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DOUBLE BOND HYDRO SOMERI ZATI ON PROCESS Fi el d of the

I nvention The present invention generally relates to
walowshiesibond hydr oi soneri zation reactions, andp@DU82006/013197

particularly to a process and apparatus for inproving

the selectivity of double bond hydroi sonerization of

1-butene to 2-butene. BACKGROUND OF THE | NVENTION I n

many processes it is desirable to have isonerization

somer i 200 BN HYs TSRS eRBEE s he
Fibtdibf taebovehtioht hi n a nol ecul e wi t hout changi ng t he

strugture of, the nol ecul This is different from
kel EPreFSRITTYAR Gl e R IOdURR Bpad BieiRiemerization

refatEishs, LA GRrb pakRRIREERt A rlﬂoé&% At %bﬁmﬂ%efob%ﬁ?@ﬂng the

the iso formand the nornal

S¢lepihdhyof dpuklR bond dwetpisasyerizagiomsr éttélﬂ%ﬁedﬁof}blﬂtéﬁ@
BREKEROSNG bemiewp/entamd i someri zation. Skel et al

i sonmerization typically occurs using a pronoted acidic
cat alny@eny pregesses & is Wiesisalle dothayessonerizatioheofbdouble bonds

Witﬁlﬂﬁbé@ﬁwb%ﬁulenﬁgﬁﬂ)% bBK&LéHn?é)rEg{lbnz @ttllneolggegr%nt of the position

droi soneri z use
ofjhadeubledondivithindroglesulewdthonbtiamgimetthé stoadtadeys ties molecule.

TG 1, PO B LB B L oo

tyemllym;@rbwtmgrg? gﬂterobgam%e ﬁ@tmby?ohélsatfoﬂm lh@the normal form).
r e bon

ShEBHT LRbY BRoertisare Be seMitede i 8MRsd freshenham than dousie

batisomeripation!, Bxeldtad Bdnasizater typlcaly SRURLEdiNGa promoted acidic

agétjrogenatl on step in Whl ch butadiene is converted to
or "on purpose" in a separate fixed bed

r eacTigdref akd owiondagics &l st iofe dBME’Iéo%SH@t |sBfhetiz&fon, namely
h)fl@ubl e bond hydroi someri zati on at noderate

Risemerization ang nrishydyoiserigrizatiaraxihe feemerises small auantities
ofthRrbdgbr dvep %bSFéemél%T cAARERI ( @ a@ PPESe a@or R %%c% idderate

si'nce t he thernod ¥nam C eqU| r| um f
temperatures whlle the latter is hydrogen free and typically employs basic metal

oxide catalysts at higher temperatures.

Double bond hydroisomerization of 1-butene to 2-butene can be a side
reaction that occurs in a fixed bed as part of a selective hydrogenation step in which
butadiene is converted to butene, or “on purpose” in a separate fixed bed reactor
following a selective hydrogenation step. Double bond hydroisomerization at
moderate temperatures is mostly used to maximize the interior alefin (2-butene for
example as opposed to 1-butene) since the thermodynamic equilibrium favors the
interior olefin at lower temperatures. This technology is used when there is a
reaction that favors the interior olefin over the alpha olefin. Ethylenolysis of 2-
butene to make propylene is such a reaction. The ethylenolysis (metathesis)
reaction is 2-butene + ethylene - 2 propylenes.

Double bond hydroisomerization does not however occur to any great extent
in streams that contain highly unsaturated components (acetylenes or dienes).
Typical feedstocks are steam cracker C4's or fluid catalytic cracker C4 steams.
For steam cracker C4 streams, butadiene as well as ethyl and vinyl acetylene
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interior olefin at |ower tenperatures. This technol ogy

is used when there is a reaction that favors the

Et hyl ePOT/YS2086/013197

of 2- butene to nake propylene is such a reaction. The

et hyl enol ysis (netathesis) reaction is 2-butene +

sﬁéw&@an@ 5se?u2Bmmarhee@ep%esmw'naergsmgntmes e.g. around 40%

roi someri zation does not howevelr occurt an%/

@{Wérﬁ"r fractione éeﬁﬁk%CtlY\%ﬁ\YQf@ﬂ@mfwnm ngtis ytilineside mrattb@i butadlene
t; 0

B o AT R A Ghed STy B R P TR RIS the

strehrpd oyl sebdenas: atikleuta@énst is adrrired ag aobredectaﬂt can be

Uit AEnE Mo PR o L R SR b BLER R
éﬂ%mlbntm &/ pizhllf bache @rder/bela}vﬁ%t dMBe i@ng{tmn aFiag’ unit

oo RGeS PulaRine Bdpndevels (ol Gicenrt, Putpoanauon i reauired.

hyd/bdg@aaie@l ftea@toe& By ty@ménylew Io?&ﬂnyé ﬁp&@gehéuon process if
but adiene is desired as a It can be reno (ﬁ:
Bytagigneds iresendin éHB%tﬁéFalsﬁlH&fé'bP% Prasiegs flmcbbe@hreactor is
I t; [,. of
@Mbﬁ)@'%@gﬁhé CBH(‘:&%FER@Q alléfn R)&ér%ce%?&lt#%'@/ Qfglg%\}abw gg{jrgﬁtéon In
eitharo@siee depending LEoD bpw) thehseoodemattiimh reactoedgiopedted,

T A RELEn 1 A ST R BLET e scona

@abs:tram pdtiitiquasditireirogenatiodi sfahe BUtéﬁf@% B2 ButRRst Sdcurs,
concentration is | ower (ca.

rﬁ@f%sgg‘é'ﬂé??séﬁﬁyip%évsext raction). In either case,

de@rcici®aPer RAWolsBeeTRE RS rdictioh b Hhtern%%?é’drekénted by
operated, varying degrees of isonerization of

1- butenes to 2-butenes occurs in this second reactor.
I'n addition, some hygrogenasbonsgafigt he butenes to

but anes occurs, representlng | osses of olefins. The
doubl e bond hydr0|soner|zat|on reacti on of butene is

THERE SRR ko A Fes A IR0 8.0y g o
hacdm'an infegoired faydne peodesq i faeditdtethd I‘@cﬂbﬂ@@&ﬁg bRice on the

cgta?ysk l‘ %ta%sarl?'w%d tr?a%%tyldporbetna}g bPe%eR! t%e surface of the catalyst and

maintains it in an “active” form.
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catalyst. It is assuned that hydrogen is present on

the surface of the catalyst and naintains it in an
WO a@bi1vaYo f or m The hydrogenati on of but adi ene PCT/USBO@B13197

follows: The principal product of butadiene

hydr ogenation is 1-butene. However as the

concentration of butadiene is reduced, isonerization

reactions begin to take place, formng 2-butene. This

ac&be dydrogenatiorbat butadiemeampnaahiedovew val ues (<0.5%

and [fhe hydroggnat)i ofgyof]; but enes to buf anes Hecones

si gn| fC4ddtr.H2 t> 1 3-Qwel | _leRtablCashied t hat these

reacfions occur in varying proportion over typical

hydr ogenat| on cat al ysts (Goup VII1) netals such as

Pd, Pt, N. r@%;ahe\swell known that theg relative

rates of forvvard ionsfdi]1 ,2,3,4) are in the

relative ratio of 100:10:1-2 . This shows that the

pri nci pal product?-0#HBut adi epe_hydr ogenation ji s

1-butene. As butadiene is hydrogenated and a

subst anti al rquanti-ty—ef—t-butene is forned, it
Thecritcinal @sodust oé autadiene hedipgesativreisot - blqrwmgéiweaef s 1the

Ryd n u

con%ergf‘étttl%ﬂﬁé égﬁﬁgn% |§n&ﬂl on) fs8£ﬂ§?ggﬁdrﬁ %Rnsd@e nlf’o {38 %lace,
formiygl Qd:us@mrlelatacoaleraas tois dutadie nper eb@rbaeldes IBImevatlaéﬂ«m‘ 5%)

ana B ARRRR 900l BRHLENE, Bl 32%oBls s BHNEIR 1R s v
estmhlm | thiat ViheSe | FecRtiORST bead P \Idhﬁn@ apRspopfior e@\ﬁetrl %wal
In the doubl e bgqrgd hydr0| soneri zation of 1- bute

hydroggnation: catalysts HP1oyPoYdl sretalgesueh %ﬁjf’@nEtvc’&h¢te'§tfégh¢rswe||
knoxF/ﬁ tRatné et FhtdO U FrwhR) RItcADSs (1P 8e) 4r86Sthe relatlve {ano

onditions, mniml skeletal i sorrerl zat| on occurs
of 1%@ 19 bt Eie shews deathe peReipal nrﬁdlactcnﬁ@bta@ﬂmwdrogenatlon is

1- bﬁ¥ﬁé.°k§%ﬁ%’dné@% i'sg[}/fdfc?%%?d ?,t,(lpg é&}ﬁ?{a?}%ln Jaq’lttgé 5 bp%nﬁ is

reactor nust O marn
formek itaontimesdoubbet ib(blmiptqsdnoé sbmmrogat focforh@- lnmtlaae ddsble

drogen i s |.ost t al hydr natl
bong bRBRE s RaliER) a5l i a orEh e B RlerH o RS dadle bond
hydrBisniariatge fedotiba isTpsifeed. atihelfte af ﬁymhgéh@ttortctfelr Butefe to
suff|0éent ampunt to support the butadi ene

bute\Frrgemisne & TETENES bt Fleplosies ragd MrpsHon ssteckivibhis in
propdiort & BeY&ltes BHEeddiBn2MRUYRE double bond hydroisomerization of 1-

butene to 2-butene, typically 90% of the 1- butene converted is to 2-butene and 10%

is to butane. Under these conditions, minimal skeletal isomerization occurs ( 1- or
2-butene to isobutylene).

In a double bond hydroisomerization process, the hydrogen rate to the reactor
must be sufficient to maintain the catalyst in the active double bond
hydroisomerization form because hydrogen is lost from the catalyst by
hydrogenation, especially when butadiene is contained in the feed. The hydrogen
rate must be adjusted such that there is sufficient amount to support the butadiene
hydrogenation reaction and replace hydrogen lost from the catalyst, but the amount
of hydrogen should be kept below that required for hydrogenation of butenes.

Hydroisomerization and hydrogenation reactions in fixed bed reactors are
described in U.S. Patent No. 3,631,545. This patent discloses a process and
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of hydrogen shoul d be kept below that required for

hydr ogenati on of butenes. Hydroi sonerization and
wohyaeagHp@t i on reactions in fixed bed react or SPar/®@s2006/013197

described in U S. Patent No. 3,531 ,545. This patent

di scl oses a process andnet hod for doubl e bond

methedrfer dalbledmndosmns:ﬁza’mgnafonsisﬁh@ of miXivg a0palrdsdtbon stream
and | east one

fi
°°”§%Pf‘§m'0%ﬁ‘§:ﬁ%% Ie g‘&'n% W‘FH“%\/BP%@@WPOHBQtW'thW@gen
heatihgethehytixed ahpdracadhogeroden @aBahP theasddisn temperatLires

Con&fttnger at ures, q%nt acting the streamw th a nobl
PyR% strepih Wilkenehle BiRtaliGaiply seand ilearreeryedngahe 2-olefins

as DPpatuGCt.. TROBrdY=as Gé§crﬂ%%i‘%h'tpi§$>a'témml1§edqo§}lﬁn'?tas Uty éddﬁt‘?\?e to

sul fur as an additive to redu enat
redyce giitec yhisrogenatieat éw@&ncé(nd)ft Hioe pata#)esasend thus increase

nyd RS RLARITRIN, [AOFL sl g SRl PPsdl i fitaffichoda to the
feed, s aslgeddgdne bydrogem slrtearms knovvn to use doubl e bond
hy?’tﬁgﬁf}&ﬁ{téé?& Réublg%@gg éE&T}ISO?rpé)I‘u |E§6(tﬁgp%%{bgzh§tene to 1-
butePrencless.S, Passitdied 087, ?@ﬁ}—lqa}oaé%?ﬁ@@{aﬁbn &r&a&e”e%n%ét%@gned to
SS | i scl osed for the isonmerization
Chegie 358" %a LiNeRsch 1 BRabbon ReFesimis gliedpehglor he
isondernatieRef Hiterdst AN nARd BYBbEaRBR W %nfg ﬁHE@ ?rb%tél{b 2-

whi ch the m xed hydrocar bon streamis
butefiesand small gmassiLpibutadiensin whishdhe nn@@mychbmrbna stream is

fedW&@ﬁﬂa‘?@n%gsdn?ﬂ’e‘é@o%b% ﬁ%%ﬁ%@gplﬁ%s it qu tgh.u%]omde

structure butené IS
catahfst asupseistillatignt $teucterei | Abrimmmedusabmdwceg if o4 d@atllled off,

t of
s SRS SRl Al W Beablhon A R i of 1
butehwadpdt@mmﬂeded mwtu@mg, amhBut@gichen® thavaahs h%&?éﬁat‘eﬂ to
rlg:l:%cl ed the reactor col umm

buteﬁg?m enB?tg%a c\?ﬂ'?fg {16 &Y P racyisiadeisethe reactor

coluﬁdd &Irnabn‘e/&bl’yiple@e l@rﬁ\ﬁérgﬁn%f ?—%ﬁ?e'?\te' % -Y)ut%nle Oﬂbélj'r\%tlvey
bstantially free of butadi o|

portlpgro r?é%‘:d“laj ¥ ghoHife fplomst suhstantiatly fr %Gﬁbtﬂa@lend may be used

for fe6@ RN HH LIRNali&RGhHik ons of CA4 hydrocarbons can al so
occur over basic netal oxide catalysts. In this case,

t hEOHPledesd isamerinating drasitioosef C4 hydronarbohs can also occur over
basic metal oxide catalysts. In this case, the process is not hydr0|somer|zat|on but
simple double bond isomerization. This reaction occurs in the vapor phase at high
temperatures (>200 deg. C) without the addition of hydrogen and should not be
confused with double bond hydroisomerization that occurs primarily in the liquid
phase at lower temperatures (<150 deg. C).

As an alternative to a process using a fixed bed reactor, double bond
hydroisomerization can be practiced in a catalytic distillation reactor. In U.S. Patent
No. 6,242,661, "Process for the Separation of Isobutene from Normal Butenes",
assigned to Catalytic Distillation Technologies, isobutene and isobutane are
removed from a mixed C4 hydrocarbon stream which also contains 1-butene, 2-
butene and small amounts of butadiene. A catalytic distillation process is used in
which a particulate supported palladium oxide catalyst isomerizes 1-butene to 2-
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si npl e doubl e bond i sonerization. This reaction occurs

in the vapor phase at high tenperatures (>200 deg. O
wowadaawt1oe he addi ti on of hydrogen and shoul d npCT/82006/013197

confused with doubl e bond hydroi sonerization that

occurs primarily in the liquid phase at | ower
butdrRiTpekainerieatid<iSWedrgd Bcauss ahutineecaatthe separajged from

_ process usin fixed bed, reactor,. d I -
SRR SEBRH AP B BAR e br ALl el A Sk fpraved fom
the Shﬁéﬂn' dfahé eBIHERG8EInG thdleGuilitRaire rindMilowig2éRa gédater than
rocess for the Separation of Isgﬁgt ne from
Di

Nor, nal .
equitariomesmouRbe gelpnedods BRGHPET-DEURIIFER Hhe feed Sream is

ec ' L.sobut ene and i sobutane are renoved from
hydgogr%m%g%i)@l&ﬁ%?bcar bon stream whi ch al so contai ns

1- ieubte, bard bhydnisoaradizetien | PREBEYRS N KRR achrBRBed AWith

catalytic distillation. pr i i i-Ght
mefifidul e S SblnpaPredsh R EAF SanS uE i t1cBeudh betuveen
ethy|8 AEBINAZBS ulerfautoeioemtpro@Adng. efibe preanse qfaﬁ-gvmnesn the feed

desj red because 2-butepe can b r : e
e oSBT e A B avgiion
meRiRsie 8fl2-HiltehSs WRARMEMEd Mcrinepropiean) ivfis tbsiraxbiouramove
~upsetting the equilibrium and all ng for a greater h th
isolpufuene Nl FBPtaRe ABHRiMist e IRy ghirats %@W@%ﬁ&@ﬁ?ug ©
me?ﬁﬁ@éﬂé ?é%gb@ s&?‘%n{ SiRde HldyeRdsSeRy4lRassmat ed to

ut ene. ubl

ond hydr oi soneri zation_processes can
be Tundhnent afi2tthters earthesmaximizad i aGeairep giter pyipdiene

in i S ' , ' i . . o s
o IR A, et eness o
carobe hobohplishddby pesdimetherfesdthrough arfe@ddiag kysiregipmeriggtion

and thus |ower propyl ene pr ion. | L1 d
o SR PR SRR, o R SR ddbutne
ren!%\ﬁbg}ééﬁﬂ@an bé ab@qrﬂpﬁéﬂeeg)ytfﬁdtierm?@.i Ashbutaftearstivane catalytic
i soputane to mnim ow of these conponent
distiaregnpREOHENRUODSDPE SRR spailancs | L8 DREY’ gpaDele
pro%§§§,;htdré‘b§/droigﬁﬁri§ SdmikBE waRBKC 498 ® dp il fedeo thartower at a lower
maxi mzed ' froma C4 stream (after butadiene re ,vall)
poinythaoutbe £bieed. HybydBPisSemerizatan Qﬁ%@'ywst'fr&?@fla%t%rﬁ“o# ugtures
et i j i . [ ; .
PG Bt L0y SRR, eeagRe SPULRbeth s
several functions. First, it removes the isobutylene and isobutane from the feed,

- because they are undesirable as feed to the metathesis unit. Furthermore, this

system hydroisomerizes 1-butene to 2-butene to improve recovery of 2-butene,
since 1-butene has a boiling point close to that of isobutylene and tends to track
overhead. A CD-DelB tower also hydrogenates the small remaining amounts of
butadiene after the selective hydrogenation, thereby reducing the butadiene content.
Hydrogenation of butadiene is desirable because butadiene is a poison for the
metathesis catalyst.

As indicated above, in a double bond hydroisomerization process, hydrogen
must be co-fed with the C4 stream in order to keep the catalyst active. However,
as a result, some of the butenes are saturated. This undesirable reaction leads to

loss of valuable 2-butene feed for metathesis. It would be useful to develop an
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reactor wth sufficient hydrogen as descri bed above.

| sobutyl ene and i sobutane renoval can then be
wacwompdivehed by fractionation. As an alternat PERUSB06/013197

catalytic distillation - dei sobutenizer (CD DelB) can

be enployed. In a t%/pl cal CD-Del B process, pure
ISHNRIH26 ng@’ﬁ Rrecesfilk st t et siumlioner@tie afr biteneedot butehes is
mihipesg at a lower point than the C4 feed. A

hydr oi soneri zation catalyst is incorporated in
SWM&&YUQESTH\HNVENTH@N ower to affect the reaction.

Thi
{ unap iRt Yt R Roh S pBRFREE ol o v diipomertzation
procesbuinamndidhr dme tdoavéesazh obe‘pau@aet e p-mitengN@emhEabe® over

Coﬁ\&er{t@ﬁ]ghéigpt he netathesis unit. Furthernore, this

SysS B¥¥Omeri zes 1-butene to 2-butene to | mprove

r ecamether ofbj@etbut &ne, insbAtch 1s hyt gRRidRA% %uRéHe,J 'dBlee bond
gm nt clo e to that of isobutylene and tends tra

RPéﬁ%‘é%[&a AN BFRGSSPEN MY thairsedusjian &Y butanss is mnmtmd
r e fikAGr BBRVALS tRE iMM-AGH 8% %&w%tahs dq%ggs%.l Bfoducing a

hydr ogenati on, thereby reducing 't uta ne co
meipiiesigderd sterare Fopiainiy kigh qHentitiesiof 2t with sEnimum losses

f ButRdl poi son for the netathesis catalyst. As
! ‘glﬁca{?@e {5@8\% in a doubl e bond hydroi sonerization

pr o@m,ob]g«ztsorgﬂalbenusjartkm)vmusfaeth Wi gdrt pbigtdetost meadini dbtail
hePeraqt%f to keep the catal yst active. However, as a
result, some of the butenes are saturated. This

undespreddated foem:cbﬂ tas imvemdsn ia bRseesefoMALYRRIbR bond
eed._ f tathesis. [t would be useful to

%: but ene h
hyalromssiza ‘P%BHQPP N5 oFPTRPIEIG SbtaKINgh A dBed Biseam comprising

1-ERAGAY Aid 0
SUMVRY, OF L S Agbg%gg%%%?(jt Pl &oeaction

ZO'?Q)CW‘@W'H@ agcateiyive é'SbHﬁi@nfﬁﬂdﬂ-ﬂ@n QGI’I@FHIIZ@EIMI‘CF)S@DGBBUOH
ISERith B uB RS EH o@gmlelrl?éﬁ %ngctﬂlf?%?n &ﬁlt ?o%\ﬁarte%{)omon

roved over con tlona rocesse
of tb?le t-hetenavrintg- bntelne foompyooa bdt&oms kstréerreccdapnbéuﬁg lzamﬂene

an@éﬁé ggrg?@rdéﬁﬁ H?ng%%r BifR2 a'nrc]j iSO u(iy e%g ea In r%%hi:n?xg c(a)nfrbon
monoxide to the reaction zone in an amount of 0.001 to 0.03 moles of carbon
monoxide per mole of hydrogen in order to increase the selectivity to 2-butene.
In some cases, the feed stream includes butadiene, and at least a portion of the
butadiene is hydrogenated to butene in the reaction zone.

In one embodiment, the reaction zone has an axial length and hydrogen is
introduced to the reaction zone at multiple feed points along the axial length.
Sometimes, both hydrogen and carbon monoxide are introduced to the reaction
zone at multiple feed points along the axial length.

The catalyst typically is a group Vil metal, and often comprises palladium,

platinum and/or nickel. Frequently, the catalyst is disposed on an alumina

Often, at least 75% of the 1-butene in the feed stream is hydroisomerized
to 2-butene. In some cases, the molar ratio of 2-butene to 1-butene in the

effluent stream is at least 85:15. In one embodiment, the molar ratio of 2-butene
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A further object of the invention is to provide a

process for producing a netathesis feed stream
wa@oembaiyibmg hi gh quantities of 2-butene w th nP@i/IEIMG/013197

Iosses of butenes to butanes. Qther objects will be in

art obvious and in part pointed out nore in detail
to Hebtéamfe dythedepd streamds npanaiedhan 88:30nvEe metarirstia of carbon

EIEF5D AP RO NERL SR ESLUD Bl B4

of 0.002terfs0BMmd 2- but ene, |ntrodu0| ng the feed stream and

o <P el e o RO BT Ao G Mg B ot RcimGpin =

meiaﬂmls;sa’eamﬂahhtodfouhlaembmdem el St lapatinteduReid et Y
r to, convert agﬁortlon of the 1-butene into

me}a%‘&?@?fsed PUPATHE SMEHHPERHE readi@dm esharmetatnpsis piadeste
Ofeehd] the frePatBé4ie AR RTINS biyithd SRPIHeINSaaNKLid ﬁ%u%wsene
and i ntroduci ng carbon nonoxi de to the reaction zone
PrQRY!&{¥  anount of 0.001 to 0.03 noles of carbon nonoxi de
f
per \é\gﬁrsﬁht% )}‘et@% gfr@%ﬁ%gﬁgalﬂ% g%‘hlfﬁzgnf ﬂﬂn?ﬂé? ﬁ? Bﬁtad iene, the
pragess duRthaicontsisep hyddioenaet Ingatite feedistastm prigrdo intastuation
0 utene in .t
it 8% R AEh 20% IorBUF I RRNER i hPieBitng Rathti e fose
stré@m. an axi al | ength and hydrogen is |nt|roduc;eﬂ to thle
t' t feed points al on e axia
B Rk e e
of @y eidfin r autusitathg ebtaliend 8a64d SMeZARBnHrisiAY 1-bRlchel
oints along the axial |ength. The catal yst typica y
buteneqagd MiedUring thefegd stigrm enddwdeaeprtosemeagtion adham
corlﬁbﬂéuh@ lar&a%él%@ﬂlsﬂl!a%ﬁ'colfrﬁﬁ%'é@i’ﬂb &V Iengfﬁea@@%@até{lﬁ n;ngc‘/ atalyst

|spose on an al um na support eas
withideublenppnshiwdreisemeritatinh activépin orslehj’,cdcmmlnaepoztm dfd)he 1-

' but%ngiﬁtg"%ebuteﬂesf&?ﬁm%aac‘Bétto%h%trngm conggrtlsn?g 8 bu%ene and a top

stream comprising isobutane and isobutylene, the hydrogen being introduced at
muitiple feed points along the length of the reaction zone in a quantity
appropriate to maintain the catalyst in an active double bond hydroisomerization
form while minimizing hydrogenation of butenes. Carbon monoxide also can be
introduced into the reaction zone with hydrogen at one or more of the feed points
along the length of the reactor.

Often, the process further comprises mixing the bottoms stream with a
metathesis reactant to form a metathesis feed stream and introdaoing the
metathesis feed stream to a metathesis reactor to form a metathesis product.
When the feed stream contains substantial quantities of butadiene, the process
often includes hydrogenating the feed stream prior to introduction into the
reaction zone in order to reduce the butadiene content of the feed stream.

Yet another embodiment is an apparatus for the double bond
hydroisomerization of 1-butene to 2-butene, comprising a C, feed stream conduit,
a catalytic distillation column having a feed inlet fluidly connected to the olefin

feed stream conduit, an upper end and a lower end, the catalytic distillation



10

15

20

25

30

effluent streamis at least 85:1 5. In one enbodi nent,

the nolar ratio of 2-buteneto 1-butene in the feed
w@eteeam1ve no nore than 80:20. The nol ar rati oPOf/US2006/013197

car bon nonoxi de to hydrogen introduced into the

reaction zone frequently is in the range of 0.002 to

Col@mﬂ%nté|ﬁ|n§%d—“r@§6ﬁ1ernk§lﬁ)rpéé1§@/§§ al st rwéﬁé%éﬂ i GidRRed

bottons streamwith a netathesis reactant form a

on e &f Hissbsferdedrestt exnduland therfeedinielgantie spsoad hediogen
inlch @RMboSEA @A PedeilRh %f hfeséastaf){ﬁ@%ﬂﬁa Lo‘i’] {Rhfh&bove the feed

nmet at hesi s product™. esl s reactant
inlegt thefissieanghseaond hyétcmelmealﬁiﬁ b@log positivsep topirgaie. a V\hen

hyc{jggeli Sgﬁteﬁ netﬂg]c%%%'(ﬂ |II§ Bfuﬁﬂp%?;g'é Hti%tlpgré lﬁ%ﬂ%

di ene, rocess er conp
hy(irhleofr@@dat;mn e:ata1y|st [le: ! acmverﬁdu@thmcbmcohydirbts@nteh@atlon form
eact.ion z to reducge the t adi ene cont ent
il ATl P RaRl Tl et S B rar ot Ta5EP Guos
sorhetimebdispoebl @pbessh Hyd icseutatic atstitatiod cfidmal f i ns,
rising obtaining a feed stream conprising 1- butene
meggggggs reacggI

f gafebe Qﬁa%% Aounet RN fipen ’F"@e@ﬁté iedistibation
collwysdr er%%ﬁd/b?@&tdn@myé%ﬁ‘e&lﬁ@%ﬁ'bg%:éﬁﬁ g@te@l t%trégelve a

distillation colum having a |engt nt ai ni ng
mixterenfyydraganantbeasben bmexisedr oi someri zation acti vi ty

in ﬂ{éjfﬁrvehﬁ r‘FQ@é’o%nEg@ o%?‘fodﬂsgg s sé\beeraﬂstgsgtaﬁg%é E%%té%of

2-butepe, formn Stream conp
oneapimare opsisthr Ham; vithpesEah ¢p es«ﬂbut tieetherd dreithetsybene,

' introd [tiple feed .
Posse S thE Mg P Bpeflice FRE s BHptRo Trinanureriniged i
thedplpvaipg idatatlctalisoiodirai n t he cat alyst in an active
I dr oi t f whi |
R P b NGPF T RBA ) BiSBon monoxi de al o can be
I NtFigaiec ek b%ﬁeﬂh@ﬁc HPAGhY @ ZA3E eMidbBi nh‘é’rqrd?gaeﬁro%(esé’%:ch

or nore of the feed points alongthelengtho
emp@aét@rCataiwférﬂ*stt“ﬁéorpm@@@bmmlmr Qar@ﬁlBée@ccmdmgto the
invdfiypottons streamw th a

Figure 2 is a schematic drawing of a second embodiment of a process using
a CD-DelB with multiple stages of hydrogen or hydrogen/carbon monoxide feed
according to the invention.

Figure 3 is a schematic drawing of an embodiment in which a fixed bed
reactor is used for double bond hydroisomerization with two stages of hydrogen or
hydrogen/carbon monoxide feed.

Figure 4 is a schematic drawing of an embodiment in which a fixed bed
reactor is used for double bond hydroisomerization with three stages of hydrogen
or hydrogen/carbon monoxide feed.

Figure 5 is a schematic drawing of an embodiment in which a C4 feed stream
is hydroisomerized in a CD-DelB to produce a 2-butene stream which is
subsequentaly fed to a metathesis reactor.

| Figure 6 is a schematic drawing of an embodiment in which a C4 feed stream
is hydrogenated and hydroisomerized in a fixed bed reactor to produce a 2-butene

feed stream which is subsequently fed to a metathesis reactor.
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nmetat hesis reactant to forma netathesis feed stream

and introducing the netathesis feed streamto a
woredoatiingge s reactor to forma netathesis produpCT/USY061013197

the feed stream contains substantial quantities of

but adi ene, the process often includes hydrogenating

t hFigwed istrsshamatic drawing phan eabodinoentiimwvbichteeC4 feed stream

 IGEIRE 04R8P AT TOE P S
diséiftgtomatalsmhdo préuucdoaPlbetdrenidel ystiears eiiehiig atbssuehtly used

. 1-butene to 2-butene, conprising a C4 feed stream
n %gﬁe %ti'e"{a,s'sapre%‘fsaﬁ‘yti c distillation colum having a feed

i nl Bigufd Bisth ycHemdtraireding@f thentRfihentif @thicH 4 €3%ed stream
nd and a | ower end, the catalytic

. dui t . . ) (
'S 5?@@5@3&%2&38{?@%%@8%%'ﬂi hdP&hpaforapstasy iangt isghiected to
seff@bby 36 préddde’ 812-bdhOISEY shbsin \%h%ﬁﬁ%%ﬂlf)g?q%hﬁl&(%ed in a

the CAfeed stream conduit and the fee
melalBeHE PRYRSSgen i nl et di sposed al ong the | ength of the

- cat i I SH [ ; > feed | t,
n e et AR B e RRBU R lTh B APt Rstistream
is hydrogsinated, subjdelait togepatiohéntemave ebatteleydridyor isobutane,
WSt ; ropriate o i ntai,n the
A s B T R B B o BR e A But e fsslgueam
whithds eusserprentiatuisod irf ammtathiekie proeéds. zi ng hydr ogenat i on
of .uten$ . A hydrogenation reactor is sonmetines .
di spg¥Ed @b“s? O § 9 e IR hydrogesiow rats en butadien
cog@lrglom. A netathesis reactor can be di sposed :

downstream fromthe catalytic distillation colum. The
fir'SOUEMdT by agseRmahowing éé«"eﬁffeeﬂ @fthysiseoarellenitequr dutene

cohv@rdi6s 8h¥ @ecfodilXf ur e of hydrogen and carbon nonoxi de.
The invention accordi ngly conprises the several steps

and igyre 20k & g9renh showing the effecteof ofultpiethystaes infetions on 1-
butéﬁég@ﬁ\t,erg%ne%&h?@g {fie others and the system

possessing the tfeatures, properties, and the relation
of FigueeréBsbows trgmfidat eftbairtoon mbaokidk bavinngtisle hadrogen-carbon

mofloEe STHufeil BViatieng M HSPr st embodiment of a

pr deigeie MEhols the effect of carbon monoxide and multiple hydrogen-carbon
monoxide injection on 1-butene conversion and selectivity.
DETAILED DESCRIPTION OF THE INVENTION

The invention is an improved process for producing 2-butene by the

hydroisomerization of normal C4 olefins in the presence of a particulate catalyst.
The process produces minimal quantities of butane, which is an undesirable
product, using two features that can be employed either separately or in
combination. The first is co-feeding carbon monoxide (CO) with the hydrogen
stream. The inventors have surprisingly found that CO acts as an inhibitor for the
hydrogenation reactions while allowing the double bond hydroisomerization
reactions to continue. The second technique is feeding the hydrogen or the
hydrogen/CO mixture at one or more locations along the length of the reactor.
Additionally, butadiene is hydrogenated to butenes.
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enpl oys a catalytic distillation - deisobutenizer
(CD-Del B) according to the invention. Figure 2 is a
waehemetipe drawi ng of a second enbodi nent of aPET/USE®&013197
using a CD-DelB with nultiple stages of hydrogen or
hydro en/ car bon nonoxi de feed according to the
? iadures Bf fgrisvention candeshemployed dr gad-iguio fixehbed reactors

o LS 0 APl L R g b cone

ovhyaim)olg:ﬁ:m -gBs ﬁgﬂdrrreglafdsc afchqugmnewmha gfeenedate EH@lah@ns"r Weflow
whi ch a

ang BHIERL 5 RoPE tarb Be R lokistin: Che,Buior 4 drbTouevetom Fapples

moddratet Iﬂérﬂgel‘%ﬂttﬂggst@fb&weggeéh@rallhmr Rgep u%)nrather than
nonoxi de feed. Figure 5 is a schematic dravvl ng o

CORVRKRTHIG: 9F therpxmegq{bgnmﬂp%@@cgqr,pégeﬁqrg range is usually between
2 OB W?;Blbél%ﬂoét\%én @%n@eﬂB%atrgeﬁ{eot‘e%ﬁr %3 tg}@%‘?ure range

stream Wh I’'s subsequent a
is ﬂéta@tyobetwseg@%aed |2§30antmmﬁy i1@0caraii A9 fbeanefuuy controlled

h f r og
nyBIERR dRdior s WRLGTCE b AlaSH IR, B RN BT e oo
describaduatmve. f/\érmm 8 catyticvdistiibtiors colubseigusetl shef rdcéss Makes
7, 1s a schemptic draw ng

of
use"§¥ tﬁ%‘tgiade ecfﬁgermiag e 3? I@ercp%eé'ug%s(lp Kiidto keep the hydrogen
congehtiagen idve th the readtindy fRiig aR@tHu_MINRARE lydAsénation of butenes
tog dr0| sonmerized in a catalytic distillation colum

'886%e a 2-butene feed streamwhich is subsequently

ugeskr Usﬁgr@%ﬁ{gﬁeﬁgéct%rn%feﬁﬁdmﬁgérglé'h@ Sol $hé& hi/?%?'eﬂtén% CO

dr awi n i ment C4 f eed
prqfwubtyg%rﬁweeed I8y 8 Poird pipet pamdranm the Iﬂyd(eleob‘@dlzammector In

thlé"egsé Yhe &5 &4 I—F?ra?n%ggrb@i\k/%]w b9 o gr%%%ﬁ@fg?rﬁéé?@asus more

ream whi ch sub used in a
pre;fer@doéeﬁ 1-F.906e@nd is Q/pa:aklsz b@m # o dnavwnbir obisign When multiple

lnj&m&ﬂg OFRQ(EFOIQQH %dC@O%r%seque overaﬂrnydrogen/CO feed preferably
is divided in order to provide that the total volume of the catalyst is in an active state.
In this case, the CO and H2 preferably are injected together at multiple points along
the length of the reactor. The ratio of CO to H2 at each point of injection preferably,
but not necessarily, is the same as at the other points of injection. However, it is
also feasible to have one of the streams contain only hydrogen. A portion, or all, of
the hydrogen and/or CO can be mixed with the mixed C4 feed before the feed
enters the hydroisomerization reactor.

It is well known that carbon monoxide is a reversible poison for Pd catalysts
used in hydrogenation applications. It is believed that carbon monoxide will impede
all reactions over that catalyst. The inventors have found, however, that when CO
is used in the present invention at low levels to moderate hydrogenation activity, it
will not impede double bond hydroisomerization but will selectively impede the
hydrogenation reaction. Thus, its use will increase selectivity to isomerization. By
adjusting the amount of CO and at the same time maintaining enough catalyst to
achieve local isomerization, equilibrium improved isomerization/ hydrogenation

selectivity can be achieved.
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i s hydrogenated, subjected to separation to renove
i sobutyl ene and /or isobutane, and then

wohyaeaizneoreri zed in a fixed bed reactor to proPOTESA06/013197
2-butene feed stream which is subsequently used in a
met at hesi s process. Figure 10 is a graph show ng the
Eﬁl@@@b af dnyidi2ogrio | show atveo ooptimsadorere cambieedi oatalytic

oo R LB B bR € Lo P 10
for Eh%u%lell?or\osh@rglrsé%nié\w Wﬂh thinpfctien of 0O thﬂ hy@dogen at a

ydrogen I njectlions on 1- butene conversj.on

single | pedit vﬁtf}?lxeﬁl%lf%edlstféﬁf@v\&z fheodpines Wish acrééfddBﬂe” -carbon
moﬁ'&ﬂ&é(%;gg B89 {o fB hf a'“&’éié%@ﬂusﬁﬁ’étpfmo%ﬂ%ddﬁream 16. The

I Njectl ons on ut adi ene conver si on ure 14 shows
toweh ée@r $texam 36 andensche modalei efea eatalyhiadistipption tower 18 through

b
e A IR Al SRR QbR cgptain
caté]krEdIMéENEtaﬂ%attﬁhelocate@ninsMe icataytid nmtidetenh strocksss far the
roduci n - but t h f :
snBiTp &1 s e nohsinr hemaiengr 2 R fa o g Bnina
distiR@ioRIRERFY REDHYS @adNatalyel inguegiated aserefn)b usalmﬁylene and
whi ch is an undesirabl e produ usi nﬁ; t wo f? 2e23
isopyiane @smreseoeRiIasy i lé@w@ﬁd@i[fmtawgr y8 Brlopgtream 22 through
topco%%'t 3t éﬁl@ﬁ% w-iliﬁ Enddt’c? thd ?erﬁéhnfn%eﬂbﬁﬁnéaﬂrbﬂ{b fE2iaxh dene 20,

drogen stream The inventors have
1- bsrLErr]@rls bydrglspnfamad ta Priuten®. dbe2-beteas is rermayed énom {he bottom

of tbgﬁgvr\}%pﬁé)ﬂ\e@& dn‘?gtr{a BC34 MhSuglbbforftldupud s the doubl e

dr Ol SOmer i za ion reactions to continue. The
s@hemdtaﬂ;est lempioed is theddubly bdrel hydioisgeeriaatierhprocess of the

. hydr ogen/ CO

UG BER ST S 7' B PallEbRyb 25 SaARg 208, bP e

dnshﬂ’éifoﬂgsa@inﬁgj tatabyst ameish &Hﬂiesf @at disﬁalEatloﬁ ;bdimqngmentln@rnn a
ed in gas-|li bed reacLors

be
com@nional Mot sPYRRIES gians TR PREBIA TS, PIhG Gy, Bageles or
thARE FrBaGlMer sfrabtubhes SRS BNRA example, balls, irregular shapes, sheets,

tubes or spirals. The catalyst can be packed in bags or other structures, plated on
grills or screens. Reticulated polymer foams can also be used as long as the
structure of the foam is sufficiently large so as to not cause a high pressure drop
through the column. Furthermore, it is important to have an appropriate rate of
vapor flow through the column. A catalyst suitable for the present process is 0.4%
PdO on 1/8" Al203 (alumina) spheres, which is a double bond hydroisomerization
catalyst supplied by Engelhard. Alternately other metals can be used including
platinum and nickel, which can be either sulfided or unsulfided.

The catalytic distillation column pressure usually is between 2 and 12 barg,
typically between 3 and 8 barg. The reactor inlet temperature usually is between
80 and 220 F, typically 100 and 160 F.

Figure 2 shows hydrogen/CO injection into a catalytic distillation tower in
which the hydrogen-CO stream is split into two separate inlet streams. The system
is designated as 110. A mixed C4 feed stream 112 is combined with a first

hydrogen-carbon monoxide gas stream 115, which is approximately half of gas
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over any liquid-gas flow regines, including those that

generate pul sations. Upfl ow and downfl ow reactors can
wheooempdioyed. The use of a gas-liquid system ePablU8®06/013197

noderate tenperatures to be used, and allows for

punpi ng, rather than conpression, of the hydrocarbons.
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toweitlm etresmbrlalmearugh b‘bt%’raﬁaitléi 1%60nt i8 allﬁlzil @dsshﬁé l tﬁjct) u%@éll%/ less
ica - %

de%F?eDé ﬁ\{e"ﬂﬁi"l@ r\ﬂﬁ%’é”ﬁ%ﬂ?ﬂ Iﬂjé‘) ant@& ‘PQMBV@PQHS)dr ogen

andT@hZ@r@g@ﬁ@ﬁbn feetisitalsla Myeh @98%&%5&%9 of tl'he hydrogen
y is divided in order to provide that

fera
Pa‘?'réf BFerS@Hr LR@noie thadsaragrinajien resction eate adsingangltiplechydragen
|
iR RS I A T n P CBLAIA B B5us I} RAcBF gqotion in
hygregen soncamieatioat (i.e. aflovgd canckPtratiorath gaviioulargfoint along the

€ (Y ot ,.necessa
rodelU BRG] 4 ffb g p A PrItorBRRCR Thishiar i FyE0GEn i
intralsoed eaSltbéelrﬂei hcavmeomeacftbrtpalitlhe@@@h ; e§0!hteali§ab/rﬁé1r|izcé:1(t)ion/
drogen. A portiaon, or .al of the rogen and/ or
nydlSERRR: sdbftiitt kiPinodyant &F PissanBRPLED tha oo
entragaret he depsleei sAMeRibeathem maactich 'émbl% yell fixed bed
nown that carbon nponoxide is a reversible |son

ISpateRKg U repstal 218 ang drfoislspgrn-sarbapmenaaideogas straar 214,
Ga@%krb@?ﬁeﬂﬁf RApIERIPAR STRIMXS FCapPrbkinldTBG LG ual flow rate, first gas

stream 215 and second gas stream 217. A mixed C4 feed stream 212 is combined
with the first gas stream 215 to form a reactor feed stream 216. The reactor feed
stream 216 enters one end of the fixed bed hydroisomerization reactor 219 through
inlet 220. The second gas stream 217 is fed to the reactor 219 a portion of the way
along the length of the reactor 219 through inlet 211. Usually inlet 211 is % to %
of the way along the length of the reactor. In the reactor 219, 1-butene is isomerized
to 2-butene. The reactor outlet stream 224 exits the reactor 219 through outlet 225.
Stream 224 contains increased quantities of 2-butene as compared to prior known
systems in which carbon monoxide is not used and/or all of the hydrogen is fed to
the reactor 219 at a single location at the upstream end of the reactor 219. Itis also
possible, but usually less desirable, for stream 215 and/or stream 217 to contain

only hydrogen.
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all reactions over that catalyst. The inventors have
found, however, that when COis used in the present

wo pweniilen at | ow | evel s to noderat e hydr ogenaPCDOS2006/013197
activity, it will not inpede double bond
hydr oi someri zation _but will selectively inpede the
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reabtet 319 at- bo’rermt rsulmjzdmleem@hzém% Sputehs) RFMME aSi@actor outlet
he materials have catalytic activity

stggR G2 Fimla e It e S T Tem Op S ERIaNG. L e reRgbT AU strearm

32¢@m¢ Y5 reAERSrEDIRLREL m8utﬁét®25| SpRUANS %@féd but usually less
utane are renove fromthe upper en

deﬁ' % foopne £F Bre 25 Strﬁar@@g% B3p eI a4t tooxpntain mg/ idrbgen.
”DSAS %ﬂn(ﬁnB&teG%’E@b@ C@Q%}Sﬂﬁe |r|\}é5{ gﬁ rwﬁs%ﬁ}l Jkﬁ??hgﬁ%%uctlon
20, 1l-butene is

of a- we@@ﬁestr@amemmvw afmglmcoheernmttmmfoz butametsov@mférabiynthe

vaﬂ cgrf();Fo%iLEgé mscftif%lcgghéfag] oo%ﬂ%gttjte%g to :m)utene is at least

8: 1h§VU||scbypmmfeatneBm ls(mpmfamﬁf&edﬁoﬁrﬁ@tatﬁwmo@éss‘e@nabQrel ghown
r shaped cataly

i G856 T <. N RBi<GRoolier ! -GabafosamaiR i i waad O4

feedi stelahl #12 @%oﬁﬂﬁ#é@@ntﬁé'hy@u%gbﬂ c%rt%m?ﬁ%%kl%%lream 414t rorm
distillation packing shape such as Raschig rings,

a cajahdie dis{iligtipovgr fWﬂsSfrﬁ?a@%ﬁ dThe t@vﬁéee@sir@am&ﬂé@nters the
midHE Bf 8FracliohatRraBRk418alhish nhs H&EH: AN NRPED 28 88HS feed

point. Isobutylene and isobutane are removed from the top of the tower in top
stream 422 along with at least some of the remaining 1-butene. In the reaction zone
420, 1-butene is isomerized to 2-butene. The 2-butene is removed from the bottom
of the tower in bottom stream 424. After optional removal of impurities in one or
more guard beds 426, the bottom stream 424 is mixed with ethylene stream 428 to
form a metathesis feed stream 429. The metathesis feed stream 429 enters the
metathesis reactor 430, in which the ethylene and 2-butene react to form propylene.
The propylene is removed from the metathesis reactor 430 in propylene stream 432.

Fig. 6 depicts a fixed bed hydroisomerization reactor similar to that shown in
Fig. 3 upstream from a metathesis reactor. In this embodiment, designated as 510,

hydrogen-carbon monoxide gas stream 514 is split into two streams of
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tubes or spirals. The catal yst can be packed in bags

or other structures, plated on grills or screens.
w®edocaudias ed pol yner foans can al so be used asPCDU§2086013197

the structure of the foamis sufficiently large so as

to not cause a high pressure drop through the col um.
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thélgr‘%%,[_lct'icfh %ﬂﬁeﬁgéﬁgrﬁ égﬁeetral Hz?eg ; oE@@sﬁuélH 249#&@9 340 dfene
is papotizate Jecondnby Bdximiaingtthe prstuctiom of 21bhéert&wbefrdduble bond
hy&ulo s%?r(%rﬂzgﬂ h tyeg)lég'%ﬂpmoéflttggsn(?%éﬁé% grﬁ@ th 13&? t?lgﬁgr/] slof)éltylene
is fanldt/adnasd since@nablitéie tschemmﬁra!nd haelawgnadbo'g'eg pomtthan 1-butene,
and is therefore more easily separated from iscbutane and isobutylene in a
fractionation process. Third, in the metathesis reaction, the reaction between 2-
butene and ethylene maximizes propylene production. If 1-butene is present in the
metathesis reactor, it will react with some of the 2-butene to produce C3s and C5s.
Thus, the overall yield of C3s will be lower than if the 1-butene has been isomerized
to 2-butene and reacts with ethylene to produce 2 C3s. |t is noted that there is no
reaction between 1-butene and ethylene.

Fig. 7-9 depict embodiments in which a hydrogenation reactor is disposed
upstream from a hydroisomerization reactor, and a metathesis reactor is positioned
downstream from the hydroisomerization reactor. In Fig. 7, system 600 has a mixed
C4 stream 602, which is combined with a hydrogen stream 604 to form a

hydrogenation reactor feed stream 605. This stream is fed to a hydrogenation
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The hydrogenation reaction rate is a nmuch stronger
function of the hydrogen partial pressure than is the
WO s@aaiiizat i on reaction rate. Using multiple hpdr/ogmne013197
i njection points along the length of the catal yst bed
results in a local reduction in hydrogen concentration

reaétf)r &06 A wrﬁc‘!l’?trhe%%(‘é‘o@éﬂé @ritéit Rbni@uRas kddiidbato MU 500 parts
ong the reactor length) as conpared to an enbqdi nent

per mnlhmbassﬁcb@n weight ardessy dhedwRreaenatipR BRI liter RAS is mixed
with! @ésegtréa%%qg wﬁ%ﬁgsoﬁalf Ehh? rbBER %lec%% %Bﬁomde strearg 614, and

oneri zatioh/ h enation”selectivit
forné EMMIyﬂmmswmsem«z\eemﬂee@Gtre{aﬂgﬁﬂé 3Tld9|©eex:t strfaam enters the

miofiapbr Sarmuricz e BHED SEBLPY3, nlehd™ Rthagsacion gape 620
aboB figxXfedd p@ad aptl bRAMpEdrbactas zohd emm ths Icmﬂrlreacttmn(zone
o e S R S 0 Ml e

at af|§@é1|o$uttre@w8ér2th%20W§r @@Bﬁbrﬂ@cﬂwé’@éd@ﬁﬁﬂefu 1gﬁél& re@@sors L6 8ae2 1.
to forma reactor feed stream 216. e reactor

lsobeéxéarsq, nwmr&h@@egstcﬁ@@%ﬁﬁth@frem@'w &wiengare removed
fromYflS @ déerfﬁ{é ket A P 86E ah GO lDERBILISHIE AR ual fess

econd gas stream e reactor

desp‘ebl'GI ot ablfeanh@1 &\aystmam@h?rte qoetagn Ankyfhydregene dottbe readion
e I 1

zorbREAE A i R R Bt oTh e e Mo

from elae bottoL&k, thd-tbweeimestresarn $@de bptietkilyds pukifiee iveondloe more

reactor._ qutl et stream 22 xits the ctor 2 1 . e
g Peds A2 BT S5 G BT ea arHE orbAdnghes's feed
stre@napdo t 588a@f628-dMdreife At HBBPIBFESLtEIBIW, irPkhikh Q\Mﬂconverted

systens in which car bon nonoxi de is not used and

to paPRYIeTFe. tHhéchH§ ERrag)es fram thegmetpthesis reastor 80 9 w6Peng stream
g3single location at the upstreamend of the reactor

219. It is also possible, but usually |ess desirable,
f orFigs récand 2depietraived bedrhydrisametization reagter fﬂ:ﬂwfiﬁtfeam from

o QU TR Pk, A Teglf! AL pso
embedichgnds, rufmdtuonaﬁwdmhgan |salmd|uclad lpetreamex ddenstféam from the
nat ed as

R Bt Banor e oot RlE 1 Sbu e ant b Bpng, o
8 thbsydinCID0CEEd Aftsed\CH RtreareTD W hichdsd combeam Bili2 attydrogen

strga?’rrx %2 ?c? %rr% a hydrogenation reactor feed stream 705. This stream is fed to
a hydrogenation reactor 706 in which the butadiene content of mixture is reduced
to about 1500 parts per million based on weight or less. The hydrogenation reactor
effluent 708 is mixed with stream 715, which is half of hydrogen-carbon monoxide
stream 714, forming a reactor feed stream 716. The reactor feed stream 716 enters
one end of the fixed bed hydroisomerization reactor 719. The second hydrogen-
carbon monoxide stream 717 is fed to the reactor 719 part way along the length of
the reactor 719. Inthe reactor 719, 1-butene is isomerized to 2-butene. The reactor
outlet stream 724 contains increased quantities of 2-butene as compared to prior
known systems in which carbon monoxide is not used and/or all of the hydrogen is
fed to the reactor 719 at a single location at the upstream end of the reactor 719.

It is also possible, but usually less desirable, for stream 715 and/or stream 717 to
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feed stream 316. First gas stream 3 15 has about one
third of the flowrate of gas stream 314. Stream 316
wenwenssivhe fi xed bed hydroi sonerizati on react PET/B806/013197
though inlet 3 13. The second gas stream 3 17, which
typically constitutes another third of gas stream 314,
contain forty hgadrblgenr eBoe crackdrdoudtet stieaonRars ded e aofactionation

oo 784 b B L Bt RabE B Bt e pveam

736tet‘r@ d termrefwéeéttre;a‘m gaﬁ lssrteh&ﬂmjﬁﬂﬂn tHesbdtes t Ehé Rebuteme stogam
a a ocatl on apbou

7240 poapeRll Rurberan g AR aURELReds 784 nd A piRgin difiene

stre][aﬁ@‘?t@r TR Lombilst §henrh 72D htdrs SOMREAtRSSs Fenclorn@0e rewhich

formng a reactor outlet stream 324 containin
the i2ripsttens cepcis withithe ethvismeAodaire R ropHene eHeedr’ But | et

St rﬁ%“% Bé’dr%nﬁ PRI B8 Rlsid] tBl?r‘iéft‘d)@hrgotiltv\ht%tth@&ceptron
i BT

poOSsI usua [ ess desirable,
thablth‘;e cfracrtronetrcm‘ Cetumar&%l@r renwvmm igwptans @oﬁtléphuwny is

upqtr)rr/?\egh tﬁé éélsgr'nf% z?qﬁ)eapé)a uc?ﬁ]g 59{0088\% st?éaﬁrhﬁom the

pro ion of "a u enes
h cﬁb@@vﬁdﬂohaﬂeaﬁgaresd@ giihe onetetiasit raactaf83D brdduges.a propylene
Preferably, the invention produces C4 streans in which
streae 884ti o of 2-butene to 1-butene is at least 8:1 .

Thbink YRReRily Hes 8B tﬁeanwrﬁbﬁrmwedom@ad feaamﬁersaarhamluaded
processes, as are shown in Fig

forewm@@esr@htluefatpn@o tat tfa@@t«@rﬁt&%@aaége mEse 9%@% keaefékod and
are f fefloS \E}E?aime‘hd%a |u‘ﬁﬂ"‘f?bn§6bd@ bh tﬁe M HRIBRNaMasd Vtherwise

noNoXi stream 4 orma catalytic distillation
specnfweu‘lyim:e@latedream 416 The tower feed stream 4 16

ﬁgg%ﬁe@?t Imolﬁj% é@%;%@mh@ﬂu?%bnélﬁeed"bbﬁﬁ of a

Cataﬁ;ﬁl@tm‘;shlmenaml«/ersmmmammhene eniredtk FeednSttlh%em op of
t e

r in top.stream 422 .al on ith
1A Sanate eonl e B e Finare it FrO88Es §40Esed to
seﬂar@t@ gr(e4 kFehmMOUBEH BRANbOchtantRNediedbe mehebemm ook place
renoved fromthe bottom of the tower

withinvp catplybie d@{l@t@g@pw%ﬁt{ﬁp&wrt%poﬁmely{rq @gtllfa&roa Ieiruglures and
coﬁ@%@oggﬂﬁ?ﬁ l&%@rﬁat‘?@?‘ﬁpactkg@ PRE tchBl;%‘t WRamsd2taing of 02486 PdO on

ene stream4 forma metathesis feed
1/a§wre@mp4era@ts (Ehgernetcatanéyv@ me@@ ot hradeswrepped i él%‘”@tl%‘ wire

mesh packing. The bales used covered 8 feet of a 2 in by 32 feet catalytic distillation
tower (DC-100). The remainder of the tower was filled with 2 inch saddle packing.
The feed stream contained a mix of 2-butene, 1-butene and isobutylene. The
composition of the feed stream is shown below on Table 1. The feed was
introduced in the column below the entire 8 feet of catalyst.

Table 1
n-Butane wt% 0.10
1-Butene, wt% 17.36
trans-2-Butene, wt% 14.45
cis-2-Butene, wi% 8.74
|sobutylene, wt% 59.35
1,3 Butadiene, wt% 0.00
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met at hesi s reactor 430, in which the ethylene and
2-butene react to form propyl ene. The propylene is

WO eovoexiods r om t he nmet at hesi s reactor 430 in prpEYUSINE6/013197
stream 432. Fig. 6 depicts a fixed bed
hydroisonerization reactor simlar to that shown in

%Jg??}g&ﬁééx%ggqléé IR 8 1TBIRNRRINSgePOOL @xturkd (ERMples 1D-

gnat ed as 510, hydrogen-carbaon
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1= 9G8R Sl Y o by e TR BT e 4

Ib/Hri The erbr c@mwariﬁmtn@ﬁox?d@ ligtidedistiiltata Produdt ggtipasn was

oo RSUY PR A0 Bt Ryn Bal VSRR B AL o

feel g rﬂl@’(‘reéd&lbeﬁ &Zt@ne ‘Bhe aﬁt&a‘dyé}nbu@trdf @etmtemdo oThmmmmt;def 2-

stream 517 is fed to the reactor

DulghoIRGNERSHALRYAF RASCEIRD edGEPnEE efHepRe 4 Batiss siream

cor%?s%ng gjrthlét'l 2LSutb A8 TR WA rdvih ffoRih &fver TTTRe hBARAIDutanes

out | str m 524 contains increased quantities of

werz-gplit eatweas tn;eo@\ip@uaé@l oveyhgad erodusband &%ﬁ%ﬁ%ﬂﬁ Rogrete i small
nltrl‘égér?geiﬂaaiﬂg W?E r&dftd the '6%%\%%@ %n@'&iys%nﬁid adbqlif& Mélﬁ%‘ﬁﬂhe

e reactor at a single location at
prespserobzm terld pdigt he reactor 519. It is al so possible,

gtj tr ajﬁglglil-f}ftﬂ%ée ﬁgwgecﬁ%tlrllggq §roﬁﬁg{ gée {nheea%tgoraig V\%rﬂg &f{en in gas
badlibl einafitdteanbas ifer aptiysisaby xgapwhlrcﬁmetﬂ)glrazpm/nesmg a flame

ol e e LS PR RS s

of §bﬂweam@a?c8 S &Jchtomd el at fies isaintee @igte0hekidd. Th@ W@,umbf the

the 2-butene reacts with the ethylene to for
exparoptainens: Weigh esb vamynonior; bed PQfﬁ@'fésabGPefﬂféN rates, top
reflLQ%%b%ﬂd%‘ttBﬂwiﬂﬁN Pét@g%ﬁf%%v%h[%%vd if Tl 25 and/or 6
one acco es severa Ings. First, the yield of
butenes in the hydr ogenat i on/ doubl e bond
hydr oi sonmeri zation step is nmaxi m zed because the | oss
of butenes to butanes (inerts in the netathesis
process) is mnimzed. As a result, the production of
propylene in a netathesis process using 2-butene and
ethylene is maxi m zed. Second, by nmaxim zing the
production of 2-butenes by doubl e bond
hydr oi soneri zati on, separation of the n-butenes from
t he i sobutyl ene/isobutyl ene
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is facilitated, since 2-butene is heavier and has a
hi gher boiling point than 1-butene, and is therefore
wWoneos/1e890 | y separated from i sobutane and i sobPCYUSIVE6/013197
in a fractionation process. Third, in the netathesis
reaction, the reaction between 2- butene and et hyl ene
maxi m zes propyl ene production. |If 1-butene is present
in the netathesis reactor, §f,ubl!l react with some of
the 2-butene to produce C3s' and “Css. Thus, the overall
Exaydie@luebeof C3s will be loygr thamw i f [tfee 1- bybene |h&s
—beemr-rsomer

Zed~T0 Z2- DUt ene qgnid 1 eqCls wwihn etny ene
ta nrnr‘lur‘o 2. C3s 1t i that Jt here—il-s—re
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L1aGBBlsenhTedow RieXdskt € 1S [educed oo abous 1500s6par t|ss3per
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1-3 Butadiene % conversian -

1 Butene % conversion €2.5 62.8 53.9 59.8 66.6
1 butene selectivity to butane, mol% 14.8 19.0 23.1 8.5 7.7
1-butene converted, g/hrig of catalyst 0.332 0.334 0.286 0.318 0.356
n-butane formed, g/hr/ g of catalyst 0.050 0.064 0.067 0.027 0.028
IAverage 1 butene selectivity to butane 19.0 8.1
lAverage 1 butene converted g/hr/g catalyst 0.317 0.337
IAverage 2 butenes formed g/hr/g catalyst 0.257 0.310
[Average n butane formed g/hr/gm cat 0.06 0.027

Table 2 shows the beneficial effect of using a mixture of hydrogen and carbon
monoxide (0.3% CO to H2 molar ratio) for Examples 1D-1E instead of pure
hydrogen for Examples 1A-1C. The selectivity of 1-butene to butane decreases
from an average of 19% in Examples 1A-1C to about 8% in Examples 1D-1E while
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to forma netathesis feed stream 629. Stream 629
wendosns3ibhe net athesis reactor 630, in which iPCT/8S2006/013197

converted to propylene, which is renoved fromthe

met at hesi s reactor 630 in propylene stream 632. Figs.
the eirptalbraje pf d tbuderts sestverden ryroaios sivneangest aronnd Bect@h level.

re e a
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o b e e SR AR Db B M g S e 1. 1w, the
feleyldn«dgde«t autzotieren e xhdendgi Taaie 31at 0.55%emh 4 aeldhe basis.

reac'iﬁ 19 part way al ong t he Iength of the reactor 7

PR'%%e reactor 7 19, 1-butene is isonerized to

n-Btddtgne. The reaftor outologt Stream 724 contai ns
1&&1&(%3/% quantit|es of 'f‘a teme—ap conpared to prior

on oki de i s not used

R TS e p-ch—earborn—rono
trauﬁnﬁg D% s ¢ he hydrogbh? to the reactor 719
ét:BEée'En \Ht(@ e locatlon at BKE upstream end of the

Isopetdenaawt?%19, |t ik al so #3sible, but usually |less
- gadieab] w% f or stfeam 71%.5and/ or stream 717 tocontain
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but ene st ream 724 i s optiona urif I'n one
hyﬂ@ﬂ@ngtaafﬁe' W?é%éh%ndramm%lzm%demom hweemobtatemd reflux

renﬁé@g#@?%a%r@ ﬁ?ﬁ%eséis%ﬁme&%%p?@tl et 5018 A BIANWRE SFrect of using
a mixture of hydrogen and carbon monoxide (0.3% CO to H2 molar ratio) for

g;

Examples 2D-2F instead of pure hydrogen for Examples 2A-2C, when butadiene is

present.
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the 2-butene reacts with the ethylene to forma
propyl ene stream 732. The enbodi ment shown in Fig. 9
WO g00siindib@ar to that of Fig. 8 with the exceptiPOT/URANG6/013197

the fractionation colum 834 for

and isobutylene is upstreamfromthe
hydr oi someri zation reactor T864/8 4and downstream from t he

renovi ng

i sobut ane

ot 806—Themetathesis reactor 830
E)\a"k%ul Ugcllal | U1 I CG\JL UI e IBIL'I. Tt 5 °F oF
—preel-ueee—a—p-he-pyl-en-e—s-t-r-E‘é\m&Z—Hau_ ﬁg gefidr al |
desct-i-begd—the—pnvention Lt he fhil owi Ng_exa Le
Pressute o819 4ad f ar  nur poses of 1391 1 usk®f ati of#9so t fat  t héeo 80

Terhpmatﬂrbd’mprm‘yéére(l-‘rmre reped |y peeders

160d a
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TotA@Yatdl BYENCed 10 11 M T TNR.STOPR BT T [1Gs T TVETLT O =5 4.48
H2 14BE185=n Ot Ner Wi S€ Spect TT[a) Py ErTa 195 - B or - 1.1g: 1.15
ot ol e PR ;MR C 17 00D AP
?IgFti)f?C 1E)O\//-r\-éﬁ!il—ccu S+-etmrA—c4 Cé"b! e 04133:13' ‘,’g =¥ j:op@é.r_i_%i’%ﬁn :);20335
parat S 4l :
Stt-eam-whi-chdid not co itadiepbe. The reaclion
LIQLBBK ISTH AT E hifdow -cat S5t | 4@t i onfttower (346 2,67
Ibs/hitted with both catalyt illat}]on stjucturgs and
; - packi ng The cathlyst
LIGAAS 680 St ladeADE  0(vdo P PB pel|lets
W appef in
bhales lised chvered
anBaa ) f i Bo%i stforet at i ppAr [oor
t QRite{dPC- 100) . The rendlsmjer eW&S T [al7} ed,. 8,77
e 2B Poor e P *TThel2% _Jros
cGispdButdnen of the feed 1Fabl e|1.03
1!-80-3mt§lefn%ed was intr OdUCL 9?9& 79.26
eI g LEps. | St O _catatysts ooy 000
J.V/ ariru lly 1 7
were nmjxed with the feed nt o
BOTHONBPRADUET Flow fare. lewanpl es Do 1E,J1.4the H2 npke T afibo 129
BOTWAES PRRDOORBwWIoT cobhod%) The fleed rdte i1njall cases was 4.5
n-Butane 0.93 0.93 0.72 0.15 0.16 0.18
1-Butene 1.66 1.46 1.48 1.46 1.66 1.85
Trans-2-Butene 43.65 43.18 41.19 39.10 39.14 39.48
Cis-2-Butene 49.63 49.15 53.02 55.79 54.86 53.94
Isobutylene 4.07 522 3.55 3.46 413 4.50
1,3 Butadiene 0.05 0.07 0.03 0.04 0.05 0.05
1-3 Butadiene % conversion 98.2 96.5 99.1 99.0 97.8 97.2
1 Butene % conversion 55.9 63.3 46.5 494 57.3 65.2
1 butene selectivity to butane, mol% 259 15.3 36.7 8.3 5.4 3.2
1-butene converted, g/hr/g of catalyst 0.288 0.325 0.239 0.251 0.295 0.335
n-butane formed, g/hr/ g of catalyst 0.076 0.050 0.089 0.021 0.016 0.011
Average 1 butene selectivity to butane 26 5.6
Average 1 butene converted g/hrigm catalyst 0.284 0.294
Average 2 butenes formed g/hr/g catalyst 0.196 0.262
Average n butane formed g/hr/gm cat 0.072 0.016
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the feed, any unreacted 1-butene and a trace anount of

2-butenes. The quantity of 2- butene in the distilate

was based on the fractionation efficiency. A bottons

stream consisting primarily of 2-butene was w t hdrawn

t he Aé El%? f‘?c&g%rgmoe\-g‘ggﬁ%ﬁﬁé%%?ﬂgﬁagﬁh%ngeb i |ttpﬁl SNefdtion of

butagienduthie. pdsitweainfluente afdlO sadditaom ivathef bddrogen he evident. The

outa g L PR BN 30 S bS] SogBIHbg] g Bsence o
CO. qihéﬁel ik lsatfieiapt AjaRigeantallfse ko bl @IEhaeyEohakatibn of lASdiene in
bags or small steel bonbs for analysis

this Gaseomificsy inepeRsinG Meghwl rPagmabehinz Hﬁ%%?%eﬁqw@? 1. For all the
caseWé?é ifd pha RN A S h MR G d TRERatR Y rédiict BAd W@tv@é@*ﬁBOO and 700

anpl es of both distillate and bottons over the sane
ppmtbu’f@dlp@@ imdhe Patofsspiodugt. AlhtheeRyadienenosted guer the catalyst

svecti}fyg:ot%{1 esP?QraYl Bylbngsste(h‘%apfdcootr&gg?% 3 WfiSneLO 'fljleg‘%cfdﬂfoﬁsof the

UX rates and b wrates are
butabehewahsesTaabltow ia tHabVerage Tedvhe oP1-dhtaws edreyeledeflheiaatount of

ffect of t .
o By e 8B4 Bl ST BN oo
Exal‘Eplien'StWISQfS Qmei‘:ééw drrm,@etfut%@lénEmmj bs tﬁd\flﬂs(fﬂto Tdém;t over this
s o Oy T LB 355 L0530 B BPercon

or bLﬁéﬁ‘@Bb%tulQiéh ferdihé ﬁkﬂfaf@éﬁhéhdtrd@"cﬁo@%f thuatrenmdicates that
conversi on remai ns unchanged around the 60% | evel. The

for ajl dheraseihieenis enpioh f@vdégg%m&bm@ca@dﬁe%@@eaﬁa\y@'w&enat'on

and k&é@}hep@&y édwe%r? ﬁ@émeasatfoﬂcreased As a

e | rrprove ctivity, the nornal butane
e pessose 6 OMs8 pme%sesthle uRdesirable Adutengihyrirggeratiangeaction.

rhe SHEERILAT LB L e b At At Do BRI s 2o
2C dowr Bsannhygrajel ohs. By %hédvEEmMpIEs 26%2RpAe S, result lof theimproved
oot 2 B el e RS PP B T 1B e howi
dnstll@fé\wlggrlnﬁatndt %&gepcgd @F;/an tHa ittomsEdddh M xture at One
EXAMPLE 3 - Injection of H2 at Multiple Feed Paints with No Butadiene in the C4 Feed
Stream

The catalyst was loaded in the distillation column in a manner similar to that of
Example 1. The column operation also remained the same. No butadiene or CO was
present in this example and the feed was that shown on Table 1. However, in Example
3B, the hydrogen flow was split equally between two separate injection ports. The
bottom injection point is the same as that of Example 3A, i.e., together with the C4
feed. The second injection point is in the middle of the tower, with 4 feet of catalyst
below and four feet of catalyst above it. Table 5 shows the effect of splitting the

hydrogen while keeping the total hydrogen flow rate constant.
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Distillation Colum with Butadiene in the C4 Feed

Stream The catal yst was | oaded in the distillation
wa@edodm3ibm a manner simlar to that of Exanpl erdT/TRB®06/013197

col um operation was the sane as in Exanple 1.

However ,
Table 3 ,

hiutadiene 1n the feeod
SH-aa-ehe—1h—tne teea

—ahig

the feed included butadi ene,
ahbl6.555% on a wei ght basi s.

hv

er
ot

as shown in
Table 3 Wth
rogen fl ow nust

Exampleibe i n or der to sat

ghy t h

3B equ

rement of hydrogen

for butadi ene hydrogehati on [o butgenes while
PressilBLILL &l T TTg Ty UT OgET facriTrate] t he
i j j Qion.l3%e fhed rate and refl ux
Tempenaiuns Topef BaddéDag. FpA3the 8% ih exanple 1. Table 4
Totch lFewd rbfee il ect of upymg a m xturp of hydrogen and
2 G IR, 88 g, ol o Bol  fogen o Exampl es

H2 to Aopcolymansdfiit adi ene

080pre

368 Tabl e 4Wiil e t he

CO inegsinig@mestig2 for hydr pgenatijanghave changed with the
[ ut adiene he p tive influence of CO
S f}%&n{ergﬂd@?ﬁ/?hc hytro %E? S gpdenlt The but adi ene
Top Zefeiaw.dbs/hs hi gh (kA hBen |98 80 [999% with and
wit hout the presence pf CO |There jis sufficient
Liaunysngen 1ava [l eratd] #hbow [thigghyldr ogenati on of
but adi ene 1 n this case wthqgut I nclreasing the hydrogen
Ibs/ibove that used for Exanple |1. For| all the cases there
LIQUD 0 memilwtpeli gae iy the lijquid distillate product
and between 300 and 7000 ppm|but adifene in the bottons
COmMpESiHRR Al the hutadi ene florced lover the catal yst
seBuiaoe by separationf2.83essengdallly converted to
RusgRee- The addition|d th he Jgif adi ene causes a drop
Tt e average grans of - 1=bytene——clonvert ed. The anount
V']J!Ia'is'giﬁ@gﬁ'%ecnn\.mrtod 3,98 rgpé& 2 is approxi mately
88s2dButehe 1- but ene cloh¢8rt dd.84 Hxanple 1. This is as
eRRAYIERe ST nce but adilene7yoylg pe fthe first to react
V. S catat yst. H er,tietotal anount of
%’Léf’:. er’ceon‘v'er%/ed f &ﬁgufmo 6@\/ i sonmeri zation or
but ane by saturation remaing highlafter the
BOTIN@M S RRODOC ToF lowatel|n.881 ndiiczg e§ that for all the
cases there is enough hydrogen to |both achi eve
Ibs/hput adiene hydr agenat ilon
BOTTOMS PRODUCT (wt %
composition)
n-Butane 0.59 0.20
1-Butene 1.47 1.80
Trans-2-Butene 38.59 [39.5
Cis-2-Butene 55.77 |[54.2
Isobutylene 3.59 4.50
1,3 Butadiene 0.00 0.00
1-3 Butadiene % conversion - -
1 Butene % conversion 53.9 57.62
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and keep the catal yst active for 1-butene
i sonerization. The presence of CO suppresses the
wanaessiisiabl e 1- but ene hydrogenati on reacti on. PO®US2006/013197
selectivity of 1-butene to butane drops from an
aver age of 26.0% for exanples 2A- 2C down to an
1 Butepg geelsstivitys tay Bubanas@dl ed 1ABDH. As a result of
mologe i nproved sel ecti vi t hg norngl butane decreases
fTom 3 wotgtess—th o+a—tHe liquid distillate
1'b§'tef‘§an‘?°é}’(&rtfeﬁow9}}r/ﬂo D986 n [nDhqt t oms stream
catEVPLE 3 - Injection jof H2 gt Ml t|i pl e Feed Points

BUT agt ene, L ome-ta Wream The cat al yst

Avgm%églzol\g%gae? ﬁor{T}?é’ Qi/(iﬂg i&?ﬁi qn: ym in a manner
catsiyef | ar to that of Exanple 1. The dol um operation
j renarned T ne sang. DUTagEeTie or CO was present
nb?#}a%t%hi@?&%ghppgwang t eo'égéd :Ra@’trat shown on Tabl e
catdlystHowever, in Exanpl g 3B, the hydrlogen fl ow was split

equal |y between two separate injection ports. The

botvtvom injection point is the same as that of Exanple

3A, Wher multinjg @oids obydrogandniestipr are Thed gplacelof a single point

of irjédgtﬁég itA8 serékgi\‘gp) ¢t Lﬁhtéﬁ@gﬁﬁ%eegé;%?ééﬁ fgojp"“‘gﬁgos%"it@%%%s@s with

f f catal yst l'ow and Tour
a single rghpees injé@ion toHé.88% fardhe ohsesphith $plin pydrogehywsiRgs e rall 1-

L i ng - total hydrogen flow rate
bultfle o LT Gk ot anHAY SMEBehe RSl Sarasytn the n-butane
d iQn, ectivity o -butene to butane ]
w3t B Insrhciunt sirqa. Atdhe sagieriinthe tal enteyent ofbhuten
nvyredt diemged dnly 8AGHHOT b § |
Comi |§ gerg al| i b%t,gh\éﬁt@grﬁ%g?@i&%ﬁ\é ?“;H.*?e?h%*%'ﬂﬁ%ﬁ%@l" pgtween
94 P& cle1 OF e tatal £48 in the same Ligaan fordddhe ssees.f r om
C i b el AJUT istil.late .
oAl SELAmpRe 2 EHod bl HBisM el Reflefi i ifote Pointof
Hydsegesulmiectiont he same tine the total anount of 1-butene

co h slightly, with the 2-butepe in

PN Lo 00000 00 T S P B ke
hydioges injettiomssang sombmed! ayddlgenidaeb&rRsasnoFe8PRjRtibNE in a
h dExa | e g - Fi x?d B Hﬁgr i soerj zati on Reactor wth

y |§|§]ogﬁ%n2§ IOy regc Yy dride alcglpgc ipglics used for this calculation are

consistent with catalytic distillation results from Examples 1 to 3. In this Comparative
Example, a single point of hydrogen injection was used at three different hydrogen flow
rates to determine the effect of hydrogen flow rate on butadiene conversion. Hydrogen
flow rates were based upon hydrogen to butadiene molar ratios. Ratios of 2, 5 and 10
were used. All the results reflect a condition of 100% catalyst wetting and minimal
pressure drop through the reactor. The heat balance calculation was based on an
adiabatic reactor with vaporization. The composition of the feed is shown below on
Table 6. |
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A trickle bed reactor nodel was used to determ ne the
benefits of nmultiple hydrogen injections and conbi ned
whyaeagHpe car bon nonoxi de injections in a PCT/US2006/013197
hydr oi sonmeri zati on reactor. The reaction kinetics used
for this calculation are consistent with catalytic
distillatiofabs®lts from Exanples 1 to 3. In this

—Conparattve £x singte poi nt of hydrogen
lnjection was— §ﬁgéfﬂ-f-h¢-ee—d4—ﬁ—f erent hydrogen flow

Butediees to det er n ne&he effect off hydrogen flow rate on
1- e mdi ene conver sijangp Hydr ogen fll ow rates were based
UPOIT Nydrogen |ene nmolarl ratios. Ratios of 2,
?"%H%.u 10—were mn?g%g. t+he—+estlts reflect a
isowiade t i on _of 100%4%9G1 yst wettifng and ni ni mal
isolputgieseir e drop {hro@glo t he reactgqr. The heat bal ance
n-bG@neul ation was bagegy on an adi gbatic reactor with
vaportzation—The—conpositiomrof the feed is shown
bel ow on Table 6. Table 6 The inlet T of the reactor

The wihst Tsefttht 0edetOr dag sefFtaattD degrfesisdia @redsu?d Of MG) gsigTITehe flow

et b o 55 B Bl g bS8 gRbutaciens

conVveER§¥R id BhdWwa .in Fig. The Tekf eftdct of thdeyddeadeiw ratevor atiitene
on 1-butene conversion and select|V|ty is shown in

con\/p,rﬂon 2nd seiget dlyUs ISPBNUMMS Bt ene conversi on assumi ng
J#@é&nﬁ rfd?ﬁ ALRItENE X8R Sioh Bs8G/InBaS RESES fcﬁ'tgiéréénik@e is

uta i ene conversions in excess of 99% can -
86%a8|as5@d/e@ Fagureon g ans! thoutiens eenvediiensinmeicess &f P8% @an be

ach@\?eol fsal%%g%g Othg\f‘—’?{ t%t%?%n@%nc{)@?&nd' _t éééét@ [%bﬁ?é’&h&zﬂ2

rovi des se t I es expense o
feedtrateetdlerrwoaxﬁd drobudberg@odmmmtlembut ehtntbe @asemge ohigothi2
0, | eads t
butaffing SCt-PotehE ComhiitTt: Ths et e Va8 Fuf i 1 ks o queeh

highar lbesesd aid heyoddlectivit) @f fi dritervai® mnéfﬁe d:Fcﬂ'l‘EIII thesd aasﬁﬁ

reaclg Toi Rl S atsoosToBn g AL EE bisPRhGER) of Moy mum
1-buBEheecchvBrstanL Athzecsma@@n&%tﬁ 66 8hd & rzg(@@elee@tn ¥i 10 filddve a
5%b1u%)3tgﬁe%ggvgsfon at 6. 95%!2&&3}9 Itoegt?taﬁte atngewnohu% 5 %tpmw butadiene
at the outlet.
EXAMPLE 4 - Fixed Bed Hydroisomerization Reactor with Split H2 Injection
Comparative Example 4 was repeated using a hydrogen to butadiene mole
ratio of 5 with the exception that the hydrogen was split into two separate feeds to
the hydroisomerization reactor. Due to the higher dependence of hydrogenation
rate to hydrogen partial pressure relative to the isomerization rate a low H2 partial
pressure throughout the reactor was expected to be beneficial to selectivity. In this
Example the total H2 rate was kept constant at a H2 to butadiene mole ratio of 5,
and the gas flow was evenly split with half of it coming in with the feed and the other
half injected at 8 ft. along the reactor. The performance difference is provided in

Figure 12.
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EXAMPLE 4 - Fi xed Bed Hydroi sonerization Reactor with
Split H2 Injection Conparative Exanple 4 was repeated
waig006g139hydr ogen to but adi ene nole rati o of SPedi/UR20é@13197
exception that the hydrogen was split into two
separate feeds to the hydr0|soner|zat|on react or. Due
t B\t ImprAVeRent iadpluigBa caNYersiondr e Yo s GHangd evhile lowermg
the sBIRGIABPBOPAL AN MR LE H%qlneé bialehelifihe outiet was 13
I'soneri zation rate a artral pressure
ppmwhr oughout the reactor was expected to be benefici al

exe B A bl MR AR S M 0B i S

Injecaotls bheygegehiCumbyasianoaidey split with half of it

comn th the f ed and the other half cted
5 bOgiadh RO Tes PR e Bt o € BofEgpoin
and lWéW;bid%]ed:tfbnﬁh GgiguiadioNnofl teeMesteRiacion u%rri@lxherﬂaﬂf feed
conversion (72% was obtained while | oweri

streage PEEPMARLSHVeRRaRRIC Kt Bife COno iEOaahwOlg %30%%% Péhe The
hydr oﬁ RepQYbLRE &E rért?b RBew. Wétfr:e &)ﬁsté;rﬂté‘?& lﬁﬁgdlene and 1-

roi soneri zati on Reactor Wth Si ngI e and
butenejpgdiogenatiat wpwfnaigew@artbeﬁrmn@ﬁ ofla QQW@M@@ of 0.3%

molef}ygsrﬁggoqpm%ar{gg %&g streamwas injected at a
singl e point. an

a split injection in a sinulation
ofFa the split feed errémdimenmmmgedolmd igéctiaechade veand dffrom the
v en m)I ratio
reac{E ENGo355- Fie TRgupUade FO el A et HarERr A Bo didriride
feedHTn@i & IR thiyGrogeRsdadind s niopioxidletfedi eneutatlede chulersion. Flgure
hy rogenatlon were halved with the presence, of a

14 shows tieesitrctd O83sifpie NieEN GATATETPBIfE {85t antsk 8r3pr
hydrﬁgtg*:-%rbtoﬁ%&%)&&e ferR0h e MR B nvetdion 8RS @@%Ch C@b:‘ﬁﬁmmg

ft fromthe reactor entrance. shows
the hotle inslysben ofocfarboe|m@%ldwm%gwotaﬁblﬁﬁe%ﬁml%@ theaxptimized
reacﬁd&%\?ge irlpiél b %P(Q thlei'b}c% 99&3[69% ?ﬂ%fjgﬁg ggcgfflhﬁ tilt&ne.
The bythdigrenaidae bmctummetmtm 3 ppavand sabstantial |mprovement was

achigﬁf @@rp & 60 b&}n}a{m nﬁg'_ﬁeﬁ% gpﬁ m;ectlountseéb(?ng? ?r%eéé%o{‘ butene
conversion at 6.7% selectivity in Comparative Example 4 to 79% conversion and
only 5.4% selectivity to butane in Example 5. The results showing the effect of CO

are summarized in Table 7.
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the both inclusion of carbon nonoxi de and use of a
split feed provides the optim zed reactor case in
wooganes1dd with 79% conversion and only 5.4% PCT/US2006/013197

selectivity to butane.
is 13 ppmw. A substanti al

out | et

The but adi ene a

the reactor

I mprovenent was

achieved wth the conbination of H2-CO in split
i njections going from65% 1-butene conversion at 6. 7%
selectivity in Conparative Exanple 4 to 79% conver si on
and only 5.4% selectivity Tablbgtane in Exanple 5. The
results showi ng the effect of CO are sunmari zed in

Table 7 .Table 7 As
skilled in the art,
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nt to
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1pe S0 %lwe
bhs and

1-Butene sel.

adaptati ons of the ne¢slacheafid) sBDuct ur ecéd@¥sion (%) | to butane (%)
described wll becone readily ppparent| w t hout

‘ rture fromthe dpirit and keWWe of| t he j nventidn.

Puré 2 soepgeofiomhi ch ijs defémed | mat he appgnded 6.7
ﬁhalns VWhat is clainmed is: 1. A process for the doyble

Ho/ ﬁﬁ“ﬂVﬂﬁnlqnnpr|7at|nn of CA plefins,| conprising:

SpliobHai amdwg:@ tasd @terleamigOpri ging 1- buygne and 6.0
2-butene, introducing said feed strean and hydrogen to

injegtioRdact i on zane canprising a catalyticldistillation

Splic ol.Lemu Conta@deni ng a hydrzncsomernzatl on| zat al yst wi t|lg.4

doubl e bond hydroi sonerization activity 1n order to

convert a portion of said 1-butene into 2-butene,

formng a bottons stream conprising 2- butene and a

USRS ARGt bing

U ORy Blj "R

th%}éffé

c IVI
process of claim 2,

zone.
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is introduced to said reaction zone at nmultiple feed
poi nts along said axial length. 5. The process of
wo baicrm1go wher ei n sai d reacti on zone has an axpal/us2006/013197
| ength and both hydrogen and carbon nonoxi de are
i ntroduced to said reaction zone at nultiple feed
Whapeiddisedligng sai d axi al | ength. . The Process of

1. A@redessTor thieaiaribie band hgzdmwlomrnz@tm)pf Gesledins) euBRIiHNE
obtalﬁﬁ@‘affeeﬁ@tmdompoanngmebtgeoel pnd@nkuteneng of

al l adi u ti num and 7. of
eSS S e SERRd Tl B g e 2sHsaEe3s o
Coméﬁ a@a@mmugtma&on“&bmmﬁf cwreainingfa byaiomaeridatiori n
feed stream further contai gs nor ng%rhbut ane

cataly gt oIS POBR VIFRSHRE PR Al NGTaeH (STSEREs of

port|§|1\ 8t fid1- %@HS'nﬁo%but@ﬁ&foﬁﬁﬁig(ﬁ b&tedrels $troginestenprisirgpRd
stream i s hydroi somerized to 2-butene. 10. The

butepe eo@@gogfstr@am PANDiSiRG fsODHIaNRANRDS kUt InEoald

QAR Garbipf GRS b SBhe M ER MOS8 |
0. oonrm ar3rmbies czﬁfcafzbcbumnexld@ per molepkhydiogen in ereerto
mcrefse&%eeg-élpﬁtl%owqg Pé\tgﬁg 80:20. 12. The process of claim

Fati o of carbon nonoxide to
2. Thygra@ss df otaimdy eetbreintsaicsteied streact includeereitadienen t he
3. Thaparess ocl@B22 1 whéreP0d 13t a Poetioprafseskbudhdiehaisiydrogenated

further cor%prlsn m xing said bottons streamwi th a
to butgneineaid & Cé'é’EtZé’g‘F to forma metathesis feed stream

4. TROG-ocBES QY& v rEinRidre Befdrszdrea s @(@éﬂér@tt&land hydrogen
metat hesi s reactor to forma netathesis produc

is intrersiced de e8! repciorazana 8t mulipledierd RIS pidng: $7id ?§'3| 'ength
5. Trhgg)%ﬁ&ts 6§C|§W}{_h@/ﬂgré‘ﬁ‘gaﬁ%gcﬂﬁt Aeris aﬁra%jél'%ngtﬁ and both

e process of claiml1l, wherein sald
hydrbg@ﬂaed cedrancontakide aseinigideaed i said ieactioprasmesatigultiple feed

I o tin feed streamprior to introduction
pompsynqq%nig?gaﬁ(éag&%?%ﬁ zone in order to reduce the
6. Thd peicess of widient, ohessn daideeatalyst eamprid@s aTheaspraveemember
3, wherein said Te d str{sam contalkne§

selegt{ggz%q%ﬂ]@lgfplgptqp&smtmg of palladium, platinum and nic

7. The process of claim 6, wherein said catalyst is disposed on an alumina support.
8. The process of claim 1, wherein said feed stream further contains normal butanes,
isobutane, isobutene and butadiene.

9. The process of claim 1, wherein at least 75% of said 1-butene in said feed stream
is hydroisomerized to 2-butene.

10. The process of claim 1, wherein the molar ratio of 2-butene to 1-butene in said
effluent stream is at least 85:15.

11. The process of claim 10, wherein the molar ratio of 2-butene to 1-butene in said
feed stream is no more than 80:20.

12. The process of claim 1, wherein the molar ratio of carbon monoxide to hydrogen

introduced into said reaction zone is in the range of 0.002 to 0.005.
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conpri sing hydrogenating said feed streamprior to
introduction into said reaction zone in order to
wo eadaesibhe but adi ene content of said feed streemusHe6/013197
A process for the double bond hydroi soneri zation of C4
ol efins, conprisin obtaining a feed stream
13. Toemprocdsseficlain dnéuriiet corbprisime mising said bottawisngtrezah dvith a

e 4 AT AR 1 650 bR PG re

feedcreiaai to mgwaathaslalryad:tomd forgiaumeeathesis product.

r Qi soner activity in order to convert a
4. TEARESTAA 1205kl HiouPedireieacti s Ahviene and said
metdibégio peodiict BASYop@EPE] Sing 2- butene and a top stream

sobut ane _and i sobutyl ene, said hydrogen
15. @&%arocﬁ§$ 8@6@&8 hivhrien prid fee éthéﬁhP@,ﬂtﬁIf@n@Utgéled\e further

combﬁ?ﬁl@ Ry@bgsrdtthg s%?@fée@rbtl%%rr‘f?pr‘ld} tQireAnEidY lg?cg?%g ﬁ%éc"%ﬁ zone

to maintain said catalyst in an active dou
in ordogtogiedBer Hiekitrdiene contamiof saidifeedrstrzéay. hydr ogenat i on

16. qfhebé’l%gé’s%sof é'i%m ]Irgewﬂ%f)eq}?%ﬁnoof‘eeals?rle@rrilgom\gh %tﬁd'%zﬁefurther

carbon monoxi de i s’ Introduced nto sai d react
compiising hydioggratinatsaithteedrstreanepridr ts aitdfietish iptd swid rédvivg zone
. f 1S a The rocess of claim
n O@'l t%f%?{}%%&eg%unﬁa' Qﬁﬁg”fﬁ'ﬁ%aa'aé?%d BQS Bms streamwith
17. a m\ptcmelsessmrsthemubmmmhimmme@é@m@ﬁ@SOrfeﬁﬁQ M GRMg:

?) ntrogfucm said netathesis feed streamto a
iRBE P CRR SHERM TUTPURIRG 4 Hiiena ﬁ'é%?sb%?%@‘td 20.

Thﬁtr@d&lﬁn@§a|§ffe§d §1r@31|419and’m%fr§¢;éh a%ﬂsd@%ﬁ ﬁé' S
eactant i1s ethylene and sai d netathesis product is
Comw%wﬁ&%alyt.@ distiltatien spbees bavng ellangth Bnd caméaising sai d
!
Ca R R AR B ot e PRI B
pOﬁIDfﬂnDbS@ldl1dbwteaennt0r2 kuireej ﬁmrmrr@ea bmtdnmedtreen“tctmpnsmg 2~

steBY 08 5Bl e 1 SR SRne RS

beinp uttadiueae at frultiphe feecopginissdiogy Syidnaragnar said reattibd aaw
rior to i ntroductl on I nto sal d reacti on zone
in & QA RUBPPTOR e AR A AR T BnEEHYS dpuBlRi R Hoos

hydréitb@@ftation form while minimizing hydrogenation of butenes.

18. The process of claim 17, wherein carbon monoxide is introduced into said
reaction zone with hydrogen at one or more of said feed paints along said length

of said reactor.

19. The process of claim 17, further comprising mixing said bottoms stream with a
metathesis reactant to form a metathesis feed stream and introducing said metathesis
feed stream to a metathesis reactor to form a metathesis product.

20. The process of claim 19, wherein said metathesis reactant is ethylene and said
metathesis product is propylene.

21. The process of claim 17, wherein said feed stream contains butadiene, further
comprising hydrogenating said feed stream prior to introduction into said reaction zone
in order to reduce the butadiene content of said feed stream.
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23. An apparatus for the double bond
hydr oi soneri zati on of 1-butene to 2-butene,
waoempriapmg: a C4 feed stream conduit, a catal pei/ws2006/013197
distillation colum having a feed inlet fluidly
connected to said olefin feed stream conduit, an upper
22. éhe rapckss dfovleim éBdwhewin saigtfakbd tsitreadi sonthinattiuadiens, further

comR R ABARL N RS BRI AG BifBe 6L g gron zoe
in ord;&rrteaednamdm tiutadidns abdteheoeflsaid fedd stmatlna second
23. & atras dpEhne SGS Hopd BiafoisSneuzaibfet Botihe ta2-butene,

Com;ﬁ@.@ -first and second hydrogen inlets being positioned
to maintain a hydrogen content in said catalytic
diasti faeshstepne 6PUHHHE appropriate to maintain said

hlé"éété@ﬁ@ﬁfs‘tuﬁéﬂdn%l&ﬁh waw.b d neeerlm@ﬂnu.ug cgmgéét@d hoRrgid olefin

%/rmsonerlzatlon ormwhile mnimzin rogenati on
feed 6 re@mt@f@lylt aa uppeeenrppad @tlgwemendl @aumcatalytfcmlsw@tuon column

I n reactor disposed upstream
Contéf%'?g% sa 'Sg aellpl¥?t|r aﬁﬂgp%fl ation colum. 25. The
appiirsthyrrogén mletldmﬁ&edfon oheof sainl jfeedgtream conduit and said

feed ttath sis reactor disposed downstream from said
ee t'aPYtic distillation colum. 26. The appar at us of

claasemoaa hydi"tﬁjeﬁ‘ll iRletiisheasd ang s2id BAYth bfl da5d chuArie@lillation
| et and sai d second hgdro gen inlet is configured to

colurprRaBpye Sadiesd i T PB@éﬁcmhscda@%hmlﬁsﬁe&ma@osutloned to

maintain a hydrogen content in said catalytic distillation column appropriate to mairitain
said hydroisomerization catalyst in an active double bond hydroisomerization form while
minimizing hydrogenation of butenes.
24. The apparatus of claim 23, further comprising:

a hydrogenation reactor disposed upstream from said catalytic distillation
column.
25. The apparatus of claim 23, further comprising:

a metathesis reactor disposed downstream from said catalytic distillation
column.
26. The apparatus of claim 23, wherein at least one of said first hydrogen inlet
and said second hydrogen inlet is configured to receive a mixture of hydrogen

and carbon monoxide.
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