2 2:JUL 2005 WO 02/ 059066 PCT/ US02/02352 Process for the Producti f
Li near Al pha O efins and Ethylene This application clains priorit}egggé@m%n,
and is a c¥9¥P89460n - in-part of, application. Serial No. RRU/CRI0B2Z,
filed January 25, 2001, the contents of which are incorporated herein by
reference in their entirety. This invention relates to the production of

| i near al pha olefins. Mre particularly, this invention relates to the
production of |inear al pha ol efins having a higher carbon nunber from al pha
ol efins having a | ower carbon nunber. Mre particularly, this invention
relates to the production of ethylene and hexene-1. Linear al pha olefins
currently are produced by the selective oligonerization of ethylene. 1In
general, the oligomerization is conducted in the presence of a catalyst,
such as an al kylated netal catalyst. Long residence tinmes are used to
produce hydrocarbon chains of varying |engths. The olefin double bond
remai ns at the al pha position as each ethyl ene nol ecule is added. Ethyl ene
ol i goneri zati on produces a wi de spectrum of |inear al pha ol efin products.
Extensive fractionation is required to separate the al pha ol efins. having
di fferent carbon nunbers. In accordance with an aspect of the present
invention, a |linear al pha-olefin having a first nunber of carbon atons is
subjected to a netathesis reaction under conditions and in the WO 02/ 059066
PCT/ US02/ 023501 2005 presence of a catalyst that mnimzes or elimnates
skel etal and/or doubl e bond isomerization to produce a reaction product
that includes ethylene and a |linear internal olefin (LIO that has a nunber
of carbon atons greater than the first nunber of carbon atons. Specifically,
tthe  feed linear al pha olefin with carbon nunber is netathesized to ethyl ene
and linear internal olefin with carbon nunber 2n-2. The resulting |inear
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accordance with an aspect of e present 1 nve utene-t 1s subjected to

a netathesis reaction under conditions and,in the.presence of net at hesi s
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Serial No. 60/263,924, filed January 25, 2001, the contents of which are incorporated herein by

reference in their entirety.

This invention relates to the production of linear alpha olefins. More particularly, this
invention relates to the production of linear alpha olefins having a higher carbon number from
alpha olefins having a lower carbon number. More pax;ticularly, this invention relates to the

production of ethylene and hexene-1.

Linear alpha olefins currently are produced by the selective oligomerization of ethylene.
In general, the oligomerization is conducted in the presence of a catalyst, such as an alkylated
metal catalyst. Long residence times are used to produce hydrocarbon chains of varying lengths.
The olefin double. bond remains at the alpha position as each ethylene molecule is added.
Ethylene oligomerization produces a wide spectmfn of linear alpha olefin products. Extensive

fractionation is required to separate the alpha olefins having different carbon numbers.

In accordance with an aspect of the present invention, a linear alpha-olefin having a first

number of carbon atoms is subjected to a metathesis reaction under conditions and in the



et hyl ene and hexene-3. The hexene-3 is then isonerized to hexene- 1. In the
net at hesi s reaction, the catalyst and reaction conditions are such PP 0
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2-butene. The double bond is Ih a different position in the respective
mol ecullipearaiphadieBe. wi |l react rapidly with one another. Two identi cal
nol ecules will react in either a half productive or non-productive manner.
If for exanple 1-butene reacts with itself, because the double bond is in
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The catalyst used in this aspect for the metathesis reaction may be a supported or

unsupported catalyst and the overall catalyst is one that has a minimized amount of both acidic

and basic sites.

A catalyst that has a reduced amount of both acidic and basic sites (preferably essentially
no acidic and basic sites) improves the selectivity of the metathesis of the lower carbon number
alpha-olefin ( 1-butene) with itself to form ethylene and a linear internal olefin of higher carbon |

number ( 3- hexene) by minimizing isomerization.

Metathesis reactions can be characterized as either fully productive, half productive, or
non-productive depending upon the symmetry of the molecule with respect to the double bond.
Two dissimilar olefins will react in a “fully productive™” manner. An example is the reaction of
I-butene with 2-butene. The double bond is in a different position in the respective molecule
and these will react rapidly with one another. Two identical molecules will react in either a half
productive or non-productive manner. If for example 1-butene reacts with itself, because the

double bond is in the same position within each molecule, it will react at a rate considerably



‘a preferred catal yst (supported or not supported) is a Goup VI B or Goup
VI B netal oxide such as tungsten oxide, nolybdenum oxi de, or r Relndlilnd005
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and preferably essentially no acid and essentially no basic sites. Preferred
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particularly preferred.

If a support is used, such support has a minimized amount of both acidic and basic sites
and preferably essentially no acid and essentially no basic sites. Preferred supports are silica or

zirconia oxide.

Although the catalyst may include a promoter to reduce acidity; for example, an alkali
metal (sodium, potassium or lithium), cesium, a rare earth, etc., in a preferred embodiment, the

catalyst does not include a promoter.

Generally reaction conditions that tend to favor the primary reaction and discourage
subsequent reactions are preferred. Thus a lower pressure and shorter residence times tend to

minimize the isomerization reaction.

In accordance with the present invention, a linear alpha olefin with carbon number n,
such as butene-:1, is subjected to auto-metathesis with itself (half productive reaction) in the
presence of a catalyst and under conditions that minimize isomerization of the linear olefin to
produce a reaction product that includes ethylene and a linear alpha olefin of carbon number 2n-

2, such as hexene-3. The reaction is:



but ene-1. Non reactive conponents , for exanple normal butane, may dilute
the olefins in the feedstock. Mdst preferably, the butene-1 starti @@ JUL 2005
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| east 99% In one enbodi nent, a m xed butene feed is pretreated to provide a
butene-1 feed for the netathesis reaction. For exanple, the m xed butene
feed may contain butene-1, butene-2 and isobutylene. Such a feed may be
obtained froma steam cracker In the event that the m xed butene stream

i ncl udes but adi ene such but adi ene is renoved by hydrogenati on or extraction.
I n one enbodinment, thke m xed butenes feed following or in conjunction with
but adi ene lhgdrbé&mﬁ'@ﬁ T ‘%ﬁubj ected to hydroisonerization conditions to
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In one embodiment, a mixed butene feed is pretreated to provide a butene-1 feed for the
metathesis reaction. For example, the mixed butene feed may contain butene-1, butene-2 and
1sobutylene. Such a feed may be obtained from a steam cracker In the event that the mixed

butene stream includes butadiene such butadiene is removed by hydrogenation or extraction.

In one embodiment, the mixed butenes feed following or in conjunction with butadiene
hydrogenation is subjected to hydroisomerization conditions to convert butene-1 to butene-2, |
with isobutylene being separated from a butene-2 stream by fractionation. The butene-2 stream
is then isomerized back to butene-1 in a subsequent step for use as feed to the metathesis portion

of the process

The hydro isomerization of butene-1 to butene-2 and separation may be accomplished in
separate steps or may be combined into a single step. In one embodiment butene-1 is isomerized
to butene-2 and isobutylene is separated from butene-2 , in a catalytic distillation tower In
another embodiment, the isomerization of the butene-1 to butene-2 can also be accomplished by

using a fixed bed isomerization reactor or by adjusting the conditions of the butadiene



further in U S. Patent No. 5,087,780, the contents of which are incorporated

herei n by {Vﬁ)fﬁfe%g&)%g. As a further alternative, a m xed butene strgﬁ%‘g&%m%

reacted w or 'exanpl e methanol to convert isobutyl ene t SCTEYR Fary
butyl ether (MIBE) as known in the art. The MIBE product is renoved from

t he butenes stream The resultant m xed normal butenes stream (butene-1 and
butene-2) is then processed in a simlar manner to the butene-2 stream above
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reactor. Thus, in_accordance with an aspect of the present invention a m xed

C4 strdsghundenegypdedtt ed to et hyl ene and hexene-1 by the steps of a.
hydr ogenating the butadiene to | and 2 butenes, b. converting butene-1 to
but ene-2 and separating isobutylene therefrom c. isonerization of butene-2
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a seri eagdégcrﬁb?g)é?%hati on towers, where ethylene is renoved, unconverted
but enes are separated for recycle, and the hexene fraction is renoved from
the bottons. _The bottons stream which is primarily 3- hexenﬁ, is isonerized
to | -hexenel HEntpbpeauent KRREREAtonrqlrd-ReeRs 1o | Rutene i fa oFed by hishep PRy veE
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place either in the |iquid phase or the vapor phase. For |iquid  phase
reaction, such catalysts include, but are not limted to, palladium and

plati num catal ysts. The catal yst be supported .on. a_suitable s o}
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of smaldonaér® dpbsitydénei ine@i§ N tdrhiX' Bt BME: ZRMTBE))as known in the art. The MTBE
product is removed from the butenes stream.  The resultant mixed normal butenes stream
(butene-1 and butene-2) is then processed in a similar manner to the butene-2 stream above to

produce an essentially pure butene-1 stream for feed to the metathesis reactor.

Thus, in accordance with an aspect of the present invention a mixed C4 stream is
converted to ethylene and hexene-1 by the steps of a. hydrogenating the butadiene to 1 and 2
butenes, b. converting butene-1 to butene-2 and separating isobutylene therefrom, c.
isomerization of butene-2 to produce butene-1, d. separation of butene | from butene 2 to
produce an essentially pure butene 1 stream, e. autometathesis of butene-1 under non-
isomerizing conditions to produce ethylene and hexene-3, and f. isomerizing hexene-3 to

hexeng- 1.

The effluent from the metathesis reactor is passed to a series of fractionation. towers,
where ethylene is removed, unconverted butenes are separated for recycle, and the hexene
fraction is removed from the bottoms. The bottoms stream, which is primarily 3-hexene, is

isomerized to 1-hexene and the 1-hexene purified by fractionation.. In a preferred embodiment,



For vapor phase reaction, such catalysts include, but are not Iinﬁizﬁugﬂm5
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case, no hydrogen is required. The equilibriumof m xed hexenes to t-hexene
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I n accordance with an aspect of the invent| on, pentene- 2 is recycled to the
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condi tions
the butene-1 occurs first, followed by the isomerization of the hexene-3 product from that
reaction. In this case, no hydrogen is required. The equilibrium of mixed hexenes to 1-hexene is

favored by higher temperatures hence the vapor phase reaction occurring at higher temperatures

1s preferred.

The hexene-3 may be isomerized to hexene-1 at a WHSV of from about 3 to about 200,
preferably from about 10 to about 60, and at a pressure of from about 2 bar to about 40 bar,
preferably from about 3 bar to about 10 bar, and a temperature from about 40°C to 300°C,
preferably from about 60°C to 150°C. for liquid phase and 300 to 400 C for vapor phase

reaction.

Although in accordance with the present invention, the metathesis reaction is effected
with a catalyst and under conditions that minimize isomerization, some isomerization occurs. As
a result of the isomerization, the internal olefin of carbon number n, such as butene-2, is
produced which reacts with the feed linear alpha olefin of carbon number n, such as butene-1, to
‘produce propylene and a non-selective linear internal olefin of carbon number 25-3, such as

pentene-2, via the reaction:

<_
1-C4- +2-C4- — C3-+2-C5-



there is about a 35 nol %selectivity of each of ethylene and hexene and 15
nmol % of each of propylene and 2-pentene. This gives a 20% wt . sel @@t Juli NG5
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selectivity increases from35 to 46% nolar or over 60% by weight. In this
manner, hexerg i 0 articipaf i

the above reacf ?Fglr)lgﬁ Ex}’] ln}oa&egir{gé&%ge%aagqe Céﬁrelaﬁgg%%ért egg&elgvet? i "ﬂggrréésg%nh]gf
addi t i oiidm2ICSlehiy dfi cartidnngumber 2wa-isdesctiluable. eaﬁtabmdafcelwhhltaﬁrapwtéf the
2-butene due to eq whbnugmdand ultimately Iimting the |sorrer|zat|on of

1- but en#VEBHIN PEPEAR2HR E2AYSiedJo theimershasiy ivaciions ThstPanisaerd Fracawaih butregs |
creati ng, &B ﬁ&dﬂerﬁ&ﬁé amgx[e IVMhlelrQac.ttlghj on. In accordance with the

present 1nvent met at e5| S reaction of I-butene is effected at
conditions and with a catalyst that mnim zes isonerization in order to

i ncrease selectivit hexene-3 and ethylene. In particular, such catalyst
and condi ti ohC4re@- é%l"éﬁ%ﬂf"ﬁ@ order to achieve a weight selectivity to
hexene-3 of at |east 40% and preferably at | east 50% or greater from

| -butene (wi thout recycle) and still higher values when incorporating

pent ene recylFer eddigple, nmeﬂhteir@élaﬂhesds off Iblutdpe- Idesder infigidnwh tiSoni@dfadoi cb@ditibﬁs, ,
foll owi ng exanpl e; _however scope of the present |nvent| on | s not

i nt endeél“ef%‘sb@oil ﬁﬁééﬂolt%eieéesyww ob eacm@ietbn‘ew ¥ bewens 9ned Spray Yusehrash 42
EXAMPLE %i)pb'neng hg 2¢ {gp,l:e Thi} @g%saé ?é% &P@él'e&wl{}% 2“ V\f\ﬁ)'ﬁ' ggtg% rﬁétclitjhgﬁs $di3ngprt

|sload8 nto a r tor et one, dnrxe rior
| 'oadi ngaddtioretd the Ibbutelmmmdﬁsas smhrmméfz-;tehem,a;haﬂx yhm tk&tz pmtvﬂ&bnoéntﬁﬁxoand at

vari ous pressur as, shown in Table. 1 below. The r ion tenperature is
650F (31&% %% Y aP%% HaS Akt RFyfene Sdefiutn §P3y10] S 31 0B § ParRCatelE i HY

wei ght mcr@a@@ﬁ%owfbuemnmﬁoaﬂ@vamm%sw&fvhtl Iha%f%ﬂﬁwwxfeie@sélecnvn is
products. The selectivities to various conponents are given in Table

bel ow. Tabtased.

In addition to participating in the above reaction, the presence of 2-pentene suppresses the
formation of additional 2CS5 by limiting the non-selective reaction of 1-butene with 2-butene due
to equilibrium and ultimately limiting the isomerization of 1-butene to 2-butene because 2-

butene formed 1s not reacting away, thus creating an additional equilibrium limitation.

In accordance with the present invention, the metathesis reaction of 1-butene is effected
at conditions and with a catalyst that minimizes isomerization in order to increase selectivity to
hexene-3 and ethylene. In particular, such catalyst and conditions are selected in order to
achieve a weight selectivity to hexene-3 of at least 40% and preferably at least 50% or greater

from-butene (without recycle) and still higher values when incorporating pentene recyle.

The invention now will be described with respect to the following example; however, the

‘scope of the present invention is not intended to be limited thereby.



Wei ght percent Selectivity of 1-butene conversion to products 3/1 I\/%O’V\m
/1 MO WB Pure Pure Pure Residence W3 W3 W3 Tine 8 sec 12 LU Nsec
4 sec 2 sWOOUOSHMBEssure 275 psi 275 psi 450 psi 450 psi 45PGOEISRAG3IPsi 75
psi C2- 2.5 2.5 2.1 2.4 13.9 17.8 17.4 C3- 26.3 22.9 23.3 23.9 14.9 9.2
9.1 2-C4- 31.2 31.6 32.8 30.4 2.8 1.0 0.6 2-C5- 19.2 18.1 24.8 25.0 16.9
11.0 11.2 1-C5- 2.52.51.82.05.83.61.8 (6 8.4 12.1 10.1 10.8 36.2
50.554.1 Cr 2.3 5.52.12.34.8 + 3.7551.01.0201.3 3.9
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portl SHheralengs orngqrﬂ Wit Ct’)Bf‘%‘n Igaing-h Euigel- &&lff‘@g.lgpaﬁs%%ewrdhe gatalyst g pg

¢ t on
of 1 - GV SPH A o, Fohs THASBRS Uk Spodee T iR BpPRC RIS RirtpaFS s
enpl oy&QSF (348 @)eloeext thelcm;a])fsor Séleotpiiny is naicwawd byfdividit, theorveidh? of%dih)pxa)ﬂuhl gh
as 54. 1% hexeggg P%)Boretlcal \ﬁg ght  sel eé,ill vities for the pure 8 2 2JUL
3005 HOhSIGBTIE SRS B BRaEaE ndLe SeleRRtFolP | Veidaufsrcqmmgpnents
|sorrera!rngl%,9m—rgglgl%@1(yw % ethylene and 75 wt. % hexene. Thus, reducing
the isonerization activity of the catal yst systeminproved selectivity to

hexene. EXAMPLE 2 In this exanple, a feed containing pure |-butene, and
feeds containing 1-butene m xed Table 1

Weight percent Selectivity of 1-butene conversion to products

3/1 MgO/WO3 | 1/1 MgO/WO3 Pure Pure Pure
Residence wO3 w03 W03
Time 8 sec 12 sec 12 sec 4 sec 2 s
Pressure 275 psi 275 psi 450 psi 450 psi 450 psi 150 psi 75 psi
C2- 25 2.5 2.1 2.4 13.9 17.8 17.4
C3- 263 229 233 239 14.9 9.2 9.1
2-C4- 31.2 316 328 304 2.8 1.0 0.6
2-Cs- 19.2 18.1 248 250 16.9 11.0 11.2
1-C5- 2.5 25 1.8 2.0 5.8 3.6 1.8
C6 8.4 12.1 10.1 10.8 36.2 50.5 54.1
C7 23 5.5 2.1 23 4.8 3.1 1.9
C8+ 3.7 5.5 1.0 1.0 2.0 1.3 3.9

As shown in Table 1 above, both the 3/1 and the 1/1 ratio mixtures of MgO and WOs;-
S10; catalyst show low weight selectivity to ethylene and Cg alkenes. The isomerization activity
of the MgO effectively converts some portion of the | butene to 2-butene and the metathesis

reaction of:
1-C4Hg +2-C4Hg = C3Hg +2-Cs Hyp

. occurs limiting the auto-metathesis reaction of 1-C4 Hg to form CyHy + 3-CgHja.

When a pure WO3-S10, catalyst 1s employed, the selectivity for hexene increased from 8.4% -

12.1% to as high as 54.1% hexene. The theoretical weight selectivities for the pure



Wi th 2-butene or isobutylene are reacted in a reactor in the presence, of ag
catal yst consisting of W3 and a silica support at a tenperature 3f2,ﬁ§dﬂ0 or
650F, and &%P@%ﬂ‘?ﬁe of 75 psig. These condition, and cat alRFESUHRE2352
preferred to mnimze isonerization reactions. Selectivity is calculated in
w. %or nmol. %by dividing the weight and nunber of noles of each product
by the weight | oss and nolar | oss of 1-butene converted to products. The

sel ecti Vit - Vak Louls: I Y, kNo,/ T I
o (i biaieds QLR HAMBORGRL AR B B0 i Bl En ol Bib, B HeReds,
600 600Th; eskiomg thp soglenZgionmachsity G theeasilohsys¥dm Imbvdd sd&tivty t@h&knbl A 66
NA i-C4 NANA 31 Selectivity (nmol %9 C2H4 37 15 31 3-Co6H12 38 19 28
C3H6 12 34 19 2-CSH10 11 29 18 Ohers 2 3 4 9 22JUL2005 WD 02/ 059066
PCTI US02/ 02352 Sel ectivity (WM. % EXAMPLE 2

In this example, a feed containing pure !-butene, and feeds containing 1-butene mixed
with 2-butene or 1sobutylene are reacted in a reactor in the presence of a catalyst consisting of
WO; and a silica support at a temperature of 600°F or 650°F, and a pressure of 75 psig. These
conditionc and catalyst are preferred to minimize isomerization reactions. Selectivity is
calculated in wt. % or mol. % by dividing the weight and number of moles of each product by
the weight loss and molar loss of 1-butene converted to products. The selectivities to various

components are given in Table 2 below.

Table 2
Feed (wt. %)

A B c
1-Cq4 100 75 95
2-C4 0 25 0
1-C4 0 0 5
Temp. (°F) 650 600 600
Pressure (psig) 75 75 75
Conversion (%)
1-Cq4 47 ‘ 52 56
2-Cy4 N/A 66 N/A
i-C4 N/A N/A 31
Selectivity (mol %)
sz-f4 37 15 31
3-CsHiz 38 19 28
C;Hs 12 34 19
2-CsHyp 11 29 18
Others 2 3 4




C2H4 18.5 7.5 15.5> 3-C6H12 57 28.5 42 C3H6 9 25.5 14 2-C5H10 14 36.0 206.5
G hers 1.5 5 6 The above results show that when the feed containlh UUU

25
-but ene | ¥AI¥BRYPOf pure | -butene with no other conponenfST/UBYRIESS s

i ncreased selectivity to 3-hexene, as conpared with feeds containing
2-butene or isobutylene along with 1-butene. EXAMPLE 3 In this exanple, a
feed containing essentially pure 1-butene (95 % I|-butene and 5 % i so-

but eneg;el_ga-pl,@ 6@? containing | -butene, iso-butene and 10 % 2-pentene are

reacte eactor in the presence of a catalyst consisting of W3 and a
silicaCdlpport at a tenperBtére of 650F;5 and a phédsure of 75 prig. These

condi t and catal yst are-preferred mnimze jsonerization reactions.
Sel ect#'@?’a‘ﬂ is calcul ated |(aS w. % andi%l . % by d‘}fn di ng the wei ght and

nunber of noles of each product by the weight |oss and nolar |oss of |
-butene converted to products. The selectivities to various conponents are
given CsHiable 3 below. Tab?e 3 Feed IWb. % A B4-C4 95 87 [-C4- 5 3
2-C5 0 Tenp. (F) 650 6 Pressure rig) 75 10 22~JL2005 WO
02/ 0596'352%/ US02/ 02352 ngver si on (0/348 82

2

Others 1.5 ) 6

The above results show that when the feed containing 1-butene is a feed of pure 1-butene
with no other components, there is increased selectivity to 3-hexene, as compared with feeds

containing 2-butene or isobutylene along with 1-butene.

EXAMPLE 3

In this example, a feed containing essentially pure 1-butene (95 % 1-butene and 5 % iso-
butene) and a feed containing 1-butene, iso-butene and 10 % 2-pentene are reacted in a reactor in
the presence of a catalyst consisting of WO; and a silica support at a temperature of 650°F, and a
pressure of 75 psig. These conditions and catalyst are preferred to minimize isomerization
reactions. Selectivity is calculated in wt. % and mol. % by dividing the weight and number of
moles of each product by the weight loss and molar loss of 1-butene converted to products. The

selectivities to various components are given in Table 3 below.

' Table 3
Feed (wt. %)

A B
1-Cq4 95 87
I-Cs- ' ' 5 3
2-C; 0 10
Temp. (°F) 650 650
Pressure (psig) 75 75

10



1-C4 56 47 2-C5 NA 26 i-C4 31 29 Selectivity (mol % C2H4 31 34 3“&6%52
28 43 (C3Hg 10 1_{ 2-C5HI 0 18 1.6 Ohers 4 4.4 Selectivityé&(rvw.g//q 22
15.5 16.9 “2UM%642 64.1 C3H6 14 12.7 2-C5H10 22.5 2.0 TEIHSEIHSY 3 The
above results show that when the 2-pentene produced by the non-sel ective

i sonerization of the |low isonerization catalyst is recycled, there is

i ncreased selectivity to 3- hexene, as conpared wth feed where the

2- pent epgnvessitl%) ecycled to the reactor. If the base feedstock was a pure

| -butene stream the increase in hexene_selectivity would be even greater.
EXAMPLEL#41n this exanpl e, Peeds contai ifng essentially pure 1-butene (99.9%
1- butene), and feeds contgiyni ng 1-but gpe and 2-pentene are reacted in a
reactor“Tn the presence of Atal yst A of  Catalyst B at a tenperature of
650F andca pressure of 75 psig. These coaditions are preferred to mnimze

i sonerization reactions. Catalyst A consists of W)3 and a silica support,

and Catmm%ii sts of W3 and a speci al chromat ographic grade silica
support talyst A uses a §i|ica suppgit that contains 2,000 ppm sul fur,
thus creating acidic reaction sites. Cafalyst B uses a silica support where
t he sul 3-azHiras been reduced2g8o | ess than3100 ppm Both catal ysts have a | ow

11 C:He 10 17

2-CsHyo 8 1.6
Others 4 4.4
Selectivity (wt.%)

CaHs 15.5 16.9
3-CeHi 42 64.1
C3Hs 14 12.7
2-CsHyo 22.5 2.0
Others 6 4.3

The above results show that when the 2-pentene produced by the non-selective
isomerization of the low isomerization catalyst is recycled, there is increased selectivity to 3-
hexene, as compared with feed where the 2-pentene is not recycled to the reactor. .If the base

feedstock was a pure 1-butene stream, the increase in hexene selectivity would be even greater.

EXAMPLE 4
In this example, feeds containing essentially pure 1-butene (99.9% 1- butene), and feeds
containing |-butene and 2-pentene are reacted in a reactor in the presence of Catalyst A or
Catalyst B at a temperature of 650°F and a pressure of 75 psig. These conditions are preferred to
" minimize isomerization reactions. Catalyst A consists of -WO3 and a silica support, and Catalyst
B consists of WO3 and a special chromatographic grade silica support. Catalyst A uses a silica
support that contains 2,000 ppm sulfur, thus creating acidic reaction sites. Catalyst B uses a

silica support where the sulfur has been reduced to less than 100 ppm. Both catalysts have a low

11



22 JUL 2005 WD 02/059066 PCT/ US02/ 02352 isonerization activity, and t

i soneri zat.i on act|V|ty of Catalyst Bis lower than that. of Catal yst ZAJUUU%
Sel ect i vi P P¥0¢%%ul ated in wt. % and nol % by - di vi di ng t heP WPSKW-&M
nunber of noles of each product by the weight |oss and nolar | oss of

| - butene converted to products. The selectivities to various conponents are
given in Table 4 below. Table 4 Feed (. % Catalyst AABB 1-C4 99.9
87.6 Y9 rHedationZchibity), aHd. tRe Bothefizati@itivity fof (bdly T i Sl eb tihin tRAESSUAElyst
(psig) 75 75 75 75 Conversion (%9 1-C4 56 45.4 41 38 2-C5 Net Productlon
26. 6 Nbt Selestitidy isoerlagdatsd i we4%ngnd mal% bxydaviing thseweeghtuamrltrwbmp%n
35544 38..4 5 7 19 15.5 2.11. 6 018
et CooBr2oaetat e g, 3t il 0%, of Mt Fonvertid i brined o

C2HA %l&txiﬁ}egt@?aﬂo&%o&poﬁcrﬁ@bﬁe%n% #8TaBlebBbélowl. 7 C3H6 14 11.6 3
2-C5H 0 22.5 Net Conversion 5.3 Net Conversion

Table 4
Feed (wt. %)

Catalyst A A B B
1-C4 99.9 87.6 99.9 91.3
2-Cs 0 10.2 0 8.7
Tem‘p. (°F) 650 650 650 650
Pressure (psig) 75 75 75 75
Conversion (%)
1-Cs4 56 454 41 38
2-Cs Net Production 26.6 Net Production 32.5
1-C4 N/A 244 N/A N/A
Selectivity (mol%)
C,H, 31 35.5 44.2 38.4
| 3-CéHi2 28 46.2 45.8 47.8
C;H¢ 19 15.5 5.2 11.6 »
2-CsH o 18 Net Conversion | 4.4 Net Conversion t'
Others 4 2.8 0.4 22
Selectivity (wt. %)
C;Ha 15.5 17.8 22.1 19.2
3-C¢Hia 42 69.3 68.6 71.7
CiHg 14 11.6 3.8 8.7
2-CsHyo 1225 Net Conversion 5 3 Net Conversion
Others 6 1.3 0.2 0.4

12



Ohers 6 1.3 0.2 0.4 12 2 2 JUL 2005 WD 02/059066 PCT/ US02/ 02352 Aﬁzcﬁﬂ_ 80%
seen in Tz%pb% ’?f?f%g ve, the recycling of pentenes increases hexene7 ey 2
selectivity A ovides for a reduced pentene nake: In t NESE VPRS2

‘bet ween 26 and 38% of the pentenes in the feed were converted when

approxi mately 10% pentene was present in the feed. The selectivity increase
is nost significant when greater anounts of pentenes are produced. Note
further, however, when using catalyst systens with high isonerization
activity, the ampunts of entenes forned are so |arge as to render recycle
i npracti cal A@n@ﬂv@rgﬁeaoétﬂa&e 4r abay ee thicateey dlmgrafrenteneg Hictdagemhexghe selagtivily | ow

isonerization,activity catalysts,, The discl osures of, all ent s and .

bl o207 Bl Th § el bRl darel 1R RSB THSE BeSReef 262 BE: REE BEnes in
i ncor peyatred Rrd ebeveeRE ewhén approsanRel§Xt @At paserel wadGheseat @ntth@Mébd. The
publication were incorporated individually by reference. It is to be

under sseleetivifvoinetease is mast 1igrifisans pehess grepfer pmesriprofinspienes ami preduesd. t Yotse
limte LEico. i e i bad. : | [ e
pr act | S84, hlfe BRathad iRt IPEl R RERRh RO Bnioh R oRE b Yo
scope ¢entehes facnedpanpilage ab & readerkdcyle ifrad{d@bandWeay coslyc | Biisreffledt $s mbst A
process. fol{ﬁ?{p;r oguci ng%ft h%/l'ene, and hexene-1 froma m xed C4 feed containing
but eneSBNGRENBEDUSIRG OXHISARETZat o0 JCH¥IN E3RFE, conprising: (a) removing

but adi ene fr i 4 LSRR HZL : : PLVAgE
separating iqg{gbctﬁjt?d;l/ gﬁﬁge%raé%?ﬂggﬁ%?tﬁ glﬂ%g;bﬁé( Q?Clg%ggﬁgéﬁegt%%g? P lgcea;glg&g%i on
of i solret héree ifcoporath by rbisraceso thd sanmeeextentray 16 eacnpaténtf andrpubliegtiqrbveteo

Bzégpeé&lﬁﬁéqe%t&agrtl)di\gi%gl?)gb}pyéfeerggéel. fromstep (d) to catalytic netathesis

It is to be understood, however, that the scope of the present invention is not to be limited
to the specific embodiments described above. The invention may be practiced other than as

particularly described and still be within the scope of the accompanying claims.
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and in the presence of a netathesis catalyst to produce a m xed olefin
effluent including ethylene, pentene-2, and hexene-3, and wherein said
pentene-2 is recycled to said butene-1 produced from s22pJUl) 200%e
subjected to catalytic netathesis; (f) fractionating the effluent; and (g)
i soneri zi hexene-3 fromstep (e) to produce hexene- 1. 2. The process of
claim!| wh éfﬁcgq"é]ﬁélizb) and (c) occur sinmultaneously in a catalytic
distillation tower. 3. The process of claim1l wherein said butene-1 is at

| east 90% of l1sAimtodesedor praduding ethytenesaddiexeneal fiom amaxed €, $eddd cat al yst is
sel ect ed foonmaiting bytemepl, bucenstX buteglicle, andhgobetglenk) ctamprigihg:bdenum oxi de,
rheni um oxi dgd and m%%{es #rhereo feed: The process of claim4 said

catal yst doeSDISEOVHE 1ENHT 8ok 1Y%, The process of claim4 wherein

id tal i . ide. 7. .Th f claim6 wh [ id
S oty AN e hegPs0css of claim 6 uherein sald
sai d tungSteQsl)%ég%?ghgiﬁﬂﬁﬁ?@%%ﬂ%t}?er%hkéngﬁ support. 9. The process of

claim | wher exen i's 1soneri zed’to hexene-I at a WHSV of from

about 3 to a LétubgeQ]gle 13- sai ‘%E@Bﬁ%?'s%fbuﬁ}l .er?r&il‘mﬁérqj Rer@l d hexene-3 is
dt 1 { {10 to about’ 60. 14 22 JUL
|238r5rerllie Thgﬁg%g%glsgsbug?ﬁ%?gom eaﬁié)rté)irb rtnslgl 'uhexene?3ai gui sonerized to

h -1 f - 4 2. Th

TS m 1 () ERSEHE B Rhe AR € 000 0 pBIHL 0@ onfon e o1 ooces

f | ai 11 -
of from aboufiiLGE AFEChsH A 4 s hssts alalveia Pradneg adniypd of Pﬁ?fg%erei S sai d

met at hesi s | HICHERS (:‘@qung, ReItena- &pngdihexene-3, and wherein said pentene-2 is
recycled to said butene-1 produced from step (d) to be subjected to catalytic

metathesis;
(f) fractionating the effluent; and

(g) isomerizing hexene-3 from step (e) to produce hexene-1.

2. The process of claim 1 wherein steps (b) and (c) occur simultaneously in a
catalytic distillation tower.

3. The process of claim 1 wherein said butene-1 is at least 90% of said feed.

4. The process of claim 1 wherein said catalyst is selected from the group
consisting of tungsten oxide, molybdenum oxide, rhenium oxide, and mixtures
thereof.

5. The process of claim 4 said catalyst does not include a promoter.

6. The process of claim 4 wherein said catalyst is tungsten oxide.

7. The process of claim 6 wherein said catalyst is supported tungsten oxide.

8. The process of claim 7 wherein said tungsten oxide is supported on a silica
support.

9. The process of claim 1 wherein said hexene-3 is isomerized to hexene-1 at a
WHSYV of from about 3 to about 200.

10. The process of claim 9 wherein said hexene-3 is isomerized to hexene-1 ata
WHSYV of from about 10 to about 60.
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tenperature from250 C. to 400 C. 14. The process of claim1l wherein said
hexene-3 is isonerized to produce hexene-1 at a tenperature of from about
40 C. to about 400 C. 15. The process of claim 14 where2 HdL200%ene-3 is
isonerized to produce hexene-1 at a tenperature of from about 2500 C. to
about 350 C. . A process for converting butene-1 tq efhyl ene and hexene-
1, conprisi A&,-:lﬁ&ea rog&%ﬁ'fé&iq%f av%?@élasae%gwgeeﬂwdﬁowﬂz (Sthexgo6-b# 8ne- 1 to
cat al yt i c paessuaierrfdiam apaeel badadbevigisbaind with a netathesis catal yst that
produces an effluent conprising ethylene and hexene-3 to provide a wei ght
sel ecti vi ty12oTep@oessdf cidinal 1 Wheain ¢idhéxamn Distisnraerided tothexémeat tat onat i ng
sai d ef f | ugittsshifeOs FéRRbOED) 3 bt 1 Mout E@BAr.a first stream containing
hexene-3 and a second stream incl udi ng unreacted butene-1 and a

pent ene- 2ol %.' eﬁ&e&%cﬁﬁﬁf pg]h%laelirgsgigr ettatﬁégﬁﬁlr@té],ﬁjfé)"ig?ﬂ‘gctgﬁlhp% hexene-3 to
i soneri zati on ? %ronv %éo (?atl ?@pgﬁne; 0 hexene-"1;7(d) 'subjecting said
second st rEHRTERIIE 881? oPnetathesi s by recycling said second streamto
step (a); and ’ée) subj ecting the conbined effluent fromthe netathesis of
sai d second 14t Pesprocessdfichdmne whereas bajd bexeneek ks ibemgrized wtpspdyes) to

f ract i onatherene-hata tgmyendturel ot fraineabpud®EsS. tofabolied00°16. wher ei n sai d wei ght
selectivity to hexene-3 from butene-1 is at |east 50% 18. The process of

gi(?idren 16 }Ahgs.em ' st@tc?dﬁgﬁm Wﬁe@% &f4 ﬁ%é‘nrépﬂgsti&?rn&{ié%éﬂﬁggroddldgngﬁ en
pr oceés of%cagelmr; %Q\ﬁger aet{iln gfa#é%catoaﬁl%(? i 'ggla)én%lt; en oxi de. - 20. - The process
of claim19 vmaXr ein said catalyst is supported t(rggst en oxide. 21. The
process of ¢PafArASHHIIONHETING Ontangr hissithyleae an¢ Beiaag-laCOMPYFBY of  from
about 3 to alyyibjdbthg 4 feed comprised of at least 90% butene-1 to catalytic metathesis

under conditions and with a metathesis catalyst that produces an effluent

comprising ethylene and hexene-3 to provide a weight selectivity to hexene-3

of at least 40% from butene-1;

(b) fractionating said effluent from step (a) into at least a first stream
containing hexene-3 and a second stream including unreacted butene-1 and a
pentene-2olefin;

(c) subjecting said first stream including said hexene-3 to isomerization to
convert said hexene-3 to hexene-1;

(d) subjecting said second stream of step (b) to metathesis by recycling said
second stream to step (a); and

(e) subjecting the combined effluent from the metathesis of said second stream
and the metathesis of fresh feed in step (a) to fractionation in step (b).

17. The process of claim 16 wherein said weight selectivity to hexene-3 from
butene-1 is at least 50%.

18. The process of claim 16 wherein said catalyst is selected from the group of
tungsten oxide, molybdenum oxide, rhenium oxide, and mixtures thereof.

19. The process of claim 18 wherein said catalyst is tungsten oxide.
20. The process of claim 19 wherein said catalyst is supported tungsten oxide.

21. The process of claim 16 wherein the metathesis is effected at a WHSV of
from about 3 to about 200.
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22 JUL 2005 22. The process of claim 21 wherein said netathesis is effected
at a WHSV of from about 6 to about 40. 23. The process of claim 16 wherein
said nmetathesis is effected at a pressure of from abouk21bs2Q050 about

600 psig. 24. The process of claim23 wherein said netathesis is effected at

a pressure from aboyt 30 psig to about 100, psi 25. The_process of
claim 16 wh ?eThf: RRFERS R CME) Whers ML Tetdhess 5 e?%ﬁséraa@m’@%%ﬁm 250 to
400 C. 26 fropnabtdctegdouf4@| ai m 19 wherein said catalyst is supported on a
silica support. 27. The process of claim 16 wherein said hexene-3 is

i sonerized 28 Tiexgoeest oficlaim MHSKerein daidmeadiinssis 8 effecrdett p2&Sureaf. The

process offrgzh abéitd 0 pfg}t@foe‘im,ugab@pgﬁxene% to hexene-1 at a pressure of from
about 2 bar to about 40 bar. 29. The process of claim28 wherein said

hexene-3 i s,) j h [ [e Ofcf r to
about 10 ot APAHES S BUITLAEE Ry sy BRI R Rl it &°

i someri zed Y aRUY SPSie 1o aboy IIQ dPature of fromabout 40 C. to about 400 C.
31. The process of claim30 wherein said hexene-3 is isonerized to hexene-1
at a t enpelatTheproressradvlaamolft whewingaid metabloesis 856fecied3p a tamperpiuse ess  of
claim 16 \fiven 250°F wad0d°cat al yst does not include a pronoter. 16

26. The process of claim 19 wherein said catalyst is supported on a silica
support.

27. The process of claim 16 wherein said hexene-3 is isomerized to hexene-1 at
a WHSV of from about 3 to about 200.

28. The process of claim 27 wherein said hexene-3 to hexene-1 at a pressure of
from about 2 bar to about 40 bar.

29. The process of claim 28 wherein said hexene-3 is isomerized to hexene-1at
a pressure of from about 3 bar to about 10 bar.

30. The process of claim 16 wherein said hexene-3 is isomerized to hexene-1 at
a temperature of from about 40° C. to about 400° C.

31. The process of claim 30 wherein said hexene-3 is isomerized to hexene-1 at
a temperature of from about 250° C. to about 350° C.

32. The process of claim 16 wherein said catalyst does not include a promoter.
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