefins was reduced from 270
ppm to 20 ppm in the process.
B. Preparation of Skeletal Isomerization Catalyst

A catalyst was prepared in accordance with example C
of US-A-5510306, reproduced in part herein for



20 0L] 2004

A. Preparation of Treated Feed A glass columm with an inner dianeter
‘50mm was w@arssess wi t h 150 nesh neutral, activated al um ni paTEPILESISI
(Brockmann 1) obtained fromAldrich @mem cal Conpany to produce a bed
400 mMmin length. 20 litres of a mxture of primarily |linear Cl4_19

ol efins, obtaiRgd di@RENd GO Al Ve el d 2l & ﬁé@fﬂg??hglrho@fm cal
Conpany, was passed through the packed bed at a wei ght hourly space
vel ocity of 0.85lpera hauralamtirisherdtdiguicf efX¥{uend swsfacol dect edf i Rea
contai ner purged with nitrogen. The diene content of the m xed Cl4-Cl19

ol efins was r EENAGE MGHeERPeHEHa® T Bfprm i - Al p? okeds. cgntent of

= ti f | et al i zat i tal yst A catal d i
nobr dance w o R HRE PO T BRI, AR SG L | b hed (DREY SPR Bor
20 CCT 52004 \’\i@foﬂz%"tﬁﬁ%éﬂﬂsﬁigr{@%@k G ICOAVAIL €PC61 1 0. Th

g talyst
ammoniumferrierite having a nol ar sﬁ}lca to alitmna ratio o %3:?,Ya

surface area elorjftherfiaferamainlledaisigidin (IRiftastr G3)x @ubdbda, cophent
of 480 ppm and n-hexane sorption capacity of 7.%ag per 100 g 5 of
zeolite was ugad lesd tdnd ettt ivafeaidl] twas Bt veded yesing ovponént® wer e

mul | ed usi ng Lancaster. mx nuller. .The | | ed catal yst material was
ext ruded usin&%;a§'ﬂQ§%)(gﬁﬁﬁpqrﬁﬁﬁ ?ﬁ??%é??el extruder. The
catal yst was prepawgg ' L.oht cetl Cc. aci wei ght
percent citric acid. ;ﬁgg%ggﬁgﬁﬁiglQ#%?é%%QI#Q%EQ ?oggégﬁng%Pgﬁétgrans

of 10 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 , purchased from Vista Chemical of Houston,
Texas, (LOI of 25.7%). The alumina was blenrded with the

15 ferrierite for 5 minutes during which time 152
milliilitres of de-lonized 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 order to peptize the alumina. The

20 mixture was mulled for 10 minutes. 0.20 grams of
tetraammine palladium nitrate in 153 grams of de-ionized
water were then added slowly as the mixture was mulled
for a period of 5 additional minutes. Ten grams of
METHOCEL F4M, purchased from Dow Chemical Company of

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

30 - using a die plate with 1.6 mm (1/16 inch) holes.
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ammoniumferrierite 45.4% LA) and 91 grans of CATAPAL D al um na z, 0CT 2004

purchased®pu#ieM st a Chemi cal of Houston, Texas, (LO of BSr/Eprosire
al um na was blended with the 15 fernferite for 5 mnutes during which
time 152 millilitres of de-ionized water was added. A m xture of 6.8

granms gl aci al aceti® aci d,«+7. u%’é’%%f It i .. 1 LI lilitres
of de-ionized wat elrlﬁ\?/agdoggéeggc&q(r) y € t(ﬁrtﬁ; tqrr_ﬁ']%lcé{r}lle?gpd%% 'nge epti ze

the al um na. THeet2d moxheve aaForld edurey, adTithe eempRrdQ udHea ki sOf
tetraamm ne palladiumnitrate in 153 granms of de-ionized water were then
added sl owl y &demhdngreased wes 1P 1°€d forod dopersi.od fdfer5 dagdingi, o e

m nutes. Ten grans of MET L FAM purchased from Dow Chem cal Conpany
of 25 Mdl and,%xlﬂr&ﬂia&&ﬁ, R gyf%@&pma%?ﬁ I'cét'ltl"leuleé'gfé‘-\ﬁéé'—esaé}'&é“& and the

zeolit%/al um 1 .'ﬁte re Wa él e%-f rtlg ddi ional__ m nutes. The
extrusion m X a?lanldL%Irl o?oq}i =5 ol’Prr?e (5): 10 Ctzeori tté”/Oalrﬂlu%#irﬁa m xt ure was
-transferred the,5,7 2.25_1i.nch). Bonnot. extruder d .extruded 30
using o die piate SIERCTST FePRFiaatAch) CHaPs  ras oiT 12064 L -0B §1/ 85653
PCT/ PP01/ 05181 15 ER@1Riaal i@¢ncsdatas oMl Y nflkiid BHran 194, heat ed
to 150 C for 2 hours, and the tenperature was then increaseéL {0 175 C
for 4 hours. Afrfeatedr ¥ijngCitdheleHitrsudaites naer easr eemumdahisy ngl 2
extrudates were 5 calcined in flowng air at 500 C for two hours. C.
Skel et al | sonmeiliefdti dedueirmigatrieat etaered .f r @msAaiTkelsi @t dedomRibezat i On
of the m xture of alum na
, 10 25.4 mm OD, 15 mm ID and 685 mm long was used to contain
the catalyst. One end of the 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
15 of 150 mm with 20 mesh silicon carbide, and then a small
plug of glass wool was added above the 5iC. 6.00 grams
of the catalyst described above was admixed with 45 grams
of 60-80 mesh SiC and added in three parts to distribute
it evenly inside the reactor tube.
20 Another piece of glass wool was added and the
""" remaining volume of the reactor 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
25 to allow the temperature above, below, and inside the
catalyst bed to be monitored. The reactor tube then was
installed inside an electric furnace. Connections were

made at the top of the reactor teo allow nitrogen and the

olefin to be passed through the reactor. The bottom of



treated Cl4-Cl9 ol efins obtained was conducted using an ol efin 20 0CT 2004
‘i sonmeri zavoonsienct or. A stainless steel tube, 10 25.4 mmpORERbEoesmw | D
and 685 mm |l ong was used to contain ibhe catal yst. One end of the tube
was screwed into a stainless steel head equi pped with a thernowell which

extended up t f e e.tube e Lt I
pl ug of glas;h%%gﬁgééﬁ%ﬁ ?%%I%éHggcggaeB%hQ1gwg?e%§ggngp%i hgﬁgdﬁggh
silicon car biglsl)lengi bhegyatsial | plug of glass wool was added above the
SiC. 6.00 granms of the catal yst descri bed above was adm xed with 45
granms, of 60-80 ne¥htSpgemnat addedtencfhfediparesper HoRLT whst pasistd

evenly inside the reactor tube. 20 Another piece of gl ass wool was added
and the rensfM PR OFarersRCEAE WEQE?thFuﬁétﬁggsFig?@dwﬂ?tHEZGeﬁesﬁCSiC

t opped: by a figal,pi o) I ube >rewed i nt g, anot her
stai nl ess sté% hégdggﬁﬁ % g%ﬁ???g@?n? %EgF%ﬁcoﬁpF@§ﬁ§§eiﬁ?e?ﬂé& iLft o t he
t hermowel | 25 o] at ur ove, ,bel nd_i nside the

catal yst bed ?%g%gé%bﬁﬁ%%g%%gggﬁé %gag %El¥§bé ﬁwgghwgéenﬁnngﬁﬁgﬁ Fﬁéide
an el ectric fagnaes) , GeaveshigBg w8 eneNBdgcabrt B LOPaBE biegheactor to
al I ow ni trogen and the olefin to be passed t hrough the reactor. The
bott om of 20 §Xam200&r NEnD)/ 8555BeBCIHEROL/ @521B1the theomgagt i twagen
connected to a condenser and a product collection system N trogen at a

rate of 6 |it3ed Peenhpresodsthrcyel thar sagplyse Pedct oPuwhinBe thige

Catal¥§t bed ¥@§tﬂ&§t€ﬁet9n1et pressure was held at 11.0 kPa g (1.6

psig) while the outlet pressure of the reactor waé
maintained at 6.9 kPa g (1.0 psig}. The liquid product
was collécted in a 19L (5 gallon) vessel while the
uncondensed gas was passed through a gas meter. Sampling
15 ports incorporated in the reactor allowed 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 Table below.

Feedstock Untreated Alumina Selectively
- Mixture of Treated - Hydrogenated
Linear Cy4- C14-C19 Cy14-C19 Olefins
C1g9 Olefins |Olefins
Diene 270 20 160
Content
% Branching In Liquid Product
Time on
Stream, Hr.
18 82 94 53
42 77 83 82
70 64 92 80
91 54 .91 88
114 48 50 85
135 43 88 82

20



5 290 C over a period of 2 hours. A mxture of Cl4-Cl19 ol efins, prlep%rc?%m
‘as in Sesxdongshsyw th diene content of 20 ppm), was punpEck/EEiioks1

" reactor at a rate of 60.0 grans perthour, allowed to mx with the

incom ng nitrogen and then passed through the catal yst bed. During the

10 testing  hgyinl gl pressyceuasubely sholladnkPR Ba (B, Be o0 |

the outlet préssure o reactor-was naintarned a .0
psig). The |iQ§J%HiP£9QﬂEly Waghées! hesheehénddeddt (Orgakhipsy ¥ESHER Wpile
the wuncondensed gas was passed through a gas neter. Sanpling .15 poris

i ncor por at ed pasthgerefctbe @}l olled chefinqutbdrangh gmsapuoilnetbefio be
anal yzed reqgularly. The products were analyzed by gas chronmat ography.
The results of the testing are presented in the Table bel ow. Untreated
Allum na Sel ectively FeedstockM xture of Treated Hydrogenated Li near Cl4-
Cl4-Cl19 Cl14-C19 A efins C19 AefinsAefins D ene 27020160 Content %
-Branching In Liquid Product Tinme on



 Stream Hr. 18829493 42779392 70649290 91549188 114489085 135438882 (120 200
OCT 2004 WO 01/856-53 PCT/ EP01/05181 17 The |evel of branching in the
i someri zed product was significantly higher when the dienes were first
sorbed by passage of the Cl4-Cl19 oléﬁins t hrough an alum na bed. 2 0 OCT
2004 18 CLAIMS 1. A process of making a branched primary al-cohol
conposition, conprising: contacting an olefin feed conprising a content
of phosphorus-containing inpuritiesagMsh a sorbent selected fromthe
group consisting of an acidic zeolite, an acidic alumna, a neutral
alum na and an activated carbon, under conditions and for a tine

effective to perpiles8i 9 SRAREAY alBraREHES SAIMafPNAEEENOL

phosphorué-contalnlng impuritieS and to produce a purified olefin feed;
cont act i oompes Ut pom | fcenpoieing:feed with a skeletal isonerization

catalyst undeéoggggéEﬁgngneéigfiﬁvfeég ¥é$ﬁgising a content of

phosphorus-containing impurities with a sorbent selected
from the group consisting of an acidic zeolite, an acidic
alumina, a neutral alumina and an activated carbon, under
conditions and for a time effective to permit said sorbent
to reduce said content of phosphorus-containing 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.

2, The process of claim 1 wherein said sorbent is
selected from the group consisting of an acidic alumina

and a neutral alumina.

3. The process of claim 1 or 2 wherein said olefin feed
comprises primarily olefins having at least 6 carbon

atoms,.

4, The process of any one of the preceding claims

further comprising regenerating said sorbent.

5. The process of claim 4 wherein said regenerating
comprises exposing said sorbent to regeneration conditions
compriging a quantity of oxygen and a temperature

effective to regenerate said sorbent.



skeketally isonerized ol efins; and converting said skeletally is%RéMHZQE
olefins into said primary al cohol conposition. 2. The process of claim1l
wherein said sorbent is selected froglthe group consisting of an acidic
alunina and a neutral alunina. 3. TH process of claim1 or 2 wherein
said olefin feed conprises primarily olefins having at |east 6 carbon
atons. 4. The process of any one of the preceding clainms further
conpri si@g reﬂﬂ@epﬁbbégssafdaﬁprbﬁétofSththracedeﬁg olathai, m 4 wherein
sai d regenerating H?FISES exp05|ng said sorbent to regenera ion
condltloﬂger%bﬂpﬁﬁéﬁn@ af fhafeeeyIBFtBRY gEAMBRYSESt BnpBREFTFe tef fecti ve
to regenglahgs ?ﬁ& éQiQeQ&rbzﬂt%daQQé 4918 cdheeRE06ESEa9H any one of
the preceding clalnms, wherein said olefin feed further conprises a
content dfenesenes and said sorbent reduces said content of said dienes.
7. The process of any one of clainms 2 to 6 wherein said converting
conpri ses hydrofornylating said skeletally isonerized ol efins.

7. The process of any one of claims 2 to 6 wherein said

converting comprises hydroformylating said skeletally

igsomerized olefins.



