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FEEDSTOCKWBi0eB3658f - t he- | nventi on The present invention pBETEPARIRES a
process of renoving dienes froman olefin feedstock. A preferred olefin
feedstock is for the production of primary alcohol 5 conpositions by
skel etal isonerization of the olefins followed by hydrofornylation. The
olefin feedstock may be purified before and/or after skel etal

i someri zation. The olefins in the feedstock preferably have a carbon
chain length of 8 to 36REENBORENSYR FROM{IAN AN.EFEN FERRERFTACK 10 car bon
atons, nore preferably 10 to 20 carbon atons, nost preferably 12 to 18
carbon atons. Background of the Invention Al cohols of |ong chain ol efins
havi ng 10 to 2BeQ@ AN that grtdM@nconsi derabl e comerci al inportance in
a 15 variety of applications, including detergents, soaps, surfactants,
and freeze point Jdgr present iimvienbipvavemgaiosl o Fhpsecebsokdl s are
produced by a nunber of_, commercial prgcesses, such as by oxo or

hydr of or myl at F&MOVIRY SHETERAtTOB 80 Reetppitesrstarier cPaPreisraetabl e

20 |l ong chain_gl ol the :NE r al_gohaol. vai,l_abl
from Shel | Chfa:’%ecarﬁ r{r%ras%? Jkt H‘g %E%%t ?g%g%%%j{‘) Ogl E’%ﬁ%\aﬁ a\%alicﬁgﬁ)ﬁe
from Bxxon Che@rlsiCamanby dkéldle LlbAnetlizada oipidf) talCeN@Sns
avai l abl e from Enichem |In the manufacture of the NEODOL al cohols, a 25
pr edom nant | y floldesredlbef iy dreddrny lathjonct e @hieo ollmfdro ferdgtaticdko malyy
reacting carbon nonoxi de and hydrogen on to the olefin in the presence
of an oxo cat #eyFunidipd be€prrpoend/w afreseskepetegrdsomsrazation.

The olefins in the feedstock preferably have a carbon

chain length of 8 to 36 carbon atoms, preferably at least
10 10 carbon atoms, more preferably 10 to 20 carbon atoms,
most preferably 12 to 18 carbon atoms.
Bac und of the Inventio
Alcochols of long chain olefins having 10 to 28 carbon
atoms have considerable commercial importance in a
15 variety of applications, including detergents, soaps,
surfactants, and freeze point depressants in lubricating
oils. These alcochols are produced by a number of
commercial processes, such as by oxo or hydroformylation
of long chain olefins. Typical commercially available
20 long chain alcohols are the NEODOL (trade mark) alcochols
available from Shell Chemical Company, the EXXAL (trade
mark) alcohols available from Exxon Chemical Company, and
the LIAL: (trade mark) alcohols available from Enichem.
In the manufacture of the NEODCL alcohols, a
25 predominantly linear olefin feed is subjected to
hydroformylation by reacting carbon monoxide and hydrogen

on to the olefin in the presence of an oxo catalyst to



2 ferman alcohol. Over 80% of the al cohol nolecules in the reéélpph@nﬁ

al cohol am@ éiig3gsy prinmary al cohols. OF the branched prineeyepdi@sisl s in
the conposition, nost, if not all, ofz the branching is on the C2 carbon
atom5 relative to the hydr oxyl bearlng carbon atom These al cohols

subsequent |y cAdrReafORVEsHEY .1 0028L0AbE 8f tRENLPARbLREoTChST genhe Fn
general surfactants by sulphonatlon or ethoxylation of the al coﬁo or

by conversionthé tésuatingohltohai ateohmheerhpxymutphaleothsTheOEEC[KL
al cohol's are conmercially successful internmediates to the production of
det ergents. %herbégaﬂhedrprhmgryu@éegbohﬁd@ubtbal9omﬁoshanonhemms©D0L

| cohol h h | cohol
The sul phonat L 0RO bk BFcOHS! ETaREN1EY bR LOB] biBgrAdSBFECh A oThe
sul phonat es ofréisegbsdtéogge ﬁgpwﬁg BBGL$ng LBEBACLELACN TR SOAPS
used by consuners for washin T y are“released I'n t

envi ronment, t@ec@n@ﬂsf@ﬁbgaqﬁéﬁtaytaaﬁrbéebeﬁqeﬂtéthbhanﬂ&hu&abr
blodegradablllty is well recognized. 20 The highly linear NECDOL al cohols

have the advamageondt dehegpehesebrofebevdigsadfbetanys bywever, the

high degree of linearity of these al cohols al so |ncreases their
hydrophob|C|tysu%HE?%%919%cP€a§FH@xY%§FF°€oP§ hheeplcohol, or by

20l Ubl1 1] ot GESGIEX, c6OUF DIETL,CERKL oL bons, SoLLnlor cZRcgbinpagiensed.
to meegboth the ?h@dﬁﬁéﬁéﬁbhhbeo@QdaEQecéﬁhHPbihiYyQQM@EQQEEhl
standards are branched primary al cohols (and their sul phate
derivatives): imvenge8i&vesb6tcathenpabdnstibavofigdanedgeaver.agenaunber of
branches per nol ecul ar chain of at 19 OCT 2004 '
reason for this success undoubtedly is that the NEODOL
alcohols are economically produced with high yields of
linear alcohols. The sulphonates of linear alcochols are

15 more biodegradable than the sulphonates of branched long
chain alcohols. Since detergents and socaps used by
coﬁsumers for washing ultimately are released into the
environment, the need for surfactants or detergents with
maximal biodegradability is well recognized.

20 The highly lineax NEODOL alcchols have the advantage
of a high level of biodegradability; however, the high
degree of linearity of these alcohols also increases
their hydrophobicity, thereby decreasing their cold water
solubility/detergency. Government regulétions call for

25 both increased biodegradability and increased solubility.

Alcohols that have been found to meet both the
biodegradability and the solubility government standards
are branched primary alcchols (and their sulphate

derivatives): having 8 to 36 carbon atoms; having an

30 - average number of branches per molecular chain of at



-3 least 0. 7 (defined below); having less than 0. 5 atom % of 13.0CT 2004
quaternary carbon atons; and having at |east nethyl and ethyl branching.
These al cohols, as well as a nmethod for preparing them are described in
US- A- 5849960. The nethod basically i A¥dl ves contacting a feed conpri sing
| inear olefins having 7 to 35 carbon atons with a skel etal

| soneri zation catal yst, and converting the resulting skeletally

i soneri ze@dagltefd N7 t gdarsakdr Meadwr;anehethgr laesy thalrcohod , aposf & abf y by
hydrof ormyl ation. Unfortunately, olefin feedstreans have been found_ to
contai n SMNALEIPATIONEArEQB| ¥FOWF enddld DPENERIC AL | JRESH hBStRYtal3Rd ¢
perform f ROy glggonl ed tS,5aS as ot hos f

skel et al %:EZI ner | zat?lgn f g)ihg [ nsagﬁédﬁéty%bsgsusu‘g%l%or%sh%rglfgfl%ygl aﬁf)n.
Summary oireplaeingy ethénn Ere plesenibédvamt i B%-Zor 094 Ues0 a Mbehovetflaed

purifyin an ql.efin stream conprising: providing an olefin feedstock
wher ei n g’&isdcﬁﬁ&?’i ns TR €%in Q@E}D'bﬁ‘afgtelq}ﬁ)l eaCul%'ecghacf?{“Rléjr%Jtrrls o?PJfIIrl%an%-S to
36 carbor) e3tionE, Heatithd! ef i td eeffst agdeEaIPrdtsdniy aviptanta t yslodlechenes;

contacting said olefin feedstock with a hydrogenation catalyst that is
sensi ti véScoediigad isel soRrRGLYAE a gaRdf e EPTVESTHIMS| NP Ry drisfnl Bina

f eedst ock,,f | I : - ; éﬁ\gﬁﬁﬁ%dﬂfé%eﬁf £ohdye to
convert gkﬁé@gﬁlﬁf&%@eﬁﬁ% ggnleesﬂltq?)%oc?re%ji ns. e present | nv%nt i on)?al SO
provi des ad coridiqd Hrerf eralnliyf yaynduyadraflcefmiyil adtircgam conpri si ng: provi di ng
an olefin feedstoock wherein said_ol efins. have an_average nol.ecul.ar,_chain
length of froﬂ{nf@ﬁtél% Y9 d:iﬁfkaoafgeeds Yeams hive" Al V' F3tha® £§

contain at least some level of dienes. Dienes can lower the
catalytic performance of many commonly used catalysts, such
as those used for skeletal isomerization of olefins and
those used for hydroformylation.

Summary of the Invention

The present invention provides a method for purifying
an olefin stream comprising:

providing an olefin feedstock wherein said olefins have
an average molecular chain length of from 8 to 36 carbon
atoms, said olefin feedstock comprising a quantity of
dienes;

contacting said olefin feedstock with a hydrogenation
catalyst that is sensitive to diene poisoning and a gas feed
comprising hydrogen at a feedstock flow rate of 1 LHSV or
less and under conditions effective to convert a majority of
said dienes to olefins.

The present invention also provides a method for
purifying an olefin stream comprising:

providing an olefin feedstock wherein said clefins have

an average molecular chain length of from 10 to 20



WO 01/ 85655 PCT/ EP01/ 05183 4 carbon atons, said olefin feedstoc“<9[][:”[][“l

éonprisingogugggytity of dienes; contacting said olefin Péfﬂﬁﬁﬂ@ﬁsyﬁth a
hydrogenation catalyst that is sensijfive to diene poisoning in € 5

presence of a gas feed conprising an inert gas and from2 to 6 vol. o
hydrogen at a fesdsto k flow rate_of .1 EHSX or | ess under conditions
effective to EBAhVEF: @ Oﬁﬁroﬁﬁﬂg'oﬁﬁféai eeqPEREY COMBREFiRS. aTRBIaRtddent
invention furthen;ppayi.des a nethod for 10 purifying an ol efin stream
conpri si ng: prOV|é|ng an ol efin feedstock wherein said ol efins have an

average nol ecul arcehehethiendbhiaf oflle@ihlBet@sRB8ckaROR aah?E%o?%a%& n
aver age nunber of branches per nolecular chain of at |east 0.7, sal

ol efi n feedst cskatyspr itdiatg iz sesmsquanei ty diedeeped sondntadh rthesai d
olefin _feedstock with a fixed bed hydrogenation catalyst in the presence
of a gds feedPr@ERBFEsPAgaafasnéredyasmpRRdsinanen daestyers asy dsgen?
sai-d hydrogenatign_catal,yst conprising f.ro .0 . %to0 20.0.2 Ww_. $
pal | adi um on §Pu§1H ?'sé?%ygFﬁﬁlﬁaaﬁa i h§S Sg?&%fgggwéFégebelé|ﬁﬁ%¥(ﬂ

| ess, whereinogaidggl ghider E%%Qﬁkg%ﬁshé§£?FEk9W E3 eohieotol §asddilxpd

bed of 1 LHSV or |ess under conditions ective to convert a “mgjority

of sai d di enesft sadBetliesies2boDetlaifligg. Description of the Invention
Typical olefin feedstocks conprise from 100 to 2000 ppm dienes. The
present inventionTher paesento iaventiod fhothernpyiongdelsese ngitéoes fox;

nor e ecificall for sel C%Lvel converting t hese dienes to olefins
with 30 i ni nRREHESHRS: P OGP L SHEEAR, comprising:

providing an olefin feedstock wherein said olefins have
an average molecular chain length of from 10 to 20 carbon
atoms and an average number of branches per molecular
" chain 6f at least 0.7, said olefin feedstock comprising a
15 gquantity of dienes;
contacting said olefin feedstock with a fixed bed
hydrogenation catalyst in the presence of a gas feed
comprising an inert gas and from 2 to 6 vol. % hydrogen,
said hydrogenation catalyst comprising from 0.05 wt. % to

20 0.2 wt. % palladium on alumina, said alumina having a

surface area of 15 m?/g or less, wherein said olefin
feedstock has a flow rate through said fixed bed of 1
LHSV or less under conditions effective to convert a
majority of said dienes to olefins.
25 Detajled Dg scription of the Invention

Typical olefin feedstocks comprise from 100 to 2000
ppm dienes. The present invention pertains to a method
for removing these dienes or, more specifically, for
selectively converting these dienes to Qiefins with

30 minimal production of paraffins.



WO 01/85655 5 1 9 O C T 2004 PCT/ EPO1/ 05183 O efin feedst ocks fr o 0CT 2004
Subst ant i WO 41785655 source may be treated according to thePpTEERHESIS3
invention to renove dienes. The pres&nt invention is not limited to the
treatment of olefin feedstocks which are to be subjected S to skel etal

i someri zati on and/alreftim hiedrddtaraid atican subldmsentersl Iy efrar reeshrfoze detyocks
are olefin feedstocks which are to be subjected to skeletal

i someri zat i on Rehdyeratesd 4%Rﬁ¥ﬁ%ﬂ9nHQnﬁhﬂ1Rﬁ?%ﬂﬂﬁhﬂR¥Qﬂﬁﬂﬂﬂu§P[ﬁqmﬁww

al cohol s such,as thos roduced n _US- A-5649960. W.th res 10 the
process descriBe i t ﬁ%ﬁeésrﬁnt A B h 1§ é-éoatstlojéwtr%‘get% ':E‘Teeat ed to

renove or conV@Ilf: tq.t,fr{\gsof ebidery tfécé?fseccgfksafﬁﬂcﬁkffftt% bS WRY e@t{é#’l -

The nethod pre converts 60 w. %or nore of the dienes t

W t houts pr Odum@%m&éh%&ndﬁlz%m{ affd fsr td Shjdsfdhey utidd ed
ol efin stream conprises 40% of said quantity of dienes or |less and a
paraf fi n cont diewafen, mrefesmad If@e'a;:lsucmlm crare tol eftivonfredstadks méuuilr ed

sel ective conversion of dienes to oI one of the unsaturated 20
car bon- car bon %’?ﬁlo%oq?? "e"neéi Jé’cttq]veﬁf’m%*@‘elrﬁi‘? ﬁ% Vitg a

T AL VR O S S S s
(trickle flowgi@head Ocl?oé‘é'%d&%cﬁcid mmmgmw@él ONy £5h claés?éé@s td
the presence of a reduced hydrogen content reaction gas. Any suitable
IOM/achV|ty/rumﬁ1pmbems$vdegctrbed in that patent, the olefin
feedstock may be treated to remove or convert dienes
either before or after skeletal isomerization. The
method preferably converts 60 wt. % or more of the dienes
to olefins without producing more than 1 wt. % paraffins,
15 i.e. the purified olefin stream comprises 40% of said
quantity of dienes or less and a paraffin content of 1
wt. % or less.
In order to accomplish the required selective
conversion of dienes to olefins, one of the unsaturated
20 carbon-carbon bonds in the dienes is selectively
hydrogenated, leaving a monoolefin. The present
invention accomplishes this selective hydrogenation by
feeding the olefin feedstock at a relatively slow
{trickle flow) rate to a known, selective hydrogenation
25 catalyst in the presence of a reduced hydrogen content
reaction gas.
Any suitable low activity/high selectivity (or
“mild”) hydrogenation catalyst may be used. Suitable
catalysts typically comprise, on a suitable support, a

30 metal selected from Group 9, 10, or 11 of the Periodic



"m|d") hydrogenation catalyst may be used. Suitable catalysts typil€alily

conpri se sui tabl e support, a 30 netal selected fro 0, or
11 of thg"‘gglr’i?sé lc 1 9 OCT 2004 VO 01/ 85655 PCT/ EPOL/ 051&8@?@%&@90]:

the Elenents, F. Cotton et al. Advanced Inorganic Chemstry (Fifth Ed.

1998). Preferreg net%Is for use as a catalytic agent in the present
process are €8P1Ri Ofpfheakdeperntapst - pFetELELES pal-l ARVRACEE t her 5

alone or allo ] , . onbi Nati,QRS ereof . .The
reactivity ofxﬁﬁéﬁ%éggﬁg?F9#€§9%é(?g E%egg‘tggggﬁrevgg' F&EFQVWF§a&f
using | ess of sarmike ast bVeatBBYREcORgLRe IWPRAE! pRle JAAtUSIMGeR
reactive netal. Were palladiumis uSed as the catalytic agent, the 10
concentrati onCof Pal | adi, uemdnPa, smppor prieseimabiy0 PR3 lbad iuth,5 edtthe¥
preferably 0.05 to 0.2 wt. %_nore preferabl 0.2 wt. % Exanples of
sui t abPe supp®tPBef BF Fﬁté%’&tdal”}f:hcg\ﬁlzt &M, iC%m aad cembimas ipss

necessarily lpmted_to, alumnas,. 15 silicas, | ecul ar__sieves, .activated
car bon, aIun#ﬁ%E?PFCatgggl§$§F§§H&§Xn8ﬁp%§&bCEEFﬁ@E&I3WWh§?,rEdUCEd
preferably al ygi : S ; F re or, erials
are alum na aﬁglggPﬁég% %?é?g?%gSEQQ%Kbggﬁbgﬁégégu5&33 TE nﬂﬁgtgﬁﬁ%ace
area, and prehetabl pn2@hkavapbbem 2rt BySuRBng suUNkace rRAivA Metlal .
preferred catalyst for use In the present invention conprises palladium
on an al um naWbeppopallzldupatsl psedmay thersptadyytie mudinti,edhesi ng a

sui tahl e pronoter, such, as cEronhinl,bariun1or 25 | anthanium A preferred
promot@r is cRPBAFPIHFELIST PlePElredittnosnfr SUPERTY IS &HAP @5 0 '@ 2

w .

% 0.5 wt. %, preferably 0.05 to 0.2 wt. %, more preferably
0.2 wt. %.
Examples of suitable supports for the catalytic metal
include, but are not necessarily limited to, aluminas,
15 silicas, molecular sieves, activated carbon,
aluminosilicate clays, and amorphous silicoaluminas,
preferably alumina, silica and carbon. Most preferred

support materials are alumina and silica. Preferred
supports have up to 15 m2/g surface area, and preferably

20 have from 2 to 5 m?2/g surface area. A most preferred
catalyst for use in the present invention comprises
palladium on an alumina support.

The catalyst may or may not be modified using a
suitable promoter, such as chromium, barium or

25 lanthanium. A preferred promoter is chromium at a
preferred concentration of from 0.05 to 0.2 wt. %,
preferably 0.05 wt. %. Where chromium is used as a
promoter, other suitable additives which may be used at
from 0.05 to 0.25 wt%, preferably 0.05 wt%, include, but

30 are not necessarily limited to, Ba, La, Dy, Ce, Nb or Sm,



preferably 0.05 wt, % Wiere chromiumis used as a pronoter, othe8 0CT 2004
sui tabl e additives which may be used at from0.05 to 0.25 wt%
preferably 0.05 wt% include, but 30 are not necessarily limted to, Ba,
La, Dy, Ce, Nb or Sin, 19 OCT 2004 -777- preferably BA or La. A preferred
commercially available catalyst is K-8327, a palladiumon alum nium
catalyst available fromWC. Heraeus GrbH Catal yst Departnent PKT,

Her aeussipraFeaabldr 18aAD- 68450 Hanaupregernay. Sonpetrsiably, dWeilsbbédysts
preferably are used in a fixed bed trickle flow reactjon node at_|ow
feed floWatapysdond sof kndhidvary skiRdliafdie £ T REectCItaty st

el ati velyaliaagiexPeedh e . T REENERD GhH CEasd ke aBdpER metd! abip! 10
atrickle falow node woul d result 1 n nore ydrogehati on"and an
undesi r abley asugis tpraschect (1@t lof D iHanaw t@sgrmpmduct . The | onger the

feedstock is _exposed tq the_catalyst, the nore selective the process is
to the productiidiide iy x’nst.:ﬁefhicéa)éia;yﬁﬁi%ﬁ?§?¥§of¥u3r§t Y ow'gas

fl ow and rehed t Bed! evel clle hytragerebattibe raegéi ot gaw i Sekdn £ s,
preferably to 2 to 6 vol.% wth the remainder being an inert gas,

pr ef er abBprigoncogeh. ordlisarar skbkts 1nt He'q oAgEr Havd xpBREFe (D3the?
catal yst 2dliQed It '&%&ﬁré‘%iﬂg Eekkgbhe@hﬁy‘ﬁe RINTEH  chde

hi gher the conversi on “of enes, and the lower the yie of paraffins.
The reactdatalystdi inons ateicélet i féby ninbde Tweubdefrasuleedsnockors fed

(04 1e ! seikolhedch | e DOt YpRBRERaRYS obioh (LB EHRSS or

reacti on pRrRIFUMS MY behean?hraahcand TheNOlofigéti Cethe bfideqsebekably is

mai ntal n?src}jcpor.fﬁ:ldatégetl:gel (c):\élv’t:algrgrt?,l?i):zieg nlfg)la}e gs;[—:-](?eéi:jS.xgreMt::)%eg p(r200césos 21399
to the production of olefins. This is particularly true at a
low gas flow and when the level of hydrogen in the reaction
gas is 1limited, preferably to 2 to 6 wvol.%, with the
remainder being an inert gas, preferably nitrogen. In other
words, the longer the exposure to the catalyst and to a
reaction gas having a limited hydrogen content, the higher
the conversion of dienes, and the 1lower the yield of
paraffins.

The reaction conditions are relatively mild. The olefin
feedstock is fed to the fixed bed at 1 liquid hourly space
velocity (LHSV) or less, preferably 0.5 LHSV or less, most
preferably 0.25 to 0.5 LHSV. The reaction pressure may be
ambient and is not critical, but preferably is maintained
relatively low, from 137.9 kPa g to 1.59 MPa g (20 to 230
psig), more preferably 137.9 kPa g to 1.38 MPa g (20 to 200
psig), most preferably 206.8 kPa g (30 psig). The reaction
temperature also preferably is relatively low, from 0°C

(32°F) to 100°C



psig)y, nore preferably 137.9 kPa g to 1.38 MPa g (20 to 200 psig)IgggLQMA

pr ef er abl - kPa g (30 psig). The reaction tenperatu
preferablwglolﬁg%rﬁa atively low, from oL (320F) to 1000C EE3’%@05§6304 WO

01/ 85655 PCT/ EP01/05183 8 (212F), preferably from26 C (80 F) to 490 C
1200 F), . bl y about 38 C (100.4 F). Wthout liniting. th
éresent)invgﬁ?éﬁgg?g?;§§e¥ﬁgﬁgﬂgu%5Pmnéé%aﬁiéﬁ#ofgichgﬁ? {E%(hg%ge )
reaction ti O%#LérQEE&SE?% tRogkVesthe Q#bb[ga,F re branched di enes
e

nore tine to di Into e catalyst so that noré of the branched

di enes are sel ectivvehyubydifgenayeghe AsrbBenthentenyebs 86 G@gction
Itsel f, al pha unsaturated bonds are known to be nore reactive than

i nternal unsaparhiedla® mbohdsispaofi subtarhy whenlohges berdsiemne time

conj ugated wth _a_second unsaturated bond. Because_of this, the non-
conj ugdt ed di efieBehi8VBE FevadVeotBBNPELEIEY  cBRIGgRFEHChEefdsNnesnd t he

mor e reactivemoﬁgnégggt%ge§3§%§g%?éﬁgﬁ Eggdgiﬁggggkeg d, %tg%ore o

preferential |l y"Rydrogend | eed pr oduceé y -any ﬁhnber

of techni queghEByrRBc-heBaHeEnacCakdi Be1keriNR 1R’ BSRARbgenAMRR, | ORs A
already stated, the olefins in the feedstock hadve an average chain

| ength of 8 tbhd6coavhepiahoreacpiefiediabky fat allphst uhGatmr2( edaiaoms
atons, nost 20 preferably 12 to 18 carbon atons. C8 to C36 olef ins have
a variety of asesknpwsl tgi bg Perendveagtivssahaphy interned unFajsgated

or metal workin

e S et bk LR RCR Bongll B Bt e

skeletal ly 25,1 300BHZ GfsalrhREaSHEGAT PRAALGEE R £AlE! @lhe non- T
conjugated dienes are believed to convert to conjugated
dienes, and the more reactive, conjugated unsaturated
bond ig believed to be preferentially hydrogenated.

15 Olefin feedstocks produced by any number of

techniques may be treated according to the present
invention. As already stated, the olefins in the
feedstock have an average chain length of 8 to 36 carbon
atoms, ﬁreferably at least 10 to 20 carbon atoms, most

20 preferably 12 to 18 carbon atoms. Cg to C3g olefins have

a variety of uses, including Eut not necessarily limited
to uses in paper processing, drilling fluids, and machine
or metal working. In a preférred embodiment, the olefin
feedstock is either the stream to be skeletally

25 isomerized, or the stream produced by skeletal
isomerization in the method for producing the primary
alcohols described in US-A-5849960.

The skeletal isomerization catalyst contains a

zZeolite having at least one channel with a

30 crystallographic free channel diameter ranging from



I sonerization in the method for producing the primary al cohols dés%p%@w
in US-A- 582998855 The skel etal isomerization catalyst cont BEHWEPS0SH830 it e
havi ng at | east one channel with a 30%crystall ographic free channel

di ameter ranging from1l 9 OCT 2004 WD 01/85655 PCT/ EP01/ 05183 9 greater
than 4. 2A andgresserhahanh A.2Ameasiuledsathadom At enpeastived, ati thom
essentially no channel present which has a free channel dianeter which

i s greater thégmpexatuggi .t abitd sssientdaldyengesbrnbed pregensi whighs

US- A- 5849960. Exanples of zeol ites, includi | ecul | eves,  that
be used in thBap God3sss AR ERAMREET HIEMAPABRRAEEUEOMT Amand |

0.7 nm include: Ierita,: 1 RSTAY ; PO 41, FU-9, NU
10, NU-23, zs%tﬁf%fggﬁmﬂf%’?lf%g%,% ?5%%?,}3%8&/34@%%&% 2 0 50, ZSM 57,
SUZ- 4, sSUZ- AAsSiD3,8408E0L, MeARP1LL o¥eARQ13tesVEARQ)I4di nMEMR3@cllar
MeAPSO- 31, and MeAPSO 41, MAPSO 46, ELAPO 11, ELAPO 31, ELAPO- 41,
‘ELAPSO- 11, EEBARS®©:31 thatd RDARSOWED |1aukivet Processes: wlithe 2 obfefimetli t e,
hydr ogen form qf SH | bite, the nmagnesium or. 15 cal ciym form of nordenite

and part hei t e S*B&r &r-ed e gct s Taplg HES: Ui ng t he
of Zeol 1o S ETARIFE Pased by A N E AR R s T R SNy
But t er wor t h- Haignemryue 2Gdviid rav-sed ediM-2an, zb9025,paem-9%, Hwm-
prom nent structural features of ferrierite found by x-ray
cryst ald ogr apBw ,arZzs8¥pdi7al |SUZ-chargidd-sta ,n SMIS ,alDaF-1q- MeAlRCedlle MeBOaOr K
which are rou%q! y elli }ilcalMéAnPS%_%sls- Mse%CPtsioo—%'l E);% lM%iPOSfO—Slau].Ch zeolites
havi ng the ferPdireMa?® ‘ y , ’
| MeAPSQO-46, ELAPO-11, ELAPO-31, ELAPO-41, ELAPSO-11,

ELAPSO-31, and ELAPSO-41, laumontite, cancrinite,

offretite, hydrogen form of stilbite, the magnesium or

15 calcium form of mordenite and partheite.

Particularly preferred zeolites are those having the
ferrierite isotypic framework structure (or homeotypic).
See the Atlas of Zeolite Structure Types, by.W. M. Meier
and D. H. Olgon, published by Butterworth-Heinemann,

20 third revised editicn, 1992, page 9%8. The prominent
structural features of ferrierite found by x-ray
crystallography are parallel channels in the alumino-
silicate framework which are roughly elliptical in cross-
section. Examples of such zeolites having the ferrierite

25 isotypic framework structure include natural and
synthetic ferrierite (can be orthorhombic or monoclinic),
Sr-D, FU-9 (EP-B-0055529), ISI-6 (US-A-4578258), NU-23
(EP-A-0103981), ZSM-35 (US-A-4016245) and ZSM-38
(US-A-4375573). A preferred skeletal isomerization

30 catalyét for use in conjunction with the present



?5 | sotypic framework structure include natural and synthetic fer § SGT2a0
can be ic or nonoclinic), Sr-D, FU-9 (EP-B-00 : LSI-G
(US- A- 45%@@%489% 23 (EP- A—0103981)10 ZSM 35 (US- A- 40162%@?&%{50 38
(US--A-4375573). A preferred skeletal i sonerization 30 catal yst for use
in conjunction with the present. 19 0 C T 2004 WO 01/ 85655 PCT/ EPO / 05183
10 i nvention ABVEDRy@FodEn af EYiGregene feararyite gatadysti.bée described
US—A—5510306..E1ﬁ.g ts ljgmay occur prior to skeletal isonerization
and/ or prior to gdﬁo gﬁ@l tion in this 5 procedure. Hydroformylation is
atermused in theigpk temodanomay Beclheagkiod eb aRedkelhn with CO and
H2 to produce an al dehyde/ al cohol which has one nore carbon atomthen
the reactant okefierizhtdgueatidyort beiber mo hydrofermylatiian iis whid zed
to cover the aldehyde and 10 the reduction to the al cohol step in total,

i .e. Rydrof oPEpratise -r eHedrafermid apieaudsi antermausedolia theomm ¢fo ns
vi a carbonyl ati on ang an aldﬁhyde reduct i prqocess. As used herein,

on,
hydr of or nyl at A6ACFEr EPE £&3FhdONy iﬁEt@lSE&EUHFF COr e dhofe. 15
[llustrative royvl ati tal I nelude u a ot sarily
limted to, cgﬁgﬁggﬁy?ﬁo%ﬁ}rd%% y ﬁ%ﬁ?&%s@%ﬁdhﬁ% %P?pﬁ%’g&hicr?ﬁ%?gands
conprising mehabf theel wdiengedktantobl REERSS FehpehitMiyt ed Heo tad | adi um
cobalt, and rhodium The choice of catal ysts determ nes 20 the various
reacti on condhyiwaformydsetdon el wdiidg zedhérheoveire iber edvledlydes and

advisable. Certain catalysts are not as_susceptible tq diene poisoning
as othdrs. inthg 5?@1“5%’-@& &b SdEERCONGe FE ePe ABy &OtRd rude® i n

hydroformylation refers to the production of alcohols

from olefins via carbonylation and an aldehyde reduction
process. As used herein, hydroformylation refers to the
ultimate production of alcohols.

15 Illustrative hydroformylation catalysts include, but
are not necessarily limited to, cobalt hydrocarbonyl
catalysts and metal-phosphine ligands comprising metals
including, but not necessarily limited to, palladium,
cobalt, and rhodium. The choice of catalysts determines

20 the various reaction conditions imposed, including
whether diene removal is advisable. Certain catalysts
are not as susceptible to diene poisoning as others. 1In
a preferred embodiment, diene removal is used in
conjunction with palladium based catalysts, including,

25 but not necessarily limited to, palladium-phosphine
ligand catalysts. One of ordinary skill in the art, by
referring to any of the well-known literature on oxo
alcohols, can readily determine the conditions of

temperature and pressure that will be needed to
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conjunction with palladium based catal ysts, including, 25 but not
necessar i W@ li8#i56ed t o, pal | adi um phosphine |igand cat al PETEPIIBTASDOf
ordinary skill in the art, by referrilng to any of the well-known
literature on oxo_  alcohols, can readily determ ne the conditions of

t enper at ure angydresstneldtwatciv |41 deimeedeth tekamph & iCEHA 4 (WD G4 85615
PCTI EP01105183 11 hydrofornylate the olefins. An exanple in addition to
US- A- 5849960 UGS HP-784508B353: Bt prEEE#3 . nvention will be better
understood with reference to the follow n xanpl es, which are 5

illustrative only RIRRAY AtV ese iQGh St & Habtan undershasgemith

i nvention to i e‘g@' . A _conventional type

cat al yst used%%?é]%éeér}%é\/?{n% |e$e%m%lnm@sésgas@%%?aﬁ%ear bon C5-C10)
was usesl to 1G datsiraiprdyshogen i sHsecidd W Yoordteedt &l timit

enpl oyed contained 0.5 wt% Pd on alum na. The catalyst was used in a
trickle-flow rdstresgnt38irgriidiorF)Lo 2R S ikl ay (Sbgakimgnt Wi th 25 cc
catal yst using a_ Cl3/Cl4 liner olefin feed with approxi mately 500 ppm
15di enes Hydr s RenovedParaffin Make (1/hr) (% conversi on) W %

3.805513. 6 0. 20347, 9, §, 44266 002150, 3 AOYAN  te APRSAIS, P la APt

di ene renoval canpbec
in pyrolysis gasoline (~carbon Cg5-Cyp) was used to

10 determine hydrogenation specificity. The catalyst
employed contained 0.5 wt% Pd on alumina. The catalyst
was used in a trickle-flow reactor at 38° C (100° ¥),
206.8 kPa g (30 psig), with 25 cc catalyst using a
C13/C14 liner olefin feed with approximately 500 ppm

15 dienes
Hydrogen Dienes Removed Paraffin Make
{1/hr) (% conversion) Wt%
3.80 55 13.6
0.20 34 7.8
0.14 28 6.6
0.02 ' 18 0.3

Although it appears that target diene removal can be
reached, the removal does not appear to be sufficiently
selective. At low hydrogen flows, to minimize paraffin
20 make, diene removal was not sufficient. It was decided
that a more selective catalyst is reguired.
EXAMPLE 11
A batch reactor was used to screen a number of

different catalysts under the following conditions: 500
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reached, the renoval does not appear to be sufficiently selective. At
I'ow hydrqgsrh{agq%gs, to mninmize paraffin 20 nake, diene renpval was_ not
sufficient.” 'l s decided that a nore selective catalys?cﬁgmpy&ﬂﬁ?ed.
EXAMPLE I T A batch reactor was used t0J screen a nunber of different
catal ysts under_ the follow ng conditions: . 500 1 9 OCT 2004_WD 01/ 85655
PCT/ EP01105183L fze%ﬂt%ac?t%f?;m%%lzﬁ_cm?)/mﬂaw i meekin| beedi el MPaOg
MPa g (230 psiéz%VMth 6% H2 in N2; 1000 rpm -24D C (75 F
Repr esent at i vel WEEI) JekEl 165 Bakid) Noe HWORrmR! ovwed T oF 4056 dFkne
renoval . Catal yst Vol une Surface Area Pd Loadi ng Paraffin Make Cat
CcnR/ gwt 9% % ﬁé@ﬁﬁ@qmmr@s@@ 167 i 5 ResrioaD 0250 . B vardyel ow
HEREAU8950.201%§5§§%71V | n- house19140. 050. 7 | n- house230100. 050. 5
| n- house33060.7050.73° %5 T Hcdtedsd €2t ectivity (lower paraffin make) was

obtained wth |ow surface area <15n2/2g and | ower Pd | oading <0.5
Catalyst Volume Surface Area P4 Loading Paraffin Make

Cat Cc mz/g wt wt%

HEREAUS 9 110 0.4 1.2
CHP-13™ :

CALSIRAT 9 40 0.5 0.9
E144™

HERERUS 9 5 0.2 0.5
K8327™

In-house 1 9 14 0.05 0.
In-house 2 30 10 0.05
In-house 3 30 6 0.05 0.3

o
m 3

Increased selectivity (lower paraffin make) was obtained
with low surface area <15m’/2g and lower Pd loading <0.5
wt%. The in-house developed catalysts were promoted with
chromium (0.05 wt%), as described in US-A-4551443, using
10 0.05 wt.% Ba as an additive.
Of the commercial catalysts tested, HEREAUS K8327
gave the best results.~ The catalyst was used in
ISubsequent process optimization in continuous operation
and commercialization studies, although any of the in-
15 house developed catalysts would be suitable,.
EXAMPLE IIX
Once Hereéus K8327 was identified as a suitable
commercially available catalyst, process conditions were
varied to optimally balance activity and selectivity.
20 The effect of hydrogen flow (GHSV-gas hourly space

velocity) for C13/Cy14 and Cy31/Cip linear feeds is given
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found pref err emisvFeguiaie 2ChhACI2 exatiel eHSY tilbede€sinkids byr ¢ .gifwed /&ar two

different feed flows of WHSV equal 2
feed/g. cat. c®t). hgl3/ Cl4 Feed, WHSV

hr 10419 152608 303201 59 - 2.

GHSV
hr-1
15
30
35
45
75

10 Cl1/Cl2 Feed, WHSV = 2:

GHSV
hr-1
12
25
45

Cl1/C1l2 Feed, WHSV

GHSV
hr-1

1l:

8
25

Diene Conv.

Diene Conv.

Diene Conv.

and 1. (The WHSV is defined by g.
= 2: GHSV Di ene Conv. Paraffin Make

Paraffin Make

% Wt%
26 0.6
32 0.7
35 0.8
32 1.1
35 1.4

Paraffin Make

% W%
31 0.36
39 0.59
47 0.83

Paraffin Make

% Wt%
55 0.4
53 1



45321.1 75351.4 10Cl11/Cl12 Feed. WHSV =2: GHSV D ene Conv. Paraffi;lugl\ﬂa[uezmM
hr - 190N %wW@3i8s686 25390. 59 45470. 83 Cl1/Cl2 Feed. WHSV = bcTEpY1/dii185€
Conv. Paraffin Make hr-i %N % 8550.4 3%531.1 1 9 OC T 2004 WO 01/ 85655
PCT/ EPO / 05183 14 Results fromthe C13/Cl4 feed show that there is an

optimal gas flow rabgyesWei-ch exee 9@5%“‘ FeBs ahew RHEr WhiReNQe an
P. | Flo aF

significant increase in diene renov e optimal gas w al'so depends

on the type o u , as r r I Li.an ve at
GHSV equgP t%pggﬁgéré?ﬁeféégfcf%gﬁgggbagﬁlgﬁg%%%tg%gsfggpgmég% B%% or med

to check cataWysh ababibhi¥icihe testetds Wasdieaer rethodl .f Ofhe
approximately 2000 hr with no significant catalyst perfornmance change.
10 Resul ts shertimal dren&dour elmor depasidey candhes slypet iofelfpedemmest, from

' f h 13/ Cl4 feed. One factor affectin
ggfiS? §C?§ IﬁgdéhéﬁﬁnlaEgglt %nngBQ e con%gtion above at GHSV eé%al

to 35 for the Cj3/Cy4 feed, a longer-term test was

performed to check catalyst stability. The test run was
carried out for approximately 2000 hr with no significant
catalyst performance change.

10 Results show that dienes are more easily and

selectively removed from the C17/C1 feeds than from the
C13/C14 feed. One factor affecting activity is the

concentration of alpha olefins (AO’s), as compared to
internal olefins. High AO feeds (~20-50%) typically had
15 about 10-20% less diene removal respectively and the

C11/Cy12 feed had the lowest AO content (~6%).

The use of lower feed flows combined with lower gas
flows resulted in an activity improvement and a dramatic
selectivity improvement.

20 EXAMPLE IV

Initial results on branched feeds are shown below, as
determined in a batch reactor. (The conditions of the
batch reactor were the same as those given for linear
feeds with the Heraeus K8327 catalyst). The feed

25 contained approximately 520 ppm dienes. The results are
broken-out depending on the carbon number, as shown

below.



concentration of al pha olefins (AOs), as conpared to internal Jﬁk?Fk@W
Hi gh AD fW@8E35520-509) typically had 15 about 10-20% | esRCHERHASEanpval
respectively and the C11/C12 feed hd¥ the | owest AO content (-6%. The
use of |ower feed flows conmbined with |ower gas flows resulted in an
activity inprovenent and ®odaanbiikfessel ect CiList-glenpr ovenent ¢g201EXAMPLE
IV Initial results on branched feeds are skewpoBehew, as GRixgdHdIRd in a
batch reactor. (The conditions of the batch reactor were the sane as

t hose given f &xiemnienear feeds &5i%h the Heraeu$49R8327 cat al yst)30%The feed
25 cont ai ned ®ppicvdlzately 520 ppm di enes. The results are broken-out
dependi ng on the carbon nunber, as shown below. 1 9 0 CT 2004 WO

01/ 85655 PCT/ EP01105183 15 Total Di enes Cl15-Cl6 C8-Cl4 Conponent
Conponent Di ene Rewov it Etxeqera0¥emndmst, he tf eppgeinsg theduldisneist

appears that dienes can be effectively renoved from branched fee as
vel | as |ine&aly &&dSIfpsdyviednt drempvsse £ 8y Er@a?&fﬁédfﬁ&d@ P’?‘Seé(%%q-l &han

e heavy ) She BT i, SR UGl PO P AR R

di fferent ol efi ased on thelt on nunber, -the 1ig orponent s
vere regoved te%stLingvtql@ﬁf ehdemdBd didshdss, domRte tike ENMRIEHidlg the

process). EXAMP
feed, or separating the different olefins based on their
carbon number, the lighter components were removed to the
degree desired, as is done in the commercial process}.
EXAMPLE V
10 Diene removal was performed in a continuous trickle
flow reactor at the GHSV (G) and WHSV (W) shown below,

along with the results:.

Reactor Total C15-Cls c8-Cl4 Paraffin
Conditions Dienes Dienes Dienes make wt%
Removed % Removed % Removed %

W=2/G=35 52 34 77 0.4
W=2/G=45 49 35 72 0.5
W=1/G=10 56 38 B0 0.4
W=1/G=20 70 48 76 0.5

The results demonstrate effective diene removal with
15 minimal paraffin make with the branched olefin feed.
Increased diene removal was obtained at lower feed flows,
and in this regime the paraffin make was controlled to
the desired low level by minimizing the gas flow.
Further results were obtained with a topped-branched féed
20 as a function of feed flow as shown below.

WHSV Diene Removal %

2 32



10Di ene renoval was performed in a continuous trickle flow react ¢ @7 2fie
GHSV (G .and VHSV (W shown below, along with the results;. Reactor Total
C15- C16 CBOEYHSr affin ConditionsDi enes Di enes Di enes maReTHEI¥%byed
oRenpved 9Renpved % W2/ G=355234770. 40W2/ G=454935720. 5 W1/ G=105638800. 4
We1/ G=207048760.5 The results denonstrate effective diene renoval with
15 mnimal paraffin make with the branched ol4&fin feed. |ncreased diene
renmoval was obtained at.bower feed flows, ang4 n this reginme the paraffin
make was controlled tog_ tRe desired | ow | evelygoy minimzing the gas flow
Further results were obtained with a topped-branched feed 20 as a
function of feed flow as shown bel ow. WHSV Diene Renoval %1 9 OC T 2004
WD 01/ 85655 PEHER0 VMG k4R &hfbihikit Thesedestldeddridfbval
denonstrate increased di ene renova

at low feed rates. From the foregoing, it was determined

that a WHSV of 0.5 would balance paraffin make (0.5 wt%)
5 and the need to remove only the most active dienes from

the feed.



at lew feed rates. Fromthe foregoing, it was determned that a gcgth
0.5 woul d bal ance paraffin nmake (0.5 wt% 5 and the need to renove only
the nost active dienes from the feed. 1 9 0 CT 2001 -17 CLAIMS 1. A

met hod for purifying an olefin streammtonprising: providing an olefin

f eedst ock wherein said ol efins have an average nol ecul ar chain | ength of
from8 to 36 carbon atons, said olefin feedstock conprising a quantity

of dienes; contacting said ol efin fagd®ck with a hydrogenation

catalyst that is sensitive to diene poisoning and a gas feed conprising
hydrogen at a feedstock flow rate of 1 LHSV or less and under conditions

effectivg 10 QORERIoR (B Gldiflng S LIUBESeh efdiseidindhe met hod
of claim1 wherein said average ecular chain length i's at l'east 10

carbon at oms 3.ovA digtchath fcolrefrmr |ﬂ9€rdﬁj:<ecrk othg el t $akidn ebapingi hygve
brovt o 1T PhELLD TRSARAGK VOSKELn 1380 6 | BRoe 25 e H08oon

nol ecul ar cha|% said

f eedst oclatemdyr i S a dcuahin t Vf edds tth & e seommdd Sirid Nga Sadquakaot £y n of
feedstock with a hydrogenation catalyst that is sensitive to diene
poi soni n§487&%ie presence of a gas feed conprising an inert gas and from

2 to 6 vol. %96y akadal 88dstiackdd v dat ewdtnl AL HRMaPEgLeeSionnder
conditions effective to convert a npjority of said dienes to olefins. 4.

The net hodteflvstaithal i® @ersithisretp stiene ek syeind | vrd cat gk sfeed
Conprlse%o ﬁ?f&%ﬁ egydrogen at a feedstock flow rate of 1 LHSV or

less and under conditions effective to convert a majority of

gaid dienes to olefins.

2. The method of claim 1 wherein said average molecular

chain length is at least 10 carbon atoms.

3. A method for purifying an olefin stream comprising:

providing an olefin feedstock wherein said olefins have
an average molecular chain length of from 10 to 20 carbon
atoms, said olefin feedstock comprising a quantity of
dienes;

contacting said olefin feedstock with a hydrogenation
catalyst that is sensitive to diene poisoning in the
presence of a gas feed comprising an inert gas and from 2 to
6 vol. % hydrogen at a feedstock flow rate of 1 LHSV or less
under conditiong effective to convert a majority of said

dienes to olefins.

4., The method of claim 1, 2 or 3 wherein said

hydrogenation catalyst comprises a fixed bed.

5. The method of any one of the preceding claims wherein

said hydrogenation catalyst comprises palladium.



5. The nethod of any one of the preceding claims wherein said 130CT2004
Hydr ogenati on catal yst conprises palladium 1 9 OCT 2006 -18 6. The

nmet hod of any one of the preceding clains, wherein said hydrogenation
catal yst conprises about 0.2 wt. % pal8-adiumon a suitable support. 7.
The met hod of claim®6 wherein said support conprises alum na having a
surface area of from2 to 5 n2/g. 8. A nethod for purifying an olefin
stream conprising: providing an olefin feedstock wherein said ol efins
have an avera% nmol ecul ar chain length of from 10 to 2Q carbon  atopns and
aver age Runber "ﬁéﬂﬁﬁs"%e@nﬁDPB‘EUP r LOfaibreseding | mgy Mhereip

ol efin feadst OGk P h a Quaitydty omptigpes, fpui@actdng said obefin
feedstock with a fixXxed bed hydrogénation catalyst in the presence of a
gas feedpaddmdiiugi g @n suidablgasupredtr.-om 2 to 6 vol. % hydrogen, said
hydr ogenati on catal yst conprising from0.05 wt.%to 0.2 w. % palladium
on alum na, said alumna having a surface area of 1.5 nR/g or |ess,
wherein gai d dhef imeflesdsbdckelwion 6 fWleweriat eséhd osgippsaitd ¢ommech doeal (1

LHSV or | ess under conditions effecttive to cqnvert a jority of said
di enes PgUBFQﬁi$§ying a surface area of grom 2 to 5 nﬁ78{ y

8. A method for purifying an olefin stream comprising:

providing an olefin feedstock wherein said olefins have
an average molecular chain length of from 10 to 20 carbon
atoms and average number of braches per molecular chain of
at least 0.7, said olefin feedstock comprising a quantity of
dienes;

contacting said olefin feedstock with a fixed bed
hydrogenation catalyst in the presence of a gas feed
comprising an inert gas and from 2 to & vol. % hydrogen,
g8aid hydrogenation catalyst comprising from 0.05 wt.% to 0.2
wt. % palladium on alumina, said alumina having a surface
area of 1.5 m’/g or less, wherein said olefin feedstock has
a flow rate through said fixed bed (1 LHSV or 1less under
conditions effecttive to convert a majority of said dienes

to olefins.



