10

15

20

25

30

PROCESS FOR THE DOUBLE BOND HYDRO SOVERI ZATI ON OF
BUTENES Field of the Invention The present invention
w0 g00di18E0é ed t o doubl e bond hydroi soneri zat i onpOf/USZD06/014123

11 desi 1 aBTROGE 9% FOR THRDOLBEE A0 of e "bonds

within a givg PWQWWR'%%ﬁ @E@UTEml zation is

t he novenent e position of the double bond within
a nol ecul e wi thout changing the structure of the
ngl ecr ThIS is different from skel etal

F'e'dP NVeRtiath where the structure changes (nost

IR pRosaht ROSORH 14 gﬂelﬁ;r{)éa {1 6BUBIBABEIRY HYSISOmichigatis of C4

he nor nal kel etal |sonerization

olefingar oceeds by a conpletely different mechani smthat
doubl e nd, i so ri zati on. Skeletal isonerization
Bac"Q"W'@aPFﬁ‘%'&W@ I5i ng a prompted acidic catal yst.

TH%Sn;f‘E:F‘o&e‘é’QeQﬂ% Ele%h‘ﬂﬂé 18Thade il rieR4tibn of double bonds within

i soneri zation, namely hydroi somerization and
a glvenanelezpdreoﬂnum bpadiisomefihaticroisrthe mevementpf the position of the

doublq’ baps wikiae GRS ithout ehpasity Tl skl d 8! delgeule. This
is dlffé!\‘éh* frokd! %kél%fél eléom‘énEMﬁHrPWiéré rtﬁ‘@ s@ﬂ:@tdr}épctﬁaﬁdek (most typically

enpl oys basic netal oxide catal ysts at hl
represeetipg rthe inteschahgeb betviaandthe iscofosanend Ahe| rammﬂl form). Skeletal

somel BB SFoS RIS ¥ b brdic e ST S d4e bond

|someﬁ%1el&1en6kel%téicﬁsdn'?@nidﬂi@h"‘@ﬂd{émm ©cedis ludiig um promested acidic

interior olefin at |ower ténperatures. This
catalystechnol ogy i s used vvhen there is a reaction that

favors the.,interi efln \Y;

YR cry aE grecdt o Bds. o " FRuiSr Bl Ciedhfiaiton, namely
hydrox&cﬂﬂéhtéﬁbn dhe n@hﬂWd?@@bWr@aﬁmt ﬁhbefélrrﬁér nsErcsinah quantltles of

-butene + ethylene -> 2 propyl enes.

hydroanbgvgrneoab mtalr eafalysts KSLlCrh as Frixen .Péi oan%mﬁsfsnﬁf moderate
tempe{q;ﬁrr %flé tggtl%ﬂgr g@%@ %bzﬁﬁd t&ﬁ*ﬁﬁ‘l}f '%Ennﬁ a%'ib metal
oxide ¢HENER étqﬂghéméhqj@atmgs_zatl on reactions occur

Double bond hydroisomerization at moderate temperatures is mostly used to
maximize the interior olefin (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. Ethylenblysis of 2-butene to make propylene is such a reaction. The
ethylenolysis (metathesis) reaction is 2-butene + ethylene -> 2 propylenes. Ethylene
and 1-butene do not react. If in a mixture of C4 normal olefins, 2-butene can be
maximized, then the reaction to propylene will be maximized.

It is well known that double bond hydroisomerization reactions occur
simultaneously with hydrogenation reactions. [n many commercial applications, a
feedstock with highly unsaturated molecules (acetylenics and/or dienes) is
processed over a fixed bed of supported noble metal catalyst in the presence of
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simul taneously with hydrogenation reactions. |In many
comerci al applications, a feedstock with highly
waoinaatisa7aé ed nol ecul es (acetyl eni cs and/ or di ePeBUS2086/014123

hydrogéieCeer BRI - fﬁéfrééﬁﬂ)%nﬁég%H%Wér%U@ me%améta{&/sts can be

cat al yst in the presenc rogen : e X a ,
summagzed intheoreadton @@qgancensbmwn delewnet al catal ysts can
b e summarized in the reaction sequence shown bel ow

CAH6 G#H6 +HIADS HEEAH8>+G2HED Idia 0 ((HHIJBB

11n00n00 2- CAHB0OThe primary mnpdr ogenati on reaction o f

but adi ene pl us hydrﬁ en forns utene. It proceeds

rapi dly over the cajplysts (#£lative rate equivalent t

o 1000). In the presence o f hydrogen, two reactions

occur with 1-butene. gsthe hydr oi soneri zation to

2-butene (relative rate 0 100). This reaction

requires the presence o f drogen t roceed but
The piifpary Rdrogengtien Tﬂ%t%"g@fﬂbuéﬁ@ﬂﬂ plis m(sgege@rﬁonres 1-butene. It

dr o) 0).

proced S RAABRNEE 1B BAEIRYs, MBS MRt o pidodh) m the

presender egft | hydrogewy nlo breaatiens Tbesur swithe isbutene! One is the
rea ctlon(relatlveer&teof 1) .and essentially can
n

hydroisorpegzatianetp Ahutenengelative dataiiofi 1. oJis rﬁwt@nneqwres the
preser8) 8 ¥ifoaar b2pRXBEA) 6} bBRE HOC oBRSGTE! iviiodRn’ The other

reactionds rhybcdgamataoﬁhe dm&butaapr(eelatim ratel meED)O Theofirdlireaction is
S und |ra roi sonerization

the hy%??a%amp SRR Hirey @ rioTRIAb B S 0T Bscs the slpwat reaction
(relatlvér}afé ESﬁq‘éQﬁQ d23nptiAyPcabe: négc%é H. '\Qngélé ﬁéon%f%dltlons over

rocess "and neth r dou
noble meta!reaiahestts chmcmqmctﬂd gt the saliestivity af hhdiermacdromrersion will be

90% toZpfahec i AP e g "GO NG BReF SRIMBAAS oHBae Pf glafng and is

undesifibled hydrocar bon/ hydrogen streamto reaction
tenperatures, contacting the streamw th a noble netal

ldmm%mnenmtmm &nth hydwogesatioy reaetichsotref kinewn te be camed out
in oo 8 HEAerol S PSR GTRJ65 5 57 b oo it b Fethos
for doub?%ﬁ?@éﬁi@gﬁ@@ﬁﬁb MAndiy'&8 Hydeb&aben stream containing
1-olefins and at least one sulfur-containing compound with hydrogen, heating the
mixed hydrocarbon/hydrogen stream to reaction temperatures, contacting the
stream with a noble metal catalyst, and then recovering the 2-olefins as a product.
The process described in this patent utilizes sulfur as an additive to reduce the
hydrogenation tendericy of the catalyst and thus increase hydroisomerization. Sulfur
is shown to be either present in the feed, added to the feed, or added to the
hydrogen stream.

It is known to employ a hydrocarbon fractionation tower in combination with a
fixed bed hydrogenation reactor. In U.S. Patent No. 6,072,091, a distillation column
is used in combination with at least one hydrogenation reaction zone. The
hydrogenation reaction zone is associated with the rectification section of the

distillation column. More specifically, hydrocarbons are removed from the

ABBLUM/269/ ‘ 2



10

15

20

25

30

is showmmt o b e either present in the feed, added t o
the feed, or added t o the hydrogen stream It is
wor@en3170© enpl oy a hydrocarbon fractionati on POWER2006014123

rec’tiﬂcg;?&? isgg%érg Ef vﬂ\%gt Q@gfgf\lz’f(q?g)icproggﬁ% Qt]qfalegt: é %ﬁﬂiog]aﬁm% %ééjf)"enic
and di{)'l%ﬁﬂ&c &BE?rlb'&ﬁEr'dE)?lt £ tRefein.eTHe SMachY floRDtHAtdzton zone

Zone rogenatlon reacti on zone is
is thenaesintoduest intod the tm:tn‘”eatnorf sectionoef thedtistillation ccotuqan.

di [l |
I oo o Ty SR SRS DGO cara
lstlllat?cﬁ'F ltd)\%r 6, lﬁse Pé%eﬁt W 508w, HB0g@rgasbight), e@fﬁro@ess for the

on ‘of the acetylenic and diolefinic ydrocargo
:somer@ﬁbalofdimehas i a.mixed G4 hydwearbon ﬁ’&fﬁa@ ipastascrippd.z dhatream

containing (nautare, Pradenar b et Ampup Hf ikl Teg b catalyti
d|s’ullatgt}i‘§j d%ﬁﬁ%ﬁéiﬁ é’Pdf (?a"»tﬁty'sp NAWrhAl Qn’@uﬂabahytﬂnogen is also fed to

atiron t S. Patent No. 5087%
the toWélr gEinéar1-btitene, aqumg)dstamGHQtth@ mostvolatie jafthgs C4s, moves

overneadHES S Zo e gl ek SEHHIS s 0 SoaaeePBdtiom of
the toﬁé??u_@'ﬁ?alyét Rubagicans he &k Wthahrghbalcymcentratlons of 2 butene,
di S.tl I ion tower containing a Pd cat al d I%Ssgat the
and h;aingvsnmaﬂzahydraig%hute@eatosa, Buiene OCCHES t g%ér JuajZsbutene in
1- .
votomi38y v BIF ST BRRt R ftfethpd Four, o

also gcysbé}}hlelag w'ﬂ?’lﬂ'féﬂ-bgtéﬂb toward the bottom of the tower.
t ted th
T ey b
normalg gptj [ehed %bséclcfs;ééﬁ o%ﬁsg?eggg Ué\hp%y@ ug eéle&aly'ﬂct digtillation

e tower |sobuty ene i s
proces@alhboﬁforé?ﬁgbftﬁ@my@ra”sunmnzaﬁow rebctiorso Aambgunehehdormal and

isobutylenassisoiacoio SHEWeE weg G 8ETAbBIIHTTI Mngarh: Jie tover
contalr&sa%\gf’]@tsqaiﬁx I[%E%fé%e%thfﬁqti%tﬂi’étﬂﬁ%ﬁuélh?& W’mirpﬂfe gower. In this

t1on rocess Incor?oratln
procesBVﬂf@bé@IEfStug dated nreﬂm upper seatioft 0 é‘lQ)iOW@rlﬁ'aa nagitiplicity of

catalys{afh%%ﬁ @nﬁ%%régagﬁat%%p%w &I&%Hg@ﬁ”\'\fehg@oggg c}verhead -
Butend, {804 V8iblb c&h§5héht§tt*eﬁas Sor Ho! WRhWsbbitylérier Since the

cess e catalyst is located in the
systerrHEBes mﬂc@mpmyoa dketctabisamenzadionucatalyst,ciheyisgbutylene moves

througk? 2!%8{9@@}3@5%&%% éjgglpfp{rgg ty'do &%B}n%rﬂngﬁgﬁ‘ oecufd R the regions of
high 1-butene and the 1-butene is converted to 2-butene. This 2-butene is less
volatile and moves io the bottom of the fower. In this fashion, relatively pure
isobutylene is obtained overhead since the 1-butene is reacted and moves to the
bottom as 2-butene.

The above processes all produce a stream that is concentrated in 2-butene.
In the ethylenolysis (metathesis) reaction of 2-butene to form propylene, it is known
that isobutylene is not a desired feed component. Isobutylene and ethylene will not
react. Isobutylene and 2-butene will react to form propylene and 2-methyl-2-butene.
This reaction has a negative effect on the propylene selectivity of the ethylenolysis
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Butene (also a volatile conponent) tends to nove with
i sobutyl ene. Since the system does not enploy a
wak@easxbe i soneri zation catal yst, the isobutyl pOPURINGE14123

eaci U O B T RS, i s rofrgle o romor
|sobutgjeﬁétfﬁ:l?ﬁ aNButch® skrddith PR S reuitisAigfethgletebut e ne.

butene is less volatile and noves to the bot
dt is heowovier use ra watalytic sistiliation et geispbulylengiger (CD De'B) to

propatb S AR SR BuE LY, PR GuEh 99| Ractoiint b us.
Patenﬂowem 861 refednesdaabbyeam tCRIDEIS wilhcrmhows eidobatylene
butene. In the ethyl enol‘éwl s (nmetathesis) reacti

overhaad whitemadmizing trenflowopfy2-onteng ouf Beg B 1t the ' butene is

hydron#gﬁs&%::l ) gonjgi 8@’:&% eﬁﬁbrt%qierqg&cﬁmgﬁ‘t%w  Bltemating catalyst

and fraﬁﬂid)natlbhltsm]@tuweé kboeatie feed pbh‘it,pampﬁ‘eetbmatm structures below
-butene. This reaction has

the feashp@lnb Hﬁ@@ibﬂ thgee gea elawt\ipuyca?alxaﬁée@fﬂm '3%9 e\rV§r ﬁydrogen
is addﬁ@%[le%vyﬂig ?éecfbﬁﬁﬁtlh dérng]dtsﬂt Eoéugﬁn@\%gﬂ ré'%ﬁ‘%g'tﬂe time it

'S pre era
reachées'thefeed@ pblntene streamprior to reaction WI th

T%Q&E)Qﬁglﬁ!,{neﬂhzﬁ gg&%ﬁ@s%at o ﬁ;{cﬁ 2 Stl{,hy ,qésomerlzes
ahh
e BRI oL MRy SN BRI iz o

produoﬂan@f pmp@l@rﬁeldﬁd/veldo hydmgemam;doﬂnejlsmail w'eahmgj amounts of

butadiap er 118 ARSI PRGOS adhe ios Bertes i soBtast, e Bltadiene,
which ;EPS Cdd?gtﬁ{ f&r.‘/tﬂle%lekéthéﬁgt@étgg/vﬁ' tnﬁran@b DRI %@bv&heaasbutane

onatli on structures a e the feed pOI nt, and
and isdbutglenenareithe mostivolatiles componentseanddeng &o 0. overigadyin the

v, 50 S B i AP A RS o A o o
bottom! tTh? 13Hlitehs! Y bMtéHné‘rﬁ@h&@Q iRterinBaisté Weldtiity A€ Wik go up or

eed point. The CD in this service
down dnpemip‘lg spers tmmpemtan cﬁﬂae tawery dif dhe dawer je desigaed so that

i 15035 S S 1 R e RN Wi Bphghtea o 2

buteneﬁ?ﬁ dhe GrfiEdRRe HhBuRMRl /1 2-baterid b GalisiEHnh she tower, alihe@ebutene
after the selective hydrogenation to reduce the

formedcomchyclolsoméraatienaf thai ChUIne Sg6issonmose downward and the
remaining. NgShS cSahdlidSte mdvd W) Bri@Hactiohdfon SRRHOAY®S the

tower separate the 2-butene from the 1-butene.

The butadiene which enters the CD-DelB is slightly less volatile than the 1-
butene. Some of the butadiene moves upward where it is hydrogenated over the
catalyst. The primary product of the hydrogenation is 1-butene. However, a portion
of the butadiene that moves upward is "fully" hydrogenated to n-butane. This
constitutes a loss of n-butenes and thus a loss of feed for a metathesis unit. Some
of the butadiene moves downward with the primarily 2-butene product. This
butadiene is unreacted since it does not come into contact with catalyst. Butadiene

ABBLUN/269/ 4
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and i sobutyl ene are the nost volatile conponents and
tend to go overhead in the tower. The 2-butene and the

wo20nat13ate are the | east vol a£| | e and tend t o gPCT/OS100€014123

can o%ﬁ:?rbgght :?i% gt?é‘ irﬁ??v%&ﬂgﬁg r \?%é & ﬁ'udé; oy d%%e% bﬁfgzxe is to be

tirlity
fed tmmeiaﬂ'msm!ﬂnrt he.tower. If the tower is designed so

U251 teat i S ATaRIEDs ieclactsora biicass e Mg bolkea ‘Dack end”
catal;ltlb”&if'stllﬁtadnb@cgo?éﬁ% lund BHY eé‘%}aﬁ%yhé &?éﬁl!‘éﬁbh”dégswtylemzer

t ower ene fornmed from Ol sofrer| zat 1 on

fowertare amplayede Tbnsdrsormptrmep!adw\m\mrrntedrtséd belectivaibydrggenation
nati on

units FpBiefip acspoiaiad vt otEREGe abET tiackoRauan e ysiaie: nahere are
typlcaﬂY @éﬁéf&e fhasy Béﬁﬂﬂbﬁqﬁarv‘fh'ecb'&e@cﬁ I'a@dt as ﬁ:&étBﬂSBtd ??rﬁove the

ut ene

ess volatile than the
acetylauwgcﬁr&@oiﬁfmsto Ipadevelspeoeta iurther pycicesgintatTde S»Mem of U.S.

pater 6, 6312470 B B5 B3 i SHPL bbb oS i Bocker

or FCOuNS I ﬂM@"‘Sad:KSencﬂ utbwydhy IS %b@éiwc,od;@uwt@%wew lafe used

constitutes a | oss of n-butenes and | oss
to hydregenateracetyleniesrnd dialefins instheesiseamhiacudingi butagiene, methyl

ccot Y B A bR B e BB 5 botoms o

the towet proviicb8 el Oyt streaft ahicH is theh %@h?[@aﬁ?&&tﬂﬂaﬁ@ﬁ/@@&m which
sent, in no nore tnan very low levels in the
'”ClUd%@tq?Z?b't@mZ@ﬂw eThe pytaveehead sisedys fram the debuianizerdsireuted to a

CD-DEB! vhere “hydiroRBfltizaiBn Bedfl: gﬁdah@gﬂg[ 1§88 &} foed to the

process
debutalmzar; ltheta de-anyCli+o geoydié offomniiie aitﬂvrastﬁé’ﬁrm fra¢tionation system
il atfbon dei sobutyl eni zer tower are enployed. This

followuag) B\et@ BEi8HYl t he fixed bed sel ective hydrogenation
|
TRide aB0ITBLbY SFRROGALAIEL Y €10 BIP R 8,420,610 are:

act| onat | ere are
fi xéd rbeycla mfttbe Qe stlwrﬁ:fﬁronﬁ)ﬂh@mét@ﬁ\e‘smanit aliswsdor a higher

renmove thﬁ%acetgl eni c and diolefins to | ow |l evels

pri or TEEYG'® CORKPrSIAHEENS hifenes singestherssiventionalrsystem uses
No. 6 34@3: gég d#é@sfr&n%e %W£|ME% 1% %Cnted%gho recycle

froma steam cracker or

CDHy dutncopeeiitech 2-lmdené )btack tol thet rrieltathesls reagtors are
in the

st rEaife MM o bavlas sfevonie bHiR Fubpieruoia siream, and
pr opag @étﬁly%ﬁ%aﬁr@é’%@dampfh‘épdéﬁurl%n%ﬁ;%éf afdd’ 88fbe' l€ed to

bott ons of
selectively remove any traces of butadiene.

One disadvantage of a conventional CD-DelB system is that large quantities of
catalyst must be used. Another disadvantage, as indicated above, is that in order to
saturate the butadiene, the fractionation tower must be designed to push the
butadiene up over the catalyst. This resulis in a large, costly tower with very high
reflux. A third disadvantage is that when the tower bottoms is to be used as a feed
stream for a metathesis unit, the quantity of isobutylene in the bottoms is required to
be low, thereby resulting in very high utility costs for reboiling and condensing.
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the tower produces a C4+ streamwhich is then sent to
a fractionation system which includes a debutanizer.
wab@edd270wer head stream fromthe debutani zer i|iBCT/O81086/014123

A ek dRsRovWh e DaYE 16 691ERIIhG ¥ 2 DUEHE Wed slddm is a system
addition to'the C4 feed to the debutanizer, there is a

which Gmplaysya | fixedr bad t ysireisamerization funit dovmstresm &ps @mselective

nyarod el it e FRRHME oty g G 1EE Bl to ow

levels. EhEH thePbffluept CHHfedd Swearhrisfetiite aebabhe Fixed Wud reactor and

al lows_for a higher recycle conversion of the butenes

hydrogamde imedseedent Irorthe Hyed ebediseRit athes sbdtengr 4 theortream

ool sl 1B R06 S B S BT BB i eaces

The effluehb¢here goesltoad cbﬁ%ﬂt%abfr@tﬂ@h@tlﬁgltdwbrpwhérd tre lsobutylene
recycle stream and a catal yst can be used jn th
and lsg@mﬂa@rgéemn%tﬁd@vw%a% the gcbutgne @osstquidng bottorn where

it ente&‘%%\éﬁl éa@thaB‘erﬁf mbwrﬁ‘g-lm%@ telgegsgarge g%n? Y?’g‘sea' The

remair@fer coft tHey otionst |sbesadeak févd)tfblewh@llmamm'sxgmlt akhis process
i ndi cat ed above, is_that _in order to rate

requiras,ea carlysk REnTtha GBI G bekayseekhiobe’ daung farsesdor the
fixed bigﬁ?gh{al?leaéﬁ%aﬁhg Ftﬁm%i‘pcéﬁ’ﬁé dEE@\?grattalaYlﬁhr rpéﬁ %)c()-bﬁy’éﬁesto pass
into thelrbottbml:s ﬁtﬂt\mﬂt &gfs savihgan utilidiest dmd toawtal bioce arsmialler tower

to ed t h t
can beiseti £ 1 e anApe: SRk Def: Pskani s B e bl of n-
t t
butenedebBVerete sabu B thalwhBn ELD-Def iduasd.ty cost

. Serl?&tent/er ﬁ?@ﬁ B4 0Bist alirestaeditoi the apdoctiemeof digh-purity

o T RIS TR SIREY el ol e e stoms
The pr?b!é’é&&i%ﬁ%%b@ fin YRS tdochiffortt %ﬁ?ﬂris‘é% tRysH QQ@cfé%tsi\/énstHQéé namely

Irst renoves butadiene to |ow | evels. Then
1) the eefelctmthyuaogmlon 0éautaobeneewwﬂblsanwz@ﬁcnfcpfxwum into 2-

rea r and, h en.is. int uced. J . he
butene 5 R MSHEEHE SahihunD S8 ormraial 1, distites o a top
fractior? db‘h‘tﬁﬂﬁlga"gbﬂd!ﬂeﬁgahhd agrobdttorfif fr’é@h@ﬁil @:ﬂﬁam 2-butene and
remai ns reacts.” The effluent then goes
butanec @nded) ﬂmane?aﬂmla; sHidhendrbussns fmélpe Wﬁ'é etbﬂsueweﬁ@duce
| nd i sobutane are separated overhead and the 2-butene
Propyl€li§es out the bottom where
Thus, various systems are known for preparing 2-butene streams for use as

feed streams for a metathesis unit. It would be useful to develop a method and
apparatus for the selective hydroisomerization of 1-butene to 2-butene which has

improved efficiency over prior known systems.

Summary of the Invention
A double bond hydroisomerization process for increasing the selectivity of 2-

butene over 1-butene is provided. The process increases the yield of 2-butenes
from a given C4 feed stream and produces a 2-butene stream containing a lower
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it enters a disengaging drumin which any excess
hydrogen is vented. The remai nder of the bottons is
waos@d/ 13506 eed for the netathesis unit. This prBCEES2006/014123

conce@ﬁ%ﬁbﬁeér bg%%r@ﬁé;atﬁé?ébi n%gu&iﬂﬁ r1d& %ﬁg@bt :Fﬁgﬁ@“&&wnstream

I gher driving torce or the fixed

catalybt ditingasubagquentgprocess dachdasinmpgtathasis.al | ow nore
t he bottons, ef

i.g_cl)but | ene.t o pass intdfg ] %Iuen%, t{]S .
STRR HySsHOR i 1 Prelemed] dorm i @aroesi ioTihe RIpTétphiglganversion
to 2-bGRMeUT 4'6a%trebhe th%MQWB@@n@faﬁd@-ﬁdté% %&?ﬁ’%@i{@]ming the

. is that the quantity of "nbutenes recovere
C4 streamewith rafirshiiydrageoDsitean todoupealfead Sredma bydrodnmerizing the

R O AT ST T iy e

at le8&lvi 89 gorien CTbaReat RERitenkd e i@ @CBgtendi Seh&8BY igtoducing a
t hi s docunment conprises three successive stages,

hydroisemerization teffueel, epassing hihe dysiieispmerizationt effiuent through a

ractofhhh LSO AR 158 Bl E9FpliSh8 85 bh§ A Bobiene and
a bottdied istrbat Q;On’ipﬂs@vgg 2-poteheaolittidraeiit & teddle stream from the
i sobutyl ene and a bottom fraction containi ng_lég but ene

fractiopatipmeelaft abalpcafiontabave: the fead point &t whieh thepweighé ratio of 1-
outend (2SNt 4 0 ng 98 Bl ARt EfBstone of the

C4 stretineard i fost siedneahstigapantorhothea hygtcddmerization tcatalyst.
a_met hod and appar at us

. It uld be useful to develo . |
W'thdfPWﬁY\DHi%f%@')ééﬁk% niges &t AEIaVEleNdA B ColiTbRs wigch the 1-
= A L{TRr f.d gl e '
sutenePoSHERBRUPARAILSS BUBENRFERt Bele) GADBBNRT i roovel
streamhyereoélnimatedzat i on process for increasing the

A robe e S Ntk s ptaon,
and theGh¥@bdFhrther @f)@%?@%‘é@?&&%ﬁ@%e%gd RiiBRe u?%fr@émfrom the

containing a oncentration o
hydroisdmnetizatign egactoretoetaducestiiet butpdiend esistehbof ithe Cf stream fo no

downst [ ea atal yst during a subseguent .proc such
more th&R ot F Bk TheBoy P HTdhon prefeiatly B ey RsEv G Tos feetstream
after thePfeReietfedr? hak MR 1jdvb§EnhataY, conversion to 2-butene of

a C4 stream containing 1-butene and 2-butene,

looapether fgrmi ihen grocessCiurtherccompiiises mikingsthenhbaitorgenstream
with a SO rﬁé)tathoés@ ?egc“?glqt lsot A rr\%?artﬁe'a&g &Cd Zs'tpe%ntw,hgnd feeding
the metathesis feed stream to a metathesis reactor and reacting the 2-butene with
the metathesis reactant to form a metathesis product. Usually, the metathesis
reactant comprises ethylene and the metathesis product comprises propylene.

Sometimes, the feed stream further includes C5 and/or heavier components,
and the method further comprises removing the C5 and/or heavier components from
the hydroisomerization effluent prior to fractionation. In some cases, the bottoms

stream or the metathesis feed stream is purified before the metathesis feed stream

is sent to the metathesis reactor. .
In one embodiment, a second hydrogen stream is fed to the

hydroisomerization reactor at a location downstream from the feed point of the first

ABBLUM/269/ ' 7
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feed streamin the presence of a first
hydr oi soneri zation catalyst in order to convert at
wo eastizEoporti on of the 1-butene to 2-butene, PaEUSHY6/014123

yeroBS L, DY SLSOTEL 1 WAL 4IPS Pctionation

colurrﬁ'rolai‘rﬁ‘ |{)@atfo‘hr Gbﬂ'n%ﬁéaﬁi fiA theR¥dds ipoihti s khe aeeoaddhydrogen
I sobutyl ene and a bottons stream conpri sing t ene,
streami t Rhewiwg o alk dhegee of ttheahydrogent ﬁ@eamac@wWVomay further
at_a lacation above the feed point at which the
Compmgﬁ%?“f’a%'ﬁ% butene to 2-butene is- high, and

cBhBInRY fohfi, kS abost firdiBrvesmprsed ¢rststemefodepdrating the
C4 stream and the feed stream upstreamfromth

metatheeiﬁomrgduer freet heaviekcempanenip itadPEA hsaYY sompgnent stream

ant 0GB Gofl B FATF 48 P oo pin

suswalBy, thié topsteeamaaridithe B@t}mhe siteagneagike centain small quantrtres
elimnated. In one referred di nmeng, thef

of 1-butenexmin gpmeeqaageﬁqﬁ ¢ Jlow yte%@ e?tﬁ%%m is greater
oo AU TN 8, €8 3800 o
1- butériblﬁrdt)ﬂileaﬂomg}ﬁs Wis gfedtbetianh the Bamrate 0b 1rbutenerarthe top
srearay e ey Lo BB e BBl roactor
frequemfﬁp r%é‘sda #rﬂu?r\?ﬁlhﬁ{etél%ma s08pot. Oﬁ%dﬁﬁfvbhﬁ gold, silver,

1 ses m Xi tons streamwith a suitablée
and/onalkali hestbls alaacararlue indluledm a net at hesi s feed stream

Raether SiPdIBaat T REPSIAis dok BE irerateRid LERAERLh to 2
butere® %‘Ftaﬁ"?éec‘] %trfe‘éhmc%nf&hﬁgh RydgRNOHHE tC4 l&iﬂﬁrbé%dg hacluding 1-

esis reactant conprises ethylene and t
butenaetandré%;bstepeod[rm appqrratteeﬁompﬂsﬂ%ﬁe hymrnaﬁgatrqrhéeactor

f ee tream further include
configRAdAASEAN. Y ARISITBR TR oL A [ 557 BLEL at gst,g portion
of thﬁhg ﬁeﬁ&dfrPrthéefééderstr‘é@Wq%efﬂ-ﬁuﬁ‘eh@mé Heactionation column for
roi sonerization effluent prior to fractionation.

sepalsabrng ¢t e bydmoisornerizeshefesdr sdipest kR AeteR helkeamy é‘é’(ﬂ“P”S'“Q

sobuFAS SR R P B8 BB 2lghice B crow

near @hé%ﬁr‘é’f el Fre@apnatidre aBiirmn fol fedvirgy a recycle stream, and a
hydr ol soneri zation reactor at a |l ocation downstream
recycle intett foe coawinipgithe recyqle straam with the feed stream upstream from

the hydroisomerization catalyst.
The invention accordingly comprises the several steps and the relation of one

or more of such steps with respect to each of the others and the apparatus
possessing the features, properties and relation of elements exemplified in the

following detailed disclosure.
Brief Description of the Drawing

Figure 1 is a schematic drawing of a first embodiment in which a 2-butene

stream is produced.
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ABBLUM 269/ 7hydrogen stream in sone cases, a trurd
hydrogen streamis fed to the fractionation columm at
W@ 2606031700 N dovvnstreamfromthe feed point of PORUS2006/014123

cond hgdr stream, two gor all three of the
E %@ri &5 a%gragﬂgg pia,%y;opgre(rn dlmgﬁg,m which a 2-butene
streanf &' ﬁ}%ﬂuﬂ&ﬂ‘mltﬁ &54 BOI?IBBEIH&!; bémg?%rﬁlcse\?e@wﬁfg)sﬁ%ﬂ&%ﬁon of the -

conpri ses e step of separati
C4 comppodnds. fr om heavi er conmponents to forma heavy

SRIBER s 7 raSwalr ST San (smBeaiert. I BN |, 2-butene
streamtlE %)rb@tﬁ’céd A8 588 %stthe fé’éﬁ ‘sﬁgémﬁh raeﬁ‘ié‘téiﬁégls‘i'%%ﬁdrill ow

uantities of 1-butene. |In sone cases

rFédgareb l&aosmhﬁmammdtaveng@f anatlwnennbogmmtan whiah & ﬁd)utene
ot he

{ f bot.t
e AT B LR S e A B b
IFigOree® 8 4 f@@phhshédvmg cahferafonl -t |BRCHDILY '}ﬂ'oﬂég for the
stream_ The roi sonerization catalyst 1n the ¥
hydrom@aaenzp@aa@dn%ute;_ﬂatto&abwt@aet or frequent |y conprises a

A8, ¥ I, o crdan c Sn R B rapiagof dipgieBacla, delitenes i o

deisobﬁp@‘niﬁr tewbpwhishnt downtreaRPRoRE & fixé® betitBactor.
preferential conversion to 2- butene of a feed stream

EIOHSI i iy amygraegeﬁhgwmgcih@odwugd@rce nel wariays 1stages in a

s YRR o YIS Yors TR BARREPHS GIPEVCEinyet of 2 e

rorsoneri

nearthdambofmmﬂumtl on cat al yst for converting at |east a
of the 1-hutene in the feed streamto

t
?Jjulﬁo dS & grepitshovdrg dhechbutane epnteah atavarinus stages of a
delsoblﬁﬁgﬁﬁbﬁ ‘P(SWél‘ #/hgn| Rtk ?é | So%'%{rﬁvﬁfﬁ%ﬂmg%gfogaagt the column and

I sobut ane an
when snslerch!aws@ﬁwpnoes ﬂgw?at&ﬂameemploqede draw near the top
of the fractionation colum for renoving a recycle
stream and a recycle inlet for conbining the recycle

f eam upstream fromt he
Detallt-:ﬁ:f g@@&h 'Bh & ¥hel fivEn FBP The invention accordingly

rol sonerization catalyst.
]Sbepnvemmrt ippodidesran appepstusnand heetreldatoo obtdinipgeimproved
th respect to each qf the others

ch st
yields &l Bune Jlna Lo S g Comperac g, BIOT KMoud: (eeiques.
Accordn?‘e;figir ?L%lt' Péntfin, elaeﬁﬁ&ﬁ Sh&d EprbisbRfbrizBtibACrd4ttbO s "gsed in

I sclosure

“conjunction with a delsobutylemzer tower. A side draw is removed from the tower at

a location at which the driving force for the hydroisomerization reaction to 2-butene is
high and this side draw is recycled to the fixed bed hydroisomerization reactor.
Referring to the drawings and first to Figure 1, an apparatus and process are

- shown for producing a 2-butene stream from a C4 stream. The C4 stream contains

1-butene and 2-butene, and typically also contains butadiene and butane. This
stream often also contains some C5 and higher molecular weight mate.rials. The
overall process is designated as 10. A C4 stream, which is designated as 12, is
combined with a recycle stream 18 to form stream 20, which is fed to a fixed bed
hydroisomerization reactor 22. A typical C4 feed stream to the hydroisomerization
reactor 22 contains 2'-.50 parts by weight 1-butene, 2-50 parts by weight 2-butene, 2-

ABBLUM/269/ 9
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Brief Description of the Drawing Figure 1 is a
schematic drawi ng of a first enbodinent in which a
WQ20natigatec stream i s pr oduced ABBLUM 269/ 8Fi gpeRU2006014123

o s TGRSR by v
n- butefr%”ﬁﬂ&@ ﬂ”da‘i‘f b Wvé’?&tl h hé’”th@ftofélﬁ)%oﬁg ﬂﬂfjﬁelng 100. In

|gure i's a Sche avvlngo
many wases$, kutadienedsens mararthas 1H00dpprow. abydrogen msstrd;wn 16 is fed

directly 36 I Hy Rt e ReRian teriivers Shat aomiRed Witk Stesmé 12 and 18
to form sHERRNE0.SIH Wh¥§roﬁ§d?ﬁé&%@oﬁﬁgaét%? goag. Hd’!éné fseﬁ¥drohsomenzed

streamin a netathesis reaction. Figure 51s a
into dej&méhg ctypical seacionmtessirestare 2580 barg, eadfusualiyes 18 barg.

Typice] {47 IR tefie R Areost)- 256,080 oF 1 Bhi LTy ek Deo. F.
Hydro%;éh and @tﬁ@hﬁ&#b@ﬁdéﬁélbb@\’ﬁé vehtedfrom MQ%ébf&@m%érﬂ@t@am 24

i xed bed reactor. Figure 7 is aa%raph showi ng t
in stream 2bngAny suidable bydrolemerizaiien Gatalystiear disuugedniBxamples of

such 515" Rl s 1), At B SES B to e

metalsdhaRidirRNAY AQ, ebecan by essd EPRicHNy the reatiion shaiRSfstics. The
of a _del sobutyl eni zer tower when there is no side draw

remaindes @f the: reagiobeffiuest,do|siiganage, isfed toi aideisobutylenizer tower 36.

Typioa) P iBninsiirds, Ste 2052 STREBIR St Hhdaly SoSR0 86, £ Typical

reactorapltéssatéﬂ;odre‘ R+120bbed ahd QJSUEW Qv& bayg. e|'|d1é tp Q’fréaltneﬁ@ from the
to prior known_ -

C4 stream as, conpar.ed
delsobw&nwdewer RSceaiRing isebutene mrchispbrtang.  Pred ayantities of 1-
| u
butens S 2EUEHR IER AR arb3iEk o8 g8 sfbeli 36, e BBk btream
40 contdives noséof tite 2-buderd.i on at which the driving force for
t he hydyoi song ation reaction to 2-buten
AR RCCRT fEied‘é"tE! rtéﬁ/ inentiony @ Rertieg erﬂ@eH '%Eﬁmo‘%d from the
i r rddng
upper édeB? o?‘%ﬁ& doﬁﬁ-thH dﬁﬁﬁgﬁf %dé%grg\wu%@arme “%"2‘% ggé\ﬁ‘éég‘gﬁeferably
constitutes the recyc[e stream 18, which is combined WIth feed stream 12 as is
indicated above, thereby providing for additional conversion of the 1-butene present
in stream 18 in the hydroisomerization reactor 22. As a result of the side draw 39,
the embodiment of Fig. 1 uses significantly less catalyst than a conventional CD-DelB
process. Furthermore, the embodiment of Fig. 1 converts more of the 1-butene
originating in the C4 feed stream 12 into 2-butene as compared to a conventional

system employing a fixed bed and fractionating tower in which no a side draw is

used.
The side draw 39 preferably is positioned at the elevation in deisobutylenizer

tower 36 at which the 1-butene concentration would be the highest if no side draw
were included. Typically, this is near the top of the column. To determine the
appropriate elevation for the side draw in a particular system, the point of maximum
driving force for the hydroisomerization reaction is determined at the conditions under
which the column is set to operate. The reaction between 1-butene and 2-butene

ABBLUM/269/ _ 10
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shown for producing a 2-butene streamfroma C4
stream The C4 stream contains 1-butene and 2-butene,
wa@rabetigpneal |y al so cont ai ns butadi ene and but PBOPUSHNG/614123

o .
can be qup‘?géﬁrﬂga by 3 lféano‘h I'F&esﬁﬂ?s 13 etﬂgrl‘i’l h%?gc butepe, ko1 is the
reactio dsfog Bat wdB2and &y, 4s % sdactiemk fohB2HoiBst.desi gnat ed as

12, is conbirned with a recycle stream 18 to form
stream 20, which is fed to a fixed bed

hydr oi sorrerl'%iati on reactor 22. Atypical C4 feed
streamto t hydr oi sonmeri zati on reactor 22 contains
(1) 2-50 @tt&-by>wBRght 1-butene, 2-50 parts by weight
2- butene, 2- ABBLUM 269/ 950 parts by wei ght
i soDutyl enep22-50 parts by wei ght isobutane, 2-50
parts by wei ght n-butane and 0-1 part by wei ght
but adi ene, the total parts by weight being 100. In
The ratarof reactian idthenrkamtioni Is timesniveecarcemtration gfithe. reactant. The

oo oY BB E M SR o bl o f 0t
Koz, Tﬁé er@@f the Asubpkarafcd 8f BY 344 ﬁ?d?o?e.%méﬁkattﬁﬁ from B1 to B2 is:

hydr oi someri zation reactor 22,” 1-butene i1s
hydr oi sorrerl zed i nRatep= bl BT + leyliBQdal react or

Wheré?{/%ﬁsur qug g?{pgf‘e ﬁgwﬁgfagjeﬁa il cﬁ?é?yt%@é%ﬁ%ecqyely The
dnwng&ﬁﬁbélﬁ#a]ebﬁtldr?@f 48hutend. cdn b&lidriaee rbyartﬂw@h@elboth sndes by K1

non-condensi bl es are vented fromthe reactor eff
resultsdn thefellwving; st ream 25. Any suitable

hydr oi soneri zat i sed. Exanpl es of
such catal ysts 'ﬁgﬁl@gnﬁ?s [E?gkefpd) supported on

This diNingiforce fdeirt carebet plottbe aweh FLifctidic bf positioAdn the, todlef for a
can be used to nodify the reaction characteristics.

particulpi systemendds the preferreddecinique forlerating thes optiaal peint for the
side dr{a\ﬁllf) a dei sobutyl eni zer tower. 36. Typical tower
era Ures are 80-220 Deg. F and usually 100-160

Eeﬁamﬁg nexp te ﬂgureaﬁ:,tmotheeemwbdknenifenskﬁcﬁ/vmémgpmmdxcnng a 2-
38 fromth

butene 3@5?'{;{0&% S%.Cf{e?e@%vﬁfea@g '32\&513 n3 §$ide e ishéempyed from a
dexsobutﬁé’m%raﬁmersm'thfé“%ﬁ’gicfdrl{ﬁ% Pfa A tregm@gﬁi\d% Ui Seed or

I'cal 'y afe include
heavier bsutfmrrscem‘lpearrdéo igorthai rfeedo@'eofreh’lweﬁ kxmsirwml rfrom the

coisobuf S Siers Bty A mpebElibn B chubtteeh At

hydro:sd(r:'lgeﬂga}ttﬁbg geséi{ti%\é{ g@@@'%??ggdfh@wﬁ@ Pié ﬁﬁﬁ&tﬁ@ idrr]c(;egden feed
streamswrﬂb‘prt_bedn@umeamfmndtqumtltlealwaaénbmbmrmxlddwwmor more of
the hyaBhRY it O RS TIBR nSRSERSHSR folihS haP S ts as an
inhibitor for the hydrogenation reactions of butenes to butanes while allowing the
double bond hydroisomerization reactions to continue. By feeding the hydrogen or
the hydrogen/CO mixture at multiple locations along the length of a fixed bed reactor,
butadiene in the feed is hydrogenated to butenes while -at the same time
hydrogenation of butenes to butanes is minimized. [t is noted that the use of one or
more streams containing H2 and CO also can be used in the embodiment shown in

of Fig. 1. The system shown in Fig. 2 is designated as 110. A C4 feed stream, which

ABBLUM/269/ 11
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in stream 18 in the hydroi sonerization reactor 22. As
a result of the side draw 39, the enbodinent of Fig. 1
was@s/1317g6i fi cantly | ess catal yst than a convePtT/O82006/014123

is desighaipe) s "3r 38 SoniHacd ST anteckPR, SRERN L b o M Sfreaim 120,
which isefed t6td frsd badiHydeoidomigrieatom sesctoPa22d Hyirégen in stream 116

conventional system enploying a fixed bed and
is fed qlf%Wﬂ@ﬁﬁ@ mgrqsmfanzaﬂ% 90122 or isccohinedswills sreams 112

and 11T£r‘fosf‘ 48 gfré‘%‘(ggﬁgg.gﬁt r@ﬁt}lz oﬁ{:g@ér Bé@ﬂﬁhyv\% ir%ﬁ{q]ed with the

evarion i
hydrogén intstreans dride rHy(mbgém andibrdcarbohheohbgtiessptionallp s %an be

éj w were incl gézd Typically, this is near the top of
injected iloiPurRRCIOroT 2R 86 Arbheoth iScalionoaRRTaIETalpl, BYdWAY miang the

length Er)rgﬁaes 'réjﬁcggf 39510 Areldth t‘l'Z‘:ll“t mt@%%&ﬁmls&rﬁﬁn Ecm ré¥ctor 122, 1-

riving force for Ol SONeri za

butener isachydtmsomedmde rintone2tbaterte) efarmiively tieaotoru etf&ren‘t\hstcé‘am 124.
is set .to . operate. The reacti on bet

the c
Hydrogeflcalith AUty SpUd bR AENYeoR - b e Iastor Sfilent stream

24 i Fe%gﬁ ted y equation (1) where B 1 is 1-butene, B2
1 Ingts ggt%ene kbi is the reaction k for B1 to B2 and

Imme remahmg eearrto;oefﬂue‘rrbrm BAraamBI 26 is f&d 1012 kasﬂfracHonating
"B ti th t
tower 13fle Todfie dHe: TAGORARO TRUSE 238, SicomPRITds 719 BMeYRd from the
top in sh@af) 8D dnc cém&orﬁggubg%r@ 'FE@%%EBF'% BBitoi8%n éﬁﬁeam 134. A

equal to the ratio he rate of
hydrog@aéiappeataiysie beﬂ B31yiadsdykivavirs oaera Zguiaocth bed'th Bydrogenates
+ kb2[ B2] Were [Bl] and [B2] are

rema!nl@ggufﬁql%n%%ﬁoc E’%é]aﬂ? 1 and 2 butene respectively.
§h@aﬁfnsm§ éws@au&ﬁﬂy rfs@%'@rae%bhnggﬁigaﬁt rbee - The top

defi ned by dividing both sides resu ts in
stream 138 ifiom tee daraobut}@emmrc@wer[@ﬂ cent[aBS] iseleutylens and lsobutane

for tor_c ot afu ctio
and sl o bABEE o S RBE8Lo0% BeREC! TS el ABEbAR B contans
most of the 2rabae o the Uppiereadf 187 bpgrt déigoﬁtﬂ?IéPﬁ&érWBWePQBBt there
for the side draw [ ocati on.
is an elevation at which the concentrations of 1-butene is at a maximum if no side
draw is used. An upper side draw 139 is positioned at this elevation. The side draw
139 forms the liquid recycle stream 118 which is combined with feed stream 112 as is
indicated above. The location of the side draw 139 preferably is selected in the same

manner as in the embodiment of Fig. 1, i.e. the elevation at which the ratio of 1-

butene to 2-butene is at a maximum if no side draw is taken.

Figure 3 depicts a system 210 for producing propylene from a C4 stream 212.
The C4 stream 212 is combined with a recycle stream 218 to form stream 220,
which is fed to a fixed bed hydroisomerization reactor 222. Hydrogen in stream 216
is combined with streams 212 and 218 to form stream 220 or can be fed directly to
the reactor 222. Carbon monoxide optionally is included with the hydrogen in stream
216. Hydrogen and optionally also carbon monoxide can be injected into the reactor
222 at a second location approximately one third of the way along the length of the
reactor 222 in stream 221 and at a third location about two thirds of the way along
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Referring next to Figure 2, another enbodinent is
shown for producing a 2- butene streamfroma 4 feed
wa@tooeam e whi ch a side draw is renmoved from aPCT/Us2006/014123

i
the leq@ltﬁoun Ir@éﬂf?ﬁﬁz? ‘?H“gfr hﬂ%%%’i ifr ﬁgﬁfb?é ﬁ%@gﬁp ogu n are used,
the vcblbme‘ GI'SWeaijrbgenmd api®hakeanbbnanohbxide mtroduced ln stream 216

s rockiGel Bt i o VRl YIUBIRLP| DVHIDBRN WAL RIS Ne ore than is

t f
necedBefl B 4fthicte Ui dbsFed redlt | ThECadVLiAGE b MMirE} R R5drogen
into thmeodaffdmnt rfeed eoints e te reﬂuctehm ehyrbdagton <f ihedases Fhthe reactor
vent or s hav syrprisingly found, that, CO ac an
222. (The; BvasRags O inudipartationt MaSioXdes B PEREMST2 T A lognd/or 223
is to m& ﬁgﬁg%@e%hbﬁ réébﬁbﬁsnﬂhllé‘%llgwco ﬁy@ﬂﬂgomenzatlon reactions to

rization reactions to nue feedi ng
proceede hydrogen or the hydrogen/ CO m xture at mJItl pl e

o 8ingls tifketiog i o Bixerh HolohLs Epo e w8 fudanicted in
Fig. 12%hé 0 S H2 Fféf@bé%lfﬂf&‘ﬁﬁé&édcét é’léirﬁj!éfpdhﬁt GpStARRA from the

IS m nim zed. i's noted he use of one or nore
hydromnwmtnonrreacnmrn@ tiis gage dbedL@doddd ralio isseefweent®d % and 3

o on S B B SAR  B 0 10 0 AER BBV, B 5 on
molarAS8isMVZREA rﬁénlﬁle‘jﬁgécﬁlbﬁb%ieaﬁsebl%s ares dépietau nemgu t2hand 3,

a recycle stream1 formstream 120, which is
hydrogen aréfesahly iscappartipoed steash faecbpoint ica ghanmer such that the total

Volumﬁﬁ @}%egﬁgl}sgirﬁ ﬁg%]h&éﬁ)é%ogpgﬁ%}%y Fecatclt%roﬁgpaée\g actiye state. The

ratio ¢ftCeafs HR1at @agh 1p'b‘3ntt©f frijgsctiont presfienablf). blﬁaﬂcttonecessanly, is the
nonoxi de oRtlonaII IS |ncluded W th the_hydrogen in

same @§ shithe 1gherpgidgef niration. clrisod Sﬁofﬁ%@it&% tgphavmaneyof the
d into the reactor 122 at a second
strea ogfg'?t%@'n’@'gﬁw{‘s% ‘ely mdway along the length of the
rlﬂ&hteOhydrbEsdmerﬁatleaMeh&ﬂor 222y batdnyelisiydreisometized into 2-
reactor 122, 1- butene is hydr0| rized i
buteng:- H'JteeFﬁaaCt%?fﬂL\ﬁ*Qt sitganL 2241 veBlad 1q %@ﬁ’mve;‘wdrogen and other
non-c o‘gn%ﬂﬁ@%or _ m 2;505{\8%%?9 ﬂﬁﬁlg?p:gynﬁgﬁzzﬁet%ﬁgls recycle

€ reac ream
streanm 2RRito foren streatro?Z&fvf/Ihlubns faditosa dembhﬂ;ﬁemlzef ’@dvetrdz% Above
first fraction firs

the  feedaoiindt | SO BHBIENR. (88T S0 dne, UPPERNGh FVoRf the
delsob‘ib@??%l%r ‘I:dr?]/v%ﬁ'% F@%%%ﬁ ¢hifortatGRTER YAE ToRCEN TSNS fbutene
is at a maximum if no side draw is lncluded An upper side draw 239 is positioned at
this location, forming recycle stream 218. Recycle stream 218 is combined with feed
stream 212 and enters the hydroisomerization reactor 222 as is indicated above.
The top stream 238 from the deisobutylenizer tower 236 contains isobutylene and
isobutane, and small quantities of 1-butene and 2-butene. The bottoms stream 240
contains most of the 2-butene. Preferably, the butadiene content of stream 240 is
less than 50 parts per million based on weight, and more preferably less than 10
parts per million based on weight, since butadiene is a poison for metathesis

catalysts. Stream 240 optionally is purified in one or more guard beds 243. An
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hydr ogenati on catal yst bed 131, also known as a "guard
bed", hydrogenates renaining butadi enes to form
whniensxsoe St ream 132 i s subsequently fed to a PCT/US2006/014123

enyiefig el Sipsf 28z Lo MBmpinckt A HbHne Skdh 26T form 5

metathesis rsadtiot feer stamam<2dl. ITIqs stream ester$ the matathestsveactor 246,

i £ e P R Fhabu i 24
tﬂ%hé@%eﬁ@?r@du& Sfedfth U8 'c@ﬁta?ﬁaﬁﬁbﬁﬂeﬁ@ebutenes and C5+

concentrati on of 1-butene is at a ml? no sid
hydrogaraens.s Uhed prapyleppeis seprrathciraraothies hessiari hmdnbcarbons in

conard 28, 481K radts 2 6 AR i 2 g 5 e

heavue%lﬁy@@cbﬁ)dn%d'a@ét @éyaf@avm méathexiat ieePclal strB8ms g and are
draw 139 prefera is selected in the  same manner as

combined with sirassai22dio %rmrstrgamlzzﬁ e. the elevation at

S CBplcit e i Yo Mot AtG0EnS Yty s sream. A

C4 fesy Strear? B2 B paESSH cholgH Hopyleetite fHyadRdger{ztiont nﬁmms which
212. The C4 stream 212 is conmbined with a recycl

hydrogenatasy butgdienes apreducinaam ovobuiadiene | 64t fapd &t@a‘m xeth. A

hydrog3ficstethoy B 3R 4TbRAe SERRT 518 e YRRMEE Wi e S14 1o

form sﬁ:éamammZStreenpano liefddetd alfixed bey rtydrcmb@meaagﬁm reitfor 322 in
. on nonoxi de optionally is included w

which e 15 PHOGISQRRIZEh MipZchgaR. A8 St femh of ragen to the

hydrmsio?ﬁ%‘?iséécoﬂ%ﬁcoca O%ﬁggllnc[ﬂosf(cﬁ{ ngfjc{afbtogln@& E%c‘,ggﬁt he%ydrogen

can bewuésdahdhg emb?jdjxamﬁhasufrveﬂ Ige arqasﬁthehe’tﬁgodumaﬁs ehfiga2Y-4.

at at r cat | about, two thir

36 setoiBeenivors siean Be4 FVitace eRovPdyrager andather non-

conder} 6!8@ 2¢fPea f325| Ehgltﬁepférﬂéﬁd%f' is ”d:&fnbin% Witk 4SRfbtathesis

evo ume o rogen and optio car bo
recyclemir&am @27 hmtfocmLEdE&am 13261 whinh |E]f§d|ts a ﬁdahmmung tome330. In

th | f hyd
fractionzRy tpuen Sa0sCH GBS S S SIuEoT 6, iaB i SireqL332 and
C5+ coﬁ‘ﬁd@lmo%gﬁréferﬁeﬁ\lléd b Hbtfohes W%Q@rﬁ%%et R, h{?&r@@enanorfl catalyst

different feed points is to reduce t production o

bed 33hualsndenawn ahe Pguard dred? 2ydropenatesaiemnajpingf butadlenisiig form
but carbon nonoxide in streans 216, 221 and/or 223 is to
UeNeg-nhi bi t hydr ogenati on reactions while all ow ng

Siyskirpl ST sdBdeQUBHIOTES 161 dERoBUBIERIer tower 336. Above the
feed point in deisobutylenizer tower 336, at the upper end 337 of the
deisobutylenizer tower 336, proximate or at the location at which the concentrations
of 1-butene and butadiene are at a maximum, an upper side draw 339 is positioned,
the side draw 339 forming recycle stream 318. Recycle stream 318 is combined
with feed stream 312 and enters the hydroisomerization reactor 322. The top
stream 338 from the deisobutylenizer tower 336 contains isobutylene and isobutane,
and small quantities of 1-butene and 2-butene. The bottoms stream 340 contains
the 2-butene. Stream 340 optionally is purified in one or more guard beds 343. An
ethylene feed stream 342 is combined with the bottoms stream 340 to form a
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When a single injection of a m xed H2/CO streami s
used, as is depicted in Fig. 1, the CO and H2
w@e@basEbéy are injected at a single point upsPCEER2006/014123
metaihelf8 feBRioHEESLEBERT 344! TAR &tfdrhUntersthbM '
COto H2 ratio isgﬁgtv\een 0.1 %and 3 %hgﬁhgtaqn@%g? réé’tﬁor346,

in whichdhe 2-buteaemnet ethyleng reatt to form asnelaitiesis preductstteam 348,
i nj ections

O eBiringb BBl BieB e EAnS birgblshen figtas S cs+
hydroBaffoisabl Thé Spr%Ppl@hbi i%!“%‘élpéPatééCﬁoﬁfQHe PRE&Vier Thy@irocarbons in
manner such that the total volune of the catalyst In

separgitar B9Qrands ismeemneved @s theaprodudtsini sireamadb2veTbeaC4, C5 and
. ' t _eagh Do f injection, .

neavig! SyRicaoShe et e Bl 1854 B Chnd ThBC 4B Ripeq itn e

debut@hixer farl fbm stfedri3odt(ustally ftérsvetitng) frﬁé‘ﬁ’éé}h%rgﬁ? have

one of the streans contain only hydrogen. In the
hie gesaval iofaai dide rdravt @nd2regycling afetie side draw back to the

BB 6 5000 "D aTirel S ™ Fret, vy
removiveg 4 dnutdra Sideh eise itop of tendeiddbutyishizer fobest apeRicpeithg it to the

wth a netathesis recycle stream 227 tq form stream
hydroisomerizatiem regctosdatlgwar dates 6b gepversion framjebutene. to 2-butene

' . il L eni 5
can b Ao ] 'R Rorh RGN UL B BTy FABInG 'y ilor et
of conversionevfevaternms 8 butards. t hes epresult,r miorertsutehes exit from the

1-butene is at a maximum.if no side draw i s included.

deisobuylapiser tawefe resulling ibai hidheysate onerRIeIPEOJustianitena given
uanthpbCATSBASHIF 1R SRR oI 7E B ok B fefon. Second
by renmyving ibsitadiene an iaorecyelecstoaaril 28 lewer sonoenitatiord ofbatagiene will

v o . BOLSER T ShhiR lehi B odis
: Lt - : 2; : tt
Rt e g

streant baudnst agireater poopartion of i A darted @o be reeyslet ratheB@han being
b

rts,per mjliop based. on, wei ght nd_nore preferabl
removpd t WReihP1ef fhit facanatian 1o e dBedoREghe 28 fgautane.
This régmt@dineae%ﬁe%té QAR JFOl-bRr B@ﬁgscéﬁ\?éﬁétﬁ't& 2-SitefBMn the
240 optionally s purified in one Or nore guard beds
overallprocesm ABBLUM 269/ ' 13etnyiene Teea strea' rrfrZ' is

ﬁ;gnbi ned.with the 'bcittomﬁ{lﬁtream 240 tQ[ forma

pAMVRLI seRrreylar Mo Tetfossising stealh udeher (4 streams
and refiRéry'®4 atlRems TopicENY, S48m tracksrl €4 $theams Roh&dls sppfeciable

ethyl ene react t0o forma netathesis product stream

quantitiesgof butadiene and therefore require inclusion of a selective hydrogenation
unit to convert butadiene to butenes. Refinery C4 streams have a low butadiene
content that can be processed within the hydroisomerization unit, and thus inclusion
of a selective hydrogenation unit is not required. The inclusion of a fractionator
upstream from the deisobutylenizer tower provides for the removal of heavy
materials that enter the system along with the C4s. Refinery C4 streams often
contain heavier sulfur compounds including dimethyl disulfide (DMDS) and diethyl

disulfide (DEDS), both of which can be removed by a first fractionating tower, as is

shown in Figs. 2 and 4.
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The netat hesis product stream 248 contai ns propyl ene,
but enes and C5+ hydrocarbons. The propylene is
wae@anat7eel from the heavi er hydrocarbons in separ/asmne/014123
250 and is renoved as the product in stream 252. The
C4, C5 and heavi er hydrocarbons are recycled in
EXAMRLES hesi s recycl e stream 227 and are conbined with

224 to f t 226. Fi 4 depi ct

S5 Bt B 60m E0R g SBiScdso geam

Py ol STAAND 05 AL A it s o
e us

dhéi invenrtiono veuain sitkams typicdllyeareggenssated ffom /A steam cracker

r e 16 a.recycle stre 18 are
C4 strgd, AXEH SRR P 5000t T bl S v, & eam
320 is fed to a fixed bed hydroi sonerization reactor
322 in 'M@L%hl 1-butene is hydroisonerized into
2-butene. The split feed of hydrogen to the
g 4IQYIERedr ijzat i on|reactof and the inclusion of carbon
Feed Ral@DNOXT d€ W g7k NNE h can be used in this

Q. AN

of the enbodi mnents of Figs.

Mole SRaRTent
culafﬂﬁfdh’t

The redctor e

PPf lent

stream 324 is vented to

renove hydr gij¢

1 ot her

noncondensi bl es in stream

Hydroger825 and t he

P 1 S

conmbi ned with a netathesis
m stream 326, which is fed to

Methane! €CYCl € StUT

olgg TOr

.oy 22
OO

In fractionating tower 330,

Propylen?‘ 2

frant 1
T aov

conpoundsg

T orrag Tyt o

cnoyved

fromthe top in stream 332

Propaneand C5+ co

pounds

968 ren

oved as bottons in stream

genat i

N3 cat g

| yst bed 331, also known as a

13 Butad8@24. A hydr

1-Butene guar d bed 7 ydr remai ni ng butadienes to form
tenes sdbsequently fed to a

hit (ag] < 1
Cis-2- Bulg sabutyl ehi zer tlger 336. Above the feed point in
at the upper end 337 of

Trans-2-yignss obut yl ehi zer tRr 336,

o.2.1m Q
TTTr

Isobutylenehe dei sobuf yl eni Zlgx73t owgr 336, proximate or at the

isobutand OcatT oM at | whchger concentrati ons of 1-butene and
but-adi-ene—ale—at Fex-Ym  an upper side draw 339 is
positioned,|the sijde drayw 339 form ng recycle stream
n-Bulane 318 Recycl b stredit?18 ils combined with feed stream

n-Pentané8312 and enters thedosydrolfsomeri zati on reactor 322. The
Total top StTeamB38—TTuigpsde dei sobut yl eni zer tower 336
i e+ ard- | sobut ane, and snal |

a:;h?: ;Irels,oo%sui?;au{:ngl:nd 2-butene. The bottons

Bie awthaa® is solublemsethane from an upstream selective hydrogenation
unit where the butadiene has been reduced from approximately 45,000 ppmw in the
feed to 1300 ppmw in the effluent. The hydrogen for that reaction contains some
quantities of methané. As a result of the selective hydrogenation step, the total 2-
butenes are 26.63 wt % and the 1-butene is 11.63 wt %. This résults in a 2-butene
to 1-butene ratio of 2.29. This is far from the hydroisomerization equilibrium ratio at
the nominal hydroisomerization reactor temperature of 60 deg. C. At 60 deg. C, the
equilibrium ratio of 2-butene to 1-butene is 21.6. The hydrogen used in the

examples consists of a mixture of 95 wi. % hydrogen and 5§ wt. % methane, with a

molecular weight of 2.11.
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the 2-butene. Stream 340 optionally is purified in one
or nore guard beds 343. An ethylene feed stream 342 is
w@ootbi1sazde Wi t h t he bottons stream 340 to formmT/U52006/014123

P 3R AR 0140 S ot 2

butenéhasd) the geridnihg sutadiénet Byhﬁil@%éﬁé‘léﬂ O 1IRERE  There is also
nmet at hesi s product stream 3 he net at hesi s product

reactioprefaiheatduiens i ke Jeedy(redr formed dsomnbutadiene) to n-butane.

The SHAPEF I 0Hred BE RSCRIBERE 1150 083688 Bl 80 s porvoros

to n-mﬁané]elmItIﬂd \peirticias example; the etisliditim Fixene dfeRBURne and 2-
ydrocarbons are recycled in stream 327 and are

bufenedmwﬂ sesWl inmthereonysksion mif 249 Yoclldther bibutanee dintethat complete
COﬂVG"QéHSEh?O@beGC{bégﬁ@HIIH%)SIh Sét%;ﬁe 3 é(ihe T%aggﬁr%‘fggu?ﬁnum

raw and recycll
hyidue § shawszthe |ommvem1/seiephww foe seactiver ol ther©4 %a‘eaﬁgover a

BRSPS AL o v
perfor Bi R enﬁ é%}n@@%r@r%cﬁog«%‘%eqi ge\tng d@\fe ?\%ﬂ%%ﬁie?ﬁ‘ which

rom 1- ut'ene
can resyttrfrons dhemseaaf small gaantilies bh@(.‘ewthrte;uilrbgemg'ueuted at muttiple

feed Rl i Moo hichplRaaieioaton, raacih « NUeR & SR Msragan injection
point i5 Q:‘é@ﬂ in éeﬁ}'ﬁt L X094 157t 4Dy stohfgrl%f'a%n 9?9&& V\ﬁé conversnon to 1-

pro uction for a gl ven quantit eed
buten%gssﬁ%Wlﬂ'l & sBla@thdy tg/n-dowimemhes'i %. r3eleciivty. tomm is defined

a5 DYoL TRARE RSATEAE e S LBl oy 56 cosorved

above b@hdetForfial %@H&ht@ﬁé Sbutéﬁé% *f&ﬁé&s’%ﬂl%e%ﬂﬂ iy tHY ‘ﬂ-butene is

reduces the foulin he net at hesi s cat al yst In

hydroisgroefizask {a 2riudener %Vhen e hylﬁieogcmi@a feedy ee&meadsﬁ'fe sate of

ot BUBEr BRI Bl ST o BANELE A 15 L x

4.5 ft.f IRdydesisdmerizatye reution é&ﬂairﬁ@%&i&e%@taﬁyﬁ is used and the
i sobutane. This results in a greater quantity_ of
conversiopuevee it d 9o midy 6&d% @ehzcbwt)emsn tene. dveyr thel feedstock

shown Y fotSthe féﬁléég’éﬁ]n% % regﬁ '{g@%?}sd%\?gﬁﬁ{e#ﬂ&%?'ﬂ (without

pr Ocessi ng st

hydrogehaarijs 84yp¥wal | y, steam cracker C4 streans contain
reci abl e quantities of butadiene and therefore

[taB UmPeTiARt 1l Hedineofhen PERaICloETHoMyaF dafe wiflacsAwy dihe fasation
prefera%ﬂ)”"é%% P Jadjf' REKiInI I AR Forc&7dH 118" NydrBisS it B %boR FéSction.

This location is defined by considering the composition profiles of the tower using a
fixed bed only (no side draw). The composition profile over the tower for Example 2
with a side draw of 0 'is shown in Figure 6. Figure 6 shows the ratio of 2-butene to 1-
butene. As can be seen, for most of the tower, the ratio is below equilibrium
indicating potential favorable reaction of 1-butene to 2-butene.

Figure 7 shows the ‘driving force” as defined above. As can be seen, the
potential locations for removal of a side draw are between stages 9 and 29 with the
optimal location at stage 18. This location will vary depending upon the specifics of .
the feedstock and fractionation operating conditions. It is however desired that the
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content that can be processed within the
hydr oi sonmeri zation unit, and thus inclusion of a
W@ ed06a8i7ve hydrogenatl on unit is not required. PANES2006/014123

st 5318 By 06 L BF B ACENIAE P Wi tgiomed ocatons

havmngb{%g?Tcﬁg Iraall@astrw% lettﬁé mandmsys,t@nd asoaly ai Iebst aa% of the

streans ofte con ayi
max:muomd\@f@'l&dwéylﬂ@ﬁ SgmBaRioR Profle pRhoULSIBNRY. rigure B shows
the. |m89 8{ hég'tsﬁ#él ékﬂﬁ ratg B th thbUtéH;eS\E@Hstﬁ%ﬂ fPletHeeFfﬁkSﬁ&atlon

onat I ng OV\BI‘ hown 1 n

colum@nay PargéBBHHM!r&@BfeslﬂEXAWl:ﬁ@erThbutemrpbmrﬁMWn at the top of
various processing options for a single C4 feed stream
the colbEN-ng the conposition shown bel ow on Table 1. While

\ sic P! i nventi on,
Exam@gcﬁd@?ﬁggﬁgﬁ?% rﬁg{hﬁ S:'eneratB T(rjb‘él?ﬁm a steam
A golshisticdtedt cemmutaxz@ﬂ simalation r was aninF@C vulmch feed streams
m xture of .the two. The net hane

havingriherRPORieN SERNVDARRYE VB SaLISLIEe? STTRTT cingyional CD-
DelB té@gb%gka@tﬁrﬁ Jﬂﬁ;:od’@gﬂr bfe‘ijl!fﬁéhé [P MHaPfexd. "R 8ddlition there is

dto pprmw i n the effluent.
2223511bmrrryfd2¢gmené @ndt h46 Ibﬂ'ﬂtomf butadceneau hes §iras tower, Tower 1A,

consisiip gareauithiu ja0es andos apTX iy of 8 GGt Yeeg. This
tower E@ F‘neﬁh%és{)‘i%%?ecétél il 1r5§0W2 1% oﬂ&b%wﬁtﬁ distiflaion @tructures

ne to 1-butene atloo .29. This is far fro
This ra;inesdsr)tsl ram appmxumata swecam&élbpiby Dﬁﬁu(i weightgatalyst per We'th 1-

] L5 oL AL o

fractnor?atmt;ﬁé& g?éﬁEWag 2l bdlbe {hedsatglyst bedsl and bdlew the

es conS|sts of a mxture of 95 wt. % hydro
feed tnd SEpmy thenetaquired whydrogeneiien ulodr %ﬁ@'ﬁﬂeofa'%? 1 lrbutene

ABBLUM..269/ In_th
hydroisREaRIEaon nd e, Beranh ek Lavel 1 (NTEH Bl 122 oqulforiom
stagesta‘h@l KAIBirBfWe ratidt G4 Snesfiuk toyfdedpemhe @didlltibnbl Bﬁtstams helped
here is also reaction of the 1-bute (fl
to achiew deder sepanation am%w.m;com@meoﬂﬁﬁéﬁg b'of, Qatea yst in 2042

ft® of s@@ﬁ@%ﬁt V'Lﬁc%/ Réﬁanggfdg'%ﬁ @/?%IB\R}?:E fi R@%Eﬂ{l’tﬁ%@ﬁ e‘i‘ﬁlﬁ%ﬂcfﬁé@t&ﬁ‘xatton
packmqafﬂydwbéh vexaagded tbhsuppluiie loequuredwrhxdmgenaﬂon of butadlene
-butene and 2- butene would result in, the ver

and 1-utene dwdspisomerization.end hendhied ier: SioSH oWer 1C,

consisted of 94 equilibrium stages and operated at a reflux ratio of 6.20 (reflux to
feed). The higher reflux improved fractionation but required more utilities (reboiling
and condensing duty). This tower also contained 23581 Ib of catalyst in 2042 1t of
structures. The balance of the tower was filled with high efficiency fractionation
packing. Hydrogen was added to supply the required hydrogenation of butadiene
and 1-butene hydroisomerization.

In a CD-DelB tower of the prior art, fractionation and hydroisomerization
proceed in parallel. Over a multiplicity of stages, the 1-butene reacts to form 2-
butene while simultaneously the 2-butene moves downward by fractionation and the
1-butene moves upward by fractionation. Thus, as the mixture moves upward
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conversion can not be obtained in a single step due to
the limtation of equilibrium Figure 5 shows the

wa@eosasxsnen/ sel ectivity for reaction of the C4PST/USHlm$/014123
over a hydroi soneri zation reactor contajning

througbibpdewes the reactivry SIXIUFR i cantinualymoying %@Y &Pﬁ%ﬁaelhbnum
a I Voi-0 ed @n e
oy iRl B ] SRl PR 183Nt aphieve tigh
converglod)td mudtiplieity oPreadtiomstdges eareirefjeicee do atnatnhlthe pheltlphcnty of
feed points in.,the hydroi sonerization rea w
fractiondtiaf S1agRS: ogdiis IIRPU 1163 ROkt AMOUR &f §9125401 M. Sgquence

tol\AEé ydroi soreri zati on reactor, the
occurs)&%\i/lgpée%eon rQl butene is 65%with a sel ectivit

n biltafrthedhrde fowersSthe faedstack isoadpshawa insTakiei %/»ed' hege is a

e S s B ST BE AG8 e of o
demgﬂb”éhﬁdlﬂﬂésa EH% § dtfedm’ aﬁti ot ﬁl%oﬂ‘ébﬂoﬁfoft PButene and

tene 1s rol soneri ze but ene. Wen t
mmlma‘imlnmg'drdfctmtaétede Aseissmseedtab@ve;atm d)fbl-ﬂmtem tosrise in the

over SHEREEIAM BPoko b U5 B Pt e BT e of e

tower ihaRat AactiORLAdMcBAJIBAS rigétabey %néé tosashies at iikture with low

conversion inproves to 79% wth 5.4 %selectivity to
butadienebut ane. For the feedstock shown and for the

t t.he, ry il
RN octah g Borofle gh'BelfUdd PtiRisnidsefion o
achievél&f hitth Pétﬁ;»@ﬁ’;@@?fn-bmé&bsqn ther botisms i ate desived Tbﬁa metathes:s
| ocat1on preferably is the point of maximum dri

process.oBiceeftbe fend tofip drwenisrurnaasted, H@aewrbﬁadwmpguct rate had to

be inorp BSR4 | Ehdy® PEBEHERY PR Elar Mhd Bias e I8 biyBRbgenation /
hydrms@hféﬁzatﬁhecﬁtammsﬂhisﬂwaﬁ abglieedb ver rédm:et therbdtadiene in the
le 2 with side draw of O is ownlnFllgtni%%r|
efﬂuenﬂ:’qog opa. SMT%@QPEE pyerhead madudiqw signifjge uigne was
lost ov&"ﬁ'éap ?ﬁ@%cf)\gérg@éé 7@1‘%’ h&s f fed EE@LPQfén‘és' i, el B¥ttoms

equl briumin atrn entl favorabl e reaction o

- when nieétu'tgsaeowmtﬂabbheﬂevelﬁnghedadttmmodm 'felig alsogimportant to

rce" a i ned above.  As can pbe seen the enti al
note thabcebenriber BHadimy ANUSh be: Bislied e s (7 EiBaler amount of
nycron T ocs 9S8l g Beletl) 6 Bllshp, g iddabie
laf Tower A8 dat indreaset huadiarofafractionationastaggs (129 versus 94)

were u§Sl SoL e st e S HHE reiEvah Theriabes 6, SF% AR bption
required Mdre HpitBl B6&tTi the frabRSiRitioRtdwer.

Tower 1C used reflux o improve fractionation performance. In this case, a
higher reflux ratio (6.2 versus 4.5) was used. This improved the recovery to 93.8%.
However, this option 'required more capifal cost due to the higher traffic in the tower
needed a larger tower diameter. Further, the energy requirement was greater due to

the higher reboiler and condenser duties.
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havi ng driving forces at | east 85% of the maxi num and
usual ly at |l east 90% of the maxi num as defined by the
wa@eonpasi7né on profile w thout side draw. Fi gur eP@r/shmme/014123
the inpact of the side-draw rate on the 1-butene
conposition in the fracTable2i on colum. A larger side
draw results in a | ower 1-butene concentratlon at the

op of the colum. Ex rrp1e 1 (
Examplehh,lf bent i onal _CD DelB A

sent “conventi onal

Number oF' 'Sfté

ReﬂuxRaﬂa’ZZSS Ib/hr of 2- buteﬁ \
The T1rst tower, |owe onki sted o1 Y& eqar 11T oxTrum

Total Fee@&é%s and a reflux rati ib/bf 415 88889 ux|t 086689) . 88689
s cont al ned 4358 talysf 1n,2042

% Foed niilicnes i Hatorms o1 |y ol ot cubr (780 Yol ' BaaZ 1T 9380

li-bu lene"iWB@RB nxi mat e space el %uy f .i! ;ht &éﬁal yT 0.05

550000

13BDin gdﬁbrﬁ@v\er was f| I I ed m eff|1g| ency 10 10
FTacti onat I o packr yUT OUgT WS auucgl OC€T OW U T
1-Butene inddistilate beds and bel hw tti?ila'fd 11635upp y tiH85 984
required nydr ogena 7ol Of DUt apT ene_and |- DUt ene
2 Butenesiip dieg] Ton. The lbdiond] { 09904 Tober 1583 899
1-Butene |pgqsfpsrﬁ$e d AO]; flrzggif q”;u;| o3
D-Butenesih 8fpnile! ped to achi 3"\"?\’80318

=S O R e 23 584
Selectivity 36 NUsltaheqSaflration) an h 25
NTgiT ef1TCrercy I r1act 3
Convergttus andSadettivityie rkquired H

1-Butene jut adi ene and 1-butenp hmm-m Jomergqgat 1 dn. 1y hilFd 10109
tower designated as [Tower 1Cl consisted of 94

1-Butene cexjui | i bri um st ages anIFI dpérat dd 5.ﬁf}rezﬂl ux!ESJli 0 fof 044
her 1

a 20 {J‘ afliuv tn foor*l) The hL Lan
1-Butene GanyersioRat i on but e ut84itigs (r8oilijng 90

b n-Butane iy of cat al yst in 20 al dncel2174
{n-Butane o?l tne 1oner Was TTTTE 91 38b7! C 6”92389 12400
racti onati on packi nd. ¢n was adddd t o suppliy

theld('t(?&pl red .hydrogerfati on of [but adi enejand 1-but dne
hydMWIRIS®r | 74t i on :

Reboiler MMkcal/hr 17.54 17.02 22.30

Condenser MMkeal/hr 17.11 16.69 21.70

Catalyst
‘Catalyst Amount (Tower) b 23581 23581 23581
,Catalyst Volume (Structure) ft3 2042 2042 2042
5

Example 2 ~ Side Draw from Deisobutylenizer Tower
A sophisticated computerized simulation was run in which a feed stream
having the same conﬁposition of the feed streams used in Comparative Example 1
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In a CD-Del B tower of the prior art, fractionation and
hydr oi sonmeri zati on proceed in parallel. Over a
woobilpd7ei ty of stages, the 1-butene react$ tpCT/ORIMN@014123

was s%'rﬁ 8% Yo GET k4P -HARE AYS %eghﬁ%&o%‘éhﬁgzﬁggﬁg@gt As described

ward by Tractionation an
aboveyl ﬂvxareh@r fsext bisingle |hydrogﬁmfsedwd ted & ocinveesiomoé 9 -butene of’

oo B PR 5ok AP B % P bl sl sgparte

the lscgtngﬁeibh@ R I%Bbé‘féﬁ‘wetf? rtﬂeeﬂHhién*ér équ&agﬁggp%gavgg} following

r to achi eve conver si on,
the fi xe&hbedwom&tgdsofaeé thempéticad stagamtthh teheefimt ratid iafi 4)5. The

simulalo FACHRF SR, a1 et BIRwn Bigder £, etV 16 utane. The
reboildrodR] Sondi&nadr defies Wéré@(ﬁﬁvél@mefcﬁ thdd@eof QﬁﬂaﬁélBkaWer 1A in

as shown in Table 1. There Is a consi derabl e anpunt
Comparaive &xemple 1bsmae|tba)e aren se’hléy theerefluxtratie. tThe process resulted

in @ 680 o o S5 B S BIRL F  Bre shown

on TabRo@Nt mxsbtépaés@ﬂg thes pRirfefranes o, Csartdﬂea& fxEEMed plus
tends torise in the tower and the butadi ene tends to

fractiongfion sysiem. ATietal ofiBhe % of fee permalbriaoes ¢1- and 2rbutenes) are
[ ' i.en conditions nust be varied to
recove'ré‘%fr{;t@ Jr{:ﬁ%% gﬁﬁs%?th | ow but adi ene. As i s shown on
Thbl &hcve prockeeewasd Aepbaied Wl theseNdeptioarthat a side draw was
ctlona%lon to, achi eve a high recovery of n-butenes

remOVM ?Pﬁ’bmﬁb raglignationioweraat stage 48ratan asoust of JOL00 (Example
2A) or% ro ucwr a{%%@? 25 tﬁﬂ eéag% ?%%Wigﬂ ?¥agr€ﬁg\ side

draw uﬁ p1Ct 0@0 tiotverresuited Huarpirereddee uhym egrow@tt on n/-butene recovery
orrerlagtlon cat al yst s was I quired t

(mcludmsoérge anea iy tra podees FrOHh%Oéﬁ% iR 88-87y oloT'yﬁrﬁ a/vqavﬂ of the
vigher 05Phg ey MRS sy pLRdln by e rELBAS LAE ido RIS s

ost
draw o&szmQMJtlbﬂmsresnltedlanbatm-butenmeecomey iimgha bottoms of 96.73%

eIeve bott ons ct. It is 0 )
(Exampl 75}, EvavEh euohdb it HORREE i e beama, Bes ko refatively
high at BYSE7A. PMPfHéE@% Babes ﬁﬁ 1Y @bO%/HF%é’EF‘éWt ﬂh%rﬂlﬁerence is
occurs resul tlng In a er se eCtIVIty to U ane.
the amatofidistiiatiepiradatst thatlis taT@me Whe) thentowerveas adjustedterhave a

2.73% Republie Sisar( Herbionts e V6 of fie 24k4F Fedd i thathattoms
was 9285%OExample 2C). The distillate product (overhead) rate controls the
amount of isobutylene and butadiene that is in the bottoms product. In order to
achieve a lower amount of isobutylene in the bottoms product, there are several
options. A higher disﬁllate product flow can be taken, more stages can be
employed, or more reflux can be used. All are commercially uéeful options. For this
example, the fractionation tower was assumed to remain the same at 94 theoretical
stages and a fixed reflux ratio of 4.5. It is important to note that in all cases, the
butadiene is lower than that obtained under similar conditions for the CD-DelB. This
is the result of the butadiene conversion in the hydroisomerization reactor upstream

of the fractionéting tower.
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required nore capital cost in the fractionation tower.
Tower 1C used reflux to inprove fractionation
w@eebos2atace. In this case, a higher reflux rap¢DUSBNR014123

\glgir' gl%ll é‘ggéi, \év%g q@?‘g%ﬁ? g%ﬁiyg&r‘:ﬁoﬂ\{.&rg&t%ﬁ 'ageoggv S| é?& %ggt cases is
cons‘.[?&tﬂ'abﬂl | aﬁc 4 ?ﬂb?%ﬁﬁ%{qbﬁed Forthe GDWIB”%@G@SQ&B@ gie4t system

ower energ?/ requi rement was
usesgachighramoant of catalystyby: the asdineepf i#adeastiar maguence within the
duties. ABBLUM 269/ 19Table 2 Exanple 2 - Side Draw
towery om Dei sobutyl eni zer Tower A sophisticated
5 conmputerized sinulatiofgypszrun in which a feed stream
havi ng the sanme conposition of the feed streans used

Example Nur@berdt " "X'"' 4T5T| |ID fi XedCdrap.2h dr oRdoreri za2Bon 2C

; ove, 'S reactor used single

hydr ogen feed and h E{_s_i_an__u__i-_bm_eme of 66%

FolTow ng the fixed
[Sidedraw r. et | DB, dlo L 20000
IReflux Rati sobutane fromthe i-hy : ‘ 4 40ve00 | 400000
Total Feed Htges With a reflu ,, ; 3 e VI o 88689
e T T O S & [T X e a
U% Feed nButerggtiarBottohe 1 ebo eﬂt%n c@ﬂdi&ser 33-t&7es we98.73 r 92.55
—“———'—“‘_‘—_—e'qurval‘?ﬁf——fé__ﬁﬁo CD- [T B, Tover] 1Ain dgnpar ati ve 273
Ll-bU lene IEBBOWHOIMS,1 si nce t hey Phe P A___\_,__e__e_- :

process resulted in 6% gonver.si ol of 6 buene10 4
‘13 BD in B U Parat i ve | __.__!!g__b____g_____ ____‘.‘._?__ __________________
1-Butene IL\TQ%! ’uﬁg_éé gIThI > rlg s '__*____‘!. 667' or| 1844
2-Butenes fODitiftatel the norm bwmzn s (117 anq 2-BBt engs) ABe 161
f=——————vecovered 11 e DO GTjoduc e above Irocess
1-Butene inBsttormgeat ed with the Ihéhce i of7@ hatl a132e dr a0b8hs 424
[ rtenobved fromthe frjct]onatfio g iy an
2-Butenes irBeiRMBf 10, 000 ( Daqddo 291 Bidh 29511
13 BD Contersiot ooy o6 o aool s AL, 868 Shovnogn T4 eo8. A 99

- but ene recqvery (ingludi ng 2{but ene)
Convé&i?ﬁ.rg) Qec@iw T . S ra resul

1 -Butene Bf the higher 1-butEngbmenyer $0100 midel (s pl e!QhO% hip 10109
1- Butene out T 2681 2252 2269
1-Butene Conversion wit% 65 73 78 78
In-Butane in | Ib/hr 12174 12174 12174 12174
[n-Butane out bthr | 12613 12665 12709 12695
Selectivity to n-Butane ( Saturation) | wt % 6.6 6.6 6.8 6.6
Catalyst
Catalyst Amount (Fixed Bed) Ib 8160.0 | 9588.0 | 9996.0 | 9996.0
Catalyst Volume (Fixed Bed) {t3 160.0 188.0 196.0 196.0
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draw of 20,000 Ib/hr resulted in a n-butene recovery
in the bottons of 96.73% ( Exanpl e 2B). However, the
W(i)s«nbmybtene content in the bottons was al so reCHUS2006/§14123
For_ t.he cases. havi

high ai, 17 87% {
Exampleyhr- SiHedOBLfromiREIappBTeREET ToW arCaMRINEAIth Split of
Feed QF Fyatadb T B th Kyl G o e et "I tho

bt proeedute ofVCofnparatnre Example Rewdsirepeaiedbwitih dne exasptions

that 2 2rghige %@E"o&e hi 993525 S8 L 8 o Gt batons

along ﬁh@%nbfh bf"tﬂé1 iZ2tiBH YBhetok,Nad 9458 shruladl RLRtGr was a

ower ~anount o |so utyl ene in the bottoms product,
fixed betevith 5486 delvetene sap.xratm& A higher distillate product

ThReCHE shswe iRV barSlTHGs S98p nTamanYs Exeliele 2. The

recoveRPld ﬁi@%er ra@reduﬁvaﬁferﬂxf?éﬁﬂoﬁatlbﬁ eondRinsO NThe %tél?gtef/olms are
assuned to remain the sane at 94 theoretical sta

higher sefteciing thedsliohtly Lmduqad gclivityabwt, higher selesfidit due @dhe use of

co. TR God B wh145b, 675 4Bl FUEel 8.4 Bample

from 9013 PEKBmMPl®IZ) &S 4 rr@sult9-°r.h‘| meoiovi‘/éleld@sb@doﬁbetenes to n-butane
conversion in the hy roi soneri zati on reactor upst ream

(improved selectiyiin: iWhise thig Bxamenle rageirenmars catalyst iandpomparative

cramoff 5 ou MR Bkl L i EERMRLES RDig bl Sarkity over
catalyst qaanﬂitmht ﬁhﬁh thé EI?ZDdIBIOEseA@f dmmpaf@ede Bxaaiple ﬂst em
uses a hi gh ampun

Fadrpsaddiey gk Fe@mp érﬁ(:ﬁ&%'%e e&i%qi %Eﬁ%uﬁ%%eg jon that a side
draw WEE Qe o ot gE, PTR B amoph 91 1TH00 10, This aldg drpw wes
mixed Witk rtbeetm deed Geam bjyld rretinjectad irdo ithe lﬂdamsomeiﬁhat_lon reactor.
Use of fhe ‘Ss alfeniolsradsad te X%E%w?énf eEa-BrteRa 0o niipro from
93 R ) e S 2 etor . and. the simul atod

T@ptmedme of Exaxmmletﬁd’dwast ﬂepeate% withiheraxception éhafoilﬂe side
draw ateslags) 5 WaSTRESESERVE PEHG AL E0AO B NG o DR e diéw was
mixed WIlREY 22 4tPehrh AR felifReted fifto €8é RydRdisopbHABorRfactor. Use
of the increased side draw increased the % recovery of n-butenes in the bottoms
from 96.21% (Example 3A) to 97.72% (Example 3B). Note that under identical tower
operating specifications (Examples 3, 3A, and 3B), Example 3B resulted in an
increase in isobutylene in the bottoms increasing to over 17%. In some cases this is
undesirable for downstream processing.

The procedure of Example 3B was repeated with the exceptions that a side
draw was added at stage 18 in an amount of 20,000 lb/hr and the tower was
adjusted to have a 2.85 wt% isobutylene content in the bottoms. The side draw was
mixed with the C4 feed stream and re-injected into the hydroisomerization reactor.
At approximately the same isobutylene in the bottoms product, the use of the side
draw increased the % recovery of n-butenes in the bottoms from 93.82% (Example
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hi gher reflecting the slightly reduced activity but
hi gher selectivity due to the use of CO The use of
wo eweHBENCO st reans i ncreases the recovery to PEI/8%2006/014123
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catalhé ttgﬁ
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bot h

T e

4, cat aI yst quantities than the CD- Del B cases of
Conparative Exanple 1. The procedure of Exanple 3 was

oS 8 fipWhEon Table

5 repeated with the exception tatde4a side draw was added
at stage 18 in an anount of 10,000 Ib/hr. This side
draw was m xed wth fhe C4 ced stre i nject ed
Example Nymbethe hvdrai sonerll zationllr eact or ﬁmﬁ’?/&f t 3C
draw i ncreased the 0recovey of n-bl#itenes in the
hottone from Q2 9204 ___4‘_:___:__7?_’______;__!‘_'___=___= b t-e
Sidedraw 32 - The procedure 'Mj 34 was rqbed vvgbboghe 20000
""""" St orr—ta—ttre=Srae— ‘G" VFat Stadfg Lo wadsS | [TCI edse
IReflux Rafbo an_amount_of 20, d0OtiAy . 400090 0400008y bio00n0ded 400000
‘ [T C4 Teed streamjand re-{nj ected [nto the
Total Feededtam sonerization rieallr . | UBSESO t he 6668Peasc8§8689e | 88689
draw 1 ncreased the % recgve <
% Feed nBiiengsin BOHRMSs 2104l ) zﬁ :‘. 'zﬁr.SEn A ( Bl oAk 95.08
l-butylene FiBoudIAs®, [PAT VRCeTl | URAL! POl SIAYST L OPEISY B, 184 | 285
13 BD in Bbﬁ%\’ﬂé ed in an incre a Mm@ || sobygyl e g botftgons 4
T Ier east Iin i"“-"'i'V""’_‘l_" FIgone casep Lo |
1-Butene mumjﬁﬂlat@bl e for dowjst ibffam pr otB8ti npy. BFE pjkceﬂlﬁ@e 1087
Of _Exanpl € 3B was rgpeated (wth the pxceptio thata
2~Butenesy‘p Bistilletey was added jat Ib4irage 1&0&@13_;&1&& f dd o 150
Yep) 85 2"’ 265
i - ;glge&:: _________ i ~_-_ | 89664 Y 30490
ConvaﬁBW&'SﬁléctMt%he ot t ons gf the
‘ TIe 95 1iecovery o In
1 - Butene it t ons from 93. 82%j( Bbrpl X ABEBDQIM 690109 233A101@P 10109
—95. 08% ( exanpl e 3C) . In e
1. Butene aler head pr | N9gb3° | 1351
l1-Buten overhead t he QGLL 87
n-Butane in°'h°W” on Tabl e 12174
n-Butane out ib/hr 12607 12645 12647 12661
Selectivity to n-Butane (Saturation) wt % 5.4 5.4 5.4 5.4
Catalyst
Catalyst Amount (Fixed Bed) Ib 12240.0 ) 14382.0 | 14994.0 | 14994.0
Catalyst Volume (Fixed Bed) ft3 240.0 282.0 294.0 294.0

10

As can be seen, the use of a side draw resulted in higher n-butene recovery

than the cases with a fixed bed only followed by a conventional tower with no
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4. Table 4 10 As can be seen, the use of a side draw
resulted in higher n-butene recovery than the cases
wowaoa/ 13276 xed bed only foll owed by a conventi opetl/UsTM&014123

s,idedr\é\'{tvt Q)Q%p@%%gg géﬁélgé‘g@gg if[ﬂsélgﬁaqg ?Eé &@P(qﬂp In a%) cases,

the cafeystlavsts RPIHS f‘f(éd béb @pﬁbﬁ@ drd asivaithbATsr feeChameIB.
than for the CD-DelB. In sunmary, the conparjsons at

tiheSummaryy ébe. GPrAPRUBORD At thersame afraetiasiationc gpnditions (94
5) are:. Table 5 As will be
theoreé%%é?aﬁ%%?éﬂg%g%@ ‘ﬁsp_ﬁed in the art, various of the -

abovedi scl osed and ot her features and functi ons, or
alternatives thereof, may he desirably conbined into
many other different syste t2!ﬁP5appI i cations.

Furthernore, various presently unforeseen or
unantici pated alternatives, nodifications, variations

Case or inpfovpnEni2s {Esr2d n nay| Oempllxstyueik B§ nmade by
those| glehlpb@ohy N | il 3t Wh) 8. @l S%ie‘atb%@%‘?ﬁ/@o%ﬁd

enconpassed. by the follow ng clains. ABBLUM
25\Whal is cl ai nedWNdedaw A brocess for sfdﬁéiraw

preferential conyersion to P-butene off a C4 stream
contalning 1-buténe and 2-butene, conprising: mXxing

N-Butengai d [GP-# ream wi Bh9a first| Hytrogen qtPdamto forma
Recovery€ed [stream hydfoi sonerizijng said fegd streamin the

g”ﬁ%rti on o$a”'s'QPE?"‘i- QUtaETeEse fo 6% et

y impravementnd ta 9B%aNitbi s glisebutylatd marease in
SRsiblf AP | Do WM TG O3EEA | 22 ioBfbrd drubERbreased
gh a ract| onatlon colfjum to forma top stream
conpr|{i’RFeRFeH sobu} BFTESEAd | JoHAIES (Bne aFHISS WG FHKX
st r egnatapesptid/ari NDstagds whelae, rnwé)‘mlramng a recycle
r}%i om sai d| f.pactionatji l4gmmjat a | ocation

e feed point at whil ht ratio of

1-butene to 2-butene i s high, and combi ni ng said
égiﬁﬁém' Be SApatBhivitd Mhétsoh§ 3N’ ¢n theS ahd vafiobs SRRR& Mbove-

disclosed and other features and functions, or alternatives thereof, may be desirably
combined into many other different systems or applications. Furthermore, various
presently unforeseen or unanticipated alternatives, modifications, variations or
improvements therein may be subsequently made by those skilled in the art which
are also intended to be encompassed by the following claims.
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feed stream upstream from sai d hydroi soneri zation
catal yst. 2. The process of claiml, wherein said C4
watooeas7bart her conpri ses butadi ene, further cPOPUSE06/Q14123

ing said C4 stream before or during mxing -
What%%Lag'i%gH?ét streamw th said first hydrogen streamto
1. Alpresesss fohehd prefdrantial conversiorpfo 3dude’d of tar €3r8ticaind @ontaining
re than about 1 w2 % 3. The process of claim 2,

mo
1-butepr pef?-Befener eErigingt reamis mixed with said C4

SLT: [

o8 s8I G4 HYERPARAZ H3hhy ool SRS Brf o fodt Birdam,

ehydralsonmerizing seidl fsddistreain ibhtheh prdésentebof anieydroisomerization

conce%rati on woul d at a maximumif no r

be [ ecycl e
catalyst s QrAeRdPLaRveRRlirAst 8 porfien of saids 4-kutepe dp A-hutene, thereby
t LS = said bottons streamwith a
produts:llrj'llrgt%E?%&%%rﬁiggii@gﬁfg%%\?ém to forma netathesis feed
spassing said hiydmisorgerzatibmeffitdnt theodghed fractiemation eolumn to

met at hesi s react.or and, reacting sajd 2-butene wt
form Gciog HEeaTESnBISIDg.PRRUEAG PORRabyont 65Hsa thithms stream
Compﬁsin%f?gbtﬁéﬁéess of claim2, further conprising m xing

sal

ottons streamwith a suitable netathesis

rwitiidraming @ feoyclea sireant fresi said dhctionation cehunh eatdangcation
I

abovefa TpEE pPInt 5T iy B RE Rt of s Bl Lok RulsFE s Figh, anc
"QAbIAMNG $41d rBEYRIG SHat AT &t BESHURE of lsaid T Br8SASENd said

of claimb5, wherein said netathesis reactant conprises
feed strehn epsirea from gaigdhydraisomerizatian catalystpr i ses
ropyl ene.. ABBLUM 269/. 26a. h roge ot _claim, ;
2. T BReRS &t PR s RN A G St iR hafpfiRt butadiene,
fuﬂheﬁéﬁfﬁ@ﬂ@iﬁ@%ydfdﬁédé@h}gw O4sthearh BB Or 8ating ARxngfdaid C4

eavier, conponents Trom sai d hydroi sonmeri zatrion )
streamemfithugaid fiseif hirdrogan sittegns & dediyas Hhes brtadieng content of said C4

f ' racti onation colum. 9. The
streanﬁ{ooﬁ(gﬁggrgkﬁélfgﬁﬁyé?\/ﬂL‘fﬁ her conprising purifying one
3. Thefproaesk bbtlaine, aheesimsaitirenycke strdamh eriixed @étH said €4m
before feeding said netathesis feed streamto said

streamygfiter Melspgenatit or . 10. The process of claim 1,
4. Thd BrJd385 of ! £ \Serefifehil Yoy dE SHBAn AL AW 43R i ation

in said column at which the 1-butene concentration would be at a maximum if no
recycle stream were withdrawn.

5. The process of claim 1, further comprising mixing said bottoms stream with a
suitable metathesis r_eactant to form a metathesis feed stream, and feeding said
metathesis feed stream to a metathesis reactor and reacting said 2-butene with said
metathesis reactant to form a metathesis product.

6. The process of claim 2, further comprising mixing said bottoms stream with a
suitable metathesis reactant to form a metathesis feed stream, and feeding said
metathesis feed stream to a metathesis reactor and reacting said 2-butene with said
metathesis reactant to form a metathesis product.

7. The process of claim 5, wherein said metathesis reactant comprises ethylene

and said metathesis product comprises propylene.
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sai d hydroi sonerization reactor at a | ocation
downstream fromthe feed point of said first hydrogen
wateoeam70dl. The process of claim 10, further PCT/US2006/014123

. 1PGaPEICSSRAA SaM on WaSb el G4 Riseari BIFHARCE, aajor heavier
comp%@@mﬁ] '?l?rtlfn&egorﬁﬁﬁﬁlhg l‘}fenﬁﬁf'i gﬁe%é dnarsroseaviet 68ABbnents from

€ process o alm1, erern said first
said hydrodspmerizativameffiuent ebefotenpassing said hydraisexedzatiars effluent

The cess af claim10, wherein at |east one of said
through F?&@ﬂ%‘%ﬁ%&o fogen streams further conprises
9. Trgetabmrésm%igfs, _ dheT%nﬁﬁmegﬁﬁuﬂfymd 8h8of saidvbetteiis stream

t "l east  one said first, second’and third hydrogen .
and sgid metathesisifaed steapr befose feading saishmetatbesiggeed istream to said

rocess of claimb5b, wherein said first hydrogen stream
metatﬁﬁ?'ﬁﬁg?cﬁ)&npri ses carbon nonoxi de. 16. The process of

10. Thedrotsss bHEIaINEH , AATAYT ONMsRPRicindg 8 seabAd Mydpsdeessteeam to
__product from heavier conponents to forma heav ) ,
said hydigispmerizatioreaacieratiod nsation giomséreaaafryrrtmepéedmomt of said
17. The

i th said hydroi sonmerization effl uent.
ﬁ'rst hg@@@%@ﬁ‘l&?ﬂ& aim1, wherein the recycle streamis
11. Thet prdcave oftldirmel (5lfarbér eomprisipgi fdeliingca itisinhhydiogen stream to
.. colum at, which the drivingforcefor t he . )
said hyydenispraerisationtgasterat a logatiemdowmstregm g heulegdpointof said
I 9 he maxi numdriving force within said
Secongmﬁ%%ﬁ%aéqécycl e streamwere w thdrawn. 18. The
12. W@ﬁ@:‘és@fofailahﬂﬂlwhdﬁem%aid tfinst hydrpger siteagarfurtier comprises
withdrawn at the elevation in said fractionation

carbor SIQNAXIAR. whi ch the driving force for the

13. TF% %g?&%s%g?‘; #Iéiﬂ] gehn\évﬂgréﬁ RYIRIRE ohe of <3t fiRkE am%sé%oge H/drogen

XIrmum-driving force wthin
strean@@fuﬂh&riggg/fmis?%cﬁcbm sionexideser e Wi t hdr awn.
ABBLU ’19.. ., THe "process orciaimi, ., erein .
14. 08 BORGES O BT 1SR ER RSt 0P Yo3aidiTReaseqd and third
hydroé%f%tfééﬂﬁﬁhﬁé‘éd?ﬁpﬁ%%%%gﬁ‘?\"Wf’ié)&@é a group VIl

on a support. process of claim 19,
15. Thé erecessseHi daimydy whereie saiddtrsiomydrageih gtreamitirihhes somprises
additisae sel ected fromthe group consisting of gold,
carboryMopoXidesng al kali metal s.

16. The process of claim 5, further comprising separating said metathesis product
from heavier components to form a heavy component stream and combining said

heavy component stream with said hydroisomerization effluent.

17. The process of claim 1, wherein the recycle stream is withdrawn at the

elevation in said fractionation column at which the driving force for the
hydroisomerization of 1-butene to 2-butene would be at least 85% of the maximum
driving force within said column if no recycle stream were withdrawn.

18. The process of claim 1, wherein the recycle stream is withdrawn at the elevation
in said fractionation column at which the driving force for the hydroisomerization of
1-butene to 2-butene would be at least 90% of the maximum driving force within said

column if no recycle stream were withdrawn.
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21. A process for the production of propylene froma
CA stream contai ning butadi ene, 1-butene, and
wQ20matigate¢ conpri sing: mXxing said C4 stream weus2006/014123
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B e g e
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feeding said metathesis feed stream to a metathesis reactor and reacting said

2-butene with said ethylene to form propylene.
22. An apparatus for the preferential conversion to 2-butene of a feed stream
containing hydrogen and C4 compounds including 1-butene and 2-butene,
comprising:

a hydroisomerization reactor configured to contain a hydroisomerization
catalyst for converting at least a portion of said 1-butene is said feed stream to 2-

butene,
a fractionation column for separating said hydroisomerized feed stream into a

top stream cdmprising isobutane and isobutylene and a bottoms stream comprising

2-butene,
a side draw near the fop of said fractionation column for removing a recycle

stream, and
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