WO 2006/113190 PCT/US2006/013197 DOUBLE BOND
HYDROISOMERIZATION PROCESS Field of the Invention The present
invention generally relates to double bond hydroisomerization 5 reactions,

andR3PaoFAM¥Ularly to a process and apparatus for improving ther/US2006/013197
selectivity of double bond hydroisomerization of 1-butene to 2-butene.

BACKGROUND OF THE INVENTION In many processes it is desirable to
have isomerization of double bonds within a given molecule. Double bond
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streAmS Thal-Contall highiy RS At PAEPBBTBE Rl I/picalyiefelops basic metal
2dierrdlie Toisvalfet bigoektameestéamscracker C4's or fluid catalytic
cracker O4ig8IBond 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
25 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. Ethylenolysis of 2-
butene to make propylene is such a reaction. The ethylenolysis (metathesis)
30 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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For steam cracker C4 streams, butadiene as well as ethyl and vinyl
acetylene 1 WO 2006/113190 PCT/O0S2006/013197 are usually present.
Butadiene is present in large quantities, e.g. around 40% of the C4
fraéﬁBr%.“%@é%@[ive hydrogenation unit is utilized to turn the butddiéff&2006/013197
into butene if butadiene is not desired as a product and also to
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is 1-butene. However as the concentration of butadiene is reduced,
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hydrogenation of butenes to bu eco significant. It is well
established that t@&%{%@ 8_915%4% ‘

There is no hydrogen uptake in this reaction. However, a slight amount of
hydrogen is required for the process to facilitate the reaction taking place on the

catalyst. Itis assumed that hydrogen is present on the surface of the catalyst and
maintains it in an “active” form.
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these reactions occur in varying proportion over typical hydrogenation
catalysts (Group VIII) metals such as Pd, Pt, Ni. It is further well known
that the relative rates of forward reactions (1,2,3,4) are in the relative ratio
of 100:10:1:1. This shows that the principal 10 product of butadiene
hydrogenation is 1-butene. As butadiene is hydrogenated and a
substartiahgtregtityatba dieneisnioongrds keaies to react in the
presence of hydrogen to form 2-butene (double bond r;ﬁ}jroisomerization)
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Reaction selectivity is in proportion to tlje rates of reaction. In the double
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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
reguired for hydrogenation of butenes.
Hydroisomerization and hydrogenation reactions in fixed bed reactors are

described in U.S. Patent No. 3,531,545, This patent discloses a process and
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Chemical Research & Licensing Company, a process is disclosed for the
isomerization of butenes in a mixed hydrocarbon stream containing
1-butene, 2- butene and small amounts of butadiene in which the mixed

hyc}ygczéﬂﬂggﬁ%ﬁ(’eam is fed to a distillation column reactor contaiﬁ%@ﬁmw 013197
alumina supported palladium oxide 15 catalyst as a distillation structure.
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D% QI%Q?Q%E%%){EGHMUW processes can be combined wi

u
melathesis, §ds4akction in this case typically is the reaction
betweerPouble bond isomerization reactions of C4 hydrocarbons can also occur over

basic metal oxide catalysts. In this case, the process is not hydroisomerization but
simple double bond isomerization. This reaction occurs in the vapor phasie 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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ethylene and 2-butene to form propylene. The presence of 1-butene in the
feed results in reduced selectivity and thus lower propylene production. In
addition, in 10 metathesis of 2-butenes with ethylene to form propylene, it
is JROPIEEL e hove isobutylene and isobutane to minimize the#fol{l§#006/013197
these components through the metathesis reaction system since they are
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stream (after butadiene removal) by double bond hydroisomerization. In ¢
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F'rr%tsd téﬁm%’ﬁc&fé%ww %@ﬂ%@Maﬁ%fmh@%rmn&eqa%mon in
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2-ugengicde singasbiutterehasranteditig: ploiwt cldsests ¢hatpohisabutyterg the
and tends to track. overh toue genates the
sma ?f%gﬁgﬁurnef %}ﬁgus ts ! ?Fd%ﬁég %géz%tgr t%@%%ﬁé?ﬁl@({egh drogenation,
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ungéarﬁg%'@e{ﬁ@ﬁgﬁ%@%Fﬁplk@ﬁéﬁyﬁg@c@ﬁa@r@wwg@%ﬂéﬁ{atsve a catalytic
metathesis. It would be useful to develop an 5 WO 2006/1.13190

P@ﬁﬂ%@@%ﬂﬁﬁ@?‘%’%‘éﬁﬁé%@&ﬁ%r%@% rFRIEH e Daft XRISR SR De'B
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pracess In which the conversion of 1-butene to 2-butane is improved over
within the tower to affect the reaction. This type of CD-DelB tower accomplishes
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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,

25 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.

30 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



conventional processes. Another object of the invention is to provide a
butene double bond hydroisomerization process in which the production

of hutanes is minimized. A further object of the invention is to provide a
progvesg P8P8 8ucing a 10 metathesis feed stream containing HiGHA/US2006/013197
guantities of 2-butene with minimum losses of butenes to butanes. Other

objseeitdiom padessviaus/aiot ithpashapinied atmereifedetils butanes is
hersafigli-Aypreferred form of the invention is a process for the double
bond 15 hydroisomerization of C4 olefins, comprising obtaining a feed

streAty! ¥|§?ﬁgTﬁ50mgﬁ@5@r\2 butene, introducing the feed stream
and hydrogenli@et r@‘&ﬁaﬁ&ﬁvéﬁf@ﬁ@@ﬁ%é salabiie glﬁl‘@ﬂWo‘?é%%ﬂzataon
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r@c%g%%jrﬁz]a\g%n activity ih order to i\PéFFercSPn@nb%tlefh% Epmered over

|ht§9”%9feﬁ§afcﬂ*ﬁﬁﬁ93§%ottoms stream comprising 2-butene 20 and a top
siream CompURiAIBRBLIBNArRNGiaRYIeRe, ARIEANGGADIN e pong
mo

%rde to the reaction zone in an amount of 0.001 to O

carbon “monoxide BePRERE b MRIdYEIFiRBrYsHEs pidEiRRete BenRst
to 2- buterﬁ’efurﬁ'hgombj@as@“smherfmdnstream)Iﬁﬁbud%sé)léﬁ%@’!@fcﬁfngré@uomg a

deam&d@@égm@&fgﬁegwwﬁ% gﬁ%%rﬁﬂ fed 1o ?%t%ggélr\]/rlé 3‘{%%3%%%]1083%

zone 25 In one embodiment, th tion zone as an axia

hyFoddRESitRIBUGESa to the reactlon zone at multiple feed points along

the axial letigth oiSernetimes, h%bﬁ%%%a@l&ﬂt@%@?ﬁdﬁ%@’é@@n%?e in detail

introduced to the reaction zone at multiple feed points along the axial
length. The catalyst typically is a group VIII metal, and often comprises

palladiumA BOREtRSLIRI AR BierinenliTndquemtiyetsd oatalysb is Bisposed

15N ayuaiwm@r Appost et e he feed
str |s hydréi rlzed to%{?mﬁﬁ%@n@gﬂg%i‘sgﬁﬁg rénﬂ(-)%afnratlgq BPS'ng

2- butene'}o ik SnSHRtRAN RN BifciseristErarnandmbogepie a reaction
emBgtirment s snomatabtio dBﬂHbUW}@)ﬁJW&@ﬂ@ﬁi%&iﬂ%rmsomenzatlon

Pcagtu%%m%%%&q&m@m%mm BRCLRUSATS AR MO 10N - portion

80:20. The molar ratio of carbon monoxide to hy en troddeey s

theSldagtibRYSAS Ry EsNe iR @agettoms stream comprising 2-butene

20 and a top stream comprising isobutane and isobutylene, and introducing carbon
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.

25 In one embodiment, the reaction zone has an axial length and hydrogen is
infroduced 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,

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

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



of 0.002 to 0,005. In some cases, the process includes mixing the bottoms
stream with a 5 metathesis reactant to form a metathesis feed stream and

introducing/ the metathesis feed stream to a metathesis reactor to form a
metAhEYY Y uct. Often, the metathesis reactant is ethylene affd{H&2006/013197
metathesis product is propylene. When the feed stream contains

significenitguanittesfobbuteshene; thembpreeess: Arthes CaMRIISESo of carbon
h ing.t S ior. to introduction into the reaction zone
ydr'??&%lﬁé@(%m gdt&?g%n Frr\?r%ﬁh%g m?o [hoeﬁ acixon QR %P%quﬁﬂ(ﬁﬁq‘éﬁn the range

in order to re utadiene conten e fee
emBbliRfEhiad &Process for the double bond hydroisomerization of C,

oiefins, campeisiagAdainiaghRed FERRIBCOMPISING JoRYIRESANI AR 2
utanqé%nd.lntrodymp the feed séream and hydrogen to a reaction zone
Compraing A CAraIyHE %sﬁﬁg\i%rﬁn@ %Wﬁ'ﬁé%%ﬁ?@ﬁbﬂ?%@tmﬂﬂﬁﬁea

catﬁh@é@fbﬁﬂ‘rﬁd@%l@rbaﬁdt@ydm@mmwwcaddwwﬁna)m@atbamu&m @ct.
portigr Qf thernlafutene }@g&%‘rg%e@ﬁy@ﬁg]%E}f@oﬁgﬁéﬁwﬁg% n%duct is

comprising 2-butene and a top stream comprising isobutane

isoBE?ﬁgﬁgE?the hydrogen being introduced at 20 multiple feed points
along the Véhgthtiof fhedreactionczonsina aighiacdity QRNORSIALE IRAENAIM,
he [ jve. isomerization form while ,

1 dm i nﬁ%ﬁ g ﬁ@d@g%%ﬁé%%%&%ﬁ %%%% Frn%eodn (S)‘%;E?Ga LRI i pigoduction
intrbdI 8% PRE PR FRRR D ATEShEOWRAURSdRSyR 2diBne erntrreodithddetd
poistsaatong the length of the reactor. 25 Often, the process further

comprise%r]noiiﬂ trk%% bdo";%% S stream with a Rnetathesis reactant to form

a metathesis Tead Strearn and intrBERIERY Hid" EPAHE RS ey dtrisamesization
mefithesisfieactomeitinmabinisiatheseepreidern dMheriding feedtstream 2-

1Slorﬁaieﬁétﬂ?ﬁﬁﬂ@éWﬁ@‘iﬁi@%@d_@ﬁ@g@ﬁ'?}?rdtﬂ?&&%%%st?t)hge’fr[§§cwocr|\uz%%sé

hydrogenating the feed stream prior to introduction‘into reaction

zone THFORIEY o RialEs ARIRHARiIeNE BB R B RN BB @ atteaRiaives a catalyst
anotirdentie dionerttisrais @pperatics fastthie, dovkie tiensbnvert a portion of the 1-

hydrai izat| f1 . - ne, comprising a C4 feed stream
Co e b e SRR iy o deion

to (FECEIBHTP TREE Be bRl anddpabppae rsndhenil d egeer g theoduced at
20catalytipdisidatiom 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.

25 Often, the process further comprises mixing the bottoms stream with a
metathesis reactant to form a metathesis feed stream and introdnl,:cing 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

30 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
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WO 2006/113190 PCT/US2006/013197 column containing a
hydroisomerization catalyst, a first hydrogen inlet disposed on one of the
C4feed stream conduit and the feed inlet, and a second hydrogen inlet
dispbRé¥ 4R the length of the catalytic distillation column abod& Ti{Es2006/013197
feed inlet, the firs-. and second hydrogen inlets being positioned to

intai : in the.catalytic djstillati lumn. .
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of 'E%e' %tWé?@éﬂB%l’?&%@?ﬁ“b%&é&&é%‘&%hé\ RGN HiepErREdRd the
relafioeoheledimmiscexensphfed fionl ithectaliowing wetaleddisslosure.

BRIERRE . RAW Figure 1.is a schematic. .
drawinag 01%%%?; gﬁ%ﬁ?%eﬂ%%?% proc@sllg \?v %%8?% Bhgy%ag%gi%@ﬁg“amn
Oistiikfion - dsdbBlABAISE P pEPMDRIB eE0RIRI §26 trrecimihtieni@Eceive a
Figunai2aoétsehegeatierdraninghohansseand embodiment of a process
using a €D- vith multiple stages aof hydrogen or hydrogen/carbon
monoxidg%gag}g%gcéﬁcﬁﬁ%ﬁ@ gy iRvenion g/ gﬂ&%&@ié@?&%&ﬂ%&e relation of
dr80f g onare erbsiisient iwilbhitpaditeddeu ofébetothirused fos dostale

bopgsaydEnisamerizating Wb uraestagesiAk URIe B YichRnts exe plified in

hydrogen/carbon monoxide feed. Figure 4 is a schematic drawing o
e 83?£%%’P%%Fﬁ8ﬁ%df @*HEY. reactor is used for double bond

hydfdisorierZaROATWIN hFeeHiEagas vflNgetogen or hydrogen/carbon
monoxide-feed. Figure 3 is,a schemati | mbodiment in .
which a CI feed stream 30 is hydrois?rﬁg%\éﬂ%qlr% TQ\%I@'—B%TS?O%%%%%S&N hich

2-BURBIRY St dAtaHich dstUaHRB quetriay Buip RiZa MG RIRAR) régetoring to the

Figuver@itsia schematic drawing of an embodiment in which a C4 feed
ppstream 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
25 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 5is a schematic drawing of an embodiment in which a C4 feed stream

30 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.



is hydrogenated and hydroisomerized in a fixed bed reactor to produce a
2-butene feed stream which is subsequently fed to a metathesis reactor.
8 WO 2006/113190 PCTIUS2006/013197 Figure 7 is a schematic

drawhd &Y 44 €hbodiment in which a C4 feed stream is hydrogdif&§3pP&013197
hydrogenation reactor and hydroisomerized in a catalytic distillation

column teiguesiuce Aseruene deed sisam yhistuimsHPsaMERY SR dBream
a n&e;g}@l%a?r%%c ISnS'aS Fi ure % iﬁoarl}sr%he%qatic gr wing of an, , ,

embodiment in which a BFRISG QSN v PBGNVAELE HYArBR iRefiZeial vtic
in &'flkalipegobuulo anetsabjeCtbd tanestrsar aticm to hadiices ab3 dauiems) used

feed streaaniwiishissiisequently used in a metathesis process. Figure
is a schemati drawirl‘? of an embodiment in which a C4 feed stream 10

5|gs hydrogenated, SubfecrRl b SEpIiIBHaAD FRIHBTERBY K/ re R ford stream
isobutaiecandteten mytintisomerizedrine fixed bedireagt@ito MO Rted 1o

2-ygenaderds iG] in a metathesis |
proces tFi ure%??gg%%a%#ztégaﬁfg @%ﬁ%ﬁ&&% ?o%%gns?l%‘(ﬁ?g?e%ﬁd ina
buﬂ'}tﬁfaﬁ@ S%oﬂ%cr%?@n. 15 Figure 11 is a graph showing the effect of

hydr;geﬁ iflove Eail:ea)snﬂadm];lﬁeaer@?ﬁg@ﬁ@%&ﬂ%iﬁ%rlﬁégbg@@%@@tre am

r u e hydrogen injections o - utene,

RSk b o Wb isautare.
an8AERIBYSaiRRIBRIERDBR PG s detinjctions ondRiadienefeed stream

comversinnsbigasaditishews ithe eifeshedcarhanr saonoxide and multiple
hydroger}_:carboiﬁ maonoxide i jec,tiorkion 1-butene conversion and

selectivity:!%lt‘iel' 'EB B BHBHNCE T EIRXASPIO N Friare Atitdliene
is &AMHEH*Ved process for producing 2-butene by the 25

1shydroisomgrizatanobneapkidhighing g Bfgﬁ?ﬁ?%ff%&%ﬂigﬂé?g%ﬁutene

catalﬁst. The process produces minimal quantitie tane, whic
undSFIBR BISUBRETHYRY two features that can be employed either

separatetygorént Zenabinatioshdwieditss isfetfeeringigiamenigensifeons on 1-
(C%M%%Q%‘H%_s?&g@m ‘he inventors have surprisingly found

that CO acts as an inhibitor for the
Figure 13 shows the effect of carbon monoxide and multiple hydrogen-carbon

20 monoxide injections on butadiene conversion.
Figure 14 shows 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
25 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
30 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.



30 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
Ioc‘é’t%%qso%{fdr’%&(fhe length of the reactor. Additionally, butadiene’fst/US2006/013197
hydrogenated to butenes. 9 WO 2006/113190 PCT/11S2006/013197

Both femtuties:ntitbe dnveniionraah baepaiayasbgayHgwisixebhedd reactors
reactors QSSVYneICI: as in Cc%"[g{ ti dlsélfﬂatlon cﬂurﬁj%s. The fixed bed reactors

caf be ofe5|gnec’?1 over anﬂﬁﬁﬁa- UHBR (EGIMTEE RRAUGRIIIRo@Nhgdesigned
ge@éﬁt@ﬁdﬂ@aﬁfm@ meimﬂd, doirtfiogvtneacttrst cendetempleytechs. Upflow
Thesanimeasdiquidsysiens %ﬂ%%é Wﬂ@%@é%?%‘b%%fﬁﬁ%rﬁ%%tg% enables

used 8?nd allows for pumping, rather than compression, of t

5hy(§?8 SF BB CTIRE LRSS FreBSureShthg8ne ualpwy HefwermpNandraer than
bamgtypicsiyrbefween/brandrb8rizarghd heateactasdslettempe ity e18NE8ween
is tyRi 0.and 180 F. Carefull

colgﬁ)ﬁ%@ﬁg rggté%gé itiér?e%ﬁu%éabig Q;%%r@h ra%aecﬁ%?i'gneé%ﬁﬁgﬁgrﬁ ange
buﬂadé%iagyféﬁa@%%w@éh%b@épv{ihésrp%&tﬂﬁﬁcam@tm&@oﬁ seephriliscontrolied
usegdtbgepransssomakessssaof dhsidNASS HaASIEn FESItBNGS of h}fdﬁﬂ%?&és as

gas into.liguid,. to keep the hydrogen concentration low in the reacting f
1Oan§éi%u§gr%#nglir%c?¥8'hy reong%rg’(gt{%'%ﬁgf%ﬁ%ﬂ%té%n fPIRAHR S SRrhdbe RipRas makes -
singié fijeeBasHIftieyersiarn OOy el ygiogen iand Q@ tthkpeeferablyirogen
aredrested R ARINtHESHSAMIam ' 7l s |
thi§ocg§e the CO to H2 ratio is getwemhg{%i%jﬁtﬂ%%%yr? %é%g%}%]acgig? tenes

more ptrae SFany 0.1 - 0.5 %, and is typically 0.2 -04 % on a molar basis.

When ikiplesimjestionglefitipdtogenf andiGearansserd theongsadigen and Co
1shydieasaifQ feetbarelerabiio iy dhlded In gidee pravide that e ol
volume of the caﬁg?yst is in agn acg\lele state. 2t r{ht%iygégg?m e YhEREr In
préfis 5505 i e gatirisab ehurmldpofte adondh the fengtaobakis, more
reqetsferdiie Gatio ©6CO dadi2@hrach @eInd of piscUon MEFissaRY WAL M pie
ne ?éﬁgwﬁdﬁ 8.8 gr]}ea%gf%téhaeeothser p%ints of i?{j ction. However, it Is
also feasible to have oné of the AfFeAe ABRENTT @Wa%@é%%&@rﬁ&ﬁ?mb'y
or BIdigHerdn/drs e Aravidothethedntble ohixezlafitte e atyixed iC drfeethve state.
20befanpitenieeth2o@RIRIHIS - BERISURETiZALaT {RAGIY, At lﬁd’t{%’ek”é’u%‘ along
th%ﬁc rbo n}ﬁgomde is a_reversible Emson for Pd catalysts use .|rP
nyBFE ORI Gh 2B RRRGRN 1 1€ BRRE O RHee EARSH RIOFIGHiaion preferably,
impeatigot 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
25 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

30  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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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 30 will not impede double bond

hydYBistittez2Eton but will selectively impede the hydrogenatio? fd4¢srA6/013197
Thus, its use will increase selectivity to isomerization. By, adjusting the
amoungf, 60 and.aj the s i, maipiginiagaoua caalishificd catalyic
achieve Tocal isomerization, equilibrium improved isomerization

hy@i eRafrorr Wefckensy KR BeraeHialien. TOaRRS. S0uweL 1 3tegists a system 10
PG ICUSEAMNEEIE driti e Azangrd el aMe shRwiBMLP Rt BRdo @ rogen at a

nbined lytic distillation-d leb hydroiso izati )
TS B Do T s PS8 DL b R G Dt oo
Stherinjection ef GO Hytrdgen acatditigldipoiation mixed @4 fdethm 16. The
strepma 1 ds camhines yithra t'ﬂﬁéqrr%@@;%@@99{%8{?9@%?%38@%%@% tHough

to form a catalytic distillation tower feed stream 10'. The tower feed o
strédith 16 ehtérd e middfe & FestaliarfifesA el BethRsigrcontaining

inlettEdysthé tawestiBhas daeatetiomzare 28 aboyeithiifted pomtiures or the
containing. .c 1 i inside ic distillation :
B e P T S R an aturine
10catiffticlietiviarig 2af SrRmivE ro'alvalatioresasiengiistrinas ivagutylene and
catalysitinpragnatesl tierein)insobubiens andcisahstanena BMaVED through
from the end of the tower in top stream 22 thro top outlet 23
R T B R b R R T Bt PR e 20,
1-buteriens nydrbidermsiized to 2burnte. Titel2bbisen s re moved&dmdne bottom

the;battom.ef e dowesA&inBatom iR wstithravghbottom outlet 25.

15 The_catalyst employed in the double bond hydroisomerization process
10f the VAT Ray THECHPThE ISYm GHR R PR PYRiTRReEFiRpagpoess of the
catalystfion ana bdistiltatoivpackirgtypatalysttivhichesenempsdistibiationor as a
packi DA C ) distillati cki < N
R L 17 R e et AP SR L an e in o
as ,GFB?V@)E&WE?‘B%EtZQWé@ﬁW%ﬁééﬁ%?%ﬁ*éé%‘f{%%Bé@% §itaRITIRE@ddies or
catmlyskean despackedrithags wicotherfstreritigs, piatedegugilis apes, sheets,
20 fibed cFﬁe“%%L%‘Fe‘ﬁ'r!%oo'%?‘t?%I%%Wf%&agc%@& sb%é‘sse%r%str!%P@H%%ﬁH‘r%s, plated on
structure of the foam is SUFItien y [arge So as to not cause a hig
pregdig ot mspethroudetine eedirmalymeatHeamsrean islsmpsrtagedoavamas the

apReaprriate rte ofoxarardlienstreyadbasalymmd satalyst siitabiestne drop
thett?rrgggl?tt egocco?&%ri]s. OFﬁ(lz{%ernﬁore, it is important to have an appropriate rate of
vapor flow through the column. A catalyst suitable for the present process is 0.4%
25 PdO on 1/8" Al203 (alumina) spheres, which is a double bond hydroisomerization
catalyst supplied by Engelhard. Alternately other metals can be used including
ptatinum 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
30 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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25 PdO on 1/8" A1203 (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

sulffRd%¢ Wittlifided. The catalytic distillation column pressure Hgﬁ"&i’ﬁi‘%“/m“”
between 2 and 12 barg, typically between 3 and 8 bang. The reactor inlet

temperaiie M%H%Vﬂ%%‘i‘é’%ﬁ@q 30180 780 E dpisally 420 %ﬁ’sjfégﬁ%tream

Figure 2 shows hydrogen/CO injection into a catalgtlc distillation tower
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o b

feed point and an UPper FaacioReeoRe S PiahsVE I BRer PtRRRASgREOVed
120rom dBednr Phibrigereciarisors Banont3ddd yissteatni 1Fnssteddatae 21, 1-

e e T TN FHlom of tne
one eu 1. lene,
1 e A e s el s et het oty less
thedigiirab thdaveterdm topbsiretion $R2rintthe keacticnzenesidoand 121,
1- butenerigd$QmBHZR O 7RNE e g’RH%%&rlg’n%em u\{}%gérgoﬂr}?gt%%%d rogen

bottom of the 10 tower in stream 124 through bottom %’iley
pofabig| BiseauimaliaRds e dnelBRsiZRS St EaAtiDNS ainal /o isyemmHiDIET Hpdrogen
coritgentionly tiyitk cgeny me@ﬂﬂéﬁ@é@@ﬁ%@@i;@@_@tﬁr@%@a\ reduction in
tr ' hydrogen partial pressure than is the ‘
e e ety porei g e
the féth '6naie)casatpstiriaddeuirs b stialeeductioncn 4B diytieogeorogen is

conaeRAion ¢ie (AoWRS conCARITatar.  PREICHEIBON AINGINE o ization
reahct [ Ienrgtm)as qom. ared to an embodiment in Whlceh all of the
hydrogef s i oscfu%%['g 't Y ARG YERREt RS REP ST RS iRk Feases the
isomerizatlewre hjdrdemintstiam selactidity svith 2mal mmtéhﬁ)wﬁ%écﬁﬁgﬁ bed
oC | ' i ic oys a fix e

i @ﬁ?&?ﬁiﬁi‘?ﬁﬁiﬁ%ﬁ"?ﬁ N o g aueam 214,
str

% SRS S alihiPe4Ye shremeainpBirdnRicy approfimats, first gas
eqatibdow idtentirstgasgl gas stream 217. A mixed C4 feed stream 212 is combined

with the first gas stream 2156 to form a reactor feed stream 216, The reactor feed
stream 216 enters one end of the fixed bed hydroisomerization reactor 219 through
25 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 %
ofthe 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 249 through outiet 225.
Stream 224 contains increased quantities of 2-butene as compared to prior known
30  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. ltis also

possible, but usually less desirable, for stream 215 and/or stream 217 to contain
only hydrogen,
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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
hydfSIsOfGErRZ2lon reactor 219 through 25 inlet 220. The second §&&/S2006/013197
stream 217 is fed to the reactor 219 a portion of the way along the length
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ctor 219, 1 -butane is isomerized
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hydegisemeiigatan reastey 3}&0‘Q&H@hé§!§§§]ZSbJ@ﬁes%qpé%%ag tre‘??r outlet

317 WhIC pically constitutes another third of gas stream
the TEae or%( af% NOSARST aBt e %?@B?T%tel‘é‘ﬁgﬁhﬁwftﬁé petetstream

enttdAceiFHbahiddydBd GethroadbonutizorsRddesiyensd 337si30 WichdSally less
he, rea 19 at a location
14 J@éﬁ%@%%ﬁ%ﬁ%@bﬁ%&ebﬁ%‘%{s ihe reactor 31 gepniainonly hypgogen.

about one half to two thirds of the way aldng the fe ength o
Inthe redStidigatehabeys. |§’ﬂ96?6‘i>§érﬁ@ﬁ2éﬂvﬁﬁﬂolﬂu&eﬁ@ftﬂmnihg roduction

reactar butiele skgaEmBR40antaining wﬁmﬁ%ﬂlwwtﬁlﬁgteﬁgsbUtﬁe{%rabty, the

regm, 324 exits th eact hrough outlet 325. It
s SLe U T S R b sl ees
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havme% entration of 2-butenes. Preferably, the invention

c
pro ucesérﬁ%ns%?ga%ngR/ﬂ?&ﬂ%argﬁgr%?”b‘iﬂ%@qnﬁwr e fdddp form
8:12 Thig!tiipdistiktiearivisea fprefotreshidad forta atatbesis N R8s SE 8bters the

aren%’BQ}é/%f a fractionation tower 418, which has a reaction zone 420 above the feed
point. Isobutylene and isobutane are removed from the top of the tower in top
25 stream422 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
30 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. © depicts a fixed bed hydroisbmerization reactor similar to that shown in

Fig. 3 upstream from a metathesis reactor. Inthis embodiment, designated as 510,

hydrogen-carbon monoxide gas stream 514 is split into two streams of
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20 in Fig, 5 and Fig. 6. In the embodiment of Fig. 5, designated as 410, a

mixed C4 feed stream 412 is combined with a hydrogen-carbon

monoxide stream 414 to form a catalytic distillation tower feed stream

416V PHE I feed stream 416 enters the middle of a fractionatlEH/ Esfgs/013197
418, which has a reaction zone 420 above the feed point. Isobutylene
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at wi@%@l%&@@zhﬁﬂ%&ﬁ%é%%ﬂ@&d%@% %%%n‘é)@%%

1-butene is isomerized to 2-butene. The reactor outlet stre L
SontainSMaEaLEaG A IRECOEIBEHERE A pEeRs ts pRoPKYBig. 5 and/or
sysiemsin wivompishon mengsidens got usagsaneier albef the UEAgENin the

is t at a single location. at the upstream_end of the
reac o}t%%ai%ﬁﬁéﬂﬁls%c% nggg?e% B4 t?snuzgrhwess“sep d&ﬂ%’ﬂf&%ﬁﬁf@éﬁe the loss
515 BMdRIIest e AV B EE [ Tbhtaih o AgialreigenoTeRs y éactoirniatet As a result,

streRaphadh o Be Pl IHETIROLHRRRNBE B FSAVRIA RRES BB ANGHS othyiene
2dmxed with an det@gg&ge ds ream 528 to f%rm a ﬁl}etathe?ls feed stream 529.

9
Stréam 529 Shiters s metatHo S TEARE NS SO GHIRAT hBBSAGRR RS e bond
withtHesthyksiretiorfosaparpliopydé ieestroatarE32rdis Bie isakimjmng/butylene

2-byiengifraclionhusing the RrR¢RssRs Shawadn ﬁft&wé B&W}%{ pgln?ﬂwean 1-butene,
accomplishes several things. First, the yield of butenes In the

and is therefore more easily separafed from isobutane and isobutylene in a

fractionation process. Third, in the metathesis reaction, the reaction between 2-

25 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. It is noted that there is no
reaction between 1-butene and ethylene.

30 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

14



hydrogenation/double bond hydroisomerization step is maximized
because the loss of butenes to butanes (inerts in the metathesis process)
is minimized. As a result, the production of propylene in a metathesis
prof&&¥UEF Y butene and ethylene 20 is maximized. Second, B§T/US2006/013197
maximizing the production of 2-butenes by double bond

hydrois |zat|on t| n of the n-butene
R oo R e s B R e e, l2 Py g0gparts
hu.hembmm@p@ﬁmm@mtmt@m Taﬁ@wth@mmm&ﬂ@t@ﬁﬂy@w&%@mxxed

fromApRUARE AR ASARHHRNER & H!}%%@Q@%‘?Mr@ﬁ%xﬂ&@br%m%m and
metathesis reaction, the reaction between 2 25 butane and eth

BB SIS LT CRR, TP LontBAB 16 Meoioniio AR e

5 reatticiieitivil ceatitivithssit atieotdhe 280 B embith prosuce s @adt©bszone 620

This, Jog, ¥§é§'l% ¥igld.of %Fvag Peeal;%ﬂr Et]?é‘d& he &y g%%rrsw*méé%%nzone

ISOIT]GI’IZG utene and reacts with et y ene tO proauce 2 C3s,1tis
ndieB tReS9ReRE [/ HPSRHEABIP BETRBEH dRiRR BRT GtRytdRE laditpwer 618

7-8tdapigiiembedigentisinwhicbatilroge BRicteRetopis dispasedzone 621.

upftr% m from a Ig}ﬁgrmsom t atlop reactog tﬁmd a metatqeg L?[ reactor is

ng, iso ane orie o maifimn are removed
élde dedwnstream rom heﬁ roisomerization rea%tor ?

10 syfgtvémtae)mq@a@f ahmisererca ‘élpe%ifﬁ%OZBWhldh B @@mm@@‘\@itmﬁ usually less
%&%@%@@eﬁtf@am@ﬂ o ?%@ebf@%ﬁ@%&%ﬁﬁ%{gﬁ%@@éwam #¥reaction

IS Slre rogenation
PGS OET ot DS BORACR R AR Tt o BHIGR i removes
mixtumetie recitmedidhabbud 560G peats ft nitliam dlidssdporifisdightoe or more
lg?auﬂ educkogenaianaaciauenond i iesh il AP /hosis foed

which is half of h \%/%C‘Eogen -carbon monoxide stream 614, and forms a

15 ca%éﬂ%@ GRENSEPRORE? faer StReamPEIBeTRISRSE SRRdMVEHEDIE hersverted

migdiecel/ 2 catalyita disiitatien toweans ki tahishihas adovsy irgach9r2e88cam
bove the feed point and an upper reaction zone 621 above the
lower reaction zone 620. A second hydrogen-carbon monoxide gas

stream 61B3sF6A4S Hroigvadbed gediwdreaanitbeaireirarelsipensiream from

re@cmarégeﬁa%ﬁ abgcie HRRenFerstaN FORE S2hetlaRBLYIRNROr, ln these
isobutane an({? ast so e of t]he re g@ﬂ? butgne are removed 1
T3

ZOfro?ﬁnfhéj Q[B[S Stre 4ig 6&5%3 'b‘i’&“ﬁ\i’%rﬁ%f;‘? mthe
Ieﬂwehiesmatﬂezwpsmw‘m Gmsvmesttrewmn@le?momdatmarmw Isptirdglensinin Fig.

the iRaclia #ONRSIBRLANA O E4LsHUIERE 15 IGARR' EZQQn'i‘BugeQHRﬁ{P\ F98rogen

2-butene’is removed from the bottom of the tower in stream 6

opBGRAMY QADth RER A BETRERA reactor feed stream 705. Thzs stream is fed to

a hydrogenation reactor 706 in which the butadiene content of mixture is reduced

25 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

30 thereactor719. 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

15



guard beds 626, and mixed with an ethylene stream 628 to form a

metathesis feed 15 stream 629. Stream 629 enters the metathesis reactor

630, in which it is converted to propylene, which is removed from the
metathd¥¥ditor630 in propylene stream 632. Figs. 8 and 9 dRpTE$R006/013197
fixed bed hydroisomerization reactor downstream from a hydrogenation

reé‘&’i‘?éiﬁ‘%Mpﬁycﬁﬁgbﬁ?”m'?@é@{@ﬁ_%@f&f&@aw #8se R4 to a fractionation

embodiments, & fractionation column is included upstream or downstream
fréil4Ae HydriggHrnsahion 2 ARt AP SPIEP ERFEnTEIR RO BRI ARRIBSeam
isqetylene 2lb fighe ttbaraysie s rZiiokiad fumixad EAtstrede/DButdriersiseam
c ined with rogen str 7 [

TSR NIRRED, e B B b oo i e

5 wisicpame’ Btadiiemeccobifast BTEARIGAS RTEHRIeeaathe HbHtads003Paltshich

penmillipndasashenr weiohatigssd terbydrogenaliend easton edfluent

708 is mixed with stream 715, which is half of hydrogen-carbon monoxide ..
stream 7 ?%‘ﬂ%ﬂ? eﬁggz&f)é'{?égdﬁﬁ'rgé%sﬁérﬁteg %ggf:gfgfeé; ’{sﬁ(raég%xcept'on
71 &Entees vt of thelfireddsdd fay diwizoringriaipharaciod 7¢9batliene is

segpadkhydregentcarhpnamendidssireancdy is fed e hevearan’i8m the

part way along the length of 30 the reactor 719. In the reactor719,
107 BYASAESE3HBMETRRIE" 6 PoutBRe M TRE YR BT Ctiét Bt 753 @ propyiene

coptaiams igspeased quantities of 2-butene as compared to prior known

System@amnvgggﬁe%a@%&%@& § iﬁ\%%iﬂﬁ?%@’?gm&ﬂb%fx@ﬁﬂw%Es?qgmiuded

is fed to the'reactor 719 at a S|n%e location at the upstream end of the
redetorPrzesabiksbRiessip b abinesRiaB scudsraple redtrdadg rpigpd and

angdfer istreany 4\ e ntedVO RRR6(A4 HADP GT/WS2006M3319MecordaiBrwise
15onI hﬁﬁiro en. Thetﬁrgactor outlet stream 724 is fed to a fractionation
co ‘

N nv(?/ﬁi% isobutane and isobutylene are removed from the top
in stre&ATEB.ENd a Hinstarnecstiiauer 22418 rehldvddrerein@ne begdroint of a

The%%g»ﬁem&ﬁrm TiRdeisaptiona Ry EfsGHR-RNE1OF sRare gi4ard beds

726 and is mixed an ethylene 5 stream 728. The combined stream 729
enters a MétRRURGE8H P B ISPMIFREAIGA S D% RBAE TRE MRS tigs used to
ethadeneste fov atprapylenehstidamt 232 fEheterizdcieimeihsheaction Figpkoplace

2(&%/%'%@%5%@ Jﬁ%m&%{#%ﬁ)@& AYEERIIAN. fatthe fRGHoNAIER SOlWRRss and

or removing Isobutane and isobutylene is uEstream from the

hydieiseRieRzhins skl E1RraHAYIWRSTRRF iR B39 gms of 0.4% PdO on
hydreganatian spa&or S@8ndiae dnetathesisxanei0nB304pspducas distillation wire

pror%}c/elgpgacking. 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.

25 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
30 |1-Butene, wi% 17.36
irans-2-Butene, wi% 14.45
cis-2-Butene, wt% 8.74
Isobutvlene, wi% 59.35
1,3 Butadiene, wt% 0.00

35
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stream 832. Having generally described the invention, the following

examples are included for purposes of illustration so that the invention

maybe more readily understood and are in no way intended to limit the

scoP@ 3P4 H¥%ntion unless otherwise 15 specifically indicated?CT/US2006/013197

EXAMPLE 1 - Injection of H2 or a CO-H2 Mixture at One Feed Point of a

Catalytic Distillation Tower with No Butadiene in the %@Feed Stre{g C{:

doubie bEMARGRRdISEATERIZAtIEN BntdepSr BB FoCess WAL (RS tgmples 1D-

sep&r)azvera Qkstretim ivehfiebddid food tevszinjéettaticnehd heweadtiaxdogkes 1D-
£2 W3 cALAINHG dstlinien Lowerdfittedwilhatlh CalaliG s was 4.5

stl ation sfructures and conventlonaﬁ) inert distillation packing

Th®/Eatdivet (W 6EIIYraRts $102498 Pdd o layis" M@éﬁepan%%ct stream was
5(Er@galmrz§1)saynmwa5ap}acedh@ brlgswrpppedindistilationivdreomegbne in the

packing. The bale overed 8 feet of a 2 in b feet cat tic
dis%ﬁf3 iGhY toWer %%: ﬁ%gs hé r%gr%grﬁ}c et OP e ?\cf)v%é)r %as Fille g gLy of 2
inchuszilie hackihipte 5vas btesad strdamfcuiiinddraaiii]eoTe-utariwms stream

1-hugensiag ﬁﬁ%?k‘})d@%u-{@?e gRIResanof i fecdatramdnshawButanes
below on Table 1. The gr%d was int oduced n the column below the
3%? B3t QBT

enti& S SULOS AL 526 BG L#Fé\ﬁ/”“é T eolieRy W“Ct A small
1017 188ogeamnst2 dButarss caitos i e ricesld v wiases Wgh=6. b uisedto maatain the

wt 2230 d3Aa @l%gggwt% 0.00 35 16 WO 2006/113190

PCT/1jS2006/013197 Hydrogen ELﬁxam ples 1A to 1C) and hydrogen/CO

mixtures TERENGHI6E 9 i’CE)'QN%‘I% IR tRBTLBE BeiGrast\pas taken in gas

injecigd dntertae mwrbmmmleaéiy@rs 1ok, dhe EHdhAtapieoratioavasa flame

0.003.0r,0.3%., The f | 4.5 Ib/ e reflux rati

o P e 8 e R B8 S R K LR M samotes

1Swithbrestih. At alpstiiade RRtAEITyGHtdIRe8aAME iSohutpRIRs in the resuit of the

experimental runs, which had varying top bed temperatures, CO flow rates, top

{
reflux rates and bottoms flow rates are shown below in Table 2.
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feed, any unreacted 1-butene and a trace amount of 2-butenes. The
quantity of 2- butene in the distilate was based on the fractionation

ffici .
it

A bottoms stream consisting primarily of 2-butene was
HdH the tower. The normal butanes were split betwednf{H&2006/013197

distillate overhead product and the bottoms product. A small 10 nitrogen
stream was fed to the overhead and was vented as required to maintain

the pressure close to 80 psig. Samplesp{fﬂt)pe

Jtiquid distillate product and

the bottoms were taken in gas bags or siAall steel bombs for analysis by

geshromatography using a flame1 jpnizatjam detelciar. Material balaree
rups were made by taking weighed samples 15 of poth distillate and
SbT&yﬁ\ISUE%YQEI U!E bdlllEhLIlLle peno ne rrvéﬂtl or Ln%oexpe Irgl@:lﬂal gBS,
W APt o varrvano-ton o e ~fi1r~ o, 5 AL atoc.t e FELVAE o¥ VaWall
Tppersture Ton gt SedBed 7y~ = TH e =2 g T I, M e U I
a tIOMmMsS- now-tratesare sSnownerowir e 7 0or1s g0
PG FLAS0061 0+ 3497 Table bt au1p1é“uui A :é‘?gas o iF
5 Eresaire oo 86 66-80-86-B6-diperatire Fop-prbed-(Beg F-129.180
GO, 35 MO oTHE in” oY dtii oo ' OV P PEUHEY P 18d;
1131+-131+-129-¢tat Feedratethsthr 454514 54545 H2to:tower
1020 1o tower, s@zuf o | © o ’ 0.0 FI9 G FOTH T4 WolddW¥ Tl 00035
Sr bl o4 A0 1. 404459 454 45 r\r\”] llUie/J f..n” AP
5 TN TS DO L DN K A
0,\ U o TUCUTOTOWET;, DLULUIUIIjI.U U0 U U U 0USH U;UUS0] UOD TETTUX TIOW,
|b h 41. 441 E A1 6. 41.2 120 LIAALUD- PDISTHAIATE Flowar rdta- thalber-2 01
LA LI W = =g il E SR M 4 S L. O ITZ20CTTQ %J(SLJ | A TTECANT T 1TUV 1 LC68IUDII 1 UL
BQIDA%SI)’L“%I'EP)HRW}{E&G‘I'Pé{hflr\ DT 11\ T 3'! / 34 HH % 1= ﬁ3‘ yigd
3.04-34 O ge LU DISTICCATE (W70 COmpoStio Lo f=butane
s&Qﬁ;ﬁb ész!LgA Wi % opMEBs! ion)
2( Q7 2116127 1. Biteand.Q 76.9.97 Q.QN 15 7 24
5 . T NTTT [~XB A A" "I A4 Tl = UOlCUTTOC UL T U OU.UT A A4 =g 1 T ~
10 hns-I81i%he 5 50 10.06 13.93 1550 15 09%1 g &3 2 Biliella o 547
rfflu EIOUTOTTITOTOUOTOUTEU T VU DU VU LV, U LU, LT L. OU T\ oY LA A2 Y4 I\
1.10.1.48%" 0 Isobutdene-82.91 7584 71 1A89 18%9% 35 bh!i 3 | 73
. A~ B~ gy gy ey IUUUWLJIUII\' |y st g VT T LT O T UOJVTIO T T. 00U _UQ-OLO,U 1522
Butadie 8 G.85%6.00.0.00-0.00-0.00> BoTTokiE ROBICT RIGR rate’™:
mmmmmmm ATAI R A S AL S A R A A T R A - AL W R G A SR W rp v § v ) I T T NIV T\ OO OTT 1 IUVV, TUC
losrhr 1C58-BU%E 0 aa N 74 N.QQ 0.50 1,90 T45 2.20 168
T lsobutlene 82.91 75.94 71.75 60.18 74.36
20 1,3 Butadiene 0.00 0.00 0.00 0.00 0.00
BOTTOMS PRODUCT Flow rate, Ibs/hr 1.39 1.09 0.88 0.74 0.98
BOTTOMS PRODUCT (wt % composliion)
n-Butane 1,15 0.90 0.58 0.20 0.28
25 1-Butene 1.86 1.59 1.47 1.48 1.52
Trans-2-Butene 44,99 42,55 38.69 38.68 42.29
Cis-2-Butene 47.39 51.12 55.77 56.04 52,19
isobulylene = 4.62 3.84 3.69 3.60 3.72
1,3 Butadiene 0.00 0.00 0.00 0.00 0.00
30
1-3 Butadiene % conversion - - .
1 Butene % conversion 82.5 62.8 53.8 59.8 66.6
1 butene sclectivity 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
35 n-butane formed, g/hr/ g of catalyst 0.050 0.064 0.067 0.027 0.028
IAverage 1 bulene selectivity to butane 19.0 8.1
lAverage 1 butene converted g/hr/g catalyst 0.317 0.337
iaverage 2 butenes formed a/hr/g catalyst 0.257 0.310
laverage n butane formed g/hr/gm cat 0.06 0.027
40

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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BOTTOMS PRODUCT (wt % composliion) n-Butane 1,15 0.90 0.59 020

'‘J.28 25 1-Butane 1.86 1.58 1.47 1.45 1.52 Trans-2-5utene 44.99 42.65

38.59 38,68 42.29 Cis-2-Butene 47.30 51.12 55,77 56,04 5219
IsoBiiVIEE B8 3.84 3.59 3.60 3.72 1,3 Butadiene 0.00 0.00 0XSEEEB906/013197
0,00 30 1.3 Butadiene 16 conversion - - - Butene % eonuersion 62.5 62,8

53 9t|5é3@@@tﬁrﬂ&wan@w@%w%m&wéﬂ%nmQJ%%ée%gaPo%ﬁdltﬁe%% level.

1@ tc?qv ghr stO?E%Z0334C286031803

G"8 orme %%&}%F%%sﬂ%f F 527 810706 618! RiRgstion of 2
seIebHWWWM%@S As & Buténef tonverte alhyé:cail athe. aan%nal butane
0. 333@@4%&@@%59@&%%1“%9?@ BE%igmd Qishi o QU tgr[;!x (as ed 1 t0 0.2 %

g:r/om cat 0.06 0.027 as Table 2 shows the benef|C|aI ef ect of using

ixctlrd” Sftwmgljeﬁrﬁﬁa‘cﬁf%ﬁ SABR K06 Jo ey N?Hoi&ﬁ?ﬁﬁd}ow@ﬁed
for Breaiemtesyls DA instead mfmpmm@emﬁm@@melﬁ&ﬂ&é@mﬁb%ngm

selegtiMify-of éa%@'@%}) M@%g?ﬁr&a % § [h.anavera é%/%ases

Examples 1A-1C to about 8% in Exam h?e
200@%&%@@&17@%@6%@3@@7%@8\/@#&1wa@ 6iE-FaeshBoint to a Catalytic

con\zessimmemmra‘wnmh@w%w:wmqmléecﬁﬁ%é@@re%e total 1 butane
1 stto bu ecreased and the o roduction of 2 butenes has
dRﬁcreased?ﬂs%rflﬂ rge %t Yo t?]%a#%grlg\t/%d séf a{ﬁ AR B RO hRANB S mitar to that
decrédsed TRt 3%%%@W%rmtxmewmtdwmmatessrréamm@ frarodidoer, the

0.2 %< imdheibottamsisheam. sAbiheisame é‘@eatt}’t‘?églsﬁ‘lm%&%g basis.
1-butene ’%ng ged varies only slightly between all examples, w

2-butene in ottoms ranging between 93 and 96% of the total Cos in
thelsamesteam for all the cases. EXAMPLE 2 - |njection of H2 or a

1€ O H2:Mixtuee at One Feed Point tog §satalytic

trans-2-Butene, wit% 14.45
cis-2-Butene, wt% 8.66
Isobutylene, wt% 50.39
1-3 Butadiene, wt% 0.55

20 ‘
With butadiene in the feed, a higher hydrogen flow must occur in order to satisfy the
requirement of hydrogen for butadiene hydrogenation to butenes while maintaining
hydrogen to facilitate the hydroisomerization reaction. The feed rate and reflux
remains the same as for the case in example 1. Table 4 shows the effect of using

25 a mixture of hydrogen and carbon monoxide (0.3% CO to H2 molar ratio) for
Examples 2D-2F instead of pure hydrogen for Examples 2A-2C, when butadiene is
present.
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Distillation Column with Butadiene in the C4 Feed Stream 10 The catalyst
was loaded in the distillation column in a manner similar to that of
Bxample dz1dhe column operation was the same as in Examplewks2006/013197
However, the feed included butadiene, as shown in Table 3, at 0.55% on
a weight basis. Table 3 n-Butane,wt% 0.09 15 1-Butene, wti 18.86
trans-2-Butene, wt% 14A5 cis-2- BuTéH@ W% 8.66 Isobut lene, wit%

59:89 1-3 Butadiene, wt% 0.55 P@ With|butadigjae in tThegeed, Righe]s:
hvdmaen flow must oceur in ordelr to satlsfy the jrequirenent offhydrog¢
ST , Hile mdtaininge hydrdgen to feo
P&t@tuﬁe Tﬂﬁdﬂﬁ@eméﬁzatlon r:@ctlon The fe¢dorate gmd reflgme 128
Teadres thehsame as for the casgidreexampie 1. Fable 4lskows the effefiis
fasigl2da mixture of hydroged'dhd carben monexide|(3:3% G@ to H21s
Calreaniss s-2D-2Elfif8teadlepureltigdrogencfor Hramples o
AR i dr-butadiene-is—presetit-19 WO 2006p113194p00ss  foooss  Jo.ooss
R 006103197 Fable-4-Extivple-24-28 20117 Preltdre_plid 50 41
£ DoAY 120 20.1.20.1499 122 Tnt
Q D ' T L ul T I UIJ ISUCU !.ZJQJ-I_J 3 AS AT g 2 g g p ,
Eace rateE, %s;}h 51[1 4 Jl%"/4 4812150 4, 501448 Ho%o oGHBD, soff'd.16 |>°7
$8r1.151.151.15 1.15 CO in, mot%%}of H2 ih 77 0-00 0.30 $.30 0.30
0J3WICO iDIBCHLDA TEAtinEx 0 @49,0035 §.0035 (.0035 {1 O TRHEX Clow,
m&]ﬁhgn 1.941.7 41.8 42.3 42,1 LIQUID DISTILLATH Flow rhte, 3.5b
Z. 89{3?&32;‘615 348267 tost 277 235 3.08 0.83 077 0.57
1-Butene 8.05 8.93 9.12 8.76 8.73 8.77
Cis-2-Butene 1.15 0.66 1.46 1.81 1.42 1.03
Isabutylene 77.34 80.23 72,51 73.24 76.09 79.26
1,3 Buiadiene 0.00 0.00 0.00 0.00 0.00 0.00
BOTTOMS PRODUCT Flow rate, Ibs/hr 0.90 1.31 0.51 0.68 1.01 1.29
BOTTOMS PRODUCT (wt % composition)
n-Butane 0.83 0.83 0.72 0.15 0.16 0.18
1-Butene 1.66 1.46 1.48 1.46 1.66 1.85
Trans-2-Bulene 43.65 43,18 41.19 39.10 39.14 39.48
Cis-2-Butene 49.63 49,15 53.02 55.79 54.85 53.94
Isobutylene 4.07 5.0 3.55 3.46 413 4.50
1,3 Butadiene 0.05 0.07 0.03 0.04 0.08 0.05
1-3 Butadiene % conversion 08,2 96.5 aa.1 99.0 97.8 o7.2
1 Butene % conversion 55.9 63.3 46.5 494 57.3 65.2
1 butene selectivity to bulane, mol% 25.9 16.3 36.7 8.3 5.4 3.2
1-butene converted, g/hr/g of catalyst 0.288 10.325 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 seleclivily lo butane 25 58
Average 1 butene converted gihrigm catalyst 0.284 0.284
Average 2 butenes formed g/hr/g catalyst 0.186 0.262
Average n butane formed g/hr/gm cat 0.072 0.016
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10

15

20

25

30

LIQUID DISTILLATE (wt % 15 composition) n-Butane 2.77 2.35 3.08 0.83

0,77 067 1-Butene 8.058.93 9.12 8.76 5.73 E8.77 Trans-2-Butene 10.54

7.66 13.58 15.27 12,90 10.18 CIS-2-Butene 1.15 0.56 1.46 1.81 1.42
1.0%98%¢0etene 77.34 80,23 72.51 73.24 76.99 7426 1,3 BhGHEHE6/013197
0,00 0.00 0.00 0.00 0.00 0.00 BOTTOMS PRODUCT Flow rate, IbsRtr
0.901.31 0.01 0.68 1.01 1.29 BOTTOMS PRODUCT Iwt % composition)

25 n-eutano 0.93 0.93 0.72 0.15 0.16 0.15 1-Butene 1.66 1.46 1.48 1,46

1.65 1-%@5 ?Qg.%ﬁ%ﬂ%n‘%@ﬁ? ﬁ5§%19§%‘é%&t%§%&9e3§1%ﬁg%%-%ﬁth the addition of

Cis-2-Butene 49.63'49.15 03.02 5 4,86 53,94 Isobuylers 4.07 5.22
Pebdiansatis pesitie oM@ Beitabiere FHEEV07 M3ABeF oS ident. The

Butediene %6 Rnyersioms. 2026:.2 8915 99 $097). 887 ihdlBtienetfe presence of

conversion 55.0,63.3,46.5 49.4 57, .2 1 putepe selectivity 1o butane, . .
Kb 25 R aibr kgl A e e MG o leprone
0l2884@:52810028% 0 2BIr@20s 03BEyen AbeyRetfGinedd dirEgeotpatarysy all the

Q-948:QP0i 0PI R R OBl AVEER IS RUtRRE SRIRRHWBEEP300 and 700
butane 2 5.5 Average 1 butane convenes g/hr/gm catalys; 0.284 M94

R AR TR Gl Bty O Tow D263 30 AsEraich e catabvet
hs #atienfdrmeepgaitigmicat §567 200 B nROAMD 12006Yd1131.90The addition of the

P@Té%ﬁe&%&%@%@@%p%%% %FQSQ{;%H%’E? T %&Xﬁéo&ﬁ%ﬁi@a .Sﬂﬁ% amount of

change the addition of butadiene, the positive influence of C .
ST YRR G R R, RO BEIGIIBRE GOr0E G RORigR verted n
(betvesn 9670 OR%) withautehvdihesibilita peasencelobEBe Tingrevissact over this
sufficient hydrogen.available to allow t drogenpati ' i e
L B e LoD L A ercon
For iitehe Daseiydie ieroghiphh isiiadienb einHedigtianadtigte piodnipates that

anf betweens3dqnd i€Qhough hydrogen to both achieve butadiene hydrogenation
and keep the catalyst active for 1-butene isomerization.

The presence of CO suppresses the undesirable 1-butene hydrogenation reaction.
The selectivity of 1-butene to butane drops from an average of 26.0% for examples 2A-
2C down to an average of 5.6 % for Examples 2D-2F. As a result of the improved
selectivity, the normal butane decreases from 3 wit% to less than 1 wt% in the liquid
distillate stream and from 1 to 0.2% in the bottoms stream.

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 o 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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35

ppm butadiene in the bottoms product. All the butadiene forced over the
catalyst 10 section by separation is essentially converted to butenes. The
adajgozg 0%11 h%obutadiene causes a drop in the average grams %f C%—/%g%g& 13197
converted. The amount of 1-butene converted in Example 2 is

approximately 88% of the 1-butene converted in Example 1. This is as
expected since butggliepe would be the first to react over this catalyst.
lowever, mgc nvnrfnd tq 2-butene by

someriZafion 15 or butane by satdfation re¥Bainslhigh after the

htroduction of CO. This indicates that for all the ¢cases there is enough

hyreeogeristo both achieve butadiegg hydroggnatign and keep the catalyst
CHM DR HRutEpe ismepZaliey . (e preseiice af CO suppresses the
%8@?'#%85%5? ene hyarogenqtié?‘g reac '2 —The selectivity of 1-butene

tane-drops-froman-average-of 26—-0jo-for-examples 2A- 20 20 down
ﬁ%ﬁ@ﬂ&&%@%&ﬁ%@ﬂae@zo o8- Rs 3 result of the improved
Bialiviep srkMrbelhutane ddd@dises FHBBI Wt%o to less than | wt% in

GeOliuies dietianbEréam and fidhd 1 to 0®% in the bottoms stream.
(A M Phle8-btgiecfidn of H2 at Matilple Feed Points with No Butadiene in

e i heetbvatieam 25 The catadyst was dgagled;in the distillation column
N a manner similar to that of EXample 1] The column operation also

ETRaNS e RameNe, bytadi CO present in this example and
'eﬁ@eed was that shown on%?a% e%’igi.%Hom\g\?(g?, injExample 3B, the
Pateigen flow was split equally hetween two separate injection ports. The
hiotdminjdetibipaiits thetsathe as that of Example 3A, i.e., together

ry4ilim o

Q

—

-~ =~ e~ o~ (N = ~
=)

With-ths, 6430 feed. The second injection point ig in the middle of the

t talystbetoywand four-feetof catalyst above it,

Ta e 55 é\!e?.c . y%;'rgﬁer while keeping the total
rydrog"en Hovrrate-eonstant—23 v,fggzooaﬁﬁulg) PCT/LJS2006/013197
1 HHEEERRimber 34 38 Br88surd. His 80 30 5 Temperature

fop dPBedHYERNeF) 131 129 Totall Péed rafe84bs/h 4.5 4.5 H2 to Bottom
olumsgisgf/teriel5 0.58 H2 to Topicoiumy,Ae#h|0.00 0.58
1.3 Butadiene 0.00 0.00

Vom)

BOTTOMS PRODUCT Flow rate,) 0.98 1.26

Ibs/hr

BOTTOMS PRODUCT (wt %

composition) ,
n-Butane 0.59 0.20
1-Butene 1.47 1. 80
Trans-2-Butene 38,60 38,5
Cis-2-Butene 55.77 | 54.2
Isobutylene 3.58 4.50
1,3 Butadiene 0.00 0.00

1-3 Butadiene % conversion - -
1 Butene % conversion 53.8 57.62
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CO in, as mol% of H2 in 0.0 0.0 10 CO to tower, stdcufUh 0.0 0.0 Top
refiux flow, Ibs/h 41.5 41.8 LIQUID DISTILLATE Flow rate, 3.48 3. 06

LIQUID DISTILLATE (wt % composition) n-Butane 2.83 1.9
lbsé{]éa%ii% 4988 9.96 Trans-2- (Butene 13, 89 9.28 20 Cis-2- Bute"rféWﬁ@"“””m”
0,84 Isobut lene 71.75 77.75 1,3 Butadiene 0.00 0.00 BOTTOMS
PROD$CT Bloectaity GODUtA6e 233lhs/hr| B EEOMS PRODUCT (Wt %
C(Wsmon) n-Butane 0.59 0.20| 1-Butang 1.47 180 30 Trans-2-Butene
38 2 ouuuuy’ier‘l%3.59 450 1,3
B i
c
b

utaalene 0.86‘%5?6‘8 35 /%UP % KGr%s|on 1 Butene %

bsfon 1 53.9 57.62 22 WO 2006/113190 PC[T/US2006/013197 1
KenageRolitityide iiase, o2y 51288 mdypdgbutene converted, g/hrtg
°1cg1;§§/§to'306 catal st 5 Average 2 butenges formed g/hr/g 0.219 0.269
cat t

n-blitane formed, g/hr/ g off 0.067 ]0.037
catalyst

When multiple points of hydrogen injection were used in place of a single point
ofinjection, the selectivity of 1-butene to butane decreased from 23% in the cases with
a single hydrogen injection to 11.8% for the cases with split hydrogen, while overall 1-
butene conversion remains essentially unchanged. As a result, the n-butane
decreased from about 3wt% to about 2 wt% in the liquid distillate stream and from 0.6
wt% to 0.2 wt% in the bottoms stream. At the same time the total a‘mount of 1- but‘ene
converted changed only slightly, with the 2-butene in the bottoms varying between
94% and 86 % of the total C4's in the same stream for all the cases.

Comparative Example 4 - Fixed Bed Hydroisomerization Reactor with Single Point of
Hydrogen Injection

A trickle bed reactor model was used to determine the benefits of multiple
hydrogen injections and combined hydrogen-carbon monoxide injections in a
hydroisomerization reactor. The reaction kinetics 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 2,5and 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 COmDOSIt]OH of the feed is shown below on
Table 6.
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n-butane formed, g/hr/ g of 0.067 0.037 catalyst 10 When multiple points

of hydrogen injection were used in place of a single point of injection, the
selectivity of 1-butene to butane decreased from 23% in the cases with a
sindI8 AYEFEE&N injection to 11.8% for the cases with split hydro§&h/UaHifg/013197
overall 1- butane conversion remains essentially unchanged. As a result,

the n-butane decredsetkffom about 3wt%to about 2 wt% in the liquid
istitate-strearmand-from=0-6-15-ywt%to-6:2-wtho in the bottoms stream. At
the_same time the total-athY b butene—canverted changed only

ligHiRA IR the 2-butene in thd hattoms varying between 94% and 96 %

f theutsiaé C4's in the same’ldu@am for all the ¢ases. Comparative

Exarmplernd - Fixed Bed Hyd@dsgimerization Repctor with Single Point of
lyslsegamndnjection 20 A tricklpdeed reactor model was used to determine
neBensfiisof multiple hydragep injections and combined

yAQggnzcarbon monoxide jjgctions ima ny roisomerization reactor.
Thereactionkinetics usedforthrscatcutatiomrare consistent with catalytic
distillation results from Examples 1 to 3. In this Comparative Example, a

s EintBRGIPEGEN IS HRIHVERI ARG BtRNde aifersrt Ridicheridionne flow
Z@f@tﬁscwsd@t@rmmmfwﬁegtofrhwﬁg@ﬂhﬂ@r% n@tgr?jgd@m@djes% %n butadiene
conversion. Hydrogen_flaw rates.were base 0 rogen to bytadiene
RO et B a0 St U e R PR Moutene
coPREcHOT ABDS6 eatilistovidrirg iaridaniiimal pressure drop through the

re_aCtOV-TFB%Q&%H%H%@'@%HQ&W@@ Q@é‘eﬁ_%@@ r%‘i&‘%@@ﬁﬂ%{%aé@ﬁwpie is
with vaporization. The coml%%?glg%%‘gt%e feed is shown below on 30

Table 6355490 D865 13 608/ BAR RSO TR BB AINIEY 0on b
Bathidiene=8. k3 dlabutenid 21th. 00 5 Reriritenk 26100s isdbutarde 29:.@0Ing the H2

i%QH%% %%9[% Br Q%Wd%é'ggod selectivities but at the expense of both

butadiene and 1-butene conversions. Increasing the H2 ratio to 10 ieads to much

(@)

g = T

higher losses and 13% selectivity of 1-butene to butane. For all these cases a
reaétor height of 10 feet was sufficient to handle most (about 98%) of the maximum
1-butene conversion. A H2-butadiene ratio of 5 and a reactor length of 10 ft gave a
65% 1-butene conversion at 6.7% selectivity to butane and with 15 ppmw 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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10 The inlet T of the reactor was set to 140 deg. F and a pressure of 240

psig. The flow rate of C4s was 88,000 Ibslhour. The effect of the

hydrogen flow rate on butadiene conversion is shown in Fig. 10. The
effe‘ng}r"{’ﬁélﬁ Ytrogen flow rate on 1-butene conversion and selBERAF{46/013197
shown in Fig. 11. The equilibrium 1 -butene conversion assuming no

losses for thisrevampieiist Lo i@e% cBasadion Frpiegat®aiinkL, while lowering

'_&tad' Wi grg/é%rj NS N, GXCRES, Q! %%%?%@uta héﬁéig @%ﬁﬂ@e@%gs 13

tadi ole TAfio 15 at east owering t rate to a
rafa ot 2 provides good selectivities but at the expense of both butadiene

WM%@LPW@fﬁwﬂyh“r’éf@@ﬁi@gztélﬂ;h'?ié@@w%%|§ﬁ@é%@l®btm

igher, Iosses d 13% se% ecti of 1-butene to butane. For all these

‘ é%fé‘a%of B8 ?\}\?as sufficient to handle most (about
98%) ofAtiwermcaxamumngbute&r@Qomver@mdeAtmzmmad|en@ta¢i@iba 5ingle point
andial ﬂmgamn% wsﬁmﬁyﬁo% M.%B%@@%@%ﬁ@@@ @l s e

selectivity to butane and with 15 ppmw butadiene at the outlet, EXAMPLE

4strﬁﬁ(@d>f3%anpwar§oﬁi@m%{ﬁo% F?é‘é’c%%ﬁtﬂyéﬁﬂﬁqﬂﬂiﬁé%ﬂ ¥gs 0.3%. The
Comvparative foxadrple dolastepeated. USigkan bd magaentadistadieagiens and 1-

oy O
T T T
depéhBamRe o Wﬁ&fcﬁ?‘%ﬁt@?@hydrogen partial pressure relative to

the iSOﬁF@HZ&@@ﬁhW@%@é@Wd‘d@T@fﬁ&h@é@%&ﬁ@tﬁw&l@h@%@efﬁ@@mﬂom the
was ex ec%edngg3 bgbe&eﬂmal tq( sele%nwtx énsml rxoam le trrkl)e total .
H5% r:ie was kept constan Sitadiene oIe Fatg ¢ ga Ad fhgroxiae
gesdowdvasralemntyagsiit- vathdmm@ﬂm@erfe@ﬂmmmﬁah@f@e@bamﬁrm Figure
ofhaesBalf iniccted RSB étswlé%g‘e%g@ﬁleér%ﬁ%&f imance; diffgrenss is
provided in Figure 12. 24 WO 2006/113190 PCTATS2006/0131.97 An
wH}S%%?He?ﬁrﬁ?i THARSKIIRARGR o i PRRAT AR SHAM A FRIE TR irfgembining
thEeSBtﬁBtimIMi(ff»%))ﬁ@fbhb&ﬂ&@ﬁ\bﬂ’@%&)ﬁﬁl@‘ lutpiti éxee iprfgdedttat optimized

a3, BRI, XMPLE S rBeaRed dhitpisomenzalon Reselay Wilane.

Injections of Hydro Carbon Monoxide A com

hTB%EéW@ﬁFﬁoﬁ M@rﬁ%@&é{é’ %Eﬁw Pletted aYRSERGR kﬁ'&ﬁﬁ@vﬁﬁt?m yas

20 splihisjestionini sisrbation obafizetdedsmaatpcusigdbieCdolieesbs 1-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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stream of Comparative Example 4. The CO to hydrogen mole ratio was
0.3%. The hydrogen to butadiene mole ratio was 5. The kinetic constants
fayHusagiensand 1 10 butene hydrogenation were halved Withefxo06/013197
presence of a CO/H2 mixture of 0.3% mole based on the results of
Example 2. For the split feed embodiment, the second injection made was
8 ft from the reactor entrance. Fig. 13 shows the effect of a single
hydrogen-carbon monoxide feed and a split hydrogen-carbon monoxide
feed on butadiene conversion. Figurg, 15 ¥4 shows the effects of a single
hydrogen-carbon monoxide feed and a split hydrogen-carbon monoxide

case in Figure 14 with 79%
butane. The butadiene at th

feed on 1-butene conversion and gelectiv
of carbon monoxide and use of a split feg

SeCliS I

e reactor out

rgomb

ég( Srovides the optlmlzed
n&Bnly 5.4%°8EREENIL b
efigek3 ppmw. A substan

1ng Bt DGOW ér

q“@!ﬂene sel.

reactor
to butane (%)

ial

g Bons gongLLg from 65% 1
.“arat.vc Example-4-te

iPpsavementieasi20 achieved witgdhe ¢
Lbutene cony

rQ0/ r\nn\larcq

ersion at

50 and on
T CATTOr T

pmbination g H2-CO in s
5.7% selectivity |n

I 5.494 ti
ly-5.4% selectiv

li§ -

ih,io
Hy

@@ﬂﬁné‘ana@%&BleCS%H%‘?e

< 70COTTVY

sults@ﬁbwm

suypam@tized in Table 7. 25 WO 2006/1.1

gﬂtﬁe effeqt & CO are
3190 PCT

1192006/01319

6.0
T

Bablel bCatady stppm 1-Buden

e,L-Buten

e-5el. Volume (

ta 8D

conversion (%) to butane (%) outlet Pure HZ one i
H,/BD ratio =5 Split H2 and CO case one 160 14 74 6.0 injection 10 Split
H2 and CO case 240 1 379 5.4 As will be apparent to persons skilled in
the ar‘bs\)’épléeéﬂﬁﬁ’@méﬁléﬁ§mﬁﬁkm§%
A?B&E%ﬁf@f/é’déﬁ RPEPRh

?o@adv%

eap

%ﬂ‘@

e a penﬁad cIa|

af°$fr5

26

Jection 160 14 656.7

t#onsaobtiseTmeifiredcanschnd’
vehbRageIf eRsisrture
PRIERADH SHRE SEHPE Htvetiem Bessrrsiah




10

15

20

25

30

MCSLLI" What is claimed is: 1. A process for the double bond
hydroisomerization of C4 olefins, comprising: 5 obtaining a feed stream
comprising isobutane, isobutylene, 1-butene and 2-butene, introducing

said feed stream, carbon monoxide and hydrogen to a reaction zone MCSLLP

comprising a catalytic distillation column containing a hydroisomerization
catalyst with double bond hydroisomerization activity in 10 order to
Paed afapteansef said 1-butene into 2-butene, converting a portion of
said 1-butene into 2-butene, forming a bottoms stream comprising
2-butene and a top stream comprising isobutane and isobutylene, and
introdygipeoidss sEdrchardoubiel @ dndaigtredstine dpaton ahGnotefins! 15
0.001 tao 0.03 moles of carbon monoxide per mole of hydrogen in order to
SR selectivity to 2-butene, wherein said reaction zone has an
axial lestgtiring adfdsah streaoxicemerisimgdscbdtansaidabattienezchbutene and
g]oalrtéitgle feed points along said axial length, and 20 wherein the
old&Rfration of 1-butene in said reaction zone is at least 7 wt. %. 2. The
procestivbdiading seidciedd sbidsfeedatbesmminokxide bocditiogers . a

The process of claim 2, wherejn, at least. [ i ' IS
RRRbER AR B Y Pl s FaROR BABhAPCRRIRTE " |
Wenssosedzatictiorataipst eithaoakial termgtinyandisgonedzatign activity in
introduced to said reaction - multiple. ' long 30 said
Sgﬁjﬁrl %881"‘." I\ﬂ@gﬁgﬁ qugﬁdeal;%gs% gﬁ%?%r%ql{gvﬁv erein said catalyst
comprises\artgagsaopertiendf saiblbbeignomtme-gegpeonsisting of
pa"ad'?&%ﬁ’@‘g%‘8@&9&%&%%5@&%@%%&&@% Whspeltsai
catalystis disposed on an alumina 5 support.
comprising isobutane and isobutylene, and

introducing the carbon monoxide to said 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,

wherein said reaction zone has an axial length and carbon monoxide is
introduced to said reaction zone at multiple feed points along said axial length,
and

wherein the concentration of 1-butene in said reaction zone is at least 7

wt. %.
2. The process of claim 1, wherein said feed stream includes butadiene.

3. The process of claim 2, wherein at least a portion of said butadiene is

hydrogenated to butene in said reaction zone.
4. The process of claim 1, wherein said reaction zone has an axial length

and hydrogen is introduced to said reaction zone at multiple feed points along

said axial length.
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7. The process of claim 1, wherein said feed stream further comprises
normal-butanes and butadiene. 10 8. The process of claim 1, wherein at

least 75% of said 1-butene in said feed stream is hydroisomerized to

2-butene. 9. The process of claim 1, wherein the molar ratio of 2-butene toMCSLLP
1-butene in said bottoms stream is at least 85:15. 15 10. The process of

claim 1, wherein the molar ratio of carbon monoxide to hydrogen

troduepd INgRAE HRPREIAN ZORRdRn bldanaapéteRinedabledst one

The process of claim 1, further comprising mlxmg sajd bottoms stream, 20
ReTbATARIPESd FRDEhR SSMPHSH liNAenBiRd B MR R dcke!.

stream and introducing said metathesis feed stream to a metathesis

reactor to form a metathesis product.com sm pylene. 12. The
Brocesd BF AERTEES\RSIRIM il RELRIA R %@ﬁ% @?Q&%ﬂ%orﬁgn alumina

BlUBwyreomprising hydrogenating at least a portion of said butadiene in

said feed stream prior to introduction into said reaction zone. 13. The
process of claim 11, wherein said feed stream contains butadiene, further
Fomprising bV@Eéggmﬁtm@i@aid feesteimesid féed tetistrodfurtioer iotongaides
30 react|on zone i reduce the butadiene content of said feed
HPER-bidt W%I@Iﬂé}{l‘ﬁa 5P§cess for the double bond

hydroisomerization of C4 olefins, comprising: obtalnlng a feed stream

compri isobutane, isobutylene, 1-but ne an ene ntrodum ,
&id fejlﬁgtpégﬁ?séapsMﬁ ES eaﬂda /t°o°a R cilonUtz%r}leem%a'd
@éws@mmlsmgwwm&mwmmmmmg a length, the length being

an axial length, and containing a catalyst with double bond

hydroisomerization activity in order to convert a portion of said 1-butene

igto 2- mhi@mﬁowweiﬁcsam danwberainrtheidedmimatid afe2tint@saitb 1-butene
reactlo ne in 10 an amo tof %Qq%to 0.03 moles of carbon monoxide

bférsﬁﬁﬂ ‘?W&r% Sﬁmdﬁg ﬁ%? IN"a concentration of 1-butene in said

reaction zone is at least 7 wt. %, converting a portion of said 1-butene
I%O Z_h'l"lt'n%ngfocess 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.

11.  The process of claim 1, further comprising mixing said bottoms stream
with a metathesis reactant comprising ethylene to form a metathesis feed
stream and introducing said metathesis feed stream to a metathesis reactor to

form a metathesis product comprising propylene.

12.  The process of claim 1, wherein said feed stream contains butadiene,
further comprising hydrogenating at least a portion of said butadiene in said

feed stream prior to introduction into said reaction zone.
13.  The process of claim 11, 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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forming a bottoms stream comprising 2-butene and a top stream

comprising isobutane and isobutylene, and 15 introducing said hydrogen

at multiple feed points along said axial length of said reaction zone in a

quantity appropriate to maintain said catalyst in an active double bond MCSLLP
hydroisomerization form while minimizing hydrogenation of butenes. 20

15. The process of claim 14, wherein the carbon monoxide is introduced

injo saiddendianrapafvidublkdpesrhytesie armeratiohsel Clpolfoints
along said length of the reactor. 16. The process of claim 14, further
E8MBFI8IRY-mixing said bottoms stream 25 with a metathesis reactant

comprigipgiping enfe & fereerrestahasisgiessbstsnarisoi ipleodydidgitene and
said metathesis feed stream to a metathesis reactor to form a metathesis
BFBHER‘?%mprising propylene. 17. The process of claim 14, wherein said

feed stigaByceiigivaiblftastianmant) tatben cnomwisdey hydrbgeragenmy tata
least a portion of said butadiene in.sajd  feed stream prior to intr i0
RN 70RO DB PAEIELS Clet e ook dacteithdne
saig fie e isigeamesdultng thy tactiersn thirtingy aaatalishy tiydrogeleabingd

aid feed stream prior to.introdugtion into said reacti N Ok :
P ALYl S drdan G penioy Bf Sl PEITEHE into 2-
thetsioeiblehbosia bpitiaiadvoarinatmxioklisintzoditoe?t ibtoesaid sgeagiitsirgpne in

C4 feed st duyi lytic distillati '
SR AR o R S S SRR 190
lamendiede isail aaiabicatddisfilatiotecelimsaibreaitiog aone is at least 7 wt. %,

hydroisomerization catalyst, a first iy inletd d on one of said
C4 feeFRHPER n@o%c?lﬂ?[a%nndoiglad(%geg{ﬁi?;wg g}l sge[%%ﬁ "hydrogen inlet
disposefdratimy s &idttenstis e saiccomplysingdishildeina aoldimitogbeiveasaid

feed inlet, said first and second hydrogen inlets 15 being positioned to
r%%riﬂ%ﬁ"ggn?&% gﬂecgntgeﬁ%ogugu%@%tékﬁc distillation column

ins
appropiittedoaciraraaid byioyencisomedtipietieedaaipts mengaaideaxial length

of said reaction zone in a quantity appropriate to maintain said catalyst in an
active double bond hydroisomerization form while minimizing hydrogenation of

butenes.

15.  The process of claim 14, wherein the carbon monoxide is introduced into
said reaction zone with hydrogen at one or more of said feed points along said

length of the reactor.

16.  The process of claim 14, further comprising mixing said bottoms stream
with a metathesis reactant comprising ethylene to form a metathesis feed
stream and introducing said metathesis feed stream to a metathesis reactor to

form a metathesis product comprising propylene.

17.  The process of claim 14, wherein said feed stream contains butadiene,
further comprising hydrogenating at least a portion of said butadiene in said

feed stream prior to introduction into said reaction zone.
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double bond hydroisomerization form while minimizing hydrogenation of

butenes, wherein at least one of said first hydrogen inlet and said second

20 hydrogen inlet is configured to receive a mixture of hydrogen and

carbon monoxide. 20. The apparatus of claim 19, further comprising: a MCSLLP
hydrogenation reactor disposed upstream from said catalytic distillation

25 column. 21. The apparatus of claim 19, further comprising: a

W‘G}.tathq%ig %aesysd&mm foWnstiRATsHRIMeRiCk oaiattisodisilstinnadiene,
column.
further comprising hydrogenating said feed stream prior to introduction into said

reaction zone in order to reduce the butadiene content of said feed stream.

19.  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 said
olefin feed stream conduit, an upper end and a lower end, said catalytic
distillation column containing a hydroisomerization catalyst,

a first hydrogen inlet disposed on one of said C4 feed stream conduit and
said feed inlet, and

a second hydrogen inlet disposed along said length of said catalytic
distillation column above said feed inlet, said first and second hydrogen inlets
being positioned to maintain a hydrogen content in said catalytic distillation
column appropriate to maintain said hydroisomerization catalyst in an active
double bond hydroisomerization form while minimizing hydrogenation of
butenes,

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.

20. The apparatus of claim 19, further comprising:
a hydrogenation reactor disposed upstream from said catalytic distillation

column.
21.  The apparatus of claim 19, further comprising:

a metathesis reactor disposed downstream from said catalytic distillation

column.
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