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20  in the bottoms by maintaining controlled pressure and temperature profiles in relation
to the narrow range of lighter olefin-containing hydrocarbon feed stock being used
and the desired range of heavier olefin-containing hydrocarbon products desired as
product in the bottoms of the reaction distillation column. Further at least one or
more zones for the purpose of vapor/liquid contacting are created in the reaction
25  distillation column for improving the separation of lighter reaction olefin products from
the heavier reaction olefin products and the olefin-containing hydrocarbon feed stock

and for reducing the cost of the process.

BACKGROUND OF THE INVENTION

30 It is well known in the prior art to use metal catalysts to react/split and
recombine (disproportionate) hydrocarbon molecules, which contain olefinic or
double bonds between the carbon atoms. This reaction of splitting and recombining
the hydrocarbon molecules at the double bonds creates olefin hydrocarbon
molecules of varying size depending on the feed stock make up and where the

35  double bonds occurred on the feed stock molecules but it does not necessarily give
an end product with a high commercial value either, as an end product.
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20  substrate to facilitate a phase transfer of some of the lighter products out of the liquid
phase. In this particular system the conversion and yields went up but the reaction
proceeded to ethylene and propylene as the light ends and only to 2-pentene, 3-
hexene as the heavy ends, which were of not much more value than the beginning
feed stock used to generate them.

25

The prior art is replete with teaching of methods and processes for
improving yields of medium-range olefins by reacting high carbon number
molecule olefins with a low carbon number molecule olefins by simultaneous
disproportionating and isomerizing of these olefins. In this process both the

30  high carbon number molecule olefins and low carbon number molecule olefins
are kept in a single liquid phase and the reaction process is allowed to reach
near equilibrium for the formation of midrange olefins, which are detergent-
range linear internal (C10-C16) olefin from a feedstock of light (C4-Cs) and
heavy (C1s-C20+) alpha-olefins. Some variations of these prior art patents are

35 even used to produce commercial linear alcohols.
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these were located relative to the input of these feed stocks or which catalyst should
be the first for reaction with the feed stock. The objective in the prior art was thus to
make the deepest possible internal olefin of both light and heavy species before or
during the disproportionation including symmetrical internal olefins. This was highly

25 desirable when the goal was to create a mid-range olefin-containing hydrocarbon, but
not for the production of heavier olefin-containing hydrocarbons from lighter olefin-
containing hydrocarbons, where specifically a formation of asymmetrical olefins is
desired.

30 OBJECTS OF THIS INVENTION

It is the object of the invention of this process to create improved yields of
heavier olefins using a substantially narrow range of lighter olefin-containing
hydrocarbon feed stock in a reaction distillation column containing metal catalysts

35 and controlled temperature and pressure for reacting the narrow range of lighter
olefin-containing hydrocarbon feed stock to form the improved yields of the heavier
olefins. In the process of reacting the lighter olefin-containing hydrocarbon feed stock
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process for the creation of more valuable heavier olefin-containing hydrocarbon
products such as Cs to C1o, which have significantly greater monetary value than the
products of 2-pentene and 3-hexene.

25 The object of the process of this invention further allows the creation of
heavier olefins from a narrow range of lighter olefin-containing hydrocarbon feed
stock and then running the narrow range of heavier olefins created in another step to
create yet heavier olefins. A

A yet further object of this process invention is to utilize the isomerization

30  process to adjust the location of the olefinic double bond to a predominantly
asymmetrical location in the olefin molecules and then disproportionate the carbon
molecules, which effectively cuts them at the double bond and recombines the
asymmetrical fragments with other olefin molecules which have been
disproportionated to create heavier olefin molecules and light olefin molecules and

35 then isomerized those heavier olefin molecules and then disproportionate them
again. After all disproportionations in the process the lighter undesirable olefin-
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hydrocarbon feedstock which are being fed into the reactive distillation column at that
20  predetermined point in the reactive distillation column.

Yet further and additional benefits and improvements of the process of this
invention will be appreciated by other skilled in the art and those advantages and
benefits of the invention will become apparent to those skilled in the art upon a

25  reading and understanding of the following detailed description and diagrammatic
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

30
The process of this invention may be practiced in certain physical forms and
arrangements and adjustment of the variable parts herein described, but preferred
embodiments of which will be described in detail in the specification and illustrated in
the accompanying diagrammatic drawings which will form a part thereof.
35

FIG. 1 is a diagrammatic drawing of a reactive distillation column used with
the process of this invention utilizing a narrow range of lighter olefin-containing
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disproportionating catalyst and with at least one vapor/liquid zone created at the top
of the reactive distillation column for producing C5 to C10 carbon number olefins.

25 FIG. 4 is a diagrammatic drawing of a series of reactive distillation columns
connected together for utilizing an initial range of lighter olefin-containing
hydrocarbon feed stock of C3 to C4 carbon numbers for producing C1o and higher
carbon number olefins by feeding the bottom products in stages from the first to the
second and to the third reactive distillation column.

30

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a process for improving the yields of heavier
olefins by using a substantially narrow range of lighter olefin-containing hydrocarbon
35 feed stock, which is fed into a reaction distillation column, generally referred to at
reference numeral 10. In at least one embodiment as shown in FIG 1, the process of
this invention commences with the feeding of the substantially narrow range of lighter
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Dsproportlonatln t he ol as t hose skil in the art wl ,
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| ocat ed above and bel ow™ the i sonerizing catalysts 14 the olefins are as
soon as t thecaigiests hicbare stpatada agwixtyse Hareefy QEGFQHOHI%.'?@EQ tha oletis, aact i on

di stil| at {HaBe GRIIEATH tha BrtSTIPRAowW, tndan&that a splitting process occurs at the point of
the olefinic bond on the olefin-containing hydrocarbon and a re-combining of the split
25  parts with other split parts from other olefins which are being disproportionated at the
same time to create both larger olefins and smaller olefins. In this preferred
embodiment by having the disproportionation catalyst 15 located above and below
the isomerizing catalysts 14 the olefins are as soon as they are isomerized move to
be disproportionated in the reaction distillation column, as shown in FIG 1.
30
Further as shown in FIG. 1, at least in this embodiment, there are provided
alternating process steps of disproportionating and isomerizing of the olefin-
containing hydrocarbon feed stock after its initial feed into the predetermined feed
point 11 of the reaction distillation column 10 and its first isomerization. This
35 alternating of the process steps of disproportionating and isomerizing said olefin-
containing hydrocarbon feed stock will continue depending on the size of the reaction
distillation column 10, but will generally have as it last process step a
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t he prefdrer@elﬁrsrrbawlberemdsam emtldgpaubfromdhemmhmgsaﬁtm@anﬁerﬁlahts of rhenium
or rh 51i um oxide and/or tungsten or tungsten oxide is prepared. Once
prepared it is added to an 20 al um na support which can be in the form of
conventional dSopedfdieconveatiorahmefiwdi ofigreparingthe slispsetuiarstion i ngs, spheres
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and fracti f1on or separa tent t ting paraneters are
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degrees Cghhlgnade &18?%@%5 gﬁ%ﬁ{%ﬂ%xﬁé% b@g%ﬂ 'd?wc%*ebgeﬁeal ng&‘iéfgao%'ea&t gn anad/ or

nitro ento actlva I'n on eferr ment t
alumina support which can be m the form of conventlona| dumped distillation

packing, such as, saddles, rings, spheres to enhance mass transfer and reactive
surface during disproportionating and fractionation or separation to the extent the
operating parameters are appropriate . After impregnations, the catalyst would be
calcined at 300 degrees Centigrade to 700 degrees Centigrade in the flow of air

25  and/or nitrogen to activate the catalyst. In one preferred embodiment the
disproportionation catalyst contained 5 to 20% by weight rhenium or 5 to 35%
tungsten.

Also as those skilled in the art will appreciate there are many catalysts and
30  ways to prepare isomerization catalyst for the reaction distillation column 10, but in
this preferred embodiment the isomerization catalysts are selected from the groups
of alkali metals such as sodium, potassium, rubidium or cesium either individually or
as combinations thereof and then supported on alumina support. For example,
carbonates, chelates, hydroxides, alkoxylates and other compounds can be used as
35 the catalysts as long as they can be decomposed to leave some form of metal oxides
on the surface for reaction with the olefins. In a preferred embodiment the metals of
potassium carbonate and/or potassium carboxylates may be used, but after they are
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recombination with the other reactants. This removal of the light species thus shifts
the equilibrium conversion of the feedstock toward heavier olefin-containing
hydrocarbons. These light olefin reaction products are then removed by the overhead
line 19 located in the top 13 of the reaction distillation column 10.

25 '

The process variables of temperature and pressure used in the reaction
distillation column 10 to practice this invention will vary and depend on the olefin-
containing hydrocarbon feedstock used, and the desired extent of reaction required
to achieve the desired conversion and selectivity. In general, the temperature range

30  will be between -50° degrees Fahrenheit to 200° degrees Fahrenheit at the top 13
where the lighter olefin reactant products are taken off by the overhead stream19. At
the bottom 12 in the reaction distillation column 10 where the heavier olefin reactant
products are taken off by stream 20 from the bottoms 18 the temperature range will
be between 200° degrees Fahrenheit to 600° degrees Fahrenheit . The pressures,

35 in general will range from -14.5 PSIG to.250 PSIG but will also be varied by the
required process temperature to achieve the desired conversion and selectivity of the
desired olefin product. These process variables will require those skilled in the art
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25  thus producing a heavier olefins of substantially from Cs through C1o.

in an example 2, using the schematic drawing of FIG 1, a substantially narrow

range of lighter olefin-containing hydrocarbon feed stock composed of a mixture
which is substantially Cs, Cs, and heavier was fed into the reactive distillation column

30 10, in FIG 1, at the predetermined feed point 11. It was immediately isomerized and
disproportionated by the isomerization catalyst 14 and the disproportionation catalyst
15 and then alternatively treated by the respective catalyst thereafter. The process
variables used with this example were : - 20 PSIG + or - 10 PS| and temperatures
of 40° degrees Fahrenheit + or — 40° degrees Fahrenheit at the top 13, while the

35 bottom 12 of the reaction distillation column 10, and re-boiler temperature were held
at 350° degrees Fahrenheit + or — 100° degrees Fahrenheit. Operated at these

10



for renoval as desired heavier olefins would be a conposition in the wt % as
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W th is exarrp and a errper ure o
40° degrees Fahrenheit + or — 40 degrees Fahrenhelt at the top 13 while the

bottom 12 of the reaction distillation column 10, and a re-boiler temperature were
held at 400° degrees Fahrenheit + or -100° degrees Fahrenheit. Operated at these
temperature and pressure variables the resuitant product collected at the bottoms 18

20  for removal as desired heavier olefins would be a composition in the wt% as follows:

Cs 3.77

Co 20.16

Ciwo 3497

Cinn 251
25 Ci2  10.37

Ciz 3.87

Ci4 216

Cis  0.59

thus producing a slightly different heavier olefins of substantiaily from C1o through
30  Coo.

In an example 4, using the schematic drawing of FIG 2, a substantially narrow
range of lighter olefin-containing hydrocarbon feed stock composed of a mixture
which is substantially Cs, through C10, and heavier was feed into the reactive

35 distillation column 10, in FIG 2, at the predetermined feed point 11. It was
immediately isomerized and disproportionated by the isomerization catalyst 14 and
the disproportionation catalyst 15 and then alternatively treated by the respective

11



40 degrees Fahrenheit + or - 40 degrees Fahrenheit at the top 13 while the
bottom 12 of the reaction distillation colum 10, and a re-boiler
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20  thus producing a slightly different heavier olefins of substantially from C1othrough
Coo. °

The yield in this process to heavy products (Cs and heavier) is thought to be
in the range of 20% to 80% by weight, more preferably 50 % to 75% by weight. Most
25  preferably, the yield to heavy products will be about 70% by weight. As shown above
the product distribution can be controlled or modified by varying temperatures and

pressure variables in the reaction distillation column.

In at least another embodiment of this invention as shown in FIG 3, the

30 process of this invention commences with the feeding of a substantially narrow range
of lighter olefin-containing hydrocarbon feed stock from Cs to C4, with C4 being
composed at least partially of 1- and 2-butene, into the reaction distillation column 10
at a predetermined point 11 between the bottom 12 and the top 13 of the reaction
distillation column 10. In this embodiment the resultant products are ethylene,

35 propylene and some 2-butene which will be taken out by the overhead line or stream
19 off the top 13 of the reaction distillation column 10 and Cs through C10 which will
be taken from the bottoms 18 of the bottom 12 of the reaction distillation column 10

12
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20 thus producing a slightly different heavier olefins of substantially
from Clo wbroetgtil7 C20. The yield in this process to heavyPprasoriesod C6 and
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di SprOporE'&Q@érbgﬁﬁe%gits% as Fn(ar pro?bﬁ@ﬁgﬁgrfﬂs(m% bﬁ&vé@l flow to a :
ol ef i n- cont&r Al ng hydrocarbon PRedrsrock as 1t s passed T nto fhe reactive
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| ocat ed oSt Te dispreperienatingtdatalyst 19is lecstedhior ficst fencting thetolefinresptaining
feedstock in this embodiment for at least the reason that the feedstock of C3 and Ca,
with C4 being composed of 1- and 2- butenes, which can only be isomerizied to
predominantly 2-butene and that yields only 2-butene when it is disproportionated by
20  the disproportionation catalyst 15. After the feed stock is first disproportionated by
the disproportionation catalyst 15, some of the resuitant reactant products have a
molecular size and symmetry for which isomerization by the isomerization catalyst 14
has a purpose and the other reactant products are smaller molecules which are then
removed into the vapor phase by separation or fractionation of these lighter oiefin
25 and other light reaction products from the heavier olefin reaction products in the
reaction distillation column 10. In the embodiment of FIG. 3, there is then provided
alternation of the process steps of disproportionating and isomerizing after this initial
stage of disproportionation, wherein disproportionation and isomerization process
steps are continued in the reaction distillation column 10 and finally ending in a
30 disproportionation process step before the resultant products of Cs through C1o will
be delivered into the bottoms 18 at the bottom 12 of the reaction distillation column
10.

The process variables using the schematic drawing shown in FIG 3 but with
35 anexample 5 using the narrow range of lighter olefin-containing hydrocarbon feed
stock made from C3 and C4 olefins and the process variables being at the top 13 of
the reactive distillation column 10 generally in the 100 PSIG, + or -80 PSl and a
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feedi ng the ol efin-containi ng hydrocarbon feedstock into the reactive
distillation 10 colum 10 between the disproportionation catalyst 15. Once
t he ol ef iwomensaini ng hydrocarbon feed stock has been di prasor/iisenat ed,
it is then allowed to flowto an isomerization catalyst 14 for

i sonerization of t di sproport,ignat ed fin- containjng.hydrocarbon
feed stoc .mﬂeﬁaql'"?ﬁ Qfe"p?@ce%m?qrﬁ g%ﬁ%ﬂﬁﬂeﬁ?fai@léﬁ%%&as gﬂhreﬁfé%{n‘é’ﬁlki i on

cat a: yst méttc?muiz@ftm tbactaitﬁﬂstﬂlbﬁtmeccﬂmﬂn be,lméébee?joa@f\Oﬁﬂd bé tweatedpn 15
catal yst 15 roi rizing.t r.eacti r oduc rom.

it spr opor BRYHEE S0 Sharpgrenraineiizig - {00 BEget Faventaly Garraieget 15 i s

| ocat ed f thesé tarsperatme bnd greisbarecladiibles ihentsultanhgrodiictedidatakatithe t hi s

enbodi gen or | east the reas t hat  t.he feedstock of .C3 .and W th
O bel o el B s FRbval s doSET e BB biAF whSER SRt PuS e ¥t ea " o

pr edom nans fojflo®sbut ene and that yields only 2-butene when it is

di spropor?i‘tonaggg by 20 the disproportionation catalyst 15. After the feed
stock is T'rst di"sproportionated by the disproportionation catalyst 15,
sone of tBe reddRiant reactant products have a nolecular size and synmetry
for whi chCi son?ékh)?ati on by the isonerization catalyst 14 has a purpose and
the other feacf® products are smaller nol ecules which are then renoved
into tée Capor1dBdse by separation or fractionation of these Iighter olefin
25 and ot Egr IH%@t reacti on products fromthe heavier olefin reaction

products I'n the reaction distillation colum 10. In the enbodi nent of FIG
3, there is then provided alternation of the process steps of

di sproport, i i j Zi iS~JdAaitial~ stage of
di spropor Hug%g%do&ﬁ],ga%\ﬁ%ér@%n %ﬂ"ﬁdég g%%%@@%ﬁ?#ﬁ% tﬁh%,g?‘s%}?éri zation process
steps are continued in the reaction distillation colum 10 and finally

ending:in a 30,di I; I t f

roduti s of Co P HTSONTEH P AR WIPERSREAE Tibsd cifeatl riifeds )bl ETEDER | o
bot t om 12caofld bl eradiiaed abhin eliesteattioatdistifiationl aplomn 00in aidasiepobecalawnyasi abl es
using the 8t C | : | npl e 5 using
the narr o%ﬁ@ﬁ'g? |(t)5f4 ﬁ%ﬁ% grgigﬁ)qagw?fr'\ﬁ g%rﬁ%lﬁnﬁit&g%ﬁ%ﬁo gé@rﬁgggfq‘ gﬁ% st ock nade
from C3 aheau@tr abgfisk¢andaining hytiecarbor ekstibstantiallyl @s abéheryiertpradust wiput 3 of

g o35 EPSHIRUNLE R GRPRRROE, bl et 50 P
Fahr eRbei wereicamnbined o deg)resstiorraibliletivrecalumn thesvariadlesiion easmste@eof t he

reacti on ghfibinal@id 69 B ba tiEEorNG %&g&harstfr@%@o@g‘:gqg% d,  woul d

be 300 degrees Fahrenheit + or - 10 rees Fahren : erated at these
t enper at uskovehyowddwy e eadiVerentfiuetire, hot the pivaesa meihasisuvauld e thesese at t he

equivalent processes. In FIG 4 a serial process using multiple columns is shown
with the first stage being generally shown at reference number 21, which is generally

25 the process of Fig 3, the second stage is generally shown at reference number 22,
which is generally the process of FIG 1, and the third stage is generally shown at
reference number 23, which is generally the process of FIG 2.

Also as those skilled in the art should appreciate these process methods

30 above disclosed while run with linear olefins, they could also have been run with
branched chain olefin-containing hydrocarbons or as a mixed process with both
linear and branched chain olefins. In the case were a specific percent mixture of
branched chain olefins with the linear olefin would be desired, then the feedstock
mixture of the branched chain olefin-containing hydrocarbon feedstock would be

35 adjusted with the linear olefin-containing hydrocarbon feedstock to achieve the
desired percentage of the branched olefin in the resultant products produced by the
process methods of this invention.
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5 bottonms 18 for renoval as desired heavier olefins would be a conposition
inthe w% as follows: C4 8.15 C5 46.21 C6 26.92 10 C7 13.31 GCs 1.69

t hus prodwoimgstrheavi er ol efin of substantially from C5 Phrasghii8eé o. 15
As those skilled in art will appreciate these process nethods above

di sclosed could be practiced all in one reaction distillation colum or in
a series of colums as shown in FIG 4 to take a |lighter ol efin-containing
hydr ocar bon f r dvhilg3he pre@drrédembedimients of thef intentiom bithisi procdsg dha tiasibon  of

subst anti . n vier product w.t hout . departing fromthe teachings
of this | RoeEon BRRGHE B Chedth Bl 1l inpfe o S FioteB et SRER AR b ne
i nto one mebstaitally dasbwirbiega afilightel nkefin-chetaining lremrbonrfeedstocishage  woul d

have tQ b ' ki el t pon distillatign colums 10,
e shaun RaQURUCEC Bfeh R Pt FRERMBRe hRinet® l noas woul d
be the sameocessvanedleminaypbecesd without depdrithglframdbe spitit gfithe ewsntivmiofig nul ti pl e
colums i g.; i jrst stage being generally shown at reference
nunber 21?N§E?%%S?§&§2%EE§P%§ 25 the process of Fig 3, the second stage is
general ly shown at reference nunber 22, which is generally the process of
FI G 1, andWyReunpeh\hur-AbizdgEatiSeecefies al [y shown at  reference nunber 23,

whi ch10s generaioby the process of FIG 2. Also as those skilled in the art
shoul d appreci ate these process nethods 30 above disclosed while run with
| i near ol efins, they could al so have been run with branched chain

ol efi n-contai ni ng hydrocarbons or as a m xed process with both |inear and
branched chain olefins. In the case were a specific percent m xture of
branched chain olefins with the Iinear olefin would be desired, then the
feedstock m xture of the branched chain ol efin-containing hydrocarbon
feedstigck woul d be 35 adjusted with the linear ol efin-containing

hydr ocar bon feedstock to achieve the desired percentage of the branched
olefin in the resultant products produced by the process nethods of this
invention. 14 WO 02/081417 PCT/ US02/ 10806 While the preferred enbodi nents
of the intention of this process and their operational use have been
described for the inproved yields of heavier olefins from

20

25

30

35
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substantially narrow range of |ighter ol efin-containing hydrocarbon feed
stock in a 5 reactive distillation colum , it will be appreciated that

ot her entwoio®sit4s7 and process vari abl es may be used w t heatr/usepasvé ng from
the spirit of the invention of this process here in clainmd. H\MDocu ne
nts' ArmAﬁa]z\A_A- Pat - Spec- PCT. doc 10 Ver 29 Jan 2002 15 20 25 30 35 15
WO 02/ 0814%"CT/ US02/ 10806 | claim 1. A process for inproved yields of
heavi er olefins froma substantially narrow range of |ighter

ol ef i n-cont ai ni ng hydrocarbon feed stock in a reactive 5 djstillation

col um conpri sing; BFSRS T IEpERVed Mierds of PeRue ARINSArRYe aSHP AR

ol ef i n- CORLRSR faﬂ%e*ﬁfﬂ?ﬁl@ﬂbl’éﬂﬁlcoﬁtﬁﬂﬁlgﬁiy@@%a%n%diétdcmih@}%éctﬁl%r bon nunbers
into a_reaction distillation colum at a predetermned point in said

reactive HSERIPN SPIUPK QBIRIIBHY: 10 i somerizing said |ighter ol efin-containing
hydrocarbon feed stock with an isonerization catalyst near said

predeterm ned poi nt of feedi sai d substanti al | nar.r.ow range, of |ighter
ol ef i n- cont ai niSFYNRRPERSIANSBIY PAEY '?PS%R}UQ".‘&%' oé%{%forngaé'@f“i’ {edrocaren | | a?i on

col um, 1ReedisSdukQi? @5 drittiging cafion nuirbBise Int® b eéddtion @RtiRativn@lumdatecar bon
feed stock with a di srgr,o Qrtionati_o\_rJ ﬁat alyst into heaver and lighter
ol ef i n- coRIESEIFTMICARAITE ik Fad Fractve,digUiafehERIaN east one vapor/1i qui d

contaggi ng zone for inproved separation of 20 said heavier and |ighter
ol efi n-contai nf ng hydrocaybons, , nai nt aj ni ressure jn sajd reactive
distillation clolEAZNgsas ‘Igg‘gﬁrﬁberﬁg’°°e‘i§ﬂrlgz}%’éﬁ?ﬂp%b9ﬂ *u&ﬁg F@’EW@W“M the
If)w]?st rmis@méhgétidrf]ﬁiﬁyst@ieef 7?315 ptﬁgleté&hiﬁed@&in(tj eﬁee?iliag%bidrsubﬁtbﬂﬁz}uyar wei gh;
olefins in said the hotto said. . reactiv ISt tion 25 col.um, an or
Ol Fovi ng Bakwanaardatiet fledr-<pRafitaiiatosrened st b s sl Eon

distillation column,

15
disproportinating said lighter olefin-containing hydrocarbon feed stock with a
disproportionation catalyst into heaver and lighter olefin-containing hydrocarbons,

providing at least one vapor/liquid contacting zone for improved separation of

20 said heavier and lighter olefin-containing hydrocarbons,

maintaining a pressure in said reactive distillation column for allowing a
sufficiently high recovery of the lowest molecular weight olefins of said desired
heavier molecular weight olefins in said the bottom of said reactive distillation

25  column, and for allowing a high conversion of lighter olefin-containing hydrocarbon
feed stock.

maintaining a temperature at the top of said reaction distillation column
sufficient to remove said heaviest undesired light molecular weight olefins overhead
30 from said reactive distillation column, and

maintaining a temperature in said bottom of said reactive distillation column
sufficient for allowing recovery of said lightest of said desired higher molecular
weight olefins in said bottom of said reactive distillation column and for maintaining
35 an adequate temperature profile in said reactive distillation column for allowing
sufficiently high reaction rates throughout said reactive distillation column.

16



feed stock. maintaining a tenperature at the top of said reaction
distillation colum sufficient to renove said heaviest undesired |ight
nol ecul arwaegbt41pl ef i ns overhead 30 from said reactive @CItUShY/aABION
colum, and nmaintaining a tenperature in said bottomof said reactive

distillation cqlum L cien oWL NQ, r.ecover f.S ht est of
Sai d deei fad niBRERPORET e dnaEvesyBlind hridr b PR 4 sBenediorirtll o

reactive dargeidf llg’atéloasleftmbmtammgmyﬂmcanmm el siockgin 3oreactivadiisillation tenperat ure
profile in said re dis |II don colum for allowng sufficiently

hi gh r eacFPHAN Oéfs&mi bﬁ%'%]f’"% 'd reactive distillation colum. 16 WO

02/ 081417 PCT/ US02/ 10806 2. The process for inproved yields of heavier

ol ef i ns 1 om a_gubsd ANL B 0RO (L HIIGHBladb UL GLorRb Bl kRPNt ai N ng

hydr ocar bon fed LFRIEETVE n co 9 M furt her
conpri si ngightér alkfirecordainimg Hydecprboadesd stoakps of di sproporti onat| ng and
isonerizing said lighter ol efin-containing hydrocarbon feed stock. 3. The
process for inproved yields of heavier olefins froma substantially narrow
range of Bi ght &he ptasksniarimproved wigldspfl heaviarisiafing &om 8 sokgtantiallanareevet | ve
distillati . . tacting zone
for separ ;%%Sn%qgghqégé‘gﬁﬁ)%%@é?‘!a?@d}é&?{b%ht er tgekf'ﬁ%gregéﬁvg#%ggt%pom tioning
said ab | ealsmnmﬂelaimﬁombidrelqwaeﬂ \capnt/hmnd captanting zome Eutisdparetion ofisaid

distillati 85\'6{ P%W@Q eg Iéﬁ%’ Hl SeSepar ation of said undesired |ight
ea

ol efins ag hase SVE {4 and said heavier ol efins as liquid
phase bottons in sald reactive distillation colum . 4. The process for

o er ol f i nPeSliorifg et by RESIATN LR AHRRABLLA INefidBe 210 O

i ghter olefin®C rng In areactive distillation
20 col um drstmatnloauccdumrvmoemrnvneasdpaaucmroi saidnpdesivavblidht plefinsasivapor

di spr gpor éhgééaé\}eﬂ%a%aén% s&ud ALURIr ?gfﬁg LE T hg anggt SMAPLad {%Qetl\; geed stock

further 1 Ses; providing Sa d 1 Sonertzi |spropor I'onati ng

cat al yst sdlshllaiione:phlatri ng quantities in said reactive distillation colum.
25 5. 'The process for inproved yields of heavier olefins froma
substantially narrow range of |ighter ol efin-containing hydrocarbon feed
stock in 4 readhéproceds farimprovedpielsisiofiheaviar atafiap fiom agubtantiadunarawidi ng of

sai d i someLZi R9giBFolefin-containing hydrocarbon feed stock in a reactive distillation
20 column of claim 3 wherein said alternating isomerizing and disproportionating said
lighter olefin-containing hydrocarbon feed stock further comprises;

providing said isomerizing and disproportionating catalysts in alternating
quantities in said reactive distillation column.
25
5. The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 4 wherein said adding of said isomerizing and
disproportionating catalysts in alternating quantities to said reactive distillation
30  column further comprises;

providing said isomerizing and disproportionating catalysts in alternating beds
in said reactive distillation column.

35 6. The process for improved yields of heavier olefins from a substantially narrow
range of lighter olefin-containing hydrocarbon feed stock in a reactive distillation

column of claim 5 wherein said isomerization catalyst comprises;
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di sproportionating catalysts in alternating quantities to said reactive
distillation 30 columm further conprises; providing said isonerizing and
di sproporwpDon@si4my catal ysts in alternating beds in saidPCFASHYWS06
distillation colum. 35 6. The process for inproved yields of heavier
olefins froma substantially narrow range of lighter ol efin-containing
hydr ocarbon feed stock in a reactive distillation colum of claim5
wherei n sai d i somsistingalf metal GaleatedStont therowesf, sodiimM\PotRsiG, 4dbidium,

PCT/ US02/ 10806 . cansi stitng of rreH#’a}l sel ected fromthe group of sodium
pot assi um?? GBP U 9RO P G ?Fﬁﬁ'egnat ed on a substrate. 5 7. The

process for inproved yields of heavier olefins froma substantially narrow

¢ Liah . Lo bon f eed . .
i oti 17 at fon - aBearrest < rapavE: MR RS oS i S sPRSah Bl argRE |
consi st i ngargle o ligeteablefiniconteiningdydprcases; feddstodninisstebotiyeadistiletial s sel ect ed

ot conat SEuE & LB RS R RO LR Rl conkBROg B ol et e

ol efi ns fcompesesyibstantially narrow 15 range of |ighter ol efin-containing
hydr ocarbon feed stock in a reactive distillation colum of claim?7
wherein said disproportionation catal yst conprises; consisting of heavy

met al 1&el ect ed consistingrod mptals peleéted limn thmgraupny stdinmp potassilign deaidium,

| mor egnat edoig AaSHRRIAhEreof oot Bl GoaRsyLar | mproved vields of

heavi er of&FINs from a supstan |a?'?y narrow range of |ighter

ol efi n-contai ni ng hydrocarbon feed stock in a reactive distillation colum
of claim8 wherein said disproportionation catalyst conprises; 25

consi sting of heavy netals selected fromthe group of rhenium tungsten or
nmol ybdenu# or nTheprpessstferdmpoivediyigiiscefiaager aefing franh g substantially oarrae

proce f Mpar]® i leef | . . ally narrow
Fangeror (it GHBEpKA LR alngitBMcElbo 180 0ok halfelpRARIT Y, e

di sti | | at colbm@0of cldinfrwheireiolsaidrdispropestienatiog gptdlysteamprisesai d substantial ly
narrow range of lighter ol efin-containing hydrocarbon feed stock
conprises; feeding a m xture of substantially C5, C6 and heavier

ol ef i n- cont ai nicAgsistingdif beavybvetal eelected ek thegwupof thenduattinesten et i | | ati on

colum at saifheRHRIRIREIHR on a substrate.

20
9. The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 8 wherein said disproportionation catalyst comprises;
25 consisting of heavy metals selected from the group of rhenium, tungsten or

molybdenum or mixtures thereof, impregnated on a substrate .

10. The process for improved yields of heavier olefins from a substantially narrow
range of lighter olefin-containing hydrocarbon feed stock in a reactive distillation

30  column of claim 9 wherein said feed of said substantially narrow range of lighter
olefin-containing hydrocarbon feed stock comprises;

feeding a mixture of substantially C5, C6 and heavier olefin-containing

hydrocarbon feed stock into said reactive distillation column at said predetermined
35 point in said reactive distillation column.
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35 point in said reactive distillation colum. 18 WO 02/081417

PCT/ US02/ 10806 11. The process for inproved yields of heavier olefins from
a subst arwpaklogi4mar r ow range of |ighter ol efin-containi ngPaydsovashon feed
stock in a reactive distillation colum of claim210 wherein said

Tai nt ai i " sal o pibseS PR FRLRYS oppeie gletbd PmiES R | onotor um

el s o e O LA Ly 30 rot o xande of 11onter.
s of _heay. . .

)c/): gfi n- coﬂ?@%f’ﬂﬁmHWr%Eg‘%gﬁ W%é%ng?'g?ﬁélpt%Inggrp E%ngj l|QA’\6/H(F3 Sg@l r;e? ﬁﬁ'ﬁati on gol umm

of cl ai m distillsitien eolandadothpnieesit ai ned pressure at said top of said reactive
distillation colum conprises; maintaining said pressure at said top of
said reactive distillation colum with 15 in a range of from5 PSIGto 125
PSTG. 13. The paintaisingkaid dressucy adtheitep disaid reactivel distilletiar colgmf mitmia

substantially narrow,.r IHgAt er ol efin-contai ning hydrocarbon feed
stock in 4% ﬁﬂ?&‘ ﬂios%]%ﬁggogﬁﬁgm um of claim 12 further conprising; 20

mai ntai ning said tenperature in said bottomof said reactive distillation

colum w thin Eyas i el sai d
t enper at u?% at %Qégg)%t%%p‘togpﬁé}g}’%pgggg%?O%rgﬁfﬁFgfﬁﬁé]Q%%Fﬂ*%gy 25 within a
rangel®f hamow Oange bhigh@0 blafin-cbatainfhghyriroeasisen feed stogisirod egpojive| ds of

heavi er ol,ef.ins fr t Lall v . . | d r :

ol efin- coﬁ&sﬁl?%?)ﬁg? °ﬁ‘@&?§%§?§gﬁ%¢egélh§ta ggﬁélﬁﬁmaeﬁﬁg%y |ngaet éagjl]{so? iolf Isgtltd ion colum
of cl ai m iéhctibedisiillatisaicdufnaeimpgises; | i ght er ol ef i n-cont ai ni ng 30

hydr ocar bon feedstock of substantially C5 , C6 and heavi er carbon nunbers
further conprises; producing heavier olefins of substantially from C6

t hrough C10 at mgirdhidsgshidgiressusa st sabdbzpinf saidirgaative gistifaionmelinyy Withss f or
i rrproilsed ?’r{ ?Laqw%e%ff{rgﬁaé’bgf%fg pjg Ig§l§;_rom a substantially narrow range of
0 I

| i ghter ef Incontal ni ng hydrocarbon feed stock in

13. The process for improved yields of heavier olefins from a substantially narrow
range of lighter olefin-containing hydrocarbon feed stock in a reactive distillation
column of claim 12 further comprising;

20
maintaining said temperature in said bottom of said reactive distillation

column within a range of from 100° F to 500° F, and

maintaining said temperature at said top of said reactive distillation column
25  within a range of from 0° F to 100° F.

14. The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 13 wherein said feeding of lighter olefin-containing

30  hydrocarbon feedstock of substantially C5 , C6 and heavier carbon numbers further

comprises;

producing heavier olefins of substantially from C6 through C10 at yields of at
least 60% by weight.
35
15. The process for improved yields of heavier olefins from a substantially

narrow range of lighter olefin-containing hydrocarbon feed stock in

19



19 WO 02/ 081417 PCT/ US02/10806 .a reactive distillation colum of claim9
wherein said feed substantially narrow range of |ighter ol efin-containing
hydr ocar bwo okeed1st ock conpri ses; feeding a m xture of sulpsTarso/aishy C6

t hrough C10 into a reactive distillation 5 colum at said predeterm ned
point in said.reactive di | ; r inproved

yi el ds of 2 ﬁ%a%m'%g'%@?aéﬁ i gélaﬁ oér%%zfl "gg') b@@%ﬁﬁg gidljfged %—Jab%té?ﬁ'gfr?ﬁﬁg‘réévgf | i ghter

ol ef i n- corzinge of lightéryalefoeeombaining bpdrosarbok féed stoakesaotprises; di stillation col um
of claim 15 wherein said maintained pressure at said top of said 10
reactive distillation colum conprises; maintaining said pressure at said
top of said retetinga dixitré bf sukistantiely QothroigrC10 intca reactee distilfatiom - 10 PSI G
to 20Q PS 5,17 avier olefins from
a subgst an awl‘ atjsr?éqa_%gvetrgé"gﬁgég?mﬁh %%WF&% e %{lﬁtﬂ%g(?lnt g‘lngtPlﬁg hydr ocar bon feed
stock in a reactive distil I ation coI um of claim 16 wherein said

mai nt al neﬁi B6.Pr €S rﬁ‘?‘o@éss‘?&'lﬂg%&@d& elo%adf%ea |8|ac9é131\éeﬁo% ﬁts'ubétﬁﬁﬁé?lgacm um

conprises; 20 nal sald top of sal ctive
distillat narmwalaugmoﬂhghter olefﬁna:on’@ng@g bydrmaobnra‘ee@s@ct(m Fpgotivyes. 18. The

process f lstll E%X@ﬂ}rydf%laﬂﬁ 1%fwﬁé‘?§ws§i(r§lrrﬁ% Loﬁ p?és‘% eaat%'éEP(BErbrf sghly narrow

range of containin stoc a reactive 25
di stild at raantlvmd:lla’mﬂatlom c@hmhmpmpnseﬁ,t her corrpri sing; maintaining said
tenperature at said bottomof said reactive distillation colum with in a
range of from 100 F to 500 F, and 30 maintaining said tenperature at said
top of said retwintaigingiseidipresaureat said tapref saidreadiva distilalionselumomto F to 300

F. 19. Thgnl ?ia%@g%*ffw 1bp=,@r@\f§§?(ypgl|@|s of heavier olefins froma

substanti narrow range o I ghter ol efin-containing hydrocarbon feed
stock in a reactive 35 distillation colum of claim18 wherein said

f eedi lig i f fromCo6
t hr oug CiZ) uﬁ prBJ;Q%E fol I%%@Hg‘% of%QOIQP?%m%g_rrd;nﬁgggjﬁ %tggiéaél‘} pr oduci ng

i ses
heavi er oheﬂ’rﬁ)\M r@om afl Wfﬁgdwmr@@wmmayctspcsgmf@aﬂﬁtoakwa feHYEL0 through C
20 at yi ehgﬁlfeﬁ’l%ne%luﬁ%&%%@hé@@h%@d maiRtainEdréNsDfestSsalPlopiofBaigved Yi el ds

of heavi er Ins T _
reactive distillation column comprises;

20 maintaining said pressure at said top of said reactive distillation column with
in a range of from 5 PSIG to 75 PSIG.

18. The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive

25  distillation column of claim 17 further comprising;

maintaining said temperature at said bottom of said reactive distillation
column with in a range of from 100° F to 500° F, and

30 maintaining said temperature at said top of said reactive distillation column
within a range of from 0° F to 300° F.

19. The process for improved yields of heavier olefins from a substantially

narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
35 distillation column of claim 18 wherein said feeding of lighter olefin-containing

hydrocarbon feed stock of from C6 through C10 further comprises;

20



5 substantially narrow range of |ighter ol efin-containing hydrocarbon feed
stock in a reactive distillation colum of claim9 wherein said feed of
sai d subswerntiosd4ty narrow range of |ighter ol efin-contai RCagishydisecar bon
feed stock conprises: feeding a feed stock m xture of substanti aIIy C10

t hrough C 20 ol ni.n r nfe

reactive disti IPF 4”0'5'?1%%8?%‘2?{3% rg?'a%g é%&%g’ 8”%8 |[all¥ ﬁorsna(?ﬁi reactive
di stil | at troougtoC @@nat )ﬂéjdsa'fmﬂqmsoéé%sbyfmlgmtnproved yi el ds of heavier ol efins
froma substantially narrow range of lighter ol efin-containing hydrocarbon

feed stock in a reactive 15 distillation colum of claim?20 wherein said
mai nt ai ne@0pr eFhapeocass Eairdproped fieklaiof heavierctiefine frdnsa i | | at i on col umm

i st 19 ac et Hefiu e R Pt Sefihoaafinb MoBhadlh (s B850 K& ¢ 20 22
The pr oceszactioe distitfation edlupinaif ¢iro © witeaeineriddbed ofsaid substantislpsareow i al | y
narrow [ apgeealt ibh@hbefin Bh R GHlRLMh ey dbgcapaReleed stock in a

reactive Stl| Ion co erein G i nt ai ned pressure
at said top of said reactive distillation colum conprlses 25 mai nt ai ni ng

i d X X h i
Pange of 1 om Tes SibBidk piglfe faBlGHEa o hicBbh BBl UL 1T &
of hell¥i eronthinirigrhydfocarhon feerbstpeininiasaig resglivendistillation egigmnatt shidght er

ol ef i n- cog;equeggrmﬁ]e@ rﬁ%éé?&’?eafcﬁ@é’d@ﬁl%gn Oumsn’ eactive distillation colum

of claim urther ‘conprising; maintalning said tenperature at said bottom
of said reactive dlstlllatlon coI um with in a range of from 1001 F to 500

F, and 35,qai ntaLnj r ctive

G sti 11 at Pop colciirote? R tmbBURE Bl CPngavic etk s sERHIRRTE 27 051417
PCT/ US02/ N9igo§ rapge ommtqmoéﬁi@wntammg hwirgwboryfeedétocmn aceadtive ol efins from
a subsz an rbon feed
st ock ff? n gls?ié%fén:?:?fg nﬂ.}(lj\(l)fs I%g?llt’ r(m)érgé@ga Efnﬂ&bg e{aafﬁ Q&%@é %née%‘?de{b\r?gg%{l}% f eedi ng

of olef|nﬂ%ﬁﬁV%ﬂﬁWh@Ohydﬂﬁ@épwaSBS feed stock of C10 through C 20 further
conpri ses;

maintaining said pressure at said top of said reactive distillation column with
in a range of from —14.5PSIG to 50.0 PSIG. '

20
22. The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 21 wherein said maintained pressure at said top of said
reactive distillation column comprises; |

25

maintaining said pressure at said top of said reactive distillation column with
in a range of from —10.0 PSIG to 5.00 PSIG.

23. The process for improved yields of heavier olefins from a substantially
30 narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 22 further comprising;

maintaining said temperature at said bottom of said reactive distillation
column with in a range of from 100° F to 500° F, and
35
maintaining said temperature at said top of said reactive distillation column
within a range of from 0° F to 300° F.
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produci ng heavi er ol efin hydrocarbons of substantially Cl4 and heavi er
product at yields of at |east 53% by weight. 10 25. A process for inproved
yi el ds ofwbeawswn7 ol efins froma substantially narrow ramga/ush2/iisght er

ol efin-contai ni ng hydrocarbon feed stock in a reactive distillation colum
conprising; feeding a substantially narrow range of |ighter

ol efi n-contai ni ng hydrocarbon 15 feed stock of substantially C3 and C4 and
heavi er i 840 aThepcddess falirspriokédyiclls of bbauier olefins fropr @ detbstantiatigd poi nt in

“heavi o e abb b b it APEREN SRR TRt h o
di spr opor distitetionreglurat ofl gesin A3nyiereieaaidsfeedingl of olglint-esntaididhgdlydfdcarmant ai ni ng
hydrocsar b%%% Sq(?&ﬁr?fgﬁloth%gggﬁt%%ﬁgdc |6H§E of feeding said substantially

narrow range o ter n- cont ai f”fydr ocar bon feed stock of
substantially C3 and C4 and heavier into said reaction distillation colum,

i soneri zing sai r I |0 | 0 i stantially C3
and 25 ¢4 and hgoao&c@glﬁ%éﬁafe)&%ﬂ %??aﬁéé:&osn({%%sﬁ rg’%’{%ﬁé%&?ﬁ%ﬁwﬁ%ed st ock
with an i poect atiyelds ofst &apgsb3% by swightr eact i on distillation col um,
providing at | east one vapor/liquid contacting zone for inproved separation
of said heaver and |ighter ol efin-containing hydrocarbons, 30 maintaining

a pret&urasi n swipocasadariimprosied yieldsaafiheaviendlefins ffaom a abibstantiagly anarrow
fficien ' ; Aar L.gnt . in of said
ngi Irel:l hpeéa?:/%e ggrf ggr&%ﬁ@gﬁrﬁg%tgléinéaﬁd#cﬂ%\éﬁhg@ﬁ?%ﬁ@o&?@%&ﬁ@%ﬁpr eactS i Ion

di stil | at cdnmaalommpmisingnd for all owing a high conversion rate of said
narrow range of lighter olefin-containing 35 hydrocarbon feed stock, 22 WO
02/ 081417 PCT/ US02/ 10806 maintaining a tenperature at said top of at said
top of said refesdinge shibstantialit narowcrsingenof ightéri adéfimrtontaiming eydvdcacpapai d

heavi est i i : i -al.af i 4 f aid
roact on ARG sbctahiall CaldRa M0 Hotic b eV BacsBH CHRRr SRIhE !

bot t om of at & pradetarmingd pging in $aidreastive disiilletion selfiinci ent for al | owi ng
recovery of said |lightest of said desired higher nolecular weight olefins
in said bottomof said reactive distillation colum and for maintaining an
adequat e t enpe#igeapertionating waid k3sar 4 auchaayier mngeidf plefineantastingm f or

al'l owi N9 ngutbEdrhb? Rlcetddic iy £aehioBBrtioRbtR dafti Y RO HEaidH fhdfigREHT Ve

20 olefin-containirig hydrocarbons near said predetermined point of feeding said
substantially narrow range of lighter olefin-containing hydrocarbon feed stock of

substantially C3 and C4 and heavier into said reaction distillation column,

isomerizing said products of disproportionation of said substantially C3 and
25  C4 and heavier range of olefin-containing hydrocarbon feed stock with an isomerizing
catalyst in said reaction distillation column,

providing at least one vapor/liquid contacting zone for improved separation of
said heaver and lighter olefin-containing hydrocarbons,
30
maintaining a pressure in said reactive distillation column for allowing a
sufficiently high recovery of the lowest molecular weight olefin of said desired heavier
molecular weight olefins in the bottom of said reaction distillation column, and for
allowing a high conversion rate of said narrow range of lighter olefin-containing
35  hydrocarbon feed stock,
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10 26. The process for inproved yields of heavier olefins froma
substantially narrow range of |ighter ol efin-containing hydrocarbon feed
stock in woreasuive distillation columm of claim?25 furtRer/usommsdei ng; 15
alternating the process steps of disproportionating and isonerizing said

products of disproportianation of ,d i terr@% i.h:contai ning,.

hydr ocar bon feﬁ%mq@{"ggl?. egﬁiferaﬁq’ aﬁ%‘ég so'?agrsa'id §{/Sea6d fﬁaéf'%&f@pﬁqg%vi er

ol efi ns fcaduma suificiEnéfuri reioying 2Qidrieaviast uralegieedlight nplecalar ele@ght plefinnt ai ni ng
hydr ocar bgn istillation colum of claim 26

further CSY%E‘%C"E@?‘O%%%H%CM ﬁ%ﬁlg i:éﬁ °3@m|ne3'%q one vapor/liquid contacting

zone in said reactive distillation colum for separating said |ighter

ol efi as vapaqr.. i reavi 5 i as ki _gui se. 28.
The process. f onamanBeanenpaRdear Stk anerm ot [odshvr ableteh EBBRT T 1y
nar r ow r asuféiciefit for gilivemg wcefdry otsaid Bghiesi gf bgid desicadinighel eelecslaraleight a
reactive kst I ; f.. LiN.& i j : i ng

di spr opor?llgﬁﬁ%{ni 4@3‘5 gﬁg:@g) %%@)W%F P\% %‘r‘ns?ﬁ%z%w%ﬁta@? S@{ @F ﬁ’#‘@éﬁ% éi ni ng

hydr ocar badedusésiteptpeckiufeprofiie in saitpeastiys distiffatoni adiung $eri alowing

di sproporti i I | tal. 4 0 .al | guantities in
sai d reac%ﬁnf@é\@%@@@glﬁ%ﬁh%ﬁ@% %“r-é%%hg@t %&?ﬁgbéﬁg@ﬁ@@éﬂ? élpn}qfrpr oved vyi el ds
of heHVvier olefins froma substantially narrow range of |ighter

ol efi n-cont ai ni J: i st | ation col um
of Sl ai m 2" undDE pREEELEAEBue FelcS ofifouict A& Roh o Subsarifally 2\
02/ 08141 7n@eaw UBOG¢ oDIRMEr olefiornontaining) hydiocdrpon teed stogk irea neactivgy quantiti es

to said r s I Sdd e @l wrther conprises; providing said
di spr opor?’lggﬁndgt%ﬁr?gluﬁﬁd&ficz%@re(yr%ifgﬁﬂﬁég@ég}pfg%é‘t s on alternating 5 beds in said
reactive distillation colum. 30. The process for inproved yields of

heavi olefin : i ; i %nf?eg ;
ol efi ﬁﬁr cont ai mﬁlﬁ%&ﬁ@ﬂ(ﬁ%@%ﬁ%&aﬁ@%gggbgg%@‘ébfnﬁ%ét?mg%@tolﬁogl\ér I tleH ation colum
of cl ai m p@dubterat disprapodionsiinreefisais lighter oiafiatopstainingiprdraeasbon fegdconsi st i ng

of metal gglected fromthe group of sodium potassium rubidium and
cesi um i npregnated on a substrate.

27. The process for improved yields of heavier olefins from a substantially
20  narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 26 further comprising;

positioning said at least one vapor/liquid contacting zone in said reactive
distillation column for separating said lighter olefins as vapor phase and said heavier

25  olefins as liquid phase.

28. The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 27 wherein said alternating disproportionating and

30 isomerizing said lighter olefin-containing hydrocarbon feed stock further comprises;

providing said disproportionating and isomerizing catalysts in alternating

quantities in said reactive distillation column.

35  29. The process for improved yields of heavier olefins from a substantiaily
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 28 wherein said adding said disproportionating and
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31. The process for inproved yields of heavier olefins froma substantially
15 narrow range of lighter ol efin-containing hydrocarbon feed stock in a
reacti ve woiogosisiati on col utmm of claim 30 wherein said i SECEULSAALG806

catal yst consisting of a netal further conprises; consisting of netals

selected from.the sodj.u f.assi um rubi di. 20 cesium and

m xt ures PREFESY; C%{??yégsn‘aﬁgﬁnah”@%%g'b?? E’ts@% ?fcg“ﬂéé{@%g%%‘g YPBr i nproved
yi el ds of funevcanprddesfi ns froma substantially narrow range of |ighter

ol efin-contai ni ng hydrocarbon feed stock in a reactive distillation colum

of claim 31 wherein said disproportionation catalyst conprises; 25
consi sting of mawgingeaidldiw;mmmdatihg aml isbmegiziay patalyetsi amaiternaipgt en and

nol ybd I 0 ubs ra te. 33. The process for inproved yields
of he§ Bé%ﬁn@f EJ; ?tbvr% S@ﬁ ﬁH Iélly 30 narrow range of lighter

o:c ef: n- cont aml ng hydrocar bon feed stock i nI a reactive distillation colum
. I

conpr ; ses 0cond e paEo o BPETE EBBET nERId STmaB T Bt Bl oy

t2 zn\g}\zt 82/ nard&dwv mahg dad’élrgh;ar@mﬁnmontatmmg;hydiec:azbdn iemfjlsmg:qat @d?/amgvai nggt :‘) ?t e .

heavi er 83%‘?%'%”#% qtc,u%@? g%’he% ' )?y%i:}s?h%ﬁ?%ﬁag%a{ys%@ﬁpr&es}'

ol ef i@ cont ai ni ng hydrocarbon feed stock in a reactive distillation columm

cl 2 m 33 wher eyt S oTHIeRl SRR MU Fodl o Bifint 8B 8LuARhiglsECt Ve

distillation coPunn rrses mail n g sal essure’in ald top of
sai d reacamd/eesiurstlmptwnabd oo@ supstratet h in a range of fromO PSIGto 500
PSTG 35. The process for inproved yields of heavier olefins froma
substantially 10 narrow range of |ighter ol efin-containing hydrocarbon
feed stoc®lin 3he eameiss@r irdﬁ)rgtléd Yields of healiarmtefins frohed sut@tantially ei n sai d
mai nt a4 ne col um
conprfésesgar%‘ﬁﬁ?}{{lgopi sal %ﬂhﬁbgg%unr' fega hfdrB@a?%&{ fiEd g“‘ﬁé!’;d %I?érdgg\é ive

di sti | | at distillatioh gatunw thclalrm530 whereiresajd |m¢r|zemr8@atmt@onssm@ofwsl G 36.
The pr oceﬁ%te{,%ﬁﬂer;rg&%ﬁggsyi el ds of heavier olefins froma substantially

consisting of metals selected from the group of sodium, potassium, rubidium,
20  cesium, and mixtures thereof impregnated on a substrate.

32. The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 31 wherein said disproportionation catalyst comprises;
25
consisting of heavy metal selected from the group rhenium, tungsten and
molybdenum impregnated on a substrate. |

33. The process for improved yields of heavier olefins from a substantially

30 narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
distillation column of claim 32 wherein said isomerization catalyst consisting of
metals comprises;

consisting of metals selected from the group of rhenium, tungsten,

35  molybdenum and mixtures thereof impregnated on a substrate .
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narrow range of l|ighter ol efin-containing hydrocarbon feed stock in a
reactive distillation colum of claim35 further conprising, 20

mai nt ai NiwWQ okesaeT at ure at said bottom of said reactive dipsTiusoztasoh col um
within a range of from 100 F to 500 F, and nmai ntaining said tenperature at

said top sai-g reactive distillation,colu 25 within a range of from

-50 F to %%O F. .roﬁé\%ﬂr'@(‘?@oé@dfy@&si %&ng'gaﬁﬁsfw stuﬁﬁtaoﬁ'agly olefins from

a subst anharadw yrangaof ighter alefia-cohtainighhdrocdriedr feed stockina reactiyedr ocar bon f eed

stock in eactiy disti tion colum, of claim36 wherein sajd

ol eft n- collERPhs SRyt odh st Bl SR iefr S Thi i Tih a3t ner

conpr i sesteaptivdisiillatioh ealumarconipebes)- cont ai ni ng hydr ocar bons of

substﬂsnti ally fromC5 through ClO at yields of at |east 63% by weight. 35
e

38. ThHe process for inproved yields of heavier olefins froma substantially
narrow range ofmaintghingrsail [géssure inrgaid toprof shiy deantios Histilidtiordoshookith n a

reactive .25 02(08 [~10806 distillation colum of claim10

wherein s'gi%ra\ﬁ\ggggﬁagjﬁé%{c?ggoy%#ow range of |ighter ol efin-containing
hydr ocarbon feed stock conprises; feeding neasured amounts of specifically
br anched ef i ns [ ni r . TRkl i, ed amunt of
br anchi nggﬁlL"n tEré]%(c)fgé?érsgé&ﬂgg(/#@égry%gofso(%%%? w{eg&%@%ﬁ%&aégggﬁﬁa& ly 0%

br ancHed narres rdrge df digktes elafin-edntginbgOfsmcarbohdekd stodkdo @l reactvre t he aver age

of said h {er i el : i j.al ds of
heavi er oﬁ%ﬁl?aﬁ'so 4 2 % @HH;O@ La@ﬁ ;é g{meé%ﬁf a'ﬁgﬁ ?'gt\r/?/%?gﬁ?gasﬁéeeéto%% {ﬂo%g %{ é?'g

ol ef i n- coreastive digtillajidn oclambeamipgees; st ock in a reactive distillation colum
of claim 15 wherein said feed of said substantially narrow range of |ighter
ol efi n-contai ni ng hydrocarbon feed stock conprises; feeding neasured

anount s of speuoiaiitaiaingsalsrpiesshieziatodaid top-of saidaeantivg disBlidtipd cobunrbaitis f or

maki nge t hﬁ.‘ egga?,igg%gfrgﬁqoggfs F(;;rzgpgg,@g in the desired heavier olefin

product to romessentia Yo br anched nol ecul es to essentially 100%
branched nol ecul es on the average of said heavier olefin products. 40. The

D0 Fange S5 I e BFotey o i Bled B, BF noayeh s RO Somaptial | 5 Y "R
reactive narew rahge pblightasiolafin-contadiing hydrocankw fepd stogk ih f eed of said
substanti gl oy MRr §idWalicSurlh of claim 35 further comprising;
20
maintaining temperature at said bottom of said reactive distillation column

within a range of from 100° F to 500° F, and

maintaining said temperature at said top of said reactive distillation column
25  within a range of from -50° F to 300° F.

37. The process for improved yields of heavier olefins from a substantially

narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive

distillation column of claim 36 wherein said olefin-containing hydrocarbon feed stock
30 offrom C3 and C4 further comprises;

producing heavier olefin-containing hydrocarbons of substantially from C5
through C10 at yields of at least 63% by weight.

35 38 The process for improved yields of heavier olefins from a substantially
narrow range of lighter olefin-containing hydrocarbon feed stock in a reactive
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| i ghter ol efin-containing hydrocarbon feed stock conprises; feeding
measur ed anmounts of specifically branched ol efin-containing 25 hydrocarbons
for maki ngotowsdesi red anount of branching in the desiredPegasozioso®l efin
products to be fromessentially 0% branched nol ecul es to essentially 100%

branched nnol.ecul es, on th .aver S h olefin products. 41. The-
process fgllggll aﬁBP&S'é‘ ny? ?adrg 1§qu’%§%|{)lsg‘daﬁ8g%?®§g rﬁplé)ynqa({ro%bagpgﬁf ﬁ%‘ﬁ?ﬂ/ narr ow
30 range olefihdcghiaminghyekocarmmfeed sionk) chmprisesar bon feed stock in a reactive
distillation colum of claim25 wherein said feed of said substantially

narrow range of lighter ol efin-containing hydrocarbon feed stock
conpri ses; f eetiedigmeeawretamounis bEspekificplychranaed| ojefinrcantdirdog

| ef
o ancit ngoRBoE Ry PERREIAS e Mol IR SO Fik: SEdheBTRIDE 01 o0
br anc_hed pmblgcujbé:@ ftqnn essntiallydl% prarchéd motexolsh ol esasinballyl 3% branbkedaver age
of said h%%Yéc%[esodnetLé %v@rraag UFidd hgglier olefin products.

39.  The process for improved yields of heavier olefins from a substantially narrow

10 range of lighter olefin-containing hydrocarbon feed stock in a reactive distillation
column of claim 15 wherein said feed of said substantially narrow range of lighter
olefin-containing hydrocarbon feed stock comprises;

feeding measured amounts of specifically branched olefin-containing
15  hydrocarbons for making the desired amount of branching in the desired heavier
olefin product to be from essentially 0% branched molecules to essentially 100%
branched molecules on the average of said heavier olefin products.

40. The process for improved yields of heavier olefins from a substantially narrow

20  range of lighter olefin-containing hydrocarbon feed stock mixture in a reactive
distillation column of claim 20 wherein said feed of said substantially narrow range of
lighter olefin-containing hydrocarbon feed stock comprises;

feeding measured amounts of specifically branched olefin-containing
25  hydrocarbons for making the desired amount of branching in the desired heavier
olefin products to be from essentially 0% branched molecules to essentially 100%

branched molecules on the average of said heavier olefin products.

41. The process for improved yields of heavier olefins from a substantially narrow

30 range of lighter olefin-containing hydrocarbon feed stock in a reactive distillation
column of claim 25 wherein said feed of said substantially narrow range of lighter
olefin-containing hydrocarbon feed stock comprises;

feeding measured amounts of specifically branched olefin-containing
35  hydrocarbons for making the desired amount of branching in the desired heavier
products to be from essentially 0% branched molecules to essentially 100%
branched molecules on the average of said heavier olefin products.
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