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provides a process for the producnon of an olefin derivative, which process comprises Lhe steps
carbon containing feedstock to produce a first dilute olefins stream comprising both olefins and
d first dilute olefins stream produced in siep (a) 10 produce a first olefin derivative stream,

&

comprising a first olefin derivative, and a second dilute olefins stream, comprising alkanes and at least 5 mol % unreacted clefins, (c)
auto-thermally cracking al least a portion of said second diluite olefins stream produced m step (b}, said portion comprising alkanes
and al feast 5 mol % unreacted olefins. ‘
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INTEGRATED PROCESS FOR THE PRODUCTION
OF OLEFIN DERTVATIVES

The present invention relates to a process for the production of olefin derivatives
from a mixed olefin/alkane feedstream. More particularly the present invention relates
to an mtegrated process for the production of olefin den’vati;fes, said integrated process
compnsing both cracking and olefin denvative processes.

Numerous processes are known for the cracking of a hydrocarbon feedstock to
produce olefin containing streams. F‘.)r example, non-catalytic cracking processes such
as steam cracking and contacting with hot non-éata]ytic particulate solids are described
in US 3,407,789, US 3,820,955, US 4,495,055 and US 4,814,067, and catalytic cracking
processes such as fluid catalytic cracl:i'ng and deep catalytic cracking are descibed
US 4,828,679, US 3,647,682, US 3,758,403, US 4,814, 067, US 4,980,053 and US

5,326,465, A further process for production of an olefin containing stream is auto-

" thermal cracking, as described in, for eiamp]e, US 5,382,741 and US 5,625,111.

The olefins produced may thernselves be used as feedstocks for olefin denivative
processes. Numerous such processes are also known and include, for example, the use
of olefins in polymerization processes to produce polyethylene, polypropylene and other
polymers. '

Conventionally the olefins stream produced from the cracking process -has
undergone extensive and costly purification to produce high purity olefin streams, often
>99% wt% olefin, for use in the olefin denvative process. One of the most costly
purification steps is the separation of olefins and alkanes of the same carbon number.

More recently, Purvis et al., US 5,981,818, have described a method of
integrating cracking and olefin derivative processes utilizing dilute olefins, i.e. olefin

streams containing significant quantities of saturated inert hydrocarbons. The olefin

<
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derivative processes described have relatively high conversion of olefins to olefin
derivatives. The off-gas from the olefin derivative process thus contains little olefin and
may be recycled to the cracker.

Olefins, and other unsaturated hydrocarbons, in the feed to a steam cracker will
cause carbonaceous fouling of the process equipment. In general, the propensity to
cause fouling will dépend on the nature of the unsaturated hydrocarbon and its
concentration. Nevertheless, even low levels of olefins will cause fouling and reduce the
run-time of the steam cracker furnace (before the cracker must be stopped and cleaned).
Therefore it is desirable to reduce the concentration of unsaturated hydrocarbons, such
as olefins in the feed to the steam cracker, or short furmace run-times must be folerated,
with consequent financial and operational disadvantages.

Thus, the method of Purvis et al. would not apply for olefin derivative processes
that are not high conversion ﬁ:rocesses, since in these processes the off-gas will stil}
contain significant quantities of olefin and alkane.

Unless the amount of olefin in the off-gas stream is less than about Smol%, such
streams, if recycled to the cracker, can cause significant problems with coke formation,
and significantly reduce run-times, due to the increased levels of olefin in the feed to the
cracker. Although the recycle stream is diluted with “fresh” alkane-containing feed
before being fed to the cracker, this “fr{esh” feed may also comprise alkene, and hence,
depending on the relative amounts of recycle stream and fresh feed mixed, the level of
olefins in the mixed feed can reach levels significantly above that in the “fresh” glkane-'
containing feeci alone. In addition, even small increases in the levels of alkene in the
feed to a cracker will reduce run-times, and due to the scale of present-day commercial
steam cracking processes small changes in run-time can be cofnmercial]y significant.
Hence separation of olefin and alkane would still be required before recycle to the
cracking process. | '

.Although the off-gas stream comprising alkane and olefin may be recycled to the
olefin derivative unit to improve conversion, without separation of “inert” impurities,
such as the alkane, this will lead to a build-up of the “inert” impurities in the process.
Hence separation of alkane from olefin is still required.

Keucher et al., WO 02/06188 describe an alternative system for production of an
olefin derivative from a dilute olefins stream. In this system a high quality dilute olefins

stream from an olefin unit is fed to an olefin derivative unit to produce an olefin
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derivative product. Unreacted olefin is separated from the vent stream in an olefins
separation unit and recycled to the olefin derivative unit. A purge stream comprising
ethane and lighter components is also produced and may be sent as a feed to an olefin
unit. However the process of Keucher still employs significant olefin/alkane separation
processes to prevent recycle of unreacted elefin from the olefin derivative unit to the
olefin unit.

Hence an improved integrated process for an olefin unit and an olefin derivative
unit 1s still required, in particular for an olefin derivative unit where the off-gas contains
more than about 5Smol% olefin.

In a first aspect the present invention provides a process for the production of an
olefin derivative, which process compriszs the steps of:

(a) cracking a paraffinic hydrocarbon containing feedstock to produce a first dilute
olefins stream comprising both olefins and alkanes,

(b) reacting at least a portion of said 1irst dilute olefins stream produced in step (a)
to produce a first olefin derivative stream, comprising a first olefin derivative, and a
second dilute oleﬁns-streqm', comprising alkanes and at least 5 mol% unreacted olefins,
{c) auto-thermally cracking at least a portion of said second ditute olefins stream
produced in step (b), said portion compn'éing alkanes and at least 5 mol% unreacted
olefins.

Dilute olefins streams, as used herein, refers to olefin streams comprising both
olefins and alkanes, for example, both eth:y]ene and ethane. The dilute olefins streams
preferably comprise at least 1wt% alkane. Preferably, the first dilute olefins stream
comprises at least 50%, and up to 99%, by weight of olefin. The first dilute olefins
stream may comprse at least 75wit% O]efl_il, such as at least 90wt% olefin. The first
dilute olefins stream preferably comprises up to 50wt% alkane, such as up to 10wt%.

The composition of the second dilute olefins stream will generally comprise less
olefin than the first dilute olefins stream due to olefin conversion to produce the first
olefin derivative in step (b). In particular, the olefin content of the second olefins stream
will depend on the olefin content and the olefin conversion of the portion of the first
dilute olefins stream reacted in step (b).

The cracking step (a) of the present invention may be performed using any

suitable cracking process, such as a non-catalytic cracking process, for example steam

cracking, a catalytic cracking process, or an autothermal cracking process. The cracking -
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process of step (a) is preferably selected from (i) thermal cracking processes, for
example of naphtha, (ii} steam cracking processes, for example of an alkane, of a
mixture of alkanes or of naphtha and (ii) autothermal cracking processes, for example
of an alkane, of a mixture of alkanes or of napbtha.

Thus, the paraffinic hydrocarbon containing feedstock fed to step (a) of the
process of the present invention may suitably comprise a single alkane, such as cthane, a
mixture of alkanes, such as NGL (naturai gas liquids), or naphtha. The paraffinic
hydrocarbon containing feedstock may additionally comprise one or more unsaturated
hydrocarbons, one or mose inert compounds (such as nitrogen), hydrogen and/or carbon
oxides (said compounds being n addition to any such compounds that may be produced
and recycled where the cracking step (a) i performed using an autothermal cracking
process).

Auto-thermal cracking processes are described in, for example, US 5,382,741
and US 5,625,111. In an autothermal cracking process, paraffinic hydrocarbon-
containing feedstock is reacted in the presence of a catalyst capable of supporting
combustion beyond the normal fuel-rich limt of flammability, to produce a stream
comprising olefins and alkanes.

It has now been found that auto-thermal cracking processes may be operated
with higher levels of olefin in the feed than for cracking processes such as steam
cracking.

In the first aspect of the present invention, at least a portion of the second dilute
olefins stream is auto-thermally cracked. Eecause the auto-thermal cracking process of
step (¢) may be operated with b gher levels of olefin in the feed than a non-autothermal
cracking process, at least a portion of the second dilute olefins stream may be passed to
the auto-thermal cracker without treatment to separate the olefin from the alkane.
Preferably the portion of the second dilute olefins stream passed to the autothermal
cracker comprises at least 50% of the alkane and at least 50% of the olefin in the second
dilute olefins stream, especially at least 80% of the alkane and at least 80% of the olefin

in the second dilute olefins stream. Most preferably the portion of the second dilute

olefins streamn passed to the autothermal cracker comprises essentialty all of the alkanes

and of the olefins in the second dilute olefins stream. The whole of the second dilute
olefins stream may be passed directly to the auto-thermal cracking step, O,

alternatively, the second dilute olefins stream may be treated to remove one or more
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components other than alkane and olefin therefrom, prior to the auto-thermal cracking
step. Optionally, additional alkane-containing feed may be added to (the at least a
portion of) the second dilute olefins stream before auto-thermal cracking. The additional
feed may also comprise a low level of alkene.

The concentration of olefin (unreacted olefin from the second dilute olefins
stream and additional olefin that may be present in any additional alkane-containing
feed) in the feed to the auto-thermal ﬁracking step may thus be greater or lower than that
in the second dilute olefins stream. Typically, the concentration of olefin in the feed
passed to the auto-thermal cracking step is at least 4 mol%, such as at least 5 mol%.

Such levels could cause significant coking in cracking processes such as steam
cracking.

In one embodiment of the first aspect of the present invention the cracking step
(a) 1s performed using a different cracker than the auto-thermal cracking step (c). Thus,
both an auto-thermal cracker and a non-auto-thermal cracker, for example a steamn
cracker, may be used for the process of the invention. Both an auto-thermal
cracker and a non-auto-thermal cracker may be present in the same location, for
example, where the non-auto-thermal cracker has been debottlenecked by addition of an
auto-thermal cracker. In this embodirnent, the product from the auto-thermal cracking
step (c), may be preferably added to the first dilute olefins stream obtained from step
(a), prior to reaction of said stream in step (b). The non-auto-thermal cracking process
of this embodiment is preferably a thermal cracking process, for example of naphtha, or
a steam cracking process, for example of an alkane, of a mixture of alkanes or of
naphtha.

‘Most preferably, the cracking step (a) in the first aspect of the present invention
is an auto-thermal cracking step, as in step (c). Hence in a preferred embodiment, the
first aspect provides a process for the production of an olefin derivative, which process
comprises the steps of:

(a) auto-thermally cracking a feed comprising a paraffinic hydrocarbon containing
feedstock and a recycle stream to produce a first dilute olefins stream comprising both
olefins and alkanes,

(b) reacting at least a portion of said first dilute olefins stream produced in step (a)
to produce a first olefin derivative strezm, comprising a first olefin derivative, and a

second dilute olefins stream, comprising alkanes and at least 5 mol% unreacted olefins,

-5~
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(©) recycling at least a portion of said second dilute olefins stream produced in step

(b) as the recycle stream in the auto-thermal cracking step of step (a), said portion
comprising alkanes and at least 5 mol% unreacted olefins.

In this preferred embodiment of the first aspect of the present invention, at Jeast
a portion of the second dilute olefins stream is recycled 0 the auto-thermal cracking
step (a). As described previously, the whele of the second dilute olefins stream may be
recycled directly to the auto-thermal cracking step, o, alternatively, the second dilute
olefins stream may be treated to remove one or more components other than alkane and
olefin therefrom, prior to recycle to the auto-thermal cracking step. The parafiinic
hydrocarbon containing feedstock may comprise a low level of alkene, for example as
an impurity, typically at a level of 1 to 3mol%.

Thus, the concentration of olefin (unreacted olefin recycled from the second
dilute olefins stream and additional olefin that may be present in paraffinic hydrocarbon
containing feedstock) in the feed to the auto-thermal cracking step (a) may be greater or
lower than that in the second dilute olefins stream. Typically, the concentration of olefin
in the feed to the auto-thermal cracking step (a) is at least 4 mol%, such as at Jeast 5
mol%.

The auto-thermal cracking process may be operated at any suitable pressure,
such as, for example from 1 to 40 bar. Especially in the preferred embodiment of the
first aspect of the present invention, where step (a) is an auto-thermal cracking step, the
auto-thermal cracking process is preferably operated at a suitable pressure
corresponding to the pressure of the first olefin derivative process i.e. to the process
utilised in step (b) for reacting at least a portion of said furst dilute olefins stream
produced in step (a) to produce a first olefin derivative stream. For example, if the first
olefin derivative process operates at relativety low pressures, such as 10 bar, it may be
advantageous to operate the anto-thermal cracking process at a pressure from 5to 15
bar, preferably 8 to 12 bar, to reduce the amount of compression required between the
processes for the first dilute olefins stream and/or for the recycle stream.-Similarly, if
the first olefin derivative process operates at higher pressures, such as 30 bar, it may be
advantageous to operate the auto-thermal cracking process at a pressure, for example,
from 25 to 35 bar. Alternatively, it may be advantageous to operate the auto-thermal
cracking process at relatively low pressures, such as 1 to 5 bar, even with first olefin

derivative processes that operate at higher pressures than 3 bar.
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The product stream from cracking process of step (a) (autothermal cracking or
other) will generally comprise a mixture of olefins and alkanes. Preferably the product
strearmn may undergo separation and purification steps, as known in the art, to remove,
for example, one or more of hydrogen, methane, CO,, acetylenic compounds and
dienes. At least some of the separated compounds. especially hydrogen, acetylenic
compounds and/or dienes that have been separated where step (a) is an auto-thermal
cracking step, may be recycled to the cracking step (a). The product stream also
preferably undergoes separation to produce, for example, a C, stream comprising
predominantly ethane and ethylene, and a C; stream comprising predominantly propane
and propylene. These streams ﬁmy also be subjected to olefin punfication steps to
increase the olefm content. In certain embodiments of the present invention, certain
components other than the olefins in the product stream may be desired in the first
olefin derivative process. In particular, carbon monoxide and/or hydrogen may be
retained m the product stream, and hence may be present in the first dilute olefins
stream, where these are reactants in the first olefin derivative process, for example,
where the first olefin denivative process is a Eydrofomly]ation process or a process for
the production of polyketones.

All or part of one or more of the above streams comprising olefin and alkane
may subsequently be used as the first dilute olefins stream. The extent of separation and
purification of the.product stream required to produce the dilute olefins stream will
depend on the olefin denvative processes in which the dilute olefins stream is
Subséquently to be reacted.

However, as the present invention utilizes dilute olefins streams (comprising
both-olefins and alkanes), separation and purification stages will generally be less
extensive than conventional separation and purification, and/or may allow
debottlenecking of existing cracking processes ~ see, for example, US 5,981,818 and
WO 02/06188. ,

In the embodiment of the first aspect of the present invention where the cracking
step (a) is performed using a different cracker than the auto-thermal cracking step (c),
the product stream from the auto-thermat cracking step (¢) will generally comprise a
mixture of olefins and alkanes. This stream may be treated as described above for the
product stream from cracking of the paraffinic hydrocarbon-containing feedstock, for

example, in a series of separation and purification steps, to give an olefins stream
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suitable for a subsequent olefin derivative process. For example, the product stream
from the auto-thermal cracking step (c) may be treated to produce a dilute olefins
stream, which can subsequently be combined with the first dilute olefins stream
produced in step (a) and reacted in step (b). Preferably the product streamn from the auto-
thermal cracking step (¢) is added to the product stream from the cracking step (a), and
the combined stream subjected to separation and purification as described above to give
the first dilute olefins stream for step (b). This has the advantage that only one
purification train is required.

The first dilute olefins streém is subsequently reacted to produce a first olefin
derivative. This step may comprise reaction of the first dilute olefins stream in any
suitable first olefin derivative process. The present invention has the advantage that

olefin derivative processes that have relatively low olefin conversion may be employed,

.using dilute olefins streams, as the first olefin derivative process, and without requiring

physical separation of the olefin and alkane from the off-gas (second dilute olefins
stream). Hence the cost of producing high purity olefins streams as 2 feed or the cost of
subsequent separation of the olefin and alkane can be avoided.

By low olefin conversion is meant less than 80% olefin conversion, such as 70%
or lower.

In addition, certain olefin derivative processes which are conventionally
operated at high conversion, such as having high conversion per pass or by recycle of
unreacted olefin to produce high overall conversion, may advantageously be operated as
lower conversion processes according to the process of the present invention s'1_nce the
unreacted components may be further utilised.

By high conversion is meant a process that produces a product stream
comprising less than Smro_l% olefins, preferably less than 3mol% olefins. Suitable
processes typically have an olefin conversion of at Jeast 95%. In particular, olefin
derivative processes which are conventionally operated at high overall conversion by
recycle of unreacted olefin often require a significant purge to prevent build-up of
unreactive components in the recycle. The purges are often disposed of, for example by
venting. Operating at a lower conversion (by reducing the recycle to the olefin.

derivative process) and recycling to an autothermal cracker according to the process of

the first aspect of the present invention can reduce the requirement for a purge.

Where the dilute olefins stream comprises ethylene, suitable olefin derivative
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processes may comprise, for example, processes for the production of ethanol from
ethylene and water, for the production of vinyl acetate, ethylene polymerisation
processes and ethane tolerant praczsses for the production of ethylene oxide.

Where the dilute olefins stream comprises propylene, the olefin derivative
Processes may Compris-e, for example, processes for the production of propylene oxide,
for the production of acrolein and propylene ammoxidation processes, as well as cerfain
processes for the production of polpropylene.

The olefin derivative processes may also comprise processes utilising mixed
dilute olefins streams, for example comprising ethylene and propylene. Suitable
processes include, for example, ethylene/propylene co-polymerisation processes.

Other olefin derivative processes that may suit-abiy be employed in step (b) of
the present invention include processes for the production of ethyl benzene, the
production of linear alpha olefins, the metathesis of'ethy]ene with butene to give
propene, hydroformylation of ethylene or propylene with CO and hydrogen, and
production of polyketones from olefins and carbon monoxide, such as described in WO
93/01224.

Step (b) comprises reacting at least a portion of said first dilute olefins stream to
produce a first olefin derivative strearn and a second dilute olefins stream. Preferably,
all of the first dilite olefins stream is reacted to produce said first olefin derivative
stream and said second dilute olefins stream. However, in one embodiment of the
present invention, a portion of said first dilute olefins stream may be reacted in one or
more further olefin derivative processes to produce one or more further olefin derivative
streams. |

Step (b) may also comprise more than one olefifi derivative processes operated
in series. For examplg, the first dilute olefins stream may be reacted to produce a first
olefin derivative stream and an intermediate dilute olefins stream, and at least a portion
of said intermediate dilute olefins streain may be reacted to produce a further olefin
denivative stream and a further dilute olefins stream. The further dilute olefins stream,
and, optionally, any of the intermediate dilute olefins srréam not reacted 1n the further
olefin derivative unit, can then form the second dilute olefins stream of the invention.

In the first aspect of the present invention, at least a portion of the second dilute
olefins stream is reacted in an auto-thermal cracking step, which may or may not be the

same cracking step as step (a). Preferably, all of the second dilute olefins stream is
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reacted in the auto-thermal cracking step. In one embodiment of the first aspect of the
present invention, a portion of said second dilute olefins stream may be reacted in one
or more further olefin derivative processes to produce one or more further olefin
derivatives before reacting in the auto-thermal cracking step, for example, before
recycle to step (a) (where the cracking step in step (a) is an auto-thermal cracking step).

In a second aspect the present invention provides a process for the production of
an olefin derivative, which process comprises the steps of:

(a) cracking a paraffinic hydrocarbon containing feedstock to produce a first dilute
olefins stream, comprising both clefins and alkangs,

(b) reacting at least a portion of said first dilute olefins stream produced in step (a)
to produce a first olefin derivative stream, comprising a first olefin derivative, and a
second dilute olefins stream, comprising alkanes and at least 5 mol% unreacted olefins,
(c) reacting at least a pdrtion of said second dilute olefins stream produced in step
{b), said portion comprising alkanes and at least 5 mol% unreacted olefins, to produce a
second olefin derivative stream, comprising a second olefin derivative, and a recycle
stream, comprising unreacted alkane and less than 5mol% olefins, and

(d) recycling said recycle stream produced in step {c) to the cracking step of step
(a).

The cracking process of step (a) of the second aspect is preferably selected from
(i) thermal cracking processes, for example of naphtha, (i1) steamn cracking processes,
for example of an alkane, of a mixture of alkanes or of naphtha and (iit) autothermal
cracking'p-rocesscs, for example of an alkane, of a mixture of alkanes or of naphtha.

Most preferably the cracking step (a) of the second aspect comprises auto-
thermally cracking the paraffinic hydrocarbon-containing feedstock.

Step (b) in the second aspect is preferably as described in the first aspect of the
invention.

In this second aspect of the present invention, at least a portion of the second
dilute olefins stream is reacted to produce (in step (c)) a second olefin derivative stream,
comprising a second olefin derivative, and a recycle stream, comprising unreacted
alkane and less than 5mol% olefins. The second olefin derivative produced in step (c)
may be the same or may be different to the first olefin derivative. For example, where
the dilute olefins stream comprises ethylene and ethane, both the first and second

ethylene derivatives may be polyethylene products. Alternatively, the first ethylene
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derivative may, for example, be a polyethylene product and the second ethylene
derivative may, fof example, an ethylbenzene product.

. Preferably all of the second dilute olefins stream is reacted to produce said
second olefin derivative stream, and said recycle stream. However, in one embodiment,
a portion of said second dilute olefins stream may be reacted in one or more other olefin
derivative processes to produce ¢ne or more further olefin derivatives.

In the second aspect, step (¢) comprises reacting at least a portion of said second
dilute olefins stream to produce a second olefin derivative stream and a recycle stream
comprising unreacted alkane andlless than 5mol% olefins. Freferably, said recycle
stream comprises less than 3mo % olefins, and most preferably less than 1mol% olefins.
A low concentration of olefins 1s preferred where the cracking step of step (a) is a steam
cracker, since this will have the least detriment on cracker run-times. Hence step (c)
preferably 'compn'ses reacting said at least a portion of said second dilute olefins stream
in an olefin denvative process of relatively high olefin conversion, such as at least 90%
conversion, preferably high olefin conversion, such as at least 95% conversion.

Where the olefin comprises ethylene, the olefin derivative process of step (c)
preferably comprises a process for the production of ethylbenzene from ethylene and
benzene or a process for polymerisation or co-polymerisation of ethylene, for example
by the Phillips Process.

Where the olefin- compris;es propylene, the olefin derivative process of step (c)
preferably comprises a process for the production of polypropylene from propylene.

The invention will now be exemplified by reference to Figures 1 to 5 and the
Examples.

Figure 1 represents in schematic form an integrated process for the production of an
ethylene denivative according to the first aspect of the present invention.

Figure 2 represents in schematic form an integrated slurry loop potyethylene process for
the production of polyethylene according to the first aspect of the present invention.
Figure 3 represents tn schematic forin an integrated polyketone process for the
production of polyketones according to the first aspect of the present invention,

Figure 4 represents in schematic forrn an integrated metathesis and polypropylene
process for the production of polypropylene according to the first aspect of the present
invention.

Figure 5 represents in schematic forn: an integrated polyethylene and ethyl benzene

i1
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process for the production of polyethylene and ethyl benzene according to the second
aspect of the present invention.

Referring to Figure 1, an etbane feed, 10, a recycle stream, 30 comprising 40%
ethylene (C,) and 60% ethane (C3), and an oxygen feed, 20, are fed to an ATC reactor,
40, The mixed product stream is treated, 50, to produce a by-products stream, 60, and a
first dilute ethylene stream, 70, comprising approximately 30% ethane and 70%
ethylene. This dilute ethylene stream is passed to an ethylene derivative process, 80, of
approximately 70% ethylene conversion per pass. The ethane is inert in said process.
The olefin derivative product, 90, is separated, along with any other by-products
formed, to leave a second dilute ethylene stream comprising ethane and unreacted
ethylene, having a composition of approximately 40% ethylene and 60% ethane (and

having approximately half the volume of the first dilute ethylene stream), which is

recycled to the ATC reactor.

Referring to Figure 2, ethane, 1, and oxygen, 2, and a recycle stream, 3,
comprising ethane and ethylene, are fed to an ATC reactor, 4. The product stream is
passed to a quench, 5, from which is separated water and higher hydrocarbens, 6, and
then to an amine wash, 7, to remove carbon dioxide and further water, 8. The remaining
product stream is then passed to a demethaniser, 9, to remove hydrogen, carbon
monoxide and methane, 10, and to a deethaniser, 11, to separate C3+ hydrocarbons, 12,
which can be recycled to the ATC reactor, 4. _

The remaining product stream is hydrogenated, 13, to remove acetylenic
compounds and dienes, to form a first dilute ethylene stream, 14, comprising ethylene
and ethane, which is passed to a slurry loop polyethylene process, 15, to produce a
polyethylene product, 16, and a second dilute ethylene stream, 17, comprising ethane
and unreacted ethylene, which is recycled to the ATC reactor, after addition of stream
12, as recycle stream 3.

Referring to Figure 3, ethane, 1, and oxygen, 2, and a recycle stream, 3,
comprising ethane and ethylene, are fed to an ATC reactor, 4. The product stream is
passed to a quench, 5, from which is separated water and higher hydrocarbons, 6, and
then to an amine wash, 7, to-remove carbon dioxide and further water, 8. The remaining
product stream is then passed to a deethaniser, 11, to separate C3+ hydrocarbons, 12,
which can be recycled to the ATC reactor,. 4.

The remaining product stream, 14, forms a first dilute ethylene stream

12
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compnsing ethylene, ethane, carbon monoxide and hydrogen, and is passed to a
poylketones reactor, 15, where it 15 reacted to produce a polyketone product, 16, and a
second dilute olefins sﬁeam, 17, which is recycled to the ATC reactor, 4, optionally
after addition of C3+ hydrocarbons, 12, separated from the deethaniser.

In an alternative polyketone process (not shown), C3 hydrocarbons (propylene
and propane) are not separated in the deethaniser, 11, but are fed to the polyketones
reactor with the ethylene, ethane, carbon monoxide and hydrogen.

Referrng to Figure 4, ethane, 1, and oxygen, 2, and a recycle stream, 3,
comprising ethane and ethylene, arz fed to an ATC reactor, 4. The product stream is
passed to a senies of separation steps, including a quench, an amine wash, a
demethaniser, a deethaniser and hydrogenation, as described for Figure 2.

The remaining product stream, 14, forms & first dilute ethylene stream
comprising ethylene and ethane, which is passed to a metathesis reactor, 15, where it is
reacted with a butene feed, 30. The product stream, 3}, 15 passed t0a separation train,
32, such as one or more distillation columns, to separate out unreacted butene, 33,
propylene, 34 and a second dilute ¢thylene stream, 17, comprising unreacted ethylene
and ethane, which is recycled to the ATC reactor, 4, optionally after addition of C3+
hydrocarbons, 12, separated from the deethaniser, 11. Unreacted butenes may be
recycled to the metathesis reactor, 15. The propene stream, 34, is passed to a
polypropylene reactor, 35, to produce polypropylene, 36.

Referring to Figure 5, ethane, 1, and oxygen, 2, and a recycle stream, 3,

comprising ethane, are fed to an ATC reactor, 4. The product stream is passed to a

“quench, 5, from which is separated water and higher hydrocarbons, 6, and then to an

amine wash, 7, to remove carbon dicxide and further water, 8. The remaining product
stream is then passed to a demethaniser, 9, to remove hydrogen; carbon monoxide and
methane, 10, and to a deethaniser, 11, to separate C3+ hydrocarbons, 12, which can be
recycled to the ATC reactor, 4. |

The remaining product strearh, 18 hydrogenated , 13, to remove acetylenic

compounds and dienes, and to form & first dilute ethylene stream, 14, comprising

etbylene and ethane, which is passed to a gas phase polyethylene process, 15, to
produce a polyethylene product, 16. A second dilute ethylene stream, 17, comprising,
ethane and unreacted ethylene is reacted with benzene, 18, iﬁ an ethylbenzene reactor,

19, to produce ethylbenzene, 20, and a recycle stream, 21, comprising ethane, which is

13
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recycled to the ATC reactor, 4, after addition of stream ]2; as recycle stream 3. In an

optional embodiment of Figure 5, a portion of the first dilute ethylene stream, 14, is

passed directly to the ethylbenzene reacto-r, 19, as shown by the dotted line, 14a.

Example 1

This examiple illustrates an integrated shurry loop polyethylene process for the

production of polyethylene according to the process of Figure 2.

The slurry loop polyethylene process is operated at an ethylene conversion of §0%.

The compositions of the respective streams in the process are given in Table 1.

TABLE 1:

Stream Number (Fig 2)

Principle components

Volume of component
(kilotons per annum)

1 Ethane 750
2 Oxygen 466
3 Ethane 336
Ethylene 80
C3+ compounds 50
6 Water and 378
C5+ compounﬂs
8 Carbon dioxide and water 86
10 Hydrogen, carbon | 352
' monoxide and methane
12 C3+ compounds 50
14 Ethane 336
Ethylene 400
16 Polyethylene 320
17 Ethane 336
Ethylene 80

The stream comprising C3+ compounds (stream 12) comprises predominantly

propape (9w1%), propylene (50wt%), butanes (9wt%), butenes (7wt%) and butadiene

(24wt%), with the remainder (approximately 1wt%) being C5+ hydrocarbons (including

aromatics).

14
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Example 2
~ This example illustrates an an integrated polyethylene and ethyl benzene process
for the production of polyethylene and ethyl benzene according to the process of Figure
5.
The gas phase polyethylene process is operated at an ethylene conversion of
approximately 78%, and the ethyl benzene process at an ethylene conversion of
approximately 100%.

The compositions of the respective streams in the process are given in Table 2.

TABLE 2:
Stream Number (Fig 5) Principle components Volume of component
(kalotons per annum)
| Ethane 759
2 Oxvygen 489
|3 Ethane 335
C3+ compounds 67
6 Water : 373
Cs5+ '-:ompounds 069
8 Carbon dioxide 32
| Water 20
10 | Hydrogen 16
Carbon monoxide 204
Methane 133
12 C3+ compounds 67
14 Ethanc_ 335
Ethylene 400
16 Pblyei hylene 310
17 Ethane 335
Ethy]éne 90
18 : - | Benzene 244
20 Ethylbenzene 334
21 Ethane 335

15
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Claim
1. A process for the production of an olefin derivative, which process comprises
the steps of:

(a) cracking a paraffinic hydrocarbon containing feedstock to produce a first dilute
olefins stream comprising both olefins and alkanes,

(b) reacting at least a portion of said first dilute olefins stream produced in step (a)
to produce a first olefin denvative stream, comprising a first olefin derivative,
and a second dilute olefins stream, comprising alkanes and at least 5 mol%
unrcacted olefins,

(c) auto-thermally cracking at least a portion of said second dilute olefins stream
produced in step (b), said portion comprising alkanes and at least 5 mol%
unreacted olefins.

2. The process according to claim 1, wherein the first dilute olefins stream
comprises at least 50wt% olefin and at least 1wt% alkane.

3. The process according to claim 1 or claim 2, wherein the cracking step (a) is
selected from (i) thermal cracking processes, (ii) steam cracking processes and (ii1)
autothermal cracking processes.

4, The process according to any one of the preceding claims, wherein the paraffinic
hydrocarbon. containing feedstock fed to step (a) comprises a single alkane, such as
ethane, a mixture of alkanes, such as NGL (natural gas liquids), or naphtha.

5. The process according to any one of the preceding claims, wherein the portion of
the second dilute olefins stream passed to the autothermal cracker in step (¢) comprises
at Jeast 50% of the alkane and at least 50% of the olefin in the second dilute olefins

stream,

16
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6. The process according to any one of the preceding claims, wherein the
concentration of olefin (unreacted olefin from the second dilute olefins stream and
additional olefin that may be present in any additional alkane-containing feed) in the
feed passed to the auto-thermal cracking step is at least 4 mol%.

7. The process according to any one of the preceding claims, wherein the cracking
step (a) is an auto-thermal cracking step, and the process for the production of an olefin
derivative comprises the steps of:

(a) auto-thermalty cracking a feed comprising a paraffinic hydrocarbon containing
feedstock and a recycle stream to produce a first dilute olefins stream
comprising both clefins and alkanes,

(b) reacting at least a portion of =aid first dilute olefins stream produced in step (a)
to produce a first olefin derivative stream, compnsing a first olefin derivative,
and a second dilute olefins stream, comprising alkanes and at least 5 mol%
unreacted olefins,

(c) recycling at least a portion of said second dilute olefins stream produced in step
(b) as the recycle stream in the auto-thermal cracking step of step (a), said
portion comprising alkanes and at least 5 mol% unreacted olefins.

8. A process for the production of an olefin derivative, which Process comprises
the steps of:

(a) cracking a paraffinic hydrocarbon containing feedstock to produce a first dilute
olefins stream, comprising both olefins and alkanes,

(b) reacting at least a portion of said first dilute olefins stream produced in step (a)
to produce a first olefin derivative stream, comprising a first olefin dernivative,
and a second dilute olefins stream, comprising alkanes and at least 5 mol%
unreacted olefins,

(c) reéctin g at least a portion of said second dilute olefins stream produced in step
(b), said portion comprising alkanes and at least 5 mol% unreacted olefins, to
produce a second olefin derivative stream, comprising a second olefin
derivative, and a recycle stream, comprising unreacted alkane and less than
5mol% olefins, and

(d) recycling said recycle stream produced in step (¢) to the crackin g step of step

(a).

17
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PROCEDIMIENTO INTEGRADO PARA LA PRODUCCION DE

DERIVADOS DE OLEFINAS

La presente invencion se refiere a un procedimiento para la produccion de
derivados de olefinas a partir de una corriente de alimentacién mixta de
olefinas/alcanos. Mas particularmente, la presente invencion se refiere a un
procedimiento integrado para la produccion de derivados de olefinas, comprendiendo
dicho procedimiento integrado procesos tanto de cracking como de derivados de
olefinas.

Se conocen numerosos procedimientos para el cracking de un material de
alimentacion de hidrocarburos para producir corrientes que contienen olefinas. Por
ejemplo, en US 3.407.789, US 3.820.955, US 4.499.055 y US 4.814.067 se describen
procedimientos de cracking nc catalftico tales como cracking con vapor de agua y
contacto con solidos en particulas calientes no cataliticas, y en US 4.828.679, US
3.647.682, US 3.758.403, US 4.814.067, US 4.980.053 y US 5.326.465 se describen
procedimientos de cracking catalitico tales como cracking catalitico fluido v cracking
catalitico profundo. Otro procsdimiento para la produccion de una corriente que
contiene olefinas es el cracking autotérmico, como se describe, por ejemplo, en US
5.382.741 y US 5.625.111.

Las olefinas producidas pueden ser utilizadas por si mismas como materiales
de alimentacion para procesos de derivados de olefinas. Se conocen también
numerosos procesos de ese tipo que incluyen, por ejemplo, el uso de olefinas en
procesos de polimerizacion para producir polietileno, polipropileno y otros
polimeros.

Tradicionalmente, la corriente de olefinas producida en el proceso de

cracking ha sido objeto de una purificacion extensiva y costosa para producir
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corrientes de olefinas de altz pureza, con frecuencia >99% en peso de olefinas, para
utilizarse en el proceso de derivados de olefinas. Una de las etapas de purificacion
mas costosas es la separacidn de olefinas y alcanos del mismo namero de atomos de
carbono.

Mas recientemente, Purvis et al., US 5.981.818, han descrito un método para
integrar procesos de cracking v de derivados de olefinas empleando olefinas diluidas,
es decir, corrientes de olzfinas que contienen cantidades importantes de
hidrocarburos saturados inertes. Los procesos de derivados de olefinas descritos
presentan una conversion relativamente alta de olefinas a derivados de olefinas. El
gas de salida del proceso de derivados de olefinas contiene asi poca olefina y debe
ser reciclado al craqueador.

Las olefinas, y otros hidrocarburos insaturados, en la alimentacién a un
craqueador con vapor de agua czusara la formacion de incrustaciones carbonadas en
la instalacion del proceso. En general, la tendencia a causar incrustaciones dependera
de la naturaleza del hidrocarburo insaturado y de su concentracién. No obstante,
incluso bajos niveles de olefinas causaran tales incrustaciones y reducirdn el tiempo
de trabajo del horno del craqueador con vapor de agua (antes de que el craqueador
deba ser detenido y limpiado). Por tanto, es conveniente reducir la concentracion de
hidrocarburos insaturados, tales como olefinas, en la alimentaci6n al craqueador con
vapor de agua, o deberan tolerarse cortos tiempos de trabajo del horno, con las
consecuentes desventajas financieras y operativas que etlo trae consigo.

De este modo, el método de Purvis et al. no seria de aplicacién en procesos de
derivados de olefinas que no sean procesos de alta conversion, puesto que en tales
procesos el gas de salida contendri todavia cantidades importantes de olefina y

alcano.
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Salvo que la cantidad de olefina en la corriente de gas de salida sea menor de
alrededor de 5 moles%, dichas corrientes, si son recicladas al craqueador, pueden
causar problemas importantes con la formacién de coque y reducir de manera
importante los tiempos de trabajo, como consecuencia de los niveles incrementados
de olefina en la alimentacion al craqueador. Aunque la corriente de reciclo se diluya
con una alimentacién “nueva” que contiene alcano, antes de alimentarse al reactor,
dicha alimentacién “nueva” puede comprender también alqueno y, por tanto,
dependiendo de las cantidades relativas de corriente de reciclo y alimentacién nueva
mezcladas, cl nivel de olefinas en la alimentacion mixta puede alcanzar niveles
significativamente por encinlla del nivel presente solo en la alimentacion “nueva” que
contiene alcano. Ademas, incluso pequefios incrementos en los niveles de alqueno en
la alimentacion a un craqueador reducira los tiempos de trabajo y, debido a la escala
de tos procesos de cracking con vapor de agua comerciales de hoy dia, los pequefios
cambios en el tiempo de trabajo pueden ser comercialmente importantes. En
consecuencia, todavia serd necesario separar la olefina y ¢l alcano antes de efectuar
el reciclo al proceso de cracking.

Aunque la corriente dz gas de salida que comprende alcano y olefina puede
ser reciclada a la unidad de derivado de olefina, para mejorar la conversion, sin
separacion de impurezas “inertes”, tal como el alcano, ello conducira a una
acumulacién de las impurezas “inertes” en el proceso. Por tanto, es necesario todavia
efectuar la separacion del alcano de la olefina.

Keucher et al,, WO 02/06188, describen un sistema alternativo para la
produccién de un derivado de olefina a partir de una corriente diluida de olefinas. En
este sistema, una corriente diluida de olefinas de alta calidad, procedente de una

unidad de olefinas, se alimenta a una unidad de derivados de olefinas, para producir
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un producto derivado de olefinas. La olefina sin reaccionar se separa de la corrienlte
de ventilacion en una unicdad de separacién de olefinas y se recicla a la unidad de
olefinas. También se produce una corriente de purga que comprende etano y
componentes mas ligeros, la cual puede ser enviada como alimentacién a una unidad
de olefinas. Sin embargo, el proceso de Keucher utiliza todavia procesos importantes
de separacion olefina/alcano para evitar el reciclo de olefina sin reaccionar desde la
unidad de derivados de olefinas a la unidad de olefinas.

Por tanto, se requiere todavia un procedimiento integrado mejorado para una
unidad de olefinas y para una unidad de derivados de olefinas, en particular para una
unidad de derivados de olefinas en donde el gas de salida contiene mas de alrededor
de 5 moles% de olefinas.

En un primer aspectc, la presente invencidén proporciona un procedimiento
para la produccion de un derivado de olefinas, cuyo procedimiento comprende las
etapas de:

(a) craquear un material de alimentacién que contiene hidrocarburos parafinicos
para producir una primera corriente diluida de olefinas que comprende tanto olefinas
como alcanos;

(b)  reaccionar al menos una porcidn de dicha primera corriente diluida de
olefinas, producida en la etapa (a), para producir una primera corriente de derivados
de olefinas, que comprende un primer derivado de olefinas, y una segunda corriente
diluida de olefinas, que comprende alcanos y al menos 5 moles% de olefinas sin
reaccionar;

() craquear autotérmicamente al menos una porcion de dicha segunda corriente
diluida de olefinas, producida en la etapa (b), comprendiendo dicha porcion alcanos

v al menos 5 moles% de olefinas sin reaccionar,
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Las corrientes diluidas de olefinas, tal y como aqui se emplean, se refieren a
corrientes de olefinas que comprenden tanto olefinas como alcanos, por ejemplo,
tanto etileno como etano. Las corrientes diluidas de olefinas comprenden
preferentemente al menos 1% en peso de alcanos. Con preferencia, la primera
corriente diluida de olefinas comprende al menos 50% y hasta 99% en peso de
olefina. La primera corriente diluida de olefinas puede comprender al menos 75% en
peso de olefina, tal como al menos 90% en peso de olefina. La primera corriente
diluida de olefinas comprende preferentemente hasta 50% en peso de alcano, tal
como hasta 10% en peso.

La composicién de la segunda corriente diluida de olefinas comprendera en
general menos olefina que la primera corriente diluida de olefinas, debido a la
conversion de olefinas para producir el primer derivado de olefina en la etapa (b). En
particular, el contenido en olefina de la segunda corriente de olefina dependeri del
contenido en olefina y de la conversion de olefina de la porcion de la primera
corriente diluida de olefinas reaccionada en la etapa (b).

La etapa de cracking (a) de la presente invenciéon puede ser efectuada
empleando cualquier proceso de cracking adecuado, tal como un proceso de cracking
no catalitico, por ejemplo crackingl con vapor de agua, un proceso de cracking
catalitico o un proceso de cracking dutotérmico. El proceso de cracking de la etapa
(a) se elige preferentemente entre (i) procesos de cracking térmico, por ejemplo de
nafta, (ii) procesos de cracking con vapor de agua, por ejemplo de un alcano, de una
mezcla de alcanos o de nafia y (iii) procesos de cracking autotérmico, por ejemplo de
un alcano, de una mezcla de alcanos o de nafta.

De este modo, el material de alimentacion que contiene hidrocarburos

parafinicos, alimentado a la etapa a) del procedimiento de la presente invencidn,
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puede comprender adecuadamentz un solo alcano, tal como etano, una mezcla de
alcanos, tal como NGL (liquidos de gas natural) o nafta. El material de alimentacion
que contiene hidrocarburos parafinicos puede comprender ademds uno o mds
hidrocarburos insaturados, uno 2 mas compuestos inertes (tal como nitrogeno)
hidrégeno y/u 6xidos de carbono (y ademas de dichos compuestos cualesquiera de
aquellos comi)uestos que pueden producirse y reciclarse cuando la etapa de cracking
(a) se efectia empleando de cracking autotérmico).

Los procesos de crackinz autotérmico se describen, por ejemplo, en US
5.382.741 y US 5.625.111. En un proceso de cracking autotérmico, el material de
alimentacién que contiene hidrocarburos parafinicos se hace reaccionar en presencia
de un catalizador capaz de coportar la combustion mdés alld del limite de
inflamabiltdad normal rico en combustible, para producir una corriente que contiene
olefinas y alcanos.

Se ha comprobado ahora jque los procesos de cracking autotérmico pueden ser
realizados con niveles de olefina en la alimentacién mayores que en el caso de los
procesos de cracking tal como cracking con vapor de agua.

En el primer aspecto de la presente invencidn, al menos una porcién de la
segunda corriente diluida de olefinas es sometida a cracking autotérmico. Debido a
que ¢l proceso de cracking autotérmico de la etapa (c) puede ser efectuado con
niveles de olefina en la alimentacién mayores que en el caso de un proceso de
cracking no autotérmico, al menos una porcién de la segunda corriente diluida de
olefinas se puede pasar al craqueador autotérmico sin tratamiento para separar la
olefina del alcano. Preferentemente, la porcion de la segunda corriente diluida de
olefinas, pasada al craqueador autotérmico, comprende al menos 50% del alcano y al

menos 50% de la olefina en la segunda corriente diluida de olefinas, especialmente al
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menos 80% del alcano y al menos 80% de la olefina en la segunda corriente diluida
de olefinas. Con suma preferencia, la porciéon de la segunda corriente diluida de
olefinas, pasada al craqueador autotérmico, comprende esencialmente la totalidad de
los alcanos y de las olefinas de la segunda corriente diluida de olefinas. La totalidad
de la segunda corriente diluida de olefinas se puede pasar directamente a la etapa de
cracking autotérmico o, alternativamente, la segunda corriente diluida de olefinas se
puede tratar para se¢parar de la misma uno o mas componentes distintos del alcano y
de la olefina, antes de la etapa de cracking autotérmico. Opcionalmente, se puede
afiadir mds alimentacion que contiene alcano a la segunda corriente diluida de
olefinas (por lo menos a una porcidn de esta ultima) antes del cracking autotérmico.
La alimentacion adicional puede é:omprender también un bajo nivel de alqueno.

La concentracién de olefina (olefina sin reaccionar de la segunda corriente
diluida de olefinas y olefina zdicional que puede estar presente en cualquier
alimentacion adicional que contiene alcano) en la alimentacion a la etapa de cracking
autotérmico, puede ser asi mayor o menor que la concentracion en la segunda
corriente diluida de olefinas. Ceneralmente, la concentraciéon de olefina en la
alimentacion pasada a la etapa de cracking autotérmico es de al menos 4 moles%, tal
como al menos 5 moles%.

Dichos niveles podrian causar una importante coquificacion en los procesos
de cracking, tal como cracking con vapor de agua.

En una modalidad del primer aspecto de la presente invencion, la etapa de
cracking (a) se efectia empleandc un craqueador diferente al de la etapa de cracking
autotérmico (c). Asi, para el procedimiento de la invencion se puede emplear tanto
un craqueador autotérmico comc un craqueador no autotérmico, por ejemplo un

craqueador con vapor de agua. Tanto un craqueador autotérmico como un craqueador

b
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no autotérmico pueden estar presentes en la misma posicién, por ejemplo, cuando se
ha eliminado el cuello de botella del craqueador no autotérmico por adicion de un
craqueador autotérmico. En esta modalidad, el producto de la etapa de cracking
autotérmico (c), se puede anadir preferentemente a la primera corriente diluida de
olefinas obtenida de la etapa (a), antes de la reaccién de dicha corriente en la etapa
(b). El proceso de cracking no autotérmico de esta modalidad es preferentemente un
proceso de cracking térmico, por ejemplo de nafta, o un proceso de cracking con
vapor de agua, por gjemplo de un alcano, de una mezcla de alcanos o de nafta.

Con suma preferencia, la etapa de cracking (a) en el primer aspecto de la
presente invencion es una etapa de cracking autotérmico, como en la gtapa (c). Por
tanto, en una modalidad preferidﬁ, el primer aspecto proporciona un procedimiento
para la produccion de un derivade de olefina, cuyo procedimiento comprende las
etapas de:

(a) craquear autotérmicamente una alimentacion que comprende un material de
alimentacion que contiene hidrocarburos parafinicos y una corriente de reciclo, para
producir una primera corriente diluida de olefinas que comprende tanto olefinas
como alcanos;

(b) reaccionar al menos una porcion de dicha primera corriente diluida de
olefinas producida en |a etapa (a) para producir una primera corriente de derivado de
olefina, que comprende un primer derivado de olefina, y una segunda corriente
diluida de olefinas, que comprende alcanos y al menos 5 moles% de olefinas sin
reaccionar;

© reciclar al menos una porcion de dicha segunda corriente diluida de olefinas
producida en el etapa (b) como la corriente de reciclo en el cracking autotérmico de

la etapa (a), comprendiendo dicha porcién alcanos y al menos 5 moles% de olefinas

-
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En esta modalidad preferida del primer aspecto de la presente invencion, al
menos una porcion de la segunda corriente diluida de olefinas se recicla a la etapa de
cracking autotérmico (a). Como se ha descrito anteriormente, la totalidad de la
segunda corriente diluida de olefinas puede ser reciclada directamente a la etapa de
cracking autotérmico o, alternativamente, la segunda corriente diluida de olefinas
puede ser tratada para separar dle la misma uno o mas componentes distintos del
alcano y de la olefina, antes de efectuar ¢l reciclo a la etapa de cracking autotérmico.
El' material de alimentacion que contiene hidrocarburos parafinicos puede
comprender un bajo nivel de alqueno, por ejemplo como una impureza,
habitualmente en un nivel de 1 a 3 moles%.

De este modo, la concentracion de olefina (olefina sin réaccionar reciclada a
partir de la segunda corriente diluida de olefinas y olefina adicional que puede estar
presente en el material de alimentacion que contiene hidrocarburos parafinicos) en la
alimentacion a la etapa de cracking autotérmico (a), puede ser mayor o menor que la
concentracion en la segunda corriente diluida de olefinas. Generalmente, la
concentracién de olefina en la alimentacion a la etapa de cracking autotérmico (a) es
de al menos 4 moles%, tal como al menos 5 moles%.

El proceso de cracking autotérmico puede ser realizado a cualquier presion
adecuada, tal como, por ejemplc de 1 a 40 bar. Especialmente en la modalidad
preferida del primer aspecto de la presente invencion, en donde la etapa (a) es una
etapa de cracking autotérmico, el proceso de cracking autotérmico se efectia
preferentemente a una presion adecuada correspondiente a la presion del proceso de
obtencién del primer derivado de olefina, es decir, el proceso empleado en la etapa

(b) para reaccionar al menos una porcién de dicha primera corriente diluida de
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olefinas producida en la etapa (a) para producir corriente del primer derivado de
olefina. Por ejempilo, si el proceso de obtencion del primer derivado de olefina opera
a presiones relativamente bajas, tal como 10 bar, puede ser conveniente efectuar el
proceso de cracking autotérmicc a una presion de 5 a 15 bar, preferentemente 8 a 12
bar, para reducir la cantidad de compresion requerida entre los procesos para la
primera corriente diluida de olefinas y/o para la corriente de reciclo. Similarmente, si
el proceso de obtencion del primer derivado de olefina opera a presiones més altas,
tal como 30 bar, puede ser conveniente efectuar el proceso de cracking autotérmico a
una presion, por ejemplo, de 25 a 35 bar. Alternativamente, puede ser conveniente
efectuar el proceso de cracking autotérmico a presiones relativamente bajas, tal como
de 1 a 5 bar, incluso con el proceso de obtencion del primer derivado de olefina que
opera a presiones mayores de 5 bar.

La corriente producto del proceso de cracking de la etapa (a) (cracking
autotérmico u otro) comprenderd en general una mezcla de olefinas y alcanos.
Preferentemente, la corriente producto puede someterse a ctapas de separacion y
purificacion, como ¢s conocido ¢n la técnica, para separar, por ejemplo, uno o mas
de hidrogeno, metano, CO,, compuestos acetilénicos y dienos. Al menos algunos de
los compuestos séparados, espezialmente hidrégeno, compuestos acetilénicos y/o
dienos que han sido separados cuando la ctapa (a) es una etapa de cracking
autotérmico, s¢ pueden reciclar a la etapa de cracking (a). La corriente producto
también se puede someter preferentemente a separacion para preducir, por ejemplo,
una corriente de C, que comprende predominantemente etano y etileno y una
corriente de C3 que comprendeé predominantemente propano y propileno. Estas
corrientes se pueden someter también a etapas de purificacion de olefinas para

aumentar el contenido en olefinas. En ciertas modalidades de la presente invencion,
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en el proceso de obtencién del primer derivado de olefina, se pueden desear ciertos
componentes distintos de las olefinas presentes en la corriente producto. En
particular, en la corriente producto pueden quedar retenidos monéxido de carbono
y/0 hidrogeno y, por tanto, pueden estar presentes en la primera corriente diluida de
olefinas, cuando aquellos son reactantes en el proceso de obtencién del primer
derivado de olefina, por ejemplo, cuando el proceso de obtencién del primer
derivado de olefina es un proceso de hidroformilacién o un proceso para la
produccion de policetonas.

La totalidad o parte de una o mas de las corrientes anteriores que comprenden
olefina y alcano se puede emplear posteriormente como la primera corriente diluida
de olefinas. El grado de separacisn y purificacion de la corriente producto, requ;rido
para producir la corriente diluida de olefinas, dependeré de los procesos de derivados
de olefinas en donde la corriente diluida de olefinas ha de reaccionar posteriormente.

Sin embargo, dado que la presente invencién utiliza corrientes diluidas de
olefinas (que comprenden tanto olefinas como alcanos), las etapas de separacion y
purificacion serdn en general menos extensivas que las etapas convencionales de
separacidn y purificacion y/o pueden permitir eliminar el cuello de botella de los
procesos de cracking ahora existentes — véase, por ejemplo, US 5.981.818 y WO
02/06188.

En la modalidad del primer aspecto de la presente invencion, en donde la
etapa de cracking (a) se lleva a cabo usando un craqueador diferente al de la etapa de
cracking autotérmico (c), la corriznte producto procedente de la etapa de cracking
autotérmico (c) comprenderd en general una mezcla de olefinas y alcanos. Esta
corriente puede ser tratada como se ha descrito anteriormente para la corriente

producto procedente del cracking del material de alimentacion que contiene
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hidrocarburos parafinicos, por ejemplo, en una serie de etapas de separacion y
purificacion, para obtener una corriente de olefinas adecuada para un posterior
proceso de obtencion de derivados de olefinas. Por ¢jemplo, la corriente producto
procedente de la etapa de cracking autotérmico (c) se puede tratar para producir una
corriente diluida de olefinas, la cual se puede combinar posteriormente con la
primera corriente diluida de olefinas producida en la etapa (a) y hacerse reaccionar
en la etapa (b). Preferentementz, la corriente prodticto procedente de la etapa de
cracking autotérmico (c) se afiade a la corriente producto procedente de la etapa de
cracking (a) y la corriente combinada se somete a separacion y purificacién como se
ha descrito anteriormente, para cbtener la primera corriente diluida de olefinas para
la etapa (b). Esto presenta la ventaja de que solo se requiere un tren de purificacion.

La primera corriente diluida de olefinas se hace reaccionar posteriormente
para producir un primer derivado de olefina. Esta etapa puede comprender la
reaccion de la primera corriente diluida de olefinas en cualquier proceso adecuado
para la obtencién de un primer derivado de olefina. La presente invencién tiene la
ventaja de que pueden emplearse procesos de obtencion de derivados de olefinas que
presentan una conversion de olefinas relativamente baja, usando corrientes diluidas
de olefinas, como el proceso para la obtencién del primer derivado de olefina, y sin
requerir la separacién fisica de la olefina y del alcano que se encuentran en el gas de
salida (segunda corriente diluida de olefinas). Por tanto, puede evitarse ¢l coste de

[

producir corrientes de olefinas de alta pureza como material de alimentacién o el
coste de la posterior separacién de la olefina y del alcano.

Por la expresion “baja conversion de olefinas” se quiere dar a entender una
conversion de olefinas imenor del 80%, tal como del 70% o mas baja.

Ademis, ciertos procesos para la obtencion de derivados de olefinas que
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convencionalmente son realizados a una elevada conversién, tal como aquellos que
tienen una alta conversién por pasada o mediante reciclo de la olefina sin reaccionar
para producir una alta conversion global, pueden ser efectuados convenientemente
como procesos de menor conversién de acuerdo con el procedimiento de la presente
invencion, puesto que los componentes sin reaccionar pueden ser utilizados
adicionalmente.

Por la expresion “alta conversién™ se quiere dar a entender un proceso que
produce una corriente producte que comprende menos de 5 moles% de olefinas,
preferentemente menos de 3 moles% de olefinas. Los procesos adecuados presentan
habitualmente una conversion de olefinas de al menos 95%. En particular, los
procesos para la obtencién de derivados de olefinas que tradicionalmente se llevan a
cabo con una alta conversion global mediante reciclo de olefinas sin reaccionar,
requieren frecuentemente una p;urga importante para evitar la acumulacién, en el
reciclo, de componentes no reactivos. Las purgas suelen ser desechadas, por ejemplo,
mediante ventilacién. El hecho de trabajar a una conversién mas baja (al reducir el
reciclo al proceso de obtencién del derivado de olefina) y reciclar a un craqueador
autotérmico de acuerdo con el procedimiento del primer aspecto de la presente
invencion, puede reducir la necesidad de efectuar una purga.

Cuando la corriente diluida de olefinas comprende etileno, los procesos
adecuados para la obtencién de un derivado de olefina pueden comprender, por
ejemplo, procesos para la produccion de etanol a partir de etileno y agua, para la
produccion de acetato de vinilo, procesos de polimerizacion de etileno y procesos
que toleran el etano para la produccién de 6xido de etileno.

Cuando la corriente diluida de olefinas comprende propileno, los procesos de

obtencion de derivados de olefinas pueden comprender, por ejemplo, procesos para
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la produccion de éxido de propileno, para la produccion de acroleina y procesos de
amoxidacion de propileno, asi como ciertos procesos para la produccion de
polipropileno.

Los procesos para la obiencién de derivados de olefinas pueden comprender
también procesos que utilizan corrientes diluidas de olefinas, mezcladas, por
ejemplo, comprendiendo etilero y propileno. Procesos adecuados incluyen, por
ejemplo, procesos de co-polimerizacion de etileno/propileno.

Otros procesos para la obtencion de derivados de olefinas que pueden ser
empleados adecuadamente en la etapa (b) de la presente invencion, incluyen
procesos para la produccion dz etilbenceno, para la produccion de alfa-olefinas
lineales, para la metatesis de <ctileno con butano para obtener propeno, para la
hidroformilacion de etileno o propileno con CO e hidrégeno, y para la produccién de
policetonas a partir de olefinas y monoxido de carbono, tal como se describe en WO
93/01224.

La etapa (b) comprende hacer reaccionar al menos una porcién de dicha
primera corriente diluida de olefinas para producir una primera corriente de derivado
de olefina y una segunda corriente diluida de olefinas. Preferentemente, la totalidad
de la primera corriente diluida de olefinas se hace reaccionar para producir dicha
primera corriente de derivado de olefina y dicha segunda corriente diluida de
olefinas. Sin embargo, en una modalidad de la presente invencion, una porcion de
dicha primera corriente diluida de olefinas se puede hacer reaccionar en uno o mas
procesos adicionales de obtencion de derivados de olefinas, para producir una o mas
corrientes adicionales de derivados de olefinas.

La etapa (b) puede comprender también mas de un proceso de obtencion de

derivados de olefinas, realizados en seric. Por ejemplo, la primera corriente diluida
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de olefinas se puede hacer 1eaccionar para producir una primera corriente de
derivado de olefina y una corriente intermedia diluida de olefinas, y al menos una
porcion de dicha corriente intermedia diluida de olefinas se puede hacer reaccionar
para producir otra corriente de derivado de olefina y otra corriente diluida de
olefinas. La otra corriente diluida de olefinas ¥y, opcionalmente, cualesquiera de las
corrientes intermedias diluidas de olefinas no reaccionadas en la otra unidad de
obtencion del derivade de olefina, pueden formar entonces la segunda corriente
diluida de olefinas de la invencién.

En el primer aspecto de la presente invencion, al menos una porcién de la
segunda corriente diluida de olefinas se hace reaccionar en una etapa de cracking
autotérmico, que puede ser o no la misma etapa de cracking que la etapa (a).
Preferentemente, la totalidad de la segunda corriente diluida de olefinas se¢ hace
reaccionar en la etapa de cracking autotérmico. En una modalidad del primer aspecto
de la prcsent.e invencion, una porcion de dicha segunda corriente diluida de olefinas
se puede hacer reaccionar en uno o mas procesos adicionales de obtencién de
derivados de olefinas, para producir uno o més derivados de olefinas adicionales,
antes de reaccionar en la etapa de cracking autotérmico, por ejemplo, antes del
reciclo a la etapa (a) (cuando la etapa de cracking en la etapa (a) es una etapa de
cracking autotérmico).

En un segundo aspecto, la presente invencién proporciona un procedimiento
para la produccion de un derivado de olefina, cuyo procedimiento comprende las
etapas de:

(a) craquear un material de alimentacién que contiene hidrocarburos.paraﬁnicos
para producir una primera corriente diluida de olefinas, que comprende tanto olefinas

como alcanos:
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(b) reaccionar al menos una porcion de dicha primera corriente diluida de
olefinas, producida en la etapa (a), para producir una primera corriente de derivado
de olefina, que comprende un prin‘i;r derivado de olefina, y una segunda corriente
diluida de olefinas, que comprende alcanos y al menos 5 moles% de olefinas sin
reaccionar;

(c) reaccionar al menos una porcion de dicha segunda corriente diluida de
olefinas producida en la etapa (b), comprendiendo dicha porcién alcanos y al menos
5 moles% de olefinas sin reaccionar, para producir una segunda corriente de derivado
de olefina, que comprende un segundo derivado de olefina, Y una corriente de reciclo
que comprende alcanos sin reaccionar y menos de 5 moles% de olefinas; y

(d) reciclar dicha corriente de reciclo producida en la etapa (c) a la etapa de
cracking de la etapa (a).

El proceso de cracking de la etapa (a) del segundo aspecto se elige
preferentemente entre (i) procesos de cracking térmico, por ejemplo de nafia, (ii)
procesos de cracking con vapor dz agua, por ¢jemplo de un alcano, de una mezcla de
alcanos o de nafta y (iii) procesos de cracking autotérmico, por ejemplo de un alcano,
de una mezcla de alcanos o de nafta.

Con suma preferencia, ia etapa de cracking (a)} del segundo aspecto
comprende el cracking autotérmico del material de alimentacién que conticne
hidrocarburos parafinicos.

La etapa (b) del segundo aspecto es preferentemente como la descrita en el
primer aspecto de la invencion,

En este segundo aspecto de la presente invencion, al menos una porcién de la
segunda corriente diluida de olefinas se hace reaccionar para producir (en la etapa

{¢)) una segunda corriente de derivado de olefina, que comprende un segundo
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derivado de olefina, y una corriente de reciclo que comprende alcanos sin reaccionar
y menos de 5 moles% de olefinas. El segundo derivado de olefina producido en la
etapa (¢} puede ser el mismo o puede ser diferente al primer derivado de olefina. Por
ejemplo, cuando la corriente diluida de olefinas comprende etileno y etana, ambos
derivados de etileno primero y segundo pueden ser productos de polietileno.
Alternativamente, el primer derivado de etileno puede ser, por ejemplo, un producto
de polietileno y el segundo derivado de etileno puede ser, por ejemplo, un producto
de etilbenceno.

Preferentemente, la totalidad de la segunda corriente diluida de olefinas se
hace reaccionar para producir dicha segunda corriente de derivado de olefina y dicha
corriente de reciclo. Sin embargo, en una modalidad, una porcidn de dicha segunda
corriente diluida de olefinas se¢ puede hacer reaccionar en uno o mas procesos
diferentes de obtencion de derivados de olefinas, para producir uno ¢ mas derivados
de olefinas adicionales.

En el segundo aspecto, la etapa (c) comprende hacer reaccionar al menos una
porcion de dicha segunda corriente diluida de olefinas para producir una segunda
corriente de derivado de olefina )I' una corriente de reciclo que comprende alcano sin
reaccionar y menos de 5 moles% de olefinas. Preferentemente, dicha corriente de
reciclo comprende menoes de 3 moles% de olefinas y més preferentemente menos de
I mol% de olefinas. Se prefiere una baja concentracién de olefinas cuando la etapa
de cracking de la etapa (a) es un craqueador con vapor de agua, puesto que este irj en
un menor detrimento con respecto a los tiempos de trabajo del craqueador. Por tanto,
la etapa (c) comprende preferentemente hacer reaccionar dicha porcion al menos de

dicha segunda corriente diluida de olefinas en un proceso de obtencién de derivados

de olefinas con una conversion de olefinas relativamente alta, tal como una

2
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conversion de al menos 90%, prefer'entemente una conversion alta de olefinas, tal
como una conversion de al menos 95%.

Cuando la olefina comprende etileno, el proceso de obtencion del derivado de
olefina de la etapa (c) comprende preferentemente un proceso para la produccion de
ctilbenceno a partir de etileno y benceno o un proceso para la polimerizacion o co-
polimerizacién de etileno, por ejemplo mediante ¢! proceso Phillips.

Cuando la olefina comprende propileno, el proceso de obtencion del derivado
de olefina de ia etapa (c) comprende preferentemente un proceso para la produccion
de polipropileno a partir de propileno.

La mvencion serd ejemplificada ahora con referencia a las figuras 1 a 5 ya
los ejemplos.

La figura | representa en forma esquematica un procedimiento integrado para
la produccion de un derivado de etileno de acuerdo con el primer aspecto de la
presente invencion.

La figura 2 representa en forma esquemética un procedimiento integrado de
polictileno, en circuito de suspensién espesa, para la produccion de polietileno de
acuerdo con el primer aspecto de la presente invencién.

La figura 3 representa en forma esquemética un procedimiento integrado de
policetona para la produccion de policetonas de acuerdo con el primer aspecto de la
presente invencion. '

La figura 4 representa en forma esquemdtica un procedimiento integrado de
metatesis y de polipropileno para la produccién de polipropileno de acuerdo con el
primer aspecto de la presente invencion.

La figura 5 representa en forma esquematica un procedimiento integrado de

polietileno y etilbenceno para la produccién de polietileno y etilbenceno de acuerdo

2>
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con el segundo aspecto de la presente invencion.

Con referencia a la figura 1, una alimentacion de etano 10, una corriente de
reciclo 30 que comprende 40% de etileno (C;7) y 60% de etano (C,), y una
alimentacion de oxigeno 20, se alimentan a un reactor ATC 40. La corriente producto
mezclada se trata, 50, para producir una corriente de subproducto 60 y una primera
corriente diluida de etileno 70 que comprende aproximadamente 30% de etano y
70% de etileno. Esta corriente diluida de etileno se pasa a un proceso de obtencion de
un derivado de etileno 80 con una conversion de etileno del 70% aproximadamente
por pasada. El etano es inerte en dicho proceso. El producto derivado de olefina 90 se
separa, junto con cualesquiera otros subproductos formados, para dejar una segunda
corriente diluida de etileno que comprende etano y etileno sin reaccionar, que tiene
una composicion de aproximadamente 40% de etileno y 60% de etano (y que tiene
aproximadamente la mitad del volumen de la primera corriente diluida de etileno), la
cual se recicla al reactor ATC.

Con referencia a la figura 2, al reactor ATC 4 se alimentan etano |, oxigeno 2
y una corriente de reciclo 3 que comprende etano y ctileno. La corriente producto se
pasa a una etapa de enfriamiento rapido 5 en la cual se separan agua e hidrocarburos
superiores 6, y luego a una etapa de lavado con amina 7 para separar didxido de
carbono y mas agua 8. El resto de la corriente producto se pasa entonces a un
desmetanizador 9 para separar higrégeno, monéxido de carbono y metano 10 yaun
desetanizador 11 para separar hidrocarburos C3+ 12, que pueden ser reciclados al
reactor ATC 4.

El resto de la corriente producto es hidrogenada 13, para separar compuestos
acetilénicos y dienos, para formar una primera corriente diluida de etileno 14 que

comprende etileno y etano, la cual se pasa a un proceso de polictileno en circuito en
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suspension espesa 15, para producir un producto de polietileno 16 y una segunda
corriente diluida de etileno 17 que comprende etano y etileno sin reaccionar, la cual
se recicla al reactor ATC, después de la adicion de la corriente 12, como corriente de
reciclo 3.

Con referencia a la figura 3, a un reactor ATC 4 se alimentan etano |,
oxigeno 2 y una corriente de reciclo 3 que comprende etano y etileno. La corriente
producto se pasa a una etapa de enfriamiento rapido 5 en donde se separan agua e
hidrocarburos superiores 6, y luego a una etapa de lavado con amina 7, para separar
dioxido de carbono y mds agua £. El resto de la corriente producto se pasa entonces a
un desetanizador 11 para separar hidrocarburos C3+ 12, los cuales pueden ser
reciclados al reactor ATC 4.

El resto de la corriente producto 14 forma una primera corriente diluida de
etileno que comprende etileno, ezano, monéxido de carbono e hidrdgeno, y se pasa a
un reactor de policetonas 15 en donde se hace reaccionar para producir un producto
de policetona 16 y una segunda corriente dituida de olefinas 17 que se recicla al
reactor ATC 4, opcionalmente después de la adicion de hidrocarburos C3+ 12,
separados del desetanizador,

En un proceso de policetonas alternativo {no mostrado), los hidrocarbures C3
(propileno y propano} no se separan en el desetan-izador 11, sino que se alimentan al
reactor de policetonas con el etileno, etano, monéxido de carbono e hidrogeno.

Con referencia a la- figura 4, a un reactor ATC 4 se alimentan etano 1,
oxigeno 2 y una corriente de reciclo 3 que comprende etano y etileno. La corriente
producto se pasa a una serie de etapas de separacidn, incluyendo un enfriamiento
rapido, un lavado con amina, un desmetanizador, un desetanizad(')r e hidrogenacion,

como se ha descrito en la figura 2.
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L1 resto de la corriente producto 14 forma una primera corriente diluida de
etileno que comprende etileno y etano, la cual se pasa a un reactor de metatesis 15 en
donde se hace reaccionar con u-na alimentacién de butano 30. La corriente producto
31 se pasa a un tren de separacion 32, tal como una o mas columnas de destilacién,
para separar buteno sin reaccionar 33, propileno 34 y una segunda corriente diluida
de etileno 17 que comprende ctileno sin reaccionar y etano, la cual se recicla al
reactor ATC 4, opcionalmente después de la adicién de hidrocarburos C3+ 12
separados en el desetanizador 11. Los butenos no reaccionados pueden ser reciclados
al reactor de metatesis 15. La corriente de propeno 34 se pasa a un reactor de
propileno 35, para producir polipropileno 36.

Con referencia a la figura 5, a un reactor ATC 4 se alimentan etano |,
oxigeno 2 y una corriente de reciclo 3 que comprende etano. La corriente producto se
pasa a un enfriamiento rapido 5 en donde se separan agua e hidrocarburos superiores
6, y luego a una etapa de lavado con amina 7, para separar didxido de carbono y mas
agua 8. El resto de la corriente producto se pasa entonces a un desmetanizador 9 para
separar hidrogeno, mondxido de carbono y metano 10, y a un desetanizador 11 para
separar hidrocarburos C3+ 12, los cuales pueden ser reciclados al reactor ATC 4.

El resto de la corriente producto se hidrogena, 13, para separar compuestos
acetilénicos y dienos, y para formar una primera corriente diluida de etileno 14 que
comprende etileno y etano, la cual se pasa a un proceso de polietileno en fase
gascosa |5, para producir un producto de polietileno 16. Una segunda corriente
diluida de etileno 17, que corﬁprende etano y etileno sin reaccionar, se hace
reaccionar con benceno 18, en un reactor de etilbenceno 19, para producir
ctilbenceno 20 y una corriente de reciclo 21 que comprende etano, la cual se recicla

al reactor ATC 4, después de la adicion de la corriente 12, como corriente de reciclo
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3. En una modalidad opcional de la figura 5, una porcién de la primera corriente

diluida de etileno 14 se pasa directamente al reactor de etilbenceno 19, como se

muestra por la linea de puntos 14a,

Ejemplo 1

Este ejemplo ilustra un procedimiento integrado de polietileno en circuito de

suspension espesa para la produccidn de polietileno seghin el procedimiento de la

figura 2.

El procedimiento de polietileno en circuito de suspensién espesa se lleva a

cabo con una conversion de etileno del 80%.

Las composiciones de las respectivas corrientes del procedimiento se ofrecen

en la tabla |.

TABLA 1

Corriente nimero (Fig. 2)

Componentes principales

Volumen de componente
(kilotoneladas por afio)

1 Etano 750
2 Oxigeno 466
3 Etano 336
Etileno 80
Compuestos C3+ 50
6 Agua y compuestos C5+ | 378
8 Dioxido de carbono y agua | 86
10 Hidrdgeno, mondxido de|352
carbono y metano
12 Compuestos C3+ 30
14 Etano 336
Etileno 400
16 Polietileno 320
17 Etano 336
Etileno 80

La corriente que comprende compuestos C3+ (corriente 12) comprende

predominantemente propano (9% en peso), propileno (50% en peso), butanos (9% en

peso), butenos (7% en peso} y butadieno (24% en peso) siendo el resto
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(aproximadamente 1% en peso} hidrocarburos C5+ (incluyendo compuestos

aromaticos).

Eiemplo 2

Este ejemplo ilustra un srocedimiento integrado de polietileno y etilbenceno

para la produccion de polietileno y etilbenceno segin el procedimiento de la figura §.

El procedimiento de pclietileno en fase gaseosa se lleva a cabo con una

conversion de etileno de aproximadamente 78% vy el procedimiento de etilbenceno

con una conversién de etileno de aproximadamente 100%. Las composiciones de las

respectivas corrientes del procedimiento se ofrecen en la tabla 2.

TABLA 2

Corriente nimero (Fig. 5)

Componentes principales

Volumen de componente
(kilotoneladas por aiio)

] Etano 759
2 Oxigeno 489
3 Etano 335
Compuestos C3+ 67
6 Agua 373
Compuestos C5+ 69
8 Didxido de carbono 32
Agua 20
[0 Hidrdgeno 16
Mondxido de carbono 204
Metano 133
12 Compuestos C3+ 67
14 Etano 335
Etileno 400
16 Polietileno 310
17 Etano 335
Etileno 90
18 Benceno 244
20 Etilbenceno 334
21 Etano 335
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REIVINDICACIONES
.- Procedimiento para la produccion de un derivado de olefina,

caracterizado porque comprende las etapas de:

() craquear un material de alimentacién que contiene hidrocarburos parafinicos
para producir una primera corriente diluida de olefinas que comprende tanto olefinas
como alcanos;

(b) reaccionar al menos una porcién de dicha primera corriente diluida de
olefinas, producida en la etapa (z), para producir una primeta corriente de derivados
de olefinas, que comprende un primer derivado de olefinas, y una segunda corriente
diluida de olefinas, que comprende alcanos y al menos 5 moles% de olefinas sin
reaccionar;

{c) craquear autotérmicamente al menos una porcién de dicha segunda corriente
diluida de olefinas, producida en la etapa (b), comprendiendo dicha porcién alcanos
y al menos 5 moles% de olefinas sin reaccionar.

2.-  Procedimiento segun la reivindicacién 1, caracterizado porque la
primera corriente diluida de olefinas comprende al menos 50% en peso de olefina y
al menos 1% en peso de alcano.

3.-  Procedimiento segin la reivindicacion 1 o 2, caracterizado porque la
etapa de cracking (a) se elige entre (i) procesos de cracking térmico, (ii) procesos de
cracking con vapor de agua y (iii) procesos de cracking autotérmico.

4.-  Procedimiento segln cualquicra de las reivindicaciones anteriores,
caracterizado porque el material de alimentacion que contiene hidrocarburos
parafinicos alimentado a la etapé (a) comprende un solo alcano, tal como etano, una
mezcla de alcanos, tal como NGL. (liquidos de gas natural), o nafta.

5.-  Procedimiento seplin cualquiera de las reivindicaciones anteriores,
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caracterizado porque la porcién de la segunda corriente diluida de olefinas pasada al
craqueador autotérmico de la etapa (c) comprende al menos 50% del alcano y al
menos 50% de la olefina en la segunda corriente diluida de olefinas.

6.-  Procedimiento segun cualquiera de las reivindicaciones anteriores,
caracterizado porque la concentracién de olefina (olefina sin reaccionar procedente
de la segunda corriente diluida de olefinas y olefina adicional que puede estar
presente en cualquier alimentacion adicional que contiene alcano) en la alimentacion
pasada a la etapa de cracking autotérmico, es de al menos 4 moles%.

7.-  Procedimiento sepin cualquicra de las reivindicaciones anteriores,
caracterizado porque la etapa de cracking (a) es una etapa de cracking autotérmico y
el proceso para la produccion de un derivado de olefina comprende las etapas de:

(a) craquear autotérmicamenie una alimentacion que comprende un material de
alimentacién que contiene hidrocarburos parafinicos y una corriente de reciclo, para
producir una primera corriente diluida de olefinas que comprende tanto olefinas
como alcanos;

(b) reaccionar al menos una porcién de dicha primera corriente diluida de
olefinas producida en la etapa (a) para producir una primera corriente de derivado de
olefina, que comprende un primer derivado de olefina, y una segunda corriente
diluida de olefinas, que comprende alcanos y al menos 5 moles% de oleﬁ'nas sin
reaccionar;

(c) reciclar al menos una porcién de dicha segunda corriente diluida de olefinas
producida en ¢l etapa (b) como la corriente de reciclo en el cracking autotérmico de
la etapa (a), comprendiendo dicha porcidn alcanos y al menos 5 moles% de olefinas
sin reaccionar.

8. - Procedimiento péra la produccién de un derivado de olefina,
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caracterizado porque comprende las etapas de:

(a) craquear un material de alimentacion que contiene hidrocarburos parafinicos
para producir una primera corriente diluida de olefinas, que comprende tanto olefinas
como alcanos;

(b) reaccionar al menos una porciéon de dicha primera corriente diluida de
olefinas, producida en la etapa (a), para producir una primera corriente de derivado
de olefina, que comprende un primer derivado de olefina, y una segunda corriente
diluida de olefinas, que comprende alcanos y al menos 5 moles% de olefinas sin
reaccionar,

(c) reaccionar al menos una porcidon de dicha segunda corriente diluida de
olefinas producida en la etapa (b), comprendiendo dicha porcién alcanos y al menos
5 moles% de olefinas sin reaccionar, para producir una segunda corriente de derivado
de olefina, que comprende un segundo derivado de olefina, y una corriente de reciclo
que comprende alcanos sin reaccionar y menos de 5 moles% de olefinas; y

(d) reciclar dicha corriente de reciclo producida en la etapa (c¢) a la etapa de

cracking de la etapa (a).
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RESUMEN

La presente invencién proporciona un procedimiento para la produccion de
un derivado de olefina, cuyo procedimiento comprende las etapas de: (a) craquear un
material de alimentacién que ccntiene hidrocarburos parafinicos para producir una
primera corriente diluida de olefinas que comprende tanto olefinas como alcanos, (b)
reaccionar al menos una porcion de dicha primera corriente diluida de olefinas,
producida en la etapa (a), parz producir una primera corriente de derivados de
olefinas, que comprende un prillner derivado de olefinas, y una segunda corriente
diluida de olefinas, que comprende alcanos y al menos 5 moles% de olefinas sin
reaccionar, (c)craquear autotérmicamente al menos una porcion de dicha segunda
corriente diluida de olefinas, proclucida en la etapa (b), comprendiendo dicha porcion

alcanos y al menos 5 moles% de nlefinas sin reaccionar.
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Box Ne. V1 PRIORITY CLAIM

The priority of the following earlier application(s) is hereby claimed:
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(day/monthiyvear) ?Ot:l%r?; 2‘; llgﬂ:ig;' regional application:* | international application:
of WTO regional Office receiving Office
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D Further prionty claims are indicated in the Supplemental Box.

The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s) forly if
the earlier application was filed with the Office which for the purposes of this international applicarion is the receving Office) identified
above as:

D all items m item (1) E] iten (2) D itemn (3) D other, see Supplemental Box

* Where the carlier application is an ARIPO application, indicate at least one counmy party to the Paris Convention Jfor the Protection of
Industrial Property or one Member of the World Trade Organization for which thar earlicr appheation was Siled (Rule 4.10(5}i)). . . ..

Box No. VIl INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Authority (ISA) (if rwo or more International Searching Awrhorities are competent o carvy out the
internarional search, indicate the Authority chosen: the fwo-letter code may be used):

Request to use results of earlier search; reference 1o that search (if an earlier search has been carried out by or requested from the
International Searching Authority):

Date (day/month/ycar) Number Country (or regional Qffice}

Box No. VIII DECLARATIONS

The following declaratlons are contained in Boxes Nos. V11 (i} to (v) (mark the applicable Number of
check-boxes below and indicate in the right column the number of eack type of declaration), declarations
[[] BoxNo. Viil(i) Declaration as to the idendty of the inventor
[E Box No. VIII (ii} Declaratien as to the applicant’s entitlement, as at the international filing

date, to apply for and bz granted a patent : 1
I:, Box No. VIII (iii) Declaration as to the applicant’s enlitlement, as at the intemational filing

date, to claim the priotity of the earlier application
[& Box No. VIII (iv) Declaration of inventorship (only for the purposes of the designation of the

United States of America) : 1
D Bex No. VIII (v) Declaration as to non-picjudicial disclosures or exceptions 10 lack of novelty

Form PCT/RO/101 (second sheet) (January 2004) See Notes to the request form
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Box No. VIl (i) DECLARATION: ENTITLEMENT TO APPLY FOR AND BE GRANTED A PATENT

The declaration must conform io the standardized wording provided for in Section 212; see Notes to Boxes Nos. VI, VIl (i) to (v) (in general)
and the specific Notes 1o Box No.VIH (ii}. If this Box is aot used, this sheet should not be included in the request.

Declaration as to the applicant’s entitlement, as at the internaticnal filing date, to apply for and be granted a patent (Rules 4.17(ii)
and 51bis. L(a)(ii}), in a case where the declaration under Rule 4.17(iv) is not appropriate:

In relation to this International Application, BP CHEMICALS LIMITED are entitled to apply
for and be granted a patent by virtue of the following:

BP CHEMICALS LIMITED is entitled by virtue of a contract of employment with the
inventors, LITTLE, lan Raymond, LUCY, Andrew Richard and MAUNDERS, Barry Martin.

This declaration is made for the purposes of all designations (except the United States of
America). -

D This declaration is continued on the following sheet, “Continuation of Bex No. VIII (i)™

Form PCT/RO/101 {declaration sheet (ii)) (January 2004) See Notes 1o the reguest form
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Box No. VIIT (iv} DECLARATION: INVENTORSHIP (only for the purposes of the designation of the Unifed States of America)

The declaration must conform to the following siandardized wording provided for in Section 214; see Notes to Boxes Nos. VIII, Vil (i) 1o (v)
{tn general) and the specific Notes 1o Box No. VI (iv). If this Box is not used, this sheet should not be included in the request.

Declaration of inveatorship (Rﬁles 4.17(iv) and 51bis.1{a)(iv))
for the purposes of the designation of the United States of America:

T hereby declare that I believe 1 am the original, fitst and sole (if only one invenior is listed below) or joint (if more than one inventor
is listed below) inventor of the subject matter which is claimed and for which a patent is sought.

This declaration is directed to the international application of which it forms a part (if filing declaration with application).

This declaration is directed 1o international application No. PCT/ . ... oo, (if furnishtng declaration pursuant
to Rule 26rer).

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name.

1 hereby state that I have reviewed and understand the contents of the above-identified international application, including the claims
of said application. | have identified in the request of said application, in compliance with PCT Rule 4.10, any claim to foreign priority,
and { have identified below, under the heading "Prior Applications,” by application number, country or Member of the World Trade
Organization, day, monih and year of filing, any application for a patent or inventor’s cestificaie filed in a country other than the United
States of America, including any PCT intemational application designating at Icast one couniry other than the United States of America,
having a filing date before that of the application on which foreign priority is claimed.

I hercby acknowledge the duty to disclose information that is known by me to be material 1o patentability as defined by
37 C.F.R. § 1.56, including for contjnuation-in-part applications, material information which became available between the filing date
of the prior application and the PCT intenational filing date of the continuation-in-part application.

[ hereby declare that all statements made herein of ny own knowledge are true and that all statements made on information and belief
are believed o be true; and funther that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

Citizenship: BrmSh ......................................................................

Inventor’s Signature: ... .. .. . i .. .. e i Date: ... .
(if not contained in the request, or if declaration is comrected or (of signature which is not comained in the request, or of the
added under Rule 26ser after the filing of the international declaration that is corrected or added under Rule 26¢er afler the

application. The signature must be that of the inventor, not that of filing of the international application)
the agent)

LUCY, Andrew Richard
Name: .

(city and either US state, if applicable, or country)
24 Station Road, South Cava, Brough, East Yorkshire, HU15 2AA, United Kingdom

Mailing Address: . . T T T e T .
Citizenship: BHUSh e e e e e e e e e
Inventor’s Signature: . ... ....... .. ... ... ... ..... Date: .. e
(if not contained in the request, or if declaration is corrected or {of signature which is not contained in the request, or of the
added under Rule 26rer after the filing of the international declaration that is corrected or added under Rule 26+er afier the

application. The signature must be that of the inventor, not thatof - filing of the international application)
the agent) .

P

This declaration is continued on the following shezt, “Continuation of Box No. VIII (iv)".
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the information in the same manner as required for the purposes of the Box in which the space was insufficient. If additional spare is needed
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]
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Box No.IX CHECK LIST; LANGUAGE OF FILING

This international application contains: This international application is accompanied by the following Number
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@ Is?1£e?sp:er form, the following number of right column the number of each item):
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tables related thereto) : 15 4. & copy c_)f general power of attorney;, reference number, ]
claims : 2 Fany: . ..
abstract . i 5.0 statement explaining lack of signaturc
drawings . > . O] priority decumnen(s) identified in Box No. Vi as
R |tcm(?: ...........................................
Sub-total :.wmber of sheets 27 7. [ translation of international application into
sequence lisung : flanguage): ... ... ... . ...
tables refated thereto : . [0 separate indications conceming deposited microorganism
(for both, actual rumber of or other biological material
sheets tf filed in paper form, o O se P
; g quence listing in computer readable form
g’;gﬁ,’;::aga‘g;:ﬁ rfg_m {indicate type and number of carriers)
see (c) below) ' - (1) [ copy submitted for the purposes of international search under
Rule 13rer only (and not as part of the international application) :
Total number of sheets : 27 i) O {only where check-box (b)(i) or (c)(i) is marked in left cofumn}
. additional copies including, where applicable, the copy forthe
® Z)é:!zt:g:gglﬁ:;&l)')readable form purposes of international search under Ruie 13ter
(i) [ sequence listing (iii) [J together with relevant statement as to the identiry of the copy o1
. copies with the sequence listing mentioned in left column :
(iiy [J rables related thereto p q
0] alsoi ( dable f 10. [0 1ables in computer readable form related 1o sequence listing
() ?&:{:}:ggl’éﬁﬁﬁ” ablelorm (indicate type and number of carriers)
; ot (13 [ copy submitied for the purposes of international search under
(_!) [} sequence listing Section 802 uater) only {(and not as part of the international
{ii) O tables related thercto - applicalion) y P .
TEPE and number of carriers (diskette, gy 4 {only where check-box (b)(fi) or (c)(ii) is marked in lefi column)
CD-ROM, CD-R or other) on which are additional copies including, where applicable, the copy for the
contained the purposes of international search under Section 802(b-quater)
1 sequencelisting:................ vitf) [ together with relevant statement as to the sdentity of the copy or
] 1ables related thereto: . .. .. .. ... .. copies with the tables mentioned in left column :
(additional copies to be indicated under 11. B other (specify: Form2377 ... oo
items 9(ii} and/or {005}, in right column)
Figure of the drawings which 1 Language of filing of the Enalish
should accompany the abstract: international application: ngis

Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to each signature, indicate the name of the person signing and the capacity in which the person signs {if such capacity ts not obvious from reading the request).

LR

HYMERS, Rofidld Robson
Authorised A

For receiving Office use only

1. Date of actual receipt of the purported 2. Drawings:
international application:

3. Corrected date of actual receipt due to later but
timely received papers or drawings completing
the purported international application:

4, Date of timely receipt of the required D nor received:
comrections under PCT Article | 1(2):

5. International Searching Authority 6. D Transmirtal of search copy delayed
(if two or more are competent):  1SA / until search fee is paid

For Liternational Bureau use only

Date of receipt of the record copy
by the [nternational Burcau:

Form PCT/RO/101 (last sheet) (January 2004} See Notes to the request form
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the international search.}
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{Applicants from certain States are enntled 10 a reduction of 75% of the
international filing fee. Where the applicant is (or all applicants are} so
enniled, the tolal to be entered ar { 1s 25% of the international filing fee )

. FEE FOR PRIORITY DOCUMENT (if applicable)

TOTAL FEES PAYABLE . _ .
Add amounts entered at T, S, | and P,and enter total in tae TOTAL box
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£1,783-00
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[] cash

deposit account {(sce D postal mongy order

[ bank draft

l:l revenue stamps

3 coupons
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AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
{This mode of payment may not be available at all receiving Gifices)

[ Authorization to charge the total fees indicated above. l

[T] (1his check-box

be marked only if the conditions for deposit accounts
of the receiving Office so permit) Authorization to charge any deficiency
or credit any overpayment in the total fees indicated above.

D Authorization to charge the fee for priority document.

Receiving Office: RO/

Deposit Account No.:

Date:

Name:

Signature:
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PATENT COOPERATION TREATY

PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

(PCT Administrative Instructions, Section 411)

Date of mailing (day/month/year)
28 May 2004 (28.05.2004)

Sy

From the INTERNATIONAL BUREAU
To:

HYMERS, Ronald, Robson
BP International Limited
Chertsey Road
Sunbury-on-Thames
Middlesex TW16 7LN
United Kingdom

Applicant's or agent's file reference

BPCL 9920

IMPORTANT NOTIFICATION

International application No.

PCT/GB2004/001265

Internaticnal filing date (day/month/year)

24 March 2004 (24.03.2004)

International publication date (day/monthiyear)
Not yet published

Priority date {day/month/year)
03 April 2003 (03.04.2003)

Applicant

BP CHEMICALS LIMITED et al

1. By means of this Form, which replaces any previously issued notification concerning submission or transmittal of priority

Priority date Priority application No. * Country or regional Office Date of receint
or PCT receiving Office of prigrity document
03Aﬁ?i2003'(03:04ﬁ2y€)__ ‘03077 5?6 T T I c1: T 20 Apri 2004 20?0&:200_4) o

documents, the applicant is hereby notified of the date of receipt by the Internationat Bureau of the priority document(s)
relating 1o all earlier application(s) whose priority is claimed. Unless otherwise indicated by the fetters "NR", in the
right-hand column ar by an asterisk appearing next to a date of receipt, the priority document concerned was submitted or
transmitted to the International Bureau in compliance with Rule 17.1{a) or {b).

{if applicable} The letters "NR" appearing in the right-hand column denote a priority document which, on the date of mailing
of this Form. had not yet boen received by the Intermational Bureau under Rule 17.1(a} or {b). Whare, under Rule 17.1(a} , the
priarity document must be submitted by the applicant to the recsiving Office or the International Bureau, but the applicant
fails t@ submut the priority document within the applicable time limit under that Rule, the attention of the applicant is directed
to Rule 17.1(c) which provides that no designated Office may disregard the priority claim concerned before giving the
applicant an opportunity, upen entry into the national phase, to furnish the priarity document within a time limit which is
reasonable under the circumstances.

{If applicable) An asterisk{*) appearing next to a date af receipt, in the nght-hand column, denotes a priority document
submitted or transmitted to the International Bureau but not in compliance with Rule 17.1(a} or (b) (the priority document
was received after the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was
submitted to the receiving Office after the applicable time limit under Rule 17.1{b}). Even though the priarity document was
not furnished in compliance with Rule 17.1(a) or (b), the International Bureau will nevertheless transmit a copy of the
document to the designated Offices, for their consideration. In case such a copy is not accepted by the designated Gffice
as pricrity document, Rule 17.1(c) provides that no designated Office may disregard the priority claim concerned before
giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document within a time limt
which is reasonable under the circumstances.

Facsimile No. (41-22) 338.85.65 Telephone No. (41-22) 338 9928

. Authorized officer
The International Bureau of WIPQ

34, chemin des Colombettes Rodrigo GARCIA CONDE
1211 Geneva 20, Switzerdand

Form PCT/IB/304 (January 2004) 006276332



The demand musst be filed directly with the competent Internarional Preliminary Examining Authority or, if two or more Authorities are competent, S
with the one chosen by the applicant.  The fidl namnz or two-letter code of that Authority may be indicated by the applicant on the line below:
irEAs EP

PCT CHAPTER II

DEMAND

under Article 31 of the Patent Cooperation Treaty:
The undersigned requests that the international application specified below be the subject of
international preliminary examination according to the Patent Cooperation Treaty.

For International Preliminary Examining Authority use only

[dentification of [PEA Date of receipt of DEMAND

Appllcam sor agcnt E] hjc reference

International application No. International ggn'gw dalégdé:ry/[r)rsan!hfyear) (Earliest) Priority dattI: (day/monthivear)
il 2
PCT/GB2004/001265 arch 20 3 April 2003

Title of inventicn

INTEGRATED PROCESS FOR THE PRODUCTION OF OLEFIN DERIVATIVES

Box No.lI APPLICANT(S)

Name and address: g;% M$ ey meegtrﬂ mtuyjﬁdl official designation. Telephone No.
BP CHEMICALS LIMITED -
Chertsey Road
Sunbury-on-Thames Teleprinter No.
Middlesex
TW16 7BP Applicant’s registration No. with the Office
United Kingdom
State (that is, couniry) of naticnality: State (that is. country) of residence:
GB . GB.

Name and address: (Famify name followed by given rame; for a legal entity, full official designation. mmumwemmqurmmw
LITTLE, lan Raymond

27W650 North Lane, Naperville,

llinois 60540, United States of America

formerley of :

188 Manor Road North, Thames Ditton,

Surrey, KT7 OBQ, United Kingdom

State (that is, country) of nationality: State (thar is, country) of residence:

GB US

Name and address: (Family name followed by given name; for a legal entity, fudl official designation. The address nnuxt include pustal code and rame of country )
LUCY, Andrew Richard

24 Station Road

South Cave

Brough

East Yorkshire, HU15 2AA

United Kingdom

State (that is, country) of nationality: State (that is, country) of residence:
GB GB

Further appiicants are indicated on a continuation sheet.

Form PCT/IPEA/401 (first sheet} (January 2004) See Notes ro the demand form
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Shest No. 2 Intemational application No

PCT/GB2004/001265

Coatinuation of Box No. Il APPLECANT(®)
Ifnone of the following sub-boxes is used, this sheet shinidd not be included in the demand.

Name and address: (Family name followed by given name; for a legul entity, fdl officwal dexignation. The address must include postal code and name of country )}
MAUNDERS, Barry Martin
Woodlands

5 Paddock Way -
Woodham

Woking

Surrey, GU21 5TB

United Kingdom

State (that is, counmry) of nationality: State (that is, country) of residence:
GB GB

Name and address: (Fmdb’mﬁlwm'bygimme:'ﬁrakgdmﬁdhﬁiaﬂdﬁigmﬁm The address must include posial code and name of couniry)

State (that s, country) of nationality: State (that is, couniry) of residence:

Name and address: (Family name followed by given name, fora lepal entity, full official designarion. The addrest must include pastal code and rame of country,)

State (that is, country) of nationality: State (that is, country) of residence:

Name and address: (Fanly name followed by given name; Jor a legal endity, full official designanon. The addrexs must inchude pasial code and name of couniry.)

State (that is, country) of nationality: State (that is, country) of residence:

[:' Further applicants are indicated on another continuation sheet.

Form PCT/TPEA/40! (continuation sheet) (January 2904) See Notes to the demand form

Y
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International application No.

Sheet No. .3 PCT/GB2004/001265

Box No. 111 AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The following person is E agent Ij ¢OMmMON representative
and IZ] has been appointed carlier and represents the applicant(s} also for international preliminary examination.
I:I is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked.
D is hereby a%gimcd, specifically for the procedure before the International Preliminary Examining Authority, in addition to

the agent(s¥common represcntative appointed earlicr.

- (Family name foliowe, iven name; for a legal enti icial desi; on lephone No.
Nomeand s (el sy g ey et |
HYMERS, Ronald Robson Facsimile No.
BP INTERNATIONAL LIMITED 01932 762388
Patents & Agreements : Teleprinter No,
Chertsey Road
Sgnbury-on—Thames . . Agent'sregistration No, with the Office
Middlesex, TW16 7LN, United kingdom

D Address for correspondence: Mark this check-box where no agent or common representative is’has been appotnted and the
space above is used instead to indicate a special address to whic correspondence should be sent.

Box Ne.1V BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerning amendments:*
1. The applicant wishes the international preliminary examination to start on the basis of:

E the international application as originally filed
-the description as originally filed
as amended under Anrticle 34

B (3R (b

the claims as originally filed
as amended under Article 19 (together with any accompanying statement}
as amended under Anticle 34

the drawings - as originally filed

D as amended under Article 34

2. [:I The applicant wishes any amendment to the claims under Article 19 to be considered as reversed.

3. D The applicant wishes the start of the intemational preliminary examination to be postponed untit the expiration of the
applicable titme limit under Rule 69.1(d).

4. I:I The apglicam expressly wishes the intzmational preliminary examination to start earlier than at the expiration of the

applicable time limit under Rule 54bis.1(a). '

*  Where no check-box is marked, international preliminary examination will start on the basis of the international application
as originally filed or, wherc a cop‘}: of amendments to the claims under Article |9 and/or amendments of the international application
under Article 34 are reccived by the Intemational Preliminary Examining Authority before it has begun to draw up a wrilien opinion
or the international preliminary examination report, as so amended.

Language for the purposes of international prel‘lm]mry examinadon: =PI
|ZI which is the language in which the international application was filed.
I___I which is the language of & translation rurnished for the purposes of intemational search.
D which is the language of publication of the international application.
D which is the language of the translation {to be) furnished for the purposes of international preliminary examination.

Box No.V ELECTION OF STATES

The filing of this demand constitutes the election of all Contracting States which are designated and are bound by Chapter il of the
PCT.

Form PCT/IPEA/401 (second sheet) (January 2004) See Notes to the demand form
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Sheet No. . 4 [niemational application No.
eet No. . ¢
PCT/GB2004/001265
-
Box No. VI CHECK LIST
The demand is accompanied by the following elernents, in the language referred to in For Intemational Preliminary
Box No. IV, for the purposes of intemational preliminary examination: Examining Authority use only
received not received
1. transfation of international application : shects 1 [:]
2. amendments under Article 34 : sheets ] |
3. copy (or, where requircd, translation) of
amendments under Article 19 : sheets D |:|
4, copy {or, where required, translation) of
statement under Article 19 : sheets D D
5. letter : sheets 1 O
6. other (specify} : sheets D D

The demand is also accompanicd by the item(s) marked below:

1. ] fee calculation sheet 5.[] statement explaining lack of signature
2.[] original separate power of attorney 6. [] sequence listing in computer readable form
3.[] original general power of attomey 7.[] tables io computer readable form related to &
4.[] copy of general power of ationey; . sequence listng

8. D other (specify):

reference number, if any:

Box No. VI1 SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to each signature, indicate the name of the person signing und the capaculy in which the person signs {if such capacuty 15 not obvious from reading the demand).

K.

HYMEmonald Robson
Autho gent

For Intemnational Preliminary Examining Authority use only

1. Date of actual receipt of DEMAND:

2. Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60.1(b):

3. D The date of receipt of the demand is AFTER the 6. [:l The date of receipt of the demand is AFTER the
expiration of 19 months from the priority date and expiration of the time limit under Rule 544is.1(a) and
item 4 or 5, below, does not apply. item 7 or 8, below, does not apply.

[[] Theapplicant has been informed acvordingly. 7. ] Thedateofreceiptofthe demand is WITHIN the time
. limit under Rule 54bis.1{a) as extended by virtue of

4, D The date of receipt of the demand is WITHIN the time Rule 80.5.
limit of 1% months from the priority date as extended
by virtue of Rule 80.5. 8. I:I Although the date of receipt of the demand is afier the

5. D Although the date of receipt of the demand is afier the cxpiration of the time limit under Rule 54bis.1(a), the
expiration of 19 months from the priority date, the dejay in amival is EXCUSED pursuant to Rule 82,
delay in arrival is EXCUSED pursuant to Fule 82,

{

For Intemational Bureau use only

Demand received from [IPEA on:

Form PCT/IPEA/401 (last sheet) (Janvary 2004) See Notes to the demand form



PCT

CHAPTER I1

FEE CALCULATION SHEET

Annex to the Demand

[nternabional

applicalion No. PCT/GB2004/001265

file reference BPCL 2920

== For Intemational Preliminary Examining Autbority use only =

Applicant’s or agent’s Date stamp of the [IPEA

Applicant

BP CHEMICALS LIMITED et al

CALCULATION OF PRESCRIBED FEES

|. Preliminary examination fee ... |

EUR 1530-00] P

2. Handling fee (Applicants from certain States are
entitled to a reduction of 75% of the handling fee.
Where the applicant is (or all applicanis are) so

entitled, the amount to be entered at H is 25% of the
e, ot o be entered el s 27T | EUR 129-00 | H
3. Total of prescribed fees
Add the amounts entered at P and H
and enter total in the TOTAL bOX oo EUR 1659-00
TOTAL
MODE OF PAYMENT
E authorization to charge deposit E] cash
account with the IPEA (see below)
[:I cheque E] revenue stamps
D postal money order r_-] coupons
[[] bankdran : ] other apecipy:

(THis mode of payment may not be available at all IPEAs)

Pl Authorization to charge the total fees indicated above.

[0 (this check-box may bemarked only if the conditions for
depositaccounts of the IPEA so permit) Authorization to
charge any deficiency or credit any overpayment in the
total fees indicated above.

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT

ireas EP
Deposit Account No.- 28050129 BP Int Ltd

pate: 14th October 2004
Name: Mrs A.M. Perry
Signature: Q - m -~

Form PCT/TPEA/401 (Annex) (January 2004)

See Notes 1o the fee calculation sheet
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PATENT COOPERATION TREATY

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:

HYMERS, Ronald Robson

BP INTERNATIONAL LIMITED

Patents & Agreements _ .. ... ~- -
Chertsey Road .. .. ... .-} T
Sunbury-on-Thamés~~ """ """
Middlesex

TW16 7LN
GRANDE BRETAGNE 77 OCT 2004

63

Gz
é!é s —

NOTIFICATION OF RECEIPT
OF DEMAND BY COMPETENT INTERNATIONAL
PRELIMINARY EXAMINING AUTHORITY

PCT

(PCT Rules 59.3{c) and 61.1(b), first sentence
and Administrative Instructions, Section 601(a))

|
!
i

Date of mailing

{day/month/year) 25-10-2004

Applicant’s or agent’s file reference

IMPORTANT NOTIFICATION

BPCL 9920
International application No. International filing date (day/month/year) Priority date { day/month|year)
PCT/GB2004/001265 24,/03/2004 03/04/2003
Applicant
BP CHEMICALS LIMITED et al.
1. The applicant is hereby notified that this International Preliminary Examining Authority considers the following date as the

date of receipt of the demand for international prelimunary examination of the international application:

18/10/2004

2. This date of receipt is:

X
[

Ll

the date on which this Authority has, in response Lo

Internet site.

- _ong

the actual date of receipt of the demand by this Authority (Rule 61.1(b)).

the actual date of receipt of the demand on behalf of this Authority (Rule 59.3(e)).

(Form PCT/IPEA/[404), received the required corrections,

3. D ATTENTION: That date of receipt 1s after-the cxpiration of 19 months from the priority date. Consequently, in respect
of some Offices, the demand does not have the cffect of postponing the entry into the national phasc unti] 30 months from
the priority date (or later in some Offices) tArticle 39(1)) and the acts for entry into the national phase must thercfore be
performed within 20 months from the priosity date (or later in some Offices). However, in respect of some other Offices,
the time limit of 30 months (or later) may nevertheless apply. See the Annex to Form PCT/IB/301 and, for details about the
applicable time limits, Office by Office, sce the PCT Applicant's Guide, Volume 1l, National Chaptlers and the WIFO

D {If applicable) This notification confirms the information given by telephone, facsimile transmission or in person

the invitation Lo correct defects in the demand

q, Only where paragraph 3 applies, a copy of this natfication has

been sent to the International Bureauw.
wes Paten;
2 oy

o

oY 5 A
Name and mailing address of the IPEA/ Authorized officer .‘45" z&_ﬂ
T =\ European Patent Office 2 o G%
. _0)» %ﬁ?iﬂgﬁ?wo. Tx: 523656 epmu d ALMALE MURILLO J A B
_ S Fax: (+49-89) 2399-4465 Tl (+49-89) 23998050 u@b‘ — §
Form PCT/IPEA/402 (April 2002; reprint January 2004} (20/10/2004) O, Q7

y, N
%inp gorp®



PATENT COOFPERAIION IHEAILY

FFom the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:

HYMERS, Ronald Robson

BP INTERNATICONAL LIMITED
Patents & Agreements
Chertsey Road
Sunbury-on-Thames
Middlesex TW16 7LN
GRANDE BRETAGNE

[N

T e it e ey

P R AT
TR S T e

tg Aqu[E)gT

-""N@ﬂFm#ﬁﬂy+eF¢HANSMﬁTALOF

|

i |
|

THE INTERNATIONAL PRELIMINARY
REPORT ON PATENTABILITY

(PCT Rule 71.1)

2
¢4

Date of mailing
(daysmonthirear)

13.04.2005

Applicant's or agent's fiie reference

BPCL 9920

IMPCRTANT NOTIFICATION

Inlsmational application No.
PCT/AGB20044001265

Intemational filing date {daydnonthiear)

24.03.2004

Pnonty date (dayimonthdear)
03.04.2003

Applicant
BP CHEMICALS LIMITED et at.

application.

4. REMINDER

PCT Applicant's Guide.

2. A copy of the report and ils annexes, if any, is being transmitted to the International Bureau for
commurnication to all the elected Offices.

1. The applicant is hereby notified that this International Preliminary Examining Authority lransmits herewith the
international preliminary report on patentability and its annexes, if any, eslablished on the international

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of
the report (but not of any annexes) and will transmit such transiation to those Offices.

The applicant must enter the national phase before each elected Office by performing certain acts {filing
translations and paying national fees) within 30 months from the priority date (or later in some Gffices)
(Article 39(1)) (see also the reminder sent by the International Bureau with Form PCTAB/301).

Where a translation of the international application must be furnished to an elected Office, that translation
must contain a translation of any annexsas to the international preliminary report on patentability. It is the
applicant's responsibility to prepare and furnish such translation directly to each elected Office concemned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume i of the

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described in Article 33(2) 1o (4) merely serve the purposes of international
preliminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of deciding whether, in that Stale, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.

Name and mailing address of the international

preliminary examining authority:
European Patent Office

@) D-80298 Munich
Tol. +49 89 2399 - 0 Tx: 523656 eapmu d

Fax: +49 B9 2399 - 4465

Authorized Officer

Mazzariol, F

Tel. +49 89 2399-7911

Form PCTAPEA/416 (January 2004)




PATENT COOPERATION THEAILY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter |l of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

Applicant's or agenl’s file reference i
intemational application No Intermational filing date (dayfnonthyear) Priority dale (daysnonthirear)}
PCT/AGB2004001265 24.03.2004 03.04.2003

C10G1122, C10G5700, C10G5702

i International Patent Classificalion {IPC) or national classification and IPC

Applicant
BP CHEMICALS LIMITED et al.

Administrative Instructions).

Supplemental Box.

This REPORT consists of a total of 6 sheets, including this cover sheet.
This report is also accompanied by ANNEXES, comprising:
a. 0 sent to the applicant and to the Intemational Bureau) a total of sheets, as follows:

1. This report is the international preliminary examination report, establishad by this Intemational Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

O sheets of the description, claims andlbr drawings which have been amended and are the basis of this report
andbr sheets containing rectiticalions authorized by this Authority (see Rule 70.16 and Section 607 of the

1 sheets which supersede earlier sheets, but which this Authority considers contain an amendment that goes
beyond the disclosure in the international application as filed, as indicated in item 4 of Box No. | and the

b. O (sent to the Intemational Bureau o.?r!y) a total of (indicate type and number of electronic carrier(s)) , containing a
sequencs listing andkr tables relatad therete, in computer readable form only, as indicated in the Supplemental
Box Relating to Sequence Listing (see Section 802 of the Administrative Instructions).

4. This report contains indications relating to the following items:
& Box No. | Basis of the opinion
] Box No.!l  Priority
0 BoxNo.lli  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
& Box No.Iv  Lack of unity of invention
I Box No. v Reasoned statemant undler Article 35(2) with regard to novelty, inventive slep or industrial
applicability; citations and explanations supporting such statement
O Box No.Vl Cenain documants cited
O Box No. VIl Certain defects in the intemational applhcation
0 Box No. VIl Certain observations on ihe international application

[ Date of submission of the demand

18.10.2004

Date of completion of ihis repori

Name and maillng address of the International
preliminary examining authority:

European Patent Office

D-80298 Munlch
__0) Tel. +48 89 2399 - 0 Tx: 523656 epmu d
Fax: +49 89 2359 - 4465

Authorized Officer

Telephone No. +49 89 2399-7845

EaN
@)}

“"h"ma""

Form PCTAPEA/409 (Cover Sheet) (January 2004}




INTERNATIONAL PRELIMINARY REPORT Internationat application No%%,
ON PATENTABILITY PCTAGB2004001265 ( A

Box No.| Basis of the report

1. With regard to the language, this report is based on the.international application in the language in which it was
filed, unless oltherwise indicated under this item.

0 This report is based on translations from the original language into the following language ,
which is the language of a translation furnished for the purposes of:

O international search (under Rules 12.3 and 23.1(b))
O publication of the international application (under Rule 12.4)
O international preliminary examination {under Rules 55.2 andfr 55.3)

2. With regard 1o the elements* of the international application, this report is based on (replacement sheets which
have been fumnished to the receiving Office in response to an nvitation under Article 14 are referred to in this
report as "originally filed” and are not annexed to this report):

Description, Pages

1-15 as originally filed

Claims, Numbers

1-8 as originally filed

Drawings, Sheets

1/2-22 as criginally filed

O a sequence listing andior any related table(s) - see Supplemental Box Relating to Sequence Listing

3. 0 The amendments have resulted in the: cancellation of:

the description, pages

the claims, Nos.

the drawings, sheetsfigs

the sequence listing (specify}).

any table(s}) related to sequence listing (specify).

OoOOcO

4. O This report has been established as if (some of) the amendmenls annexed to this report and listed below
had not been made, since they have been considered to go beyond the disclosure as filed, as indicated in the
Supplemental Box (Rule 70.2(c)).

[J the description, pages

O the claims, Nos.

0 the drawings, sheetsfigs

0O the sequence listing (specify):

O any table(s) related to sequence listing (specify).

+ If item ¢ applies, some or all of these sheets may be marked “superseded.”

Form PCTAPEA/409 (January 2004)



. INTERNATIONAL PRELIMINARY REPORT ' International application No.
ON PATENTABILITY PCTAGB2004001265 ((33'

Box No. IV Lack of unity of invention

1. B In response to the invitation to restrict or pay additional fees, the applicant has:
™ restricted the claims.
0 paid addilional fees.
[0 paid additional fees under protest.
O neither restricted nor paid additional fees.

2. [0 This Authority found that the requirernent of unity of invention is not complied with and chose, according to
Rule 68.1, not to invite the applicant io restrict or pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3
is

O complied with.
8 not complied with for the following reasons:
see separate sheet
4. Consequently, this report has been established in respect of the following parts of the international application:
O all pars. .

X the paris relating to claims Nos. 1-7 .

Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-7
No: Claims

Inventive step (iS) Yes; Claims 1-7
No: Claims

Industrial applicability {IA) Yes: Claims 1-7
No: Claims

2. Cilations and explanations (Rule 70.7}):

see separate sheet

Form PCTAPEA/409 (January 2004}
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INTERNATIONAL PRELIMINARY International application No.

REPORT ON PATENTABILITY
(SEPARATE SHEET) PCT/GB2004/001265
Re item IV

Lack of unity of invention

This Authority considers that thera are 2 inventions covered by the claims indicated as follows:

I:  Claims 1-7 directed to a process for producing an olefin derivative comprising (1)
cracking a paraffinic feed; (i) reacting the obtained first dilute olefins stream to produce a first
olefin derivative stream and (jii) autothermally cracking the obtained second dilute olefins
stream comprising alkanes and at least 5 mol-% unreacted olefins.

lI: Claim 8 directed to a process for producing an olefin derivative comprising (1) cracking
a paraffinic feed; (ii) reacting the obtained first dilute olefins stream to produce a first olefin
derivative stream ;(iii) reacting the obtained second dilute olefins stream comprising alkanes
and at least 5 mol-% unreacted olefins to produce a second olefin derivative stream and (iv}
recycling a stream comprising unreacted alkanes and less than 5 mol-% olefins to cracking

step (I).

The reasons for which the inventions are not so linked as to form a single general inventive
concept, as required by Rule 13.1 PCT, are as follows:

The common concept linking together independent claims 1 and 8 is a process for producing
an olefin derivative comprising (1) cracking a paraffinic feed and (ii) reacting the obtained first
dilute olefins stream to produce a first olefin derivative stream and a second dilute olefins
stream comprising alkanes and at least 5 mol-% unreacted olefins.

This common concept is not considered as inventive over prior art document US-A-5981818
disclosing the cracking of an alkan= feedstock followed by the polymerisation of the obtained
dilute ethylene and/or propylene stream.

The requisite unity of invention (Fule 13.1 PCT) therefore no longer exists inasmuch as a
technical relationship involving one or more of the same or corresponding special technical
features in the sense of Rule 13.2 PCT does not exist between the subject-matter of the
previously defined two groups of dependent claims.

As the applicant restricted the application to claims 1-7, no examination of the invention
according to claim 8 was carried out.

Form PCT/Separala Sheet/409 {Sheel 1) (EPO-January 2004)
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INTERNATIONAL PRELIMINARY international application No.
REPORT ON PATENTABILITY
(SEPARATE SHEET) i PCT/GB2004/00126
Reltem V

Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Reference is made to the following documents:

D1: EP-A-1001001
D2: US-A-5981818
D3: GB-A-2325237

V.1 Claims 1-7

Both documents D1 and D2, which could be regarded as being the closest prior art to the
subject-matter of independent claim 1, disclose an integrated process for the cracking of an
alkane feedstock and the subsequent polymerisation of the obtained dilute ethylene stream
comprising the recycling of the unpolymerised stream to the cracker.

The subject-matter of independent claim 1 therefore differs from this known processes in that
a second dilute olefins stream comprising alkanes and at least 5 mol-% unreacted
olefins, which is obtained from the olefin derivation process, is autothermally cracked.

The subject-matter of independent claim 1 is therefore new (Article 33(2) PCT).

The problem to be solved by the present invention may be regarded as 1o provide an
integrated process for the production of an olefin derivative without olefin/alkane separation
in the second dilute olefins stream from the olefin derivation process prior 1o further cracking
of residual alkanes.

The solution to this problem proposed in claim 1 of the present application, i.e. the
autothermal cracking of the second dilute olefins stream, appears to invoive an inventive step
(Article 33(3) PCT) for the following reasons:

It has been found by the applicant that autothermal cracking processes may be operated with
olefin levels in the feed above 5 mol-% without significant coking contrary to steam cracking.

Farm PCT/Saparate Shael/403 (Sheet 2} (EPO-January 2004)
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INTERNATIONAL PRELIMINARY International appfication No.

REPORT ON PATENTABILITY
(SEPARATE SHEET) PCT/GB2004/001265

Annexed experimental data from an autothermal cracking process with ethylene in the ethane
feed show no significant change in acetylene/benzene formation and an increase of the
ethylene yield compared to feeding ethane alone.

Autothermal cracking is thus surprisingly tolerant of olefins in the feed. Hence lower
conversion olefin derivative processes can be combined to autothermal cracking without
separation of residual olefins from the alkane stream.

None of the available prior art documents either teaches or fairly suggests the recycling of the
dilute olefins stream produced in a low conversion olefin derivation process to an autothermal
cracking process without preliminary separation of olefins from alkanes to prevent coke

formation.

Claims 2-7 are dependent on claim 1 and as such also appear to meet the requirements of
the PCT with respect to novelty and inventive step.

Form PCT/Separale Sheet/409 (Sheet 3) (EPO-January 2004)



PATENT COOPERATION TREATY PCT/GB2004/001:

From the INTERNATIONAL BUREAU )\ f
PCT
INFORMATION CONCERNING ELECTED HYMERS, Ronald, Robson
OFFICES NOTIFIED OF THEIR ELECTION BP intemational Limited

....Cherisey Road
[ Sunbury-on-Thames. |
{ Middlesex TW167LN . .7~ ™}

(PCT Article 31(7) and Rule 61.3) i ROYAUME-UNI® * - -1 i

: i
Dale of mailing (daysmonth/year) Uz DEC 2004 {
02 December 2004 (02.12.2004) i |

!
]

Applicant's or agenl's file reference

T ————

BPCL 9920 T~ IMPORTANT INFORMATION
4 Tr———
International application No. International filing date {day/month/year) Priority date (dawinontli/year)
PCT/GB2004/001265 24 March 2004 (24.03.2004) 03 April 2003 (03.04.2003})
Applicant

BP CHEMICALS LIMITED et al

1. The applicant is hereby informed that the International Bureau bas, according 1o Article 31(7), nouified each of the following Offices of 1ts election:

EP: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, F1, FR, GB, GR, HU, [E, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,
TR
National: BG, CA, CN, CZ, DE, JP, KP, KF, MN, NO, PL, RO, RU, SK, US

2. The following Offices have waived the requrrement for the noufication of their election; the notification will be sent 1o them by the Internatonal Bureau
only upon therr request:

AP: BW, GH, GM, KE, LS, MW MZ, 5D, 5L, §Z, TZ, UG, ZM, ZW
EA: AM, AZ BY, KG,KZ, MD, RU, TJ, TM
OA: BF, BI, CF, CG, CL, CM, GA, GN, GQ. GW, ML, MR, NE, SN, TD, TG
National: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BR, BW, BY, BZ, CH, CO, CR, CU, DK, DM, DZ, EC. EE, EG,
ES, FI. GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG, KZ,LC. LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MW, MX, MZ, NA, NI, NZ, CM, PG, PH, PT, §C, SD. SE, SG, SL, SY. TI. TM, TN, TR, TT, TZ, UA.
UG, UZ, VC, VN, YU, ZA, ZM, ZW
3, Since the clccuon['s) was (were) made before the expiration of 19 months from the prionity date, the applicant is reminded that he must enter the "narional
phase"before the expiration of 30 months lrom the priority, date before each of the Offices listed above. Thus must be done by paying the nanonal fee(s)

and Eurnishing, if prescribed, a translation of the 1ternanonat application (Arucle 39(1Xa)), as well as, where applicable, by furnishing a translation of any
anncxes of the international preliminary report on patentability {Chapier 11 of the Patent Cooperation Treaty) (Article 36{3Xb) and Rule 74.1).

Some Offices have fixed time limuls expiring later than the ubove-mentioned tme Limit. See the Annex to Form PCT/IB/301 and, for details abom the
applicable time limits, Office by Office, see the PCT Applicunt’s Guide Volume T, National Chapiers, the PCT Newsletter and the WIPO Internex site,

updared regularly.

The Iniernational Bureay of WIPO Authorized officer
34, chemin des Colombettes H
1211 Geneva 20, Switzerland Nora Lindner
Facsimile No.+41 22 740 14 35 Facsimile No.+4] 22 338 80 65

Form PCT/IB/332 (January 2004)




PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY PCT
To:

° NOTIFICATION OF TRANSMITTAL OF

BP INTERNATIONAL LIMITED THE INTERNATIONAL SEARCH REPORT AND
Attn. Hymers, Ronald Robson THE WRITTEN OPINION OF THE INTERNATIONAL
Chertsey Road SEARCHING AUTHORITY, OR THE DEGLARATION

Sunbury-on-Thames
Middlesex TWle 7
UNITED KINGDOM

IO Cesd T I
T (PCT Rule 44.1)

. Datk of mailing
2 3 AUEJ Eﬁﬁl} (da?'/mont!vyaar)

20/08/2004

Applicant's or agent's file refertce
BPCL 9920

Intenational application No. [Trternational filing date

PCT/GB2004 /001265 roieiaf] AN 24/03/2004

Applicant

F4H FURTHER ACTION See paragraphs 1 and 4 below

BP CHEMICALS LIMITED

1. ]Ij The applicant is hereby notified that the intemational search report and the written opinion of the Intemational Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Application {(see Rule 46):

When? The time limit for filing such amendments s normally 2 months from the date of lransmittal of the
Intemational Search Report; however, for more delalls, see the notes on the accompanying sheet.

Where? Direclly to the International Bureau of WIPQ, 34 chemin des Colombettes
1211 Geneva 20, Switzerdand, Fascimile No.: (41-22) 740.14.35

For more detalled Instructions, see the notas on the accompanying sheet.

2. D The applicant is hereby notified that no interriational search repor will be established and that the declaration under
- Aricle 17{2){a} 1o that effect and the written opinlon of the International Searching Authority are transmitted herewith.
5[]

With regard to the protest against payment of {(an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thareon has been transmitted to the Imemational Bureau togelher with the
applicant's request to forward the texts of both the protest and the decision thareon to the designated Offices.

D no decision has been mads yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
Shortly afier the expiration of 18 months from the priority date, the international appfication will be published by the
Intemational Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 80bis.3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basis on the writlen opinion of the International Searching Authority to the
International Bureau. The Intemnational Bureau will send a copy of such comments to all designated Offices unless an
Intarnational preliminary examination repart has been or is to be established. These comments would also be made available to
the public but not betore the expiration of 30 month: from the priority date.

Within 19 months from the priority date, but only in respect of some designated Otfices, a demand for intemational prefiminary
examinallon musl be filed if the applicant wishes to postpane the entry into the national phase until 30 menths from the priority
date {in somea Offices even later}; otherwise, the applicant must, within 20 months from the pricrity date, perform the prescribed
acts for entry Into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later} will apply even if no demand is filed within 19
months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s
Guide, Volume Il, National Chapters and the WIPO Internet site.

Name and mailing address of the International Searching Authority | Authorized officer

European Patent Office, P.B. 5818 Patentiaan 2 . . .

) NL-2280 HV Rijswijk Véronique Baillou
. 0 Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

== Fax:(+31-70) 340-3016

Form PCTASA/220 (January 2004) . . (See notes on accompanying sheet)



NOTES TO FORM PCTASA/220

These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The . } )

Notes are based on the requirements of the Patent iZooperation Trealy, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the Latter are applicable. For more
detalled informatlon, sae also the PCT Apgplicant's Ciulde, a publication of WIPO.

. Inthese Notes, "Article”, "Rule”, and "Saction® reier to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the intemational search report and the written opinien of the Intemational
Searching Authority, one apportunity to amend the claims of the international application. It should however be emphasized
that, since all parts of the intermational application {claims,description and drawings) may be amended during the
international preliminary examination procedure, there is usually no need to file amendments of the claims under Articie 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims betfore intemational sublication. Furthermore, it should be emphasized that provisional
protection is available in soma States only (see PCT Appficant’s Guide, Annexes B1 and B2).

The attention of the applicant is drawn to the fact thal amendments to the claims under Article 19 are not allowéd where
the International Searching Authority has declared, under Article 17(2), that no International search report would be
sstablished (see PCT Applicant’s Guids, Volume /A, paragraph 296).

What parts of the Intematlonal aﬁplication may ba amended?
Under Article 19, only the claims may be amended.

During the International phase, the claims may also be amended {or further amended) under Article 34 before
the International Preliminary Examining Authority. The description and drawings may onfy be amended under
Arlicle 34 before the Intemahonal Emmmlng Authority.

Upon entry into the national phase, all parls of the international apphcancn may be emended under Article 28
or, where applicable, Article 41.

When? Within 2 months from the date of transmitial of the international search report or 16 months from the priority
date, whichever time limit expires tater. It should be noted, however, that the amendments will be considered
as having been received on time if thay are recelved by the International Bureau after the expiration of the
applicable time limit burt before the compietion of the technical preparations for intemational publication
(Rule 46.1).

Where not 1o file the amendments?

The amendmants may only be filed with the lntemahonal Bureau and not with the recelving Office or the
International Searching Authority (Rute 46.2).

Where a demand lor international preliminary examination has been/is filed, see below.

How? Either by cancelling one or more entir? claims, by adding one or more new claims or by amending the text of
one or more of the claims as filed.

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, differs from the sheet oiiginally filed.

All the claims appearing an a replacernent sheet must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other claims is required. in all cases whera claims are renumbered, they must
ba renumbered consecutively (Administrative Instructions, Section 205(b)).

The amendments must be made In the language in which the International application is to be published.

‘What documents must/may accompany the amendments?
Letter {Section 205(b)):
The amendments must be submitted v/ith a letter.

The letter will not be published with the intemational application and the amendad claims. tt shoukd not be
confused with the "Statement under Asticle 19(1)" (see below, under "Stalement under Articla 18(1)7).

The letter must be in English or French, at the choice of the applicant. However, If the language of the
International application Is English, the letter must be in English; if the language of the Intemnational application
is French, the letter must be in French.

Notes to Form PCT/ISA/220 {first sheet) (January 2004)
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PCT 34

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file reference FOR FURTHER s08 Form PCT/IS

BPCL 9920 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/GB2004/001265 24/03/2004 ' 03/04/2003
Applicant

BP CHEMICALS LIMITED

This International Search Report has been prepared by this Intemational Searching Authority and Is transmitied to the applicat
according to Article 18. A copy is being transmitted to the International Bureau.

This inlemational Search Report consists of a total of 6 sheets.
E It is also accompanied by a copy of each prior art document cited in this report.

1. Basls of the report

a. With regard to the language, the intematicnal search was carrled out on the basis of the intemationat application in the
language in which it was filed, unless otherwisa indicated under this item.

D The intemational search was carried oul on the basis of a translation of the imternational application furnished to
this Authority (Rule 23.1(b)».
b. [ ] Withregard to any nucleotide and/or amino acld sequence disclosed in the intemational application, see Box No. I.

Cenrtain ¢claims were found unsearchable (See Box II).
3. Unlty of invention is lacking (see Box flI). -

4. With regard to the title,
@ the text is approved as submitted by the applicant.
[[] thetext has boen established by this: Authortty to read as fallows:

5. With regard to the ebstract,
the text is approved as submitiad by the applicant.

D the text has been established, accordling to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regards to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. __ 1
as suggested by the applicant.
D as selscted by this Authority, because the applicant failed to suggest a figure.
D as sefected by this Authority, because this figure better characierizes the invention.
b. ’:] "none of the figures is lo be published with the abstract.

Form PCTASA/210 (first sheet) {January 2004)



international application No.
INTERNATIONAL SEARCH REPORT PCT/GB2004/001265
Box I Observations where certaln claims were found unsearchable (Continuation of item 2 of first sheet) %!/

This International Search Report has not been established in respect of certain claims under Article 17{2){a} for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

T

2. D Claims Nos.:
because they relate lo parts of the Intemational Application that do not cormply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

-~ . -—

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Bule 6.4(a).

Box lll Observations where unity of inventicn is lacking (Continuation of item 3 of first sheet)

This International Searching Autharity found multiple inventions in this international application, as follows:

see additional sheet

1. ’I] As all required additional search fees waré tirnely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable ckaims could be searched vl'nhom effort justifying an additional fee, this Authority did not invite paymant
of any additional fes.

w

. |:| As only some of the required additional search fees were timely paid by the applicant, this Intemational Search Repont
covers only those claims for which fees were paid, specifically claims Nos.: :

No required additional search fees were timaly paid by the applicant. Consequently, this International Search Reportis

4.
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest l | The additional search fses were accompanied by the applicant's protest.

IE No protest accompanied the paymenl of additional search fees.

Form PCT/ASA/210 (continuation of first sheet (2)} (Janua;y 2004)
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International Application No. PCT/ 682904/ 001265

FUFITHEH'INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-7

process for producing an olefin derivative comprising (i)
cracking a paraffinic feed; (ii) reacting the obtained first
dilute olefins stream to produce a first olefin derivative
stream and (iii) autothermally cracking the obtained second
dilute olefins stream comprising alkanes and at least 5
mol-% unreacted -olefins

2. claim: 8

process for producing an olefin derivative comprising (i)
cracking a paraffinic feed; (ii) reacting the obtained first
dilute olefins stream to produce a first olefin derivative
stream ;{iii) reacting the obtained second dilute olefins
stream comprising alkanes and at least 5 mol-% unreacted
olefins to produce a second olefin derivative stream and
(iv) recycling a stream comprising unreacted alkanes and
less than 5 mol-% olefins to cracking step (i)
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INTERNATIONAL SEARCH REPORT

Inlernational Appllcation No

PCT/GB2004/001265

FSUBJECT MATTER

C10G50/00

] ‘f CLASSIFICATION

b7 C10611/22

16657 /00

C10G57/62

According to International Patant Classification {(IPC) or to both national classification and IPC

op?

B. FIELDS SEARCHED

IpC 7 Cl0G

Fl

Minimum documentation searched {classtication system followed by ciassification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searchad

EPO-Internal, WPI Datq, PAJ

Electronic dala base consutted during the International search (name of data basa and, where practical, search tarms used)

€. DOCUMENTS CONSIDERED TO BE RELEVANT u

Category ® | Citation of document, with indication, whaere apprmrialé. of the ralevant pa;;sa_agas

Relevant to claim No.

17 May 2000 (2000-05-17)

page 2, paragraph 7
page 4, paragraphs 28,32
page 5, paragraph 40

cited in thq{application

i% colum 4, lines 23-27
column 9, lines 11-17

column 10, lines 15-22
column 11, lines 22-2%

X EP 1 001 001 A (NOVA CHEM INT
claims 1,12,13; figures 18,2B

X US 5 981 818 A {(PURVIS DAVID
9 November 1999 (1999-11-09)

colum 2, lihe 62 - column 3,
column 3, lipe 65 - column 4,

column 9, line 65 - column 10, line 1

SA) | 1-7
ET AL) 1-7

’ A H
line 10 i
line 8 5 '

Further documents are llstad in the continuation of box C.

Pateni tamily mambers are listed in annex.

° Spacial calegories of cited documents

*A"~ document defining the general state of the ant which is not
considerad 10 be of particular retavance

E* earlier documenl but published on or atter the intematisnal
fling date - - .

=L~ document which may throw doubds on priority daimy(s) or
which is cited to establish the publication date of another
cutation or other special reason (as specified)

“0" document refarring to an oral disclosura, use, exhibitian or
other means

P~ document published pror fo the intemational filing date but
later than the prionty date claimed

*T" tater documeni published attar the Internationat [Ming dale
ar pricrity date and not in conflict with tha application but
ered to understand the principle or theory underlying the
inventlon ) .

“x* document of particular reevance; the claimed invention
cannot be considerad novel or cannol be considered 1o
Involve an invenhve slep when the documenlis taken alone

=¥* document of particular relavance; tha clalmed invention
cannot be considered to involva an inventive step whan tha
document is combined with one or more other such docu-
ments, such combination being obvious 1o a parson skilled
In the an.

"&" document member of the same patent family

Date of the actual compietion of the intamational search

20 July 2004

Date of malling of the international search report

2 0.-08. 04

Name and mailing address of the ISA

European Patent Otfice, P B. 5818 Patentlaan 2
NL - 2280 HV Rijawilk
Tel. (+31-70) 340-2040, Tx. 31 651 opo nl,

Fax: (+31-70) 340-3016

Authorized officar

Harf, J

Form PCTASA210 (secoad sheet) {January 2004}

page 1 of 2



INTERNATIONAL SEARCH REPOHI

international Application No

PCT/GB2004/001265 6§§f'

C.(Continuation) DOCUMENTS CONSIDERED TC BE RELEVANT

Category *

Citation of docurment, with indication, where appropriate, of the relevant passages

Retevant to ctaim No. W

X

GB 2 325 237 A (SNAM PROGETTI)

18 November 1998 (1993-11-18)
figure 1; exampte 1; tables I1I,IV
page 9, lines 19-24

page 10, lines 17-23

page 12, Tines 11-17

page 16, line 2 - page 17, line 4
US 3 987 119 A (KURTZ BRUCE E ET AL)
19 October 1976 (1976-10-19)
claims 1,2; figure

column 1, 1ines 64-67

column 2, lines 7-17

colum 3, lines 16-21

8

Form PCTASA/210 (contmwuation of sacond shes) (January 2004}

page 2 of 2




INTERNATIONAL SEARCH REPOR|

Information on patent tamlly members

International Application No

e’

PCT/GB2004/001265
Palent document Publization Patent family Publication
cited in search repont date member(s) date qct
EP 1001001 A 17-05-2000 US 6111156 A 29-08-26000
EP 1001601 Al 17-05-2000
US 5981818 A 09-11-1999  NONE
GB 2325237 A 18-11-1998 IT MI971129 Al 16-11-1998
- CA 2235180 Al 15-11-1998
NL 1009182 C2 19-05-1999
NL 1009182 Al 17-11-1998
us 6011191 A 04-01-2000
US-3987119 A 19-10-1976  BE 821397 Al . 17-02-1975
CA 1037971 Al 05-09-1978
DE 2449563 Al 30-04-1975
FR 2248254 Al 16-05-1975
GB 1435069 A 12-05-1976
1T 1024701 B 20-07-1978
JP 50070307 A 11-06-1975
NL 7413046 A 25-04-1975

A

Form PCTASA/210 (patem famly annex) {January 2004)
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From the go
INTERNATIONAL SEARCHING AUTHORITY

PCT

- WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASA220

Date of mailing
{dayinonthfear) see form PCTASA/210 (second sheet)

AppEcarrl‘s or 399an file reference FOR FURTHER ACTION

see form PCTASA220 Sea paragraph 2 below

Intemational application No. Intemnational fling date (daysmonthyear) Priority date (daydnonthyear)
PCTAB2004001265 24.03.2004 03.04.2003

Infernational Patent Classification {IPC) or both national classHication and IPC
C10G11.22, C10G5000, C10G5700, C10G57/02

Applicant
BP CHEMICALS LIMITED

1. This opinion contains indications relating to the following items:

Box No. |\ Basis of the opinion
Box No. |l Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1({a)(i) with regard to novelty, inventive step or industriai
applicability; citations and explanations suppoerting such statement

Box No. VI Certain documents cited
Box No. VHl  Certain defects in the internztional application
Box No. VIl Certain observations on the international application

OO0 KRORRXA

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usuatly be considered to be a
written opinion of the International Preliminary Examining Autharity ("IPEA"). However, this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chasen [PEA has notifed the
International Bureau under Rule 66.1bis(b} that written opinions of this International Searching Authority

will not be s6 conslidered.

If this opinion Is, as provided abave, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, whare appropriate, with amendments, before the expiration of three
months from the date of mailing of Form PCTASA/Z220 or before the expiration of 22 months from the priority date,
whichever expires later. .

For further options, see Form PCTASA220.

3. For further details, see notes to Form PCT/‘ISA1220.

Name and maling address of the ISA: Authonzed Officer

g s
European Patent Office :
_.@) D-80298 Munich Harf, J ) » ]
—— Tel +49 89 2399 - 0 Tx: 523656 epmu d Y I
Fax: +49 89 2399 - 4465 Telephone No. +49 89 2393-7845 \_m.'

’

Form PCTASARZ37 {Cover Sheet) (January 2004)
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WRITTEN OPINION OF THE International application No. <
INTERNATIONAL SEARCHING AUTHORITY PCTAGB2004001265 |

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of the international application in
the language in which it was field, unless otherwise indicated under this item_ -

[J This opinion has been established on the basis of a translation from the original language into the foltowing
language , which is the language of a translation furnished for the purposes of international search
{under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide and/or amino acld sequence disclosed in the intemational application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of matenial:
0O a sequence listing
[0 table(s) related to the sequence listing
b. format of maferial:
0O  in written format
O  in computer readable form
c. time of filingfurnishing:
L1 contained in the international application as filed.
[ filed together with the international application in computer readable form.
O furnished subsequentty to this Authosity for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andébr table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

4. Additional comments:

Form PCTAPEA/237 (January 2004)



WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY - PCT/GB2004001265 &

Box Mo. Il Priority

1. B The following document has not been furnished:
& copy of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(a)).

[ transiation of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(b)).

Consequently it has not been possible to consider the validity of the priority claim. This opinion has
nevertheless been established on the assumption that the relevant date is the claimed priority date.

2. [0 This opinion has been established as if no priority had been claimed due to the fact that the priority claim
has been found invatid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international
fiting date indicated above is considered to be the relevant date.

-

3. Additional observations, if necessary:

Box No. IV Lack of unity of invention

1. ® In response to the invitation (Form PCTASA/Z206) to pay additional fees, the applicant has;
® pakl additional fees.
0O paid additional fees under protest.

O not paid additional {ees.

7

2. O This Authority found that the requirement of unity of invention is not complied with and chose not to invite
the applicant to pay additional fees.

3. This Authority considers that the requirement of unity of inventioﬁ in accordance with Rule 13.1, 13.2 and 13.3 18

{1 complied with
& not complied with for the following reasons:
see separate sheet |
4. Consequently, this report has been established in respect of the following parts of the international application:
B all parts.

O the parts relating to claims Nos.

" Form PCTAPEA/ 237 (January 2004)



WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

international application No.
PCTAB2004001265 SS

Box No.V  Reasoned statement under Rule 43bis.1{a)(l) with regard to novelty, inventive step or
Industrial applicabllity; citations and explanations supporting such statement

1. Statement

Novelty {N)

Inventive step (1S)

Industrial applicability (1A)

2. Citations and explanations

see separate sheot

Form PCTAPEA/237 (January 2004}

Yes:

No:

Yes:

No:

Yes:

No:

Claims
Claims

Claims
Claims

Claims
Claims

1-8

1-8

1-8
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WRITTEN OPINION OF THE International application No. gA‘
INTERNATIONAL SEARCHING .

AUTHORITY (SEPARATE SHEET) PCT/GB04/01265
Reltem IV

Lack of unity of invention

This Authority considers that there are 2 inventions covered by the claims indicated as
follows:

I: - Claims 1-7 directed to a process for producing an olefin derivative comprising (I}
cracking a paraffinic feed; (i) reacting the obtained first dilute olefins stream to produce a
first olefin derivative stream and (iii) autothermally cracking the obtained second dilute
olefins stream comprising alkanes and at least 5 mol-% unreacted olefins.

ll: Claim 8 directed to a process for producing an olefin derivative comprising (l)
cracking a paraffinic feed; (ii) reactingithe obtained first dilute olefins stream to produce a
first olefin derivative stream ;(iii) reacting the obtained second dilute olefins stream
comprising alkanes and at least 5 mol-% unreacted olefins to produce a second olefin
derivative stream and (iv) recycling a stream comprising unreacted alkanes and less than
5 mol-% olefins to cracking step (1).

The reasons for which the inventions are not so linked as to form a single general inventive
concept, as required by Rule 13.1 PCT, are as follows:

The common concept linking together independent claims 1 and 8 is a process for
producing an olefin derivative comprising (I) cracking a paraffinic feed and (i) reacting the
obtained first dilute olefins stream to produce a first olefin derivative stream and a second
dilute olefins stream comprising alkanes and at least 5 mol-% unreacted olefins.

This common matter is already known from document US-A-5981818 disclosing the
cracking of an alkane feedstock followed by the polymerisation of the obtained dilute
ethylene and/or propylene stream. The requisite unity of invention (Rule 13.1 PCT)
therefore no longer exists inasmuch as a technical relationship involving one or more of
the same or corresponding special technical features in the sense of Rule 13.2 PCT does
not exist between the subject-matter of the previously defined two groups of dependent
claims.

Form PCT/Separate Sheet/237 (Sheat 1) (EPO-January 2004)
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Reference is made to the following documents:

D1: EP-A-1001001
D2: US-A-5981818
D3: GB-A-2325237

V.1 Inventive Step

The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claims 1-8 does not involve an inventive step in the sense of Article 33(3)
PCT.

V.1.1 Claims 1-7

The document D1 (claims 1, 12 and 13; page 2, paragraph 7; page 4, paragraphs 28 and
32 and page 5, paragraph 40) is regarded as being the closest prior art to the subject-
matter of independent claim 1, and discloses an integrated process for the cracking of a
feed such as ethane and the subsequent polymerisation/oligomerisation of the dilute
ethylene stream without passing through an ethane/ethylene splitter comprising the
recycling of the unpolymerised stream to the cracker.

The subject-matter of independent claim 1 therefore differs from this known process in that
a second dilute olefins stream comprising alkanes and at least 5 mol-% unreacted olefins,
which is obtained from the olefin derivation process, is autothermally cracked.

It should be pointed out, that alleged advantages to which the applicant merely refers,
without offering sufficient evidence tc support the comparison with the closest prior art,
cannot be taken into consideration in determining the problem underlying the invention
and therefore in assessing inventive step.

The operation of autothermal cracking with a higher olefin concentration in the feed than
for other cracking processes such as steam cracking is considered as such an aileged
advantage of the process of the invention.

Form PCT/Separats Sheet/237 (Sheet 2) (EPO-January 2004)
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In the absence of technical evidence showing any advantage the autothermal cracking of
the second dilute olefins stream offers over the recycling of this stream to the initial steam
cracking step as disclosed in the closest prior art, no inventive step can thus be
acknowledged for independent claim 1.

Dependent claims 2-7 do not appear to contain any additional features which, in
combination with the features of any claim to which they refer, meet the requirements of
the PCT in respect of inventive step.

Document D2 (column 9, lines 11-17; column 9, line 65 - column 10, line 1; column 10,
lines 15-22 and column 11, lines 22-25) discloses the cracking of an alkane feedstock
followed by the polymerisation of the obtained dilute ethylene and/or propylene stream and
the recycling of the by-product stream from the olefin derivative process to the cracker.
This document could also serve as a basis to assess inventive step of independent claim
1.

V.1.2 Claim 8

Document D3 (Figure 1; Example 1; Tables !lI and 1V), which is considered to represent
the closest prior art to the subject-matter of independent claim 8, discloses a process
comprising (I) the dimerization with primary alcohols/ and alkyl ethers of isobutene in a first
reactor; (ii) separating non-reacted isobutene and isobutane from dimers and alkyl ethers;
(iii) completing the dimerisation of the non-reacted isobutene in a second reactot and {iv)
separating dimers from isobutane and residual isobutene. The isobutene containing
hydrocarbon stream also contains isobutane and could be obtained by FCC or steam
cracking (page 9, lines 17-24). The stream obtained by separation of dimers and alkyl
ethers from the first effluent contains 8.56 mol-% isobutene, thus corresponding to the
second dilute olefins stream of claim 8 of the present application, and the stream obtained
by separation of dimers from the second effluent contains only 0.41 mol-% residual
isobutene, thus corresponding to the recycle stream of claim 8 of the present application
(Table IV).

The subject-matter of independent claim 8 therefore only differs from the two-step
dimerisation process of D3 in that the stream comprising alkanes and residual olefins is
recycled to the initial cracking step.

The skilled person would consider racycling the mainly isobutane containing stream
separated from the effluent of the second dimerisation reactor to a cracking unit in order

Form PCT/Separate Sheet/237 (Sheset 3) (EPO-January 2004)
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to maximize the olefins yield without having to exercise any inventive skills.

Consequently, the subject-matter of independent claim 8 lacks an inventive step in the
. sense of Article 33(3) PCT.

V.2 Further Objections

V.21 The term "autothermally” is vague and unclear and leaves the reader in doubt
as to the meaning of the technical features to which it refers, thereby rendering the
definition of the subject-matter of independent claim 1 unclear (cf. Article 6 PCT).

V.22 Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art
disclosed in documents D1 and D3 is not mentioned in the description, nor is this
document identified therein.

Form PCT/Separate Sheet237 (Sheet 4) (EPO-January 2004)
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Description

[0001] The present invention relates to an integrated high temperature hydrocarbon cracking and olefin polymeriza-
tion or ofigomerization process. More pariicularly the present invention rolates to an integrated process for preparning
polysihylene and/or alpha-olefins from hydrocarbon fesdstocks by high temperature cracking the hydrocarbon feed-
stocks, separating the C,, fraction from the cracked gas into a feed comgrising at least 75 weight % ethylene for po-
lymerization or oligomerization. The advantages of this invention over the conventional method of cracking hydrocar-
bons, producing ethytene and polymerizing/oligomerizing the ethylene include: smaller load for the fumace, smaller
cracked gas compressos, smaller acetylene processing unit, the absence of an ethane/ethylens splitter, a greatly re-
duced recycle of ethane, lower energy requirements, lower capital investment, lower operaling costs and the possibility
of packaging a small integrated ethylene/polyethylens or ethylene/alpha olefins piant. :
[0002] Al the Tenth Ethylene Forum, May 10-12, 1895, Stone and Woabsler presenled a paper on the concept of an
integrated ethylene piant and one or more down stream chemical plants lo react dilute ethylene or propylene Lo produce
a product such as potyethylene or polypropylene and the unreacted stream of dilute ethylane or propylene would then
be recycled back 16 the ethane cracker. The benefit from the concepl was twofold:

« araduction in the capital cost and operating cost of the ethylens unit.

e asimple and cost efieclive way of debottlenscking exisling ethylene units especially it already coupled to solution
phase polyethylene units such as NOVA's SCLAIRTECH process However, the paper {ailed to disclose high tem-
perature elhylene fumnaces or reactor malerials to achieve high tempesalures such as ceramic lubes or ceramic
reactors.

{0003) In addition 1o the Stone and Websler paper, U.S. patent 5,430,211 issued July 4, 1995 assigned to the Dow
Chemical Company teaches the use of dilute ethylene produced using calalytic cracking lo produce ethyl benzene.
The patent is restricled to the use of calalylically dehydrogenated dilute ethylene.

[0004] U.S. patent 5,488,148 issued January 30, 1996 assigned to the Vista Chemical Company claims the use of
dilute ethylene in making sulfonated akyl compounds.

[0005] Chapter 17, "Steamless Pyrolysis of Ethane lo Ethylene” by Y. Sony, L.T. Velenyi, A.A. Leff, W.R. Kliawer and
J.E. Melcall (in the text Noval Production Methods for Ethylens, Light Hydrocarbons and Aromatics ediled by LF.
Abright et al, Marcal Dacker, tnc. N.Y. (1992}), leaches the high lemparature cracking of ethane in caramic fumace
tubes, preferably silicon carbide at high lamperatures.

[0006] None of the above arl teaches an integrated high temperature cracking process 1o produce a 75 weight %
athylane feedstock inlegrated with a polymerization and/or oligomerization procaess or both together in parallel trains.
Alpha olefins from oligomerization could be used directly as comonomers for polyethylene production.

[0007] The present invention provides an integrated process for the cracking of a feedstock to produce an elhylene
rich stream and the subsequent polymerizalion or oligomerization of the ethylene slream without passing through an
ethane/ethylane splitter comprising in cooperating arrangement the sleps of: '

i) feading a feedstock to a cracker operated al a maximum allowable tube wall temperature of from 1050°C to
. 1600°C;

ii) passing the resulting product through a separation slep to remove hydrocarbon streams having a carbon content

of 3 and grealer,

iii} subjecting the resutting siream lo a treatment to converl acetylene to ethylens,

iv) removing lhe methane and hydrogen from the resuliing slream to produce a product having an ethylene content

from 75 waight % or more,

v) feeding the resulling stream to a polymerization or oligomerization process which has an inharent high ethylene

conversion per pass (i.e. greater than 85%) and can operate effectively at feed elhylene concentralions as low as

75 weight %, and polymerizing or oligomerizing the ethylene; and

vi) separating the unpolymerized stream from the polymer and sclvent, and retuming it 1o the ethylene unit.

[0008] Figure 1 is a comparison of the mass balance in a conventional process and the process of the present
invention.

[0009} Figure 2 is a comparison of the heal balance in a conventional process and the process of the present inven-
tion.

[0010] As used hersin the term maximum allowable tube wall temperature refers tothe maximum temperature of the
extemal surface of an ethylene furnace lube or coil exposed to the heating saction of the cracker. Although we refer
to tube or coil, other physical arrangements of tha reaction chamber are possible.

[0011}. The feedstocks lor use inthe present invention are well known to those of ordinary skill in the art. For example,
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fesdstocks for use in accordance wilh the present irvention include, but are not limited 10, C,_¢ alkanes such as ethane,
propane, butane, naphtha, rafinale, atmospheric gas oil, vacuum gas oil, dislillate, crude oil, crude resids and mixiures
thereof, elc.

[0012] The present invention employs a high temperature cracking process which produces a cracked gas containing
hydrogen. methane, C, hydrocarbons, C, hydrocarbons and heavier constituents.

{0013] The steam cracking process and other cracking processes are well known lo those skilled in the ar. Sleam
cracking processes are generally carried oul in raciant fumace reactors at elevated temperatures for shorl residence
umas, at low reaclant parlial pressures, high gas velocity, and a low prassure drop through the reaction zone. Any of
the furnace designs known to those skilled in tha art may be employed in the practice of the present invention.
[0013] However, the coils or tubes of the reactors should be adapled to have a high maximum allowable tube wall
temperature. This refers (o the outer surface of the tube or coil. In one preferred embodiment the maximum allowable
lube wall temperature may range from 1050°C to 1400°C, depending on the malerial used and the operaling severily
(required conversion}. For conventional HP alloys cerlain treatment helps to increase the lube life or reduce coking
characteristics to permil a reasonable run length. For example, in the website *weslaim com” a tube or coil having an
intemal coaling 1s described as Engineered Surface Coating by a company called WESTAIM. Typically, the metal
beneath the coaling comprises from about 23 Ic 35, prelerably from 24 (o 35 weight % of chromium. The metal may
further comprise from 25 1o S0, preferably from 30 10 45 weighl % of nickel {Ni); from 1 Lo 3, prelerably from 1.5t 2.5
weighl % of mangansese (Mn) ; from 1 to 2, preferably from 1.5 to 2 weight % of silica (S1). The balance of the steel
composition will be predominantly iron with olher Irace amounts {e.g. for elements other than carbon, typically less
than 1 weight %, preferably from 0.1 lo 1.0 weight %) of elemenis such as carbon, litanium, and tungsten, as is well
known in the metallurgy arts.

[0015] Such austenitic steel lubes or coils may be used al maximum tube wall temperature from aboul 1050°C 1o
12507 C and preferably from 1050°C to 1150°C. Al et temperature of 1050°C to 1250°C the conversion of the leedstock
will resull in about 75%-B5% ethylene in the streaun fed to the polymerization reaction in the absence of an elhane/
elhylene splitter. Al temperatures of about 1050°C 1o 1150°C, the conversion will result in about 75%-80% ethylene in
the stream.

[0016] Ina preferred embodiment of the inventior, the tube of coil is ceramic. These tubes may be used at maximurn
allowable tube wall tamparatures of about 1200°C 10 1600°C. High temperaturs alloy lubes or colls may also be used
at this temperature.

[0017] The ceramic maybe silicon carbide in which case the maximum allowable tube wall temparaluse maybe from
about 1200°C to 1400°C, prelerably from about 1200°C 1o 1350°C. At tube wall temperaturas of 1200°C to 1350°C,
a cracked gas stream is produced which contains ethylene in the mixed feed 1o the polymaerization reactor which may
range from about 80-97, preferably 90-97 weight %..

[0018] The hydrocarbon leed to the sleam cracker is typically in vapor phase or it may comprise a mixed liquid-vapor
phase. The most preferred teedstocks for steam cracking are C,_, alkanes, naphtha, and mbdures thereof

[0019] Generally, preheated feed I1s introduced info a conveclion zone of a pyrolysis fumace Lo further preheat the
tead to a temperature below that at which significant reaction takes place (e.g., 400°C 1o 640°C).

[0020] Typically smali amounts of steam are added to the fead prior to introduction 1o the radiant reaction zone of
the pyrolysis turnace to provide a weight ratio of from about 0.1 to 2 parls of steam 1o hydrocarbon, preferably from
aboul 0.110 1 (based on the weight of the feed). The steam assisls vaporization of the leed and reduces the hydrocarbon
partiat pressure in the reaction zone in order to improve olefin yields. The feed in process tubes or coils is then cracked
at maximum tube wall lemperalure up o about 1400°C.

[0021] Typically operating conditions comprise an inlel temperaturs to the radiant healing section of the fumace
ranging from about 600°C {o about 650°C and an outlet temperature ranging from about 800°C to about 1000°C.
[0022] The feed velocily thiough the coils ranges Irom about 300 1o about 800 feet per second, based on the 1otal
flow of steam and hydrocarbons and also coil dimensions.

[0023] The residence time of the feed in the radiant section of the cracking coil generally ranges from about 30 10
about 1000 milliseconds. ]

[0024] The effluent product gases issuing from the radiant zone are rapidly cooled to a lemperature al which the
cracking reactions substantially stop. This generally ranges from aboul 400°C to aboul 600°C.

[0025] Gonerally, the effluent from the pyrolysis reactor is directed to a quench boiler wherein the efiluent is indirectly
contacted with cooling waler in coofing tubes. After travarsing the cooling lubes, the water 1s removed from the quench
boiler in a line and returned to a supply tank.

[0026] The gaseous effluenl from the crackmng reaction then passes through an olefins purification system. Typically
the gasedus effluent is walar washed, compressed, causlic washed, compressed and then dried The dried affluent is
chilled and passes through a desthanizer to separale the elfluent into two component streams; a light stream (e.g.,
hydrogen, methane, acetylens, ethane and ethylene) and a heavy stream (e.g., propanse, propylene and mixed Cz*
hydrocarbyons). Then, the lighl product gases are ccmpressed, and the acetylena componenis are removed by absorp-
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tion or hydrogenatad to ethylene in an acetylena hydrogenation reactor.

[0027] Tha effluent stream is coolad to a very low temperalure typically from about -30°C 1o about -60°C and fed to
a demethanizer to remove methane and hydrogen from the feed stream. The final treated effluent stream typically
comprises lrom 70-99, preferably from 80-99 weight % of sthylene.

[0028] The efflueni stream obtained from the olefins purification process may be employed as the feadstock for an
ethylene polymaerization or cligomerizalion process in accordance with the present invention. The leedstock for use in
the polymerization process preferably contains at least about 75 weight % ethylene, more preferably at least about 85
weight % ethytene and mast prelerably from about 80 to 99 waighl % ethylene.

[0029] The elhylens may be polymarized or oligomerized into polyeihylena or alpha olefins either by solution, slurry
or gas phase methods. Generally the pressure in the polymerization reactor for a solution process may exceed about
3,000 psi (20 MPa) (e.g. aboul 3,000 to 10,000 psi (20 MPa to 70 MPa), praferably from 3,000 1o 5,000 psi (20 MPa
to 35 MPa). This moderale pressure is necessary to mainiain the monomers and comonamers in solution even at the
solution's high reaction temperalure.

[0030] Inthesa processas elhylene is dissolved in a lkuid hydrocarbyl medium (e.9. Cg.4o alkyl and/or an aromalic
hydrocarbon). The solution is contacted/mixed with a catalyst. The calalyst may be a convantional Ziegler Natta type
catalyst, a metallocene type catalyst used by Exxon, a constrained geometry catalyst used by Dow or it could contain
novel igands such as phosphinimine ligands. Depending on the temperature the process may be a slumry process
(polymer precipitates trom solution) as are disclosed for example in patents to Phillips (typically below about 100°C)
or the polymer may remain in solution (lemperature from 180°C to 300°C) as described in patents Lo, in the name of
DuPont Canada, Novacor and Nova Chemicals Lid.

[0031] The catalyst may also be Ni, Zr, Cr or Ti based oligomerization catalyst.

[0032] In the solution polymerization process the calalyst is deactivated and remains in the polymer. The polymer
and solvent are then separated and the solvent is heated to remove residual unreactedfeed (e.g., sthylene and ethane).
The fead is then recycled to the cracker.

[0033]) In the slurry polymerization process the polymer is separated {rom the diluent and the diluent is then heated
to remove the unreacted leed. The polymerization may be a gas phase polymerization conducted al temperatures from
aboul BO°C to 115°C at pressures frorn about atmospharic to 150 psig (gauge pressure of 1 MPa) .

[0034] The current state of the art of gas phase polymerization process has low conversion per pass and inherently
is not suitable for dilute ethylans utilization al this ime. More advancements in calalys! technology and heat transfer
migh! in future overcome this disadvantage.

[0035] In afurther aspect of tha present invention the ethylene from the cracker may be feed 10 an dligomerization
unit. Typically these unils condense ethylane into higher alpha olefins such as butene, hexene and octene although
higher alpha olefins, up to about C.,5. may be produced. Generally, in these processes, ethylene is contacted with a
catalyst typically comprising of an aluminum alkyl (e.g. tri methyl aluminum or tri slhyl aluminum) or an aluminum
complex of the formula (R*),AIC(R*AIO), Al (R4), wherein each * is independently selected from the group consisting
of C,.op hydrocarby! radicals and m is from 0 to 50, preferably R* is a C,_, alky! radical and m is from 5 to 30. The
ethylene alpha olefin are at least recyclod through a reaction or chain growth zone to grow the alpha olefin (e.g. increase
the length by 2 carbon atoms (1 ethyiene add on) as a resutt there is generally a slatistical distribution of alpha olefins
in the resulting producl. The product is generally distilled 1o separate different alpha olefins. Generally, the process is
conducted at pressures {rom aboul 2,000 to 5,000 (13 MPa to 35 MPa), preferably 2,000 to 3,500 psig (13 MPa to 25
MPa) and temperalures from about 90°C {o 180°C. Such processes are well known and described for example in U.
S. Patent 4,935,569 issued June 19, 1990 assigned te Ethyl Comporation.

[0036] The ethylene siream from the cracker may also be fed to an oligomernzation unit which uses transition metal
complexes as calalysts and may also usa alkylatuminum compounds of the lomula AlR, X5 , as cocatalysts wharein
Ris a C, g, preferatly C, , alkyl radical, X is a halogen, preferably chlorine or bromine, and x is an integer from 1 10
3. Thanium, zirconium, hatnium, chromium, nicke! or molybdenum could be used as active componenis of the complax
catalysts. These processes require milder reaction conditions - pressures from 15 to 1500 psig (gauge pressures of
0.1 to 10.5 MPa) and temperalures Irom 0°C 1o 150°C Such processes are known and described lor example in "“The
Nickel-Complex Catalyzed Synthesis of «-Olefins” paper by Amo Behr and Wilhelm Keim in The Arabian Journal for
Science and Engineering, Yol 10, No. 4 or in the European Patent Application 241,596 published November 21, 1987
the texts of which are herein incorporated by reterence.

{0037] The present invention will be more lully described in association with the drawings. Figures 1a and 1b are
the simple mass balances generaled by a computer program which accurately reflect commercial operations that
compare the flow of matarials. The calculations are based on a plant to produce 100,000 tons/yr. of sthylene going
into a polyethylens unil. In the figura the bold numbers are tons of product.

[0038] Fresh feed stream (1) is introduced into the furnace in combination with dilulion steam stream (3) and ethana
recycle stream (9) raspectively. The mass going through the fumacs is tharefore stream (2) = [(1)+(3)+(9)]. After crack-
ing in the furmace and quenching, water is recovered and dilution stream is recycled.
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[0039] The compressor which receives the cracked gases (stream 4) boosts the pressure of the stream before it
goes (o a deethanizer. From the deslhanizer, C,'s and heavier products are separated as stream (8) from the lighter
fractions. The Cy's and lighter materials (stream 5) enter the acetylene removaliconversion system and from there to
lhe demethanizer. Off gases made up mainly ol mathane and hydrogen are removed as stream (8) while stream N
in a convenlional process goes 1o an ethane splitier. There ethane is separated from ethylene product (stream 10)
while ethane from the stripper is recycled back lo the furnace (strearn 9). The figures illustrate the following improve-
monts arising from the present invention as seen in Tables 1to 3.

TABLE 1
Comparlson Arlsing From Mass Balances
Mass Flow Invention (metric tonsfyr) | Prior Art (metric tonsfyr)

To Cracking Furnace 205,044 265,551
Load on Compressor 158,041 205,774
C3 + Products 1,677 11,192
Acetylens Reactor 147,265 195,551
Offgas 19,961 17,550
Load to Splitter 0 176,898
Ethane Recycle 26,800 76,901

[0040] In tho process of the prasent invention illustrated in Figure 1b, a polyclsfins or oligomarization unk earves as
the separator, and the unreacted ethane is recycled back to the furnace. The advantages of this over the conventional
method become obvious 1o anyone knowledgeable in the arl, when one sludias Tables 1 to 4, as follows:

« asmaller load for the furnace

* asmaller cracked gas compressor

* asmafler acetylene processing unit

* the absence ol an ethane/athylene splitier

+ a greally reduced recycle of ethana

* asmall integrated ethylene/polyethylene unit
* reduced ensrgy requirements

+ lowar operatling costs

[0041] The capital cost for the process of lhis invention compared Lo the conventional process, for the same plant
capacity, is lower.

[0042]) Figures 2a and 2b show the heal balances for both the conventional and the new process. The heat kads
are given i gigajoules per hour. The total energy recjuirements for the conventional syslem is 320.9 GJmr as opposed
1o 229.6 GJ/i lor the new process Tables 2 1o 4 show the Energy Requirements, Energy Consumption/Generation
and Operating Cos! respectively for the prior art versus the nvention.

TABLE 2
Enef'gy Requirements
Invention [GJ/r.] | Prior-Art[GJ/hr.)
Fumace 1591 198.3
Cracked Gas Compressor Orivar 358 459
Dilution Steam Generation 25.3 162
Oeethanizer Chilling train 14.0 140
G2 Splitler (C3 Relrigaration) 0.0 310
Auxiliary Firing (Steam) 219 15.6
TOTAL 256.1 320.9
5
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TABLE 3

Energy Consumption/Generation

Inventlon [GJ/metric ton of Prior-Art {GJ/metric ton of
Ethylene ] _Elhylene]
Energy Consumption 15.21 17.95
Energy Generation {Off-gases only) 14.85 13.52
Carbon Dioxide (off-gases only) 0.295 0.237
TABLE 4
Operating Costs
Invention [$/Megagram] | Prlor-Art [$Megagram]
Ethane 2321 226.3
Offgas (40.7) (37.4)
C3s (9.4) (14.3)
Cds (18.4) {(13.6)
C5s (9.5) {8.9)
Energy 395 456
TOTAL 193.6 198.7

{0043] The conditions for the simulation are as follows:

*  Inlet pressure: around 1.97 kgfem?2 A

+ Intemal Diamoter. 0.038 M
» Coil Rasidence Time = 120 ms

*  Dilution Steam Ratio (kg steam/kg ethans) = 0.3

[0044] The conventicnal runs were simulated for 65% ethane conversion in the furnace, while the new process runs

wera simuilaled for 88% ethane conversion.

Example 1:

[0045] Table 5 shows the eflect of Coil Outlet Temperature on ethytene yield based on compuler simulations of an

ethylene cracker.

TABLE 5
The Effect of Coil Outlet Temperature on Ethylene Yisld
Coil Outlet Temperature (COT) [°C] | Ethylene Yield [wt.%]
) 875 47.97
889 5263
901 55.83
910 5815
919 60.14
929 61.78
932 62.30
938 6309
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TABLE 5 (conlinued)

The Effect of Coll Outiet Temperature on Ethylene Yield
Coll Outlet Temperature (COT) [°C] | Ethylene Yield [wt.%]
946 6410
950 64 39
958 65.01
967 65.36

Example 2:

[0046] Once through yields of ethylene for high conversion process which enables the close coupling with a polym-
erizalion or oligomerization unit were calculated at various conversions (temperaliires) using computer programs which
closely simulale actual plant operation The results are shown in Table 6.

TABLE 6
Yields (wi%) of Components AT

Components 65% Ethane 85% Ethane 90% Ethane 85% Ethane

Conversion Canversion Conversion Conversfon
Methane 29 70 76 76
Acetylens 0.7 27 39 46
Ethylene 52.6 65.0 65.4 66.3
Ethane 36.4 12.2 10.2 5.9
Cjy's & heavier 34 7.4 79 BB
The rest are off-gases (GO, CO,, Hy)

Example 3:

[0047] Table 7 shows the eflect of conversion on Maximum Allowable Tube Metal Temperature (MATMT) for runs of
various duration's of time. In the table the subscript is the run length in days and 0 s start up. The lable shows thal

lhe material of construction must be carelully chosen to be able {o allain the required conversion with economically
adequate run length.

TABLE 7
The Effect of Conversion on Maximum Allowabie Tube Metal Temperature {MATMT)
Ethane Conversion [%] | (MATMT), [°C| | (MATMT),o [°C] | (MATMT),, {°C] (MATMT)., [°C]
56.03 986 1006 1017 1031
63.64 930 1037 1052 1071
68.54 1007 1060 1079 1103
72.35 1020 1080 1102 1129
75.87 1033 1098 1125 1155
79.09 1045 1116 1146 1180
B0.19 1050 123 1154 1189
82.00 1057 1133 1167 1204
B4.62 1068 © 1150 1187 1227
8551 1072 1156 1194 1235
7
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TABLE 7~ {(continued) .
The Effect of Conversion on Maximum Allowabie Tube Metal Temperature (MATMT)
Ethane Conversion [%] | {(MATMT), [°C] | (MATMT),o°C] | (MATMT);, [°C] | (MATMT),, [°C]

87.77 1082 17 1213 1256
89.79 1092 1186 1231 1277
Claims
1. An imMegrated process tor lha cracking of a feedstock to produce ethylens and the subsequent polymarization or

10.

1.

12,

oligomarization of the elhylene, in the ethane/ethylene stream, withoul passing through an ethane splitter com-
prising in cooperating arrangement the steps of;

i) feeding a feedstock lo a cracker operaled at a maximum aliowable tube wall temperature of from 1050°C
to 1600°C; .

ii) passing the resulting product through a separation step to remove hydrocarbon streams having a carbon
content of 3 and greater,

iii) subjecling the resulling stream to a trealmeni {o convert acetylene to ethylene,

iv) removing the methane and hydrogen from the resulting siream to produce a product having an ethylene
content from 75 weighl % to 95 waight %;

v) leeding the resulling strearn 1o a polymerization or oligomerizalion process and polymerizing or oligomer-
izing the ethylena;

and

vi} saparating the unpolymerizad stream from the polymer and solvent, retuming il 1o the cracker.

The process according 1o claim 1, wherein the cligomarization is a solution, sturry, or gas phase operaled process.
The process according to claim 1 of claim 2, wharain the feedstock is ethane, naphtha or gas ail.

The process according to any ane of claims 1 to 3, wherein the residence time in the cracker is in the range 30 to
1000 milliseconds.

The process according to any one of the preceding claims, wherein the fumace tubes in the cracker are austenitic
slaintess steel and the maximum allowable tube wall temparature is in the range 1050°C to 1250°C.

The process according to any one of the preceding ¢laims, wherein the furnace tubes of the reactor are made of
ceramic of high temperature alloy and the maximum aliowable tube wall temperatusa is in the range 1200°C to
1600°C.

The process according to ctaim 6, whersin the tumace tubes are made of ceramic, the ceramic being silicon carbide
and the maximum allowable tube wall temperature Is in the range 1200°C to 1400°C.

The procass according to any one of the preceding claims, wherein the ethylene content in the feed Lo the oli-
gomerization or polymerizalion process is greater than 75 weight %.

The process according to any one of the preceding claims, wherein the polymerization or cligomerization process
is a solulion process operated at a pressure in the range 3,000 psi 1o 5,000 psi (20 MPa 1o 35 MPa).

The process according 1o any one of claims 1 to 8, wherein the polymerization or oligomerization process is a
slUrTY procass.

The process according to any one of claims 1 to 8, wherein the cligomerization process is a gas phasa procaess.

The process according to any one of the precading claims, wherain the conversion of ethylene 10 polyethylena is
greater than 85%. '
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Tha process according 1o claim 12, wherein the conversion of ethylene to polyelhylene is greater than 85% on a
oncae through basis.

The process according to any one of the precetling claims, wherein the feed from the cracking process is fed toa
polymerization process.

The process according to any one of claims 1 tc: 13, wherein the feed {from the cracker is fed to an oligomerization
unit

The process according to claim 15, wherein the catalyst in the oligomerization unit comprises an alkylaluminum
compound or a transition metal complex of tilanium, zirconium, hafnium, chromium, nickel or molybdenum with or
without an alkylaluminum compound.

The process according to claim 16, wherein the alkylaluminum compound is ethyl aluminum or tri methylaluminum.

The process according lo claim 16, wherein ths alkylaluminum compound has the formula (RY),AIO(RIAIO) LAl
(R*), whersin each R* is one of the group consisting of Cy.0p hydrocarbyl radicals and m is in the range 0 to 50.

The process according 10 claim 18 wherein R4 is a C,4 alkyl radical and m is in the range 5 10 30.

. The process according to claim 16, wherein the alkylaluminum compound has the formula AIR, Xy, whersin R is

a linear or branched alkyl radical comprising 2 to B carhon atoms, X is chiorine or bromine and x is equallo1,20r3.

10CHONT AT 1
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Figure 2a: Conventional Heat Balance [GJ/hr.]
Ethane Recycle

A
198.3 45.9 14.0 Ethylene
— roduc
%{-’1 Fumaces ,——PI €G Comp r-—’l Desth ,—"’ Acet React l—’l Demeth |_>| SpIIKFL
{Others 15.6} 3
16.2 v
_ Dtiution Steam Generation C3, C4, C5 Product Offaas Product Total 320.8
Figure 2b: New Process Heat Balance [GJ/hr.]
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1

INTEGRATED CRACKING AND OLEFINS
DERIVATIVE PROCESS UTILIZING DILUTE
OLEFINS

The present application is a continualion-in-part appli-
cation of U.S. Ser. No. 08/407,920, filed Mar. 21, 1995,
attorney docket 696-243, now abandoned.

FIELD OF THE INVENTION

The present invention relates to a2 method of inlegrating
cracking and olefin derivative processes ulilizing dilute
olefios as feedstocks. More particularly the present inven-
tion rclates (o an integraled process for preparing olefin
derivatives from hydrocarbon fecdstocks by cracking the
hydrocarbon feedstocks, and separating the olefins from the
cracked gas into dilute olefin feeds for olefin derivative
processing. Most particularly, the present tnvention relates
lo an inlegrated process for manufaciuring cthylene and
propylene derivatives from calalytic and non-catalytic
cracking processes.

BACKGROUND OF THE PRESENT
INVENTION :

The processes of non-<catalytically cracking and catalyti-

cally cracking hydrocarbon feedstocks are well known in the —

art. In this regand, steam cracking io a furnace and contact
with hot non-catalytic particulate solids are 1wo well known
non-calalytic cracking processes, as described, for example
in Haltlee et al., U.S. Pat. No. 3,407,789; Woebcke, U.S. Pat.
No. 3,820,955, DiNicolantonio, U.S. Pat. No. 4,499,055 and
Gantside et al.,, U.S. Pat. No. 4,814,067. Additionally, Auid
catalytic cracking and deep catalylic cracking are two well
known catalytic cracking processes, See, ¢.g., Cormier, Jr. ¢l
al, US. Par. No. 4,828,679; Rabo et al.,, US. Pat. No.
3,647,682; Rosinski et al,, U.S. Pat. No. 3,758,403; Gartside
el al.,, US. Pat. No. 4814,067; Li <t al,, US. Pat. No.
4,980,053; and Yongqing ct al., US. Pat. No. 5,326,465.

The olefins produced in these processes have long beecn
desired as feedstocks for the petrochemical industries. Ole-
fins such as cthylene, propylene, the bulenes and the
pentenes are uscful in preparing a wide variety of end
products, including but not limited to polyecthylenes,
polypropylenes, polyisobutylene and other polymers,
alcohols, vinyl chloride monomer, acrylo-nitrile, methyl
tertiary butyl ether and tentiary amyl methyl ether and other
petrochemicals, and a vaniety of rubbers such as butyl
rubber.

However, there has been little incentive in the industry to
integrate the cracking processes which produce the olefins
with the olefin denivative processes which produce the end
products due to either the inability of the respective pro-
cesses to handle ditute olefin feeds, the difficully in recycling
the by-products produced in the respectlive processes or both
as well as logrstical reasons.

For example, in the polymerization processes to produce
polyethylene and polypropylene, bistorically the location
and infrastructure associated with ethyleae-polyolefin unils
has made integration a difficult logistics probkem. More
importantly, recycle streams from the polyolefins units have
until recently contained comrosive products from the catalysl
deactivation reactions and other impurities,

Additionally, the feedstocks conventionally required for
the production of polyelbylencs and polypropylenes have
demanded that methane, ethane and propane concentrations
in the ethylene and propylepe feedsiocks be extremely low.
For example, for cthylene, the minimum concentration of
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ethylene is fypically about 99.9 mol % and for propylene the
minimum propylene concentration for polymer grade pro-
pylene is typicaily about 99.0 mol %.

These cihylene and propylene feedsiock specifications
have required extensive and costly purification in the olefin
recovery section of the cracking processes. Typically, the
cthylene coocentration in the C., stream from a cracker gas
separalion system ranges from about 55 to about 85 percent.
The higher purity ethylene stream conventionally requires
additional separation in a C. splitter.

Siill furiber, advancements in polymerization catalysis,
with the introduction of the “single site” metallocene
catalysts, bave resulted in even more stringem feedstock
purity requircments due to the expanding usage of these high
activity catalysis. See, e¢.g., Chang, US. Pat. No. 5,238,892,
Burkhardi et al,, PCT Application No. WO 9212184; and
Schreck et al., U.S. Pat. No. 5,280,074.

Accordingly, the convenlional wisdom in the industry is
for olefin derivative producers, including, polyethylene and
polypropylene producers, to purchase polymer grade ethyl-
¢nc and propylene from ethylene and propylene producers
and then remove lrace contaminanis to the desired purity
specifications and recover, flare or ulilize the purge streams
from the ckfin derivative reactor within the processing
plant.

Traditionally, ethylenc and propylene unit operators have
no!l accepied Lhe recycle streams from the olefin derivative
units because they typically contain undesirable light gases
and inorganic acids resulling from catalyst deactivation
reactions.

However, with ethylene and propylene units now being
built in more remole and unsophisticated locations close o
[eedsiock supply sources, it has now become desirable to
develop  single integrated process which will produce the
desired olefin derivative products s the final oulput of the
integrated piant.

Additionally, existing refineries have long experienced
problems of gas plant bottlenecking when increasing the
capacity or conversion level of their various cracking units.
The inability to market the relatively dilute olefins produced
in the refinery lo downstream purification processors has
furtber compounded the problem. Thus, it has also become
desirable to develop a means of revamping an existing
refinery o debotileneck the gas plant and market the dilute
okefins produced therein.

Accordingly, if such a means to integrate cracking with
olefins derivative processes were o be developed it would
represent 8 significant advancement in the state of the an
including the reafization of significant capital and operating
cos! savings for end product producers.

SUMMARY OF THE PRESENT INVENTION

To this end, the present invenlors have now discovered a
unique integraied process to overcome the drawbacks of the
prior art and meet the commercially desirable aspecis dis-
cussed above,

Accordingly, it is an object of the present iovention to
provide a process which will iniegrate olefins production
wilh olefins derivative facilities in 2 “grassrools” design or
revamp/expansion of an existing olefins facility.

It is another object of the present invention to provide a
process which will integrate the cracking of hydrocarbons
wilh ethylene polymerization and/or other ethylene deriva-
tive units.

It is a further object of the present invention to provide an
inegraled process which allows for the production of poly-



300CID: <15

5,981,818

3

cthyleoe and/or other suitable ethylene derivatives from a
relatively dilute ethylene feedstock.

It is a siill further object of the present invention o
provide a process which will integrale the cracking of
hydrocarbons with propylene polymerization and/or other
propylene derivative unils.

It is still another object of the present invenlion (o provide
an infegrated process which allows for the production of
polypropylenc and/or other suitable propylene derivatives
from a relatively dilule propylene feedstock.

It is yet ancther object of the present invention to provide
a process which inlegrates a cracking process with one or
more olefin derivatlive processes.

It is another further object of the present invention 10
provide 2n integrated process which provides for the recy-
cling of the olefin dervative by-product streams to the
cracking unit.

1t is still ancther further object of the present inveation to
integrale processes for the production of polymers, rubbers
and petrochemicals from the C, bydrocarbons derived from
the cracking process wilh the olefin derivative processes and
cracking process.

I is yet still another further object of the present inveation

to inlegrale dilule olefin derivalive processes with xisting 2

refinery offgas systems lo debottleneck the refiperics.

These and other objects evident to those of ordinary skill
in the art are provided by the present invention discussed in
detail bereinbelow.

BRIEF DESCRIFPTION OF THE DRAWINGS

FIG. 1 depicts in flow chart form a steam cracking process
usefui in the practice of the present invention.

F1G. 2 depicts ip flow chart form an olefins purification
process useful in the practice of the present invention.

F1G. 3 depicts in flow chan form an embodiment of an
integrated process for the production of polyethylene in
accordance with the present invention.

F1G. 4 depicts in flow chart form ap embodiment of an
integrated process for the production of polyethylene and
polypropylene in accordance with the present invention.

FIG. 5 depicts in Bow charl form an embodiment of an
inlegrated process for Lthe production of olefin derivatives in
accordance with the present invention.

FIGS. 6A, 6B and 6C depict in flow chan form C,
hydrocarbon dowasiream processing embodiments useful in
the praclice of the integraled process of the preseat inven-
lion.

FIG. 7 depicts in flow chart form a debotilenecking
ermbodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

As used herein throughout the present specificalion the .

term “dilute olefins™ means olefins which meet the non-
saturated hydrocarbon and other trace conlaminant specifi-
cations of the respective olefins derivative process but still
contain quanlitics of saturated inert hydrocarbons in excess
of typical current polymer grade specifications, such as on
the order of less than about 50 weighl percent, preferably
less than about 15 weight percent and most preierably as
little as 1 weight percent.

Also as used herein throughout the present specification,
the term “olefin derivative process™ is meant to include any
and all processes whereby olefins are converied 1o petro-
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chemical products or intermediates in a relatively high
conversion once through process, i.¢., the bulk of the olefins
are converied (0 Lhe desired petrochemical in a single
process sequence without the need for recycle or further
processing steps, at high once through conversions typically
on Ihe order of al least about 50 percent, preferably at least
about 75 percent and, in the ideal case, up to aboul 100
percent.

THE FEEDSTOCKS

The hydrocarbon feedstocks for use in the cracking pro-
cesses of the present invention may vary widely and are well
known lo those of ordinary skill in the art. All of the known
hydrocarbon fecdstocks for use in the cracking processes
described bereinbelow are contemplated for use in accor-
dance with (he present invention. For example, feedslocks
for use in accordance with the present invention include, but
ar¢ not limited 1o, ethane, propane, butane, naphtha,
raffinate, atmospheric gas oil, vacuum gas oil, gas
condensates, natural gas liquids, crude oil, crude resids,
mixtures thereof, elc.

THE CRACKING PROCESSES

The process of the present invention may employ any
cracking process which produces a cracked gas, such as
those cootaining bydrogen, methane, C. hydrocarbons, C,
kydrocarbons and heavier constituents. This includes both
calalytic and pon-catalytic cracking processes.

The steam cracking process and other non-calalytic crack-
ing processes are well known (o those of ordinary skill in the
art. Steam cracking processes are generally carried out in
radianl furnace reactors al elevaled temperatures for short
residence times while maintaining a low reactant parial
pressure, relatively high mass velocity, and effecting a low
pressure drop through the reaction zone. Any of the furnaces
known (0 those skilled in the art may be employed in the
practice of the present inveation, e.g.. Bowen el al., U.S, Pat.
No. 5,151,158, Palchik et al, U.S. Pat. No. 3274,978:
Hallee et al.,, US. Pal. No. 3,407,789; Woebcke, U.S. Pat.
No. 3,820,955; Alagy et al, US. Pal. No. 4,780,196;
DiNicolantonio, U.S. Pal. No. 4,499,055; Martens, US. Pat.
No. 4,762,958 and Lhe like.

The hydrocarbon feed (o the steam cracker can be in the
liquid or vapor phase or it may comprise a mixed liquid-
vapor phase. The most preferred feedstocks for steam crack-
ing are ethane, propane, bulane, naphtha, gas oils, gas
condensales and mixtures thereof. The hydrocarbon feed-
stock is normally in the vapor phase in the reaction zone.

Referring 10 FIG. 1, the feed will generally be preheated
in a prebeal zone (not shown) from aboul ambient
temperalure, ¢g., 70° F. 10 80° F., to an inlermediale
lemperature, The preheated feed in a line 2 is then iatro-
duced into a convection zone 4 of a pyrolysis furnace 6 to
further prebeat the feed 10 a temperatuze below which no
significant reaction takes place, e.g., 1100° F. to 1300° F.
During the convection zone preheating slep, sieam is gen-
erally added 10 the feed via lines 8 1o essentially complete
vaponzation of the feed prior to the feed being introduced to
tbe radiant reaction zone 19 of the pyrolysis furnace 6. The
sicam funclions to facilitale vaporizalion and reduce the
bydrocarbon partial pressure in the radiant reaction zone in

* order 1o improve desired olefin yields. The feed in process

tubes or coils 12 is then cracked at very high temperalures,
e.g., up 10 about 1650° F., in the radiant reaction zone 10 of
the pyrolysis Furnace 6.

Typical operaling conditions comprise an inlet tempera-
ture to the radiant heating section of the furnace ranging
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from about 1000° F. to about 1300° F. and an outlel
temperature ranging from about 1350° I, 10 about 1650° F.
The feed rate is such that the velocity through the radiant
coils 12 ranges from about 200 fi/sec to about 800 fifsec,
based on the total flow of sieam and bydrocarbon. Steam is
typically employed in amounts lo provide a slcam 1o hydro-
carbon feed weight ratio ranging from about 0.1 to about 2.0,
The residence time of the feed in (he radiant section of the
cracking coil gencrally ranges from about 0.1 second 1o
about 1 second, alihough millisecond processes are also
contemplated as within the scope of the preseat invention.

In order 1o reduce the production of large amounts of
undesinble by-products and in order to prevent severe
coking, il is desirable to rapidly cool the efflucnt product
gases issuing from the radiant zone from its exit temperature
to a temperature at which the cracking reactions substan-
lially stop. This can be accomplished in a suitable heat
exchange apparatus or by direct quenching, wherein the
product gases are cooled to a temperature below abour 1200°
F. to stop the cracking reaction. Further cooling is (ypically

10

15

achieved in high level beat recovery as is known to those of ~

ordinary skill in the ari. The cooling step is preferably
carried out very rapidly after the eflluent leaves the radiant
section of the furnace, i, about 1 fo 30 milliseconds. Sce
generally, e.p., Hallee ¢t al, US. PaL No. 3,407,789,
Woebclke, U.S. Pat. No. 3,910,347, Woebcke et al., U.S. Pat.
No. 5,427,655, Buschmann et al., U.S. Pat. No. 3,392 211,
Bhojwani et al., U.S. Pat. No. 4,351,275, Woebcke, US. Pat.
No. 3,403,722, Buschmana ¢t al., United Kingdom Patent
No. 1,095,727 and Buschmann et al., United Kingdom
Patent No. 1,091,174,

As shown ino F1G. 1, the cracked effluent from the pyroly-
sis jeactor in a line 14 is direcled 40 a quench boiler 16
wherein the effluent is indirectly contacted with boiler feed
waler in cooling tubes 18. The boiler feed waler is supplied
via a tapk 20 which directs walter to the botiom of the quench
boiler 16 via a line 22. Afier traverse of the cooling lubes 18,
a sleam/water mixture is removed from the quench boiler 16
in a line 24 and directed back to the supply ank 20. The
supply tank 20 has high pressure steam removed therefrom
in a line 26 and make up bailer [eed water added 1hereto in
a line 28. The quenched product pases are removed from the
quench boiler 16 via a line 30 for recovery of the dilute
olefins and downstream processing into various petrochemi-
cals.

Altemnatively, instead of steam cracking other well known
cracking processes may be employed (o produce olefins
including thermal regenerative cracking, fluidized bed
cracking, fluid catalytic cracking, deep calalytic cracking,
visbreaking, etc.

In thermal regenerative cracking (TRC), inert particulate
solids are heated to relatively high temperatures, oo the
order of from about 1400° F. 10 about 1600° F., and
introduced into a fluidized cracking zone with the hydro-
carbon feed. The cracking zone may be upflow (riser),
downflow or horizonial in configuration. The hydrocarbon
feed is thermally cracked at temperatures ranging from
about 1200° F. to about 1600° F. in the cracking zone
whercin the heated pariiculale solids lose heat and are fouled
or contaminated with the coke and tars and other heavy
cracking products of the hydrocarbon feed. Thercafter, the
confaminated solids are separated from the bydrocarbon
product gases, stripped and regencrated for re-use in the
cracking zone. Regeneration entails burning the contami-
nanis from the parliculate solids 10 heat the solids to a
temperature necessary (o crack the hydrocarbon feed. See,
e.g., Gantside et al., US. Pat. No. 4,814,067, Boston, U.S.
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Pal. No. 2,906,695; Woebcke et al., U.S. Pal. No. 4,318, 800,
McKinney et al., U.S. Pat. No. 4,061,562; McKinney et al.,
U.S. Pat. No. 4,097,363 and Gartside et al., US. Par. No.
4 552,645,

In Buidized catalytic cracking (FCC), the process pro-
ceeds similar 1o that described for thermal regenerative
cracking cxcept that the solids are catalylic and the (em-
peratures employed are generally lower, with cracking tem-
peratures on the order of from about 800° F. o about 1300°
F. Any of the known catalysts useful in fluidized catalytic
cracking may be cmployed in the practice of the present
invention, including but no1 limited 1o Y-type zeolites, USY,
REY, RE-USY, faujasite and other synthetic and naturally
occurring zeolites and mixtures thereof. See, e.2., Gartside
et al,, U.S. Pa1, No. 4,.814,067; Haddad <t al., US. Par. No.
4,404,005; Cartmell, U.S. Pat. No. 3,785,782; Castagnos, Ir.
et al., US. Pat. No. 4,419 .221; Cormier, Jr. et al., U.S. Pal.
No. 4,828,679; Rabo el al,, U.S. Par. No. 3,647,682; Ros-
inski et al., U.S. Pai. No. 3,758,403, and Dean ¢i al,, US.
Reissue Pat. No. RE 33,728,

Another cracking process contemplated for use in accor-
dance with the present invention is decp catalylic cracking
(DCC). In the DCC process a preheated hydrocarbon feed-
stock is cracked over heated solid acidic catalyst in a reactor

= al temperatures ranging from about 925° F. (o about 1350°

F., preferably from about 1025° F. to aboul 1150° F. The
weight bourly space velocity of the charge may range from
about 0.2 hr! to about 20 hr™* preferzbly from about 1
br~'10 about 10 hr~'. The calalyst-to-oil ratio may vary from
about 2 1o about 12, preferably from about 5 10 about 10. In
order to lower the partial pressure of hydrocarbon feed,
stcam or other gases, such as the dry gas of a catalytic
cracking unit, may be added into the reactor during the
CONVCrSion Process.

When steam is used, a weight ratio of steam to hydro-
carbon feed is preferably maintained at from about 0.01 to
about 0.5:1. The total pressure of the reaction preferably
ranges from about 20 psia to about 45 psia, morc preferably
from aboui 25 psia to about 35 psia.

After the reaction, the spent calalyst particles may be
steam stripped to remove residual bydrocarbons gbsorbed on
the catalyst as is koown in the art. The spent caualys
particles with coke deposited thereon are then transferred to
a regeneration zone as is also well known to those of
ordinary skill in the arl.

Regeneration is generally conducted by contacting the
catalyst with an oxygen-containing gas al a lemperature of
from about 1175 F. to abow 1350° F. Afterwards the
regeneraled catalyst is typically recycled to the reaction
Zone.

Hydrocarbon feedstocks useful in the DCC process may
vary in & wide range, and typically are relatively heavy
bydrocarbon feedstocks such as those selected from petro-
keum fraciions with different boiling ranges, i.c., naphtba,
gas oil, vacuum gas oil, residual oil and mixtures thereof.
Crude oil may also be directly wvsed.

Calalysts used in the deep catalytic cracking process step
of the present invention are solid, acidic catalysis compris-
ing one or more active components and a matrix material.
The active components include amorphous aluminosilicates
or zeoliies such as pentasil shape seleclive molecular sicves,
faujasite, rare carth cation exchanged favjasite, chemically
treated and/or stabilized favjasite and mixtures thereof, The
matrix material includes synthetic inorganic oxides and
mineral clays. All of these catalysts are commercially avail-
abie. ’
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Exemplary of the useful catalysts arc pentasil shape
molecular sieves, rare carth exchanged Y sieve (REY)
conlaining calalysts, pentasil shape molecular sieves sup-
poried on kaolinite, amorphous aluminosilicates and mix-
tures of any of the foregoing.

The use of these catalysts at the specified reacticn con-
ditions provides for high yields of gaseous clefins, espe-
cially propylepe and butylenes. For a more delailed descrip-
tion of the DCC process, its catalyst and variations on the
DCC process, see, Li el al,, U.S. Pai. No. 4,980,053, Shu et
al, US. Pat. No. 5,232,675; Zhicheng et al., U.S. Pat. No.
5,380,690; Yongging et al., U.S. Pat. No. 5,326,455 and
Yukang e1 al, U.S. Pat. No. 5,358.918.

It is funther conlemplated by the present invention that
one or more of the above described cracking processes may
be employed, either as separate cracking processes 15 crack
differcnt feedstocks, or in an integraied method such as
described in Rubin et 2l U.S. Pat, No. 5,523,502.

THE RECOVERY PROCESSES

The gaseous eflucnt from the cracking reaction is then
directed to an olefins purification system for recovery of the
dilute olefins. Typically the gaseous eMuent is further cooled
to remove fuel oil and the bulk of dilution steam, as known
to those of ordinary skill in the art, prior 1o being compressed
in a charge gas compressor and then chifled and passed
through a series of pressurized fractionators 1o separate the
effluent into component streams, e.g., hydrogen, methane,
elhane, propane, ethylene, propylene, mixed C; hydrocar-
bon streams, and C,, malerial. Conventional fractionation
units are described in Roberts, U.S. Pat. No. 2,582,068;
Rowles et al, US. Pal. Nos. 4,002042, 4 270,940, 4,519,
826 and 4,732,598; and Gazzi, U.S. Pat. No. 4,657,571. See
also, Kaiser el al., “Hydrocarbon Processing,”™ Nov. 1988,
pp- 57-61.

Especially suitable olefins purification processes for use
herein are the cryogenic separation processes described in
McCue et al, US. Pal. Nos. 4,900,347 and 5,035,732 which
cmpioy serally connected dephlegmators upstream of seri-
ally connecled demethanizers 10 cryogenically sepurate the
gaseous mixtures inlo lheir component parts. Additionally,
the process set farth in McCue et al., U.S. Pat. No. 5,414,170
providing for a mixed phase front end acetylene hydroge-
nation process is also contemplated for use in the present
invention.

Thus, in a preferred embodiment, the product gases are
compressed in a charge gas compressor, dried, 1hen the
acetylene components are hydrogenated in an aceiylene

hydrogenation reactor, and finally passed ialo the c-yogenic 5

chilling train.

In the preferred cryogenic chilling train the gas charge is
passed through senally connecied dephlegmators 1o separate
the hydrogen and most of the methane gas from the charge.
The remaining charge is then further separated inlo its
component parts by use of serially connected towers com-
prising one or more of demethanizer(s), deethanizer(s),
deethylenizer(s), depropanizer(s), C. and C, splitters, etc,,
to produce streams rich in the component parts.

In an especially preferred embodiment the olefins purifi-
cation prooess comprises a compression system and a cryo-
genic separalion process for recovering a pluralily of com-
pooent effluent sireams comprising one or more of an
elhane-rich siream, a propane-rich stream, 2 dilute ethylene
stream, a dilute propylene stream, a mixed C, hydiccarbon-
rich stream, and a gasolipe-rich stream from the mixed
olefin-containing effluent, wherein the cryogenic szparation
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process comprises {A) introducing the mixed olefin
containing-cfluent into a dephlegmation or separalion zone
operaling at eryogenic lemperalures; (B) dephlegmating or
separating the mixed olefin—containing cffivent into a pri-
mary hydrogen and methane-rich gas stream and a primary
liquid condensate siream rich in C., hydrocarbon compo-
ncnts and containing a minor amount of methane; (C)
scparating (he primary tiquid coadensale siream in a mod-
erately low cryogenic lemperature priimary demethanizer
unit into a C., liquid bottoms sirecam and an inlermediale
methane-rich subsiantially C; free overhead vapor stream;
(D) scparating the intermediate methanc-rich overhead
vapor strcam in an ulira low cryogenic lemperature final
demethanizer into a dilute ethylene product stream and a
final demethanizer ulira-low temperature methane stream;
and (E) s¢parating the C.* liquid bottoms stream from the
primary demethanizer in at least one downsiream Fraction-
ator into efluent streams comprising one or more of ap
cthane-rich siream, a propane-rich stream, a second dilute
¢lbylenc stream, a dilute propylepne stream, a C,
hydrocarbon-rich siream and a gasoline-rich stream.

The ditute ethylene and dilute propylene product streams
may then be used as the dilute cthylene and dilute propylene
feedstocks for the downsiream integrated olefin derivative
processes, as described more fully hereinbelow. The ethane-
nch and propane-rich streams are typically recycled to the
cracking reactor.

Allernatively, an olefins purification systcm as shown in
FI1G. 2 may be employed. The cracked pas effluent in a line
40 is first compressed in a compressor 42 to produce a
compressed gas cffiuent in a line 44. Acid gas is removed
from the stream, the acetylene is then removed via conver-
sion and the stiream dried and chilled in sysiem 46 to produce
a chilled effluent in a line 48.

The chilled efftuent is directed to a demethanizer 50
wherein methane and lighter gases are separated from the
heavier components. The metbape is removed from the
overbead in a line 52. The heavier components are removed
from the bottom of the demethanizes 50 in a line 54 and
dirccted to a deethanizer 56 for separation of the ethane and
cthylene from the heavier components. Accordingly, a dilute
ethylene siream comprising ethane apd ¢thylene is removed
from the top of the deethanizer 56 in a line 58. All or a
portion of the dilule ethylene stream may then optionally be
directed 1o a C., splitter 60, wherein the ethanc and ethylene
are scparaled into a second dilute ethylene stream in a line
62 and an ethane-rich stream in a line 64 if higher purity
dilute ethylene is desired. )

The bottoms from the decihanizer 56 rich in C, and
heavicr components are removed from the deethanizer 56 in
a line 66 and directed 10 a depropanizer 68 for separation of
propane and propylene from the heavier components.
Accordingly, a dilute propylene stream 1s removed from the
top of the depropanizer 68 in a line 70. All or a portion of
the dilate propylene siream may then optionally be direcled
to a C; splitier 72 wherein the propanc and propylenc are
separated into a second dilute propylene stream in a line 74
and a propane-rich stream in a line 76 if higher purity difute
propylene is desired.

“The bottoms from the depropanizer 68 nch in C, and
heavier components are removed from the depropanizer 68
in a line 78 and directed 10 a debutanizer 80 for separation
of the C, hydrocarbons from the heavier components.
Accordingly, a mixed C, bydrocarbon-rich stream is
removed from the overbead of the debutanizer 80 in a line
82, and the gasoline and heavier components are removed
from the boulom of 1he debulanizer 80 via a line 84,

\GZ
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The dilute cthylene, dilute propykene and mixed C,
hydrocarbon-rich streams may then be processed into a
varicty of petrochemicals in accordance with the practice of
the present invention. The ethane- and propane-rich streams
in lincs 64 and 76, respectively, are then generally recycled
back to the cracking reactor.

THE OLEFIN DERIVATIVE PROCESSES

Polyethylene

The dilute ethylene stream obtained from the olefins
purification process may be cmployed as the dilute cthylene
fecdstock for a polycthylene polymerization process in
accordance with the present invention. The dilute ethylene
feedstock for use in the polyethylene polymerization process
preferably contains at least about 85 weight percent ethyl-
ene.

The ethylene is polymerized into polyethylene cither by
gas phase polymerization methods or by solution polymer-

ization methods. At cthylene fecdstock concentrations above 2

about 85% but below about 95%, the solution polymeriza-
tion method ts employed. At conceantrations of at least about
95 weight perceal, either the gas phase or solution polymer-
ization methods may be employed.

10
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Both the gas phase sod solution polymerization melhods —

are well known to these of ordinary skill in the ant and any
of these known methods may be employed in the practice of
the prescat invention. These processes are typically offered
i the industry by companies includiog but not limited to
Union Carbide Corporation, British Petroleum Company,
Novacor, DSM ct al. Typical operating parameters include
pressures ranging from about 300 psig to about 3000 psig
and temperatures ranging from about 200° F. to about 600°
F. over catalysts such as those of the Ziegler-Natia (Z/N)
family and the “single site” metallocene family. Sce, e.g.,
Benham et ak, U.S. Pat. No. 5,364,915; Chang, U.S. Pat. No.
5,238,892; Cann et al.,, US. Pal. No. 5,102.841; Beran et al.,
U.S. Pat. No. 4,508,842; Geerts ¢t al., European Patent No.
0 612 753; Wagoer ef al., European Patent No. 0 012 147,
Karol, Frederick 1., “The Polyethylene revolution,”
Chemtech, Aprit 1983, pp. 222-28; and “New route 1o
low-density polyethylene,” Chemical Engineering, Dec. 3,
1979, pp. 80-85. See also, Haich & Malar, “From Hydro-
carbons o Petrochemicals,” (heretnafier “HATCH &
MATAR™) pp. 172-176.

The practice of the present invention also provides sig-
nificant unexpected advantages for the gas phase process
over the current commercially practiced gas pbase processes
for the production of polyethylene. 1o the current commer-
cially practiced gas phase processes, nilrogen is employed as

“the carrier gas fo the gas phase polyethylene polymerization
reactor. This expedient creates unwanted by-products for
recycling to the cracking reactor ig the olefins unil.
However, with the practice of the prescat invention employ-
ing dilute ethylene feedstock for the gas phase
polymerization, the methane or ethane (or other light satu-
rated hydrocarbon) conlained in the dilute ethylene feed-
stock is effeclive as the carrier gas thus eliminating or
significanlly reducing the aforementioned recycling prob-
lem.

Other Alternative Ethylene Derivative Units

Dilute cthylene can generally be employed in any deriva-
tive process which achieves high once through conversion of
the ethylenc. Processes, including but not limiled 1o pro-
cesses for the production of ethyleae dichloride, alpha
olefins, ethyl benzene, styrene and acetaldehyde are con-
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templated as wilhin the scope of the present invention. The
specifics of these processes are disclosed in the literature and
are well known to those of ordinary skill ia the art. See, for
cxample, HATCH & MATAR, pp. 97-98; Kurtz et al,, US.
Par. No. 3,839,475; Severino, U.S. Pat. No. 4,172,099,
Geigeriet al., U.S. Pat. No: 4,426,449 Leuck et al., U.S. Pal.
No. 4,554,392; HATCH & MATAR, pp. 137-138; Smuilh, Jr.
et al,, U.S. Pat. No. 5,243,115; Lee et al,, US. Pat. No.
5,243,116, HATCH & MATAR, pp. 138-140; Hoang el al,,
US. Pat. No. 4,263,212; HATCH & MATAR, pp. 99-101;
Nishimura et al, U.S. Pal. No. 4,521,631; and Showa
Denko, JP 51-146410.

Polypropylene

The dilute propylenc stream obtained from the olefins
purification process sicp may be employed as the dilute
propylene feedsiock for a polypropylene polymenzation
process ip accordance with the present invention. The dilute
propylene feedstock for polypropylenc polymenzation pref-
erably contains a1 least about 85 weight percem propylene
and most preferably at least about 95 weight percent pro-
pylenc.

The propylene is polymerized iato polypropylenc
homopolymer cither by bulk phase polymerization methods
or by gas phase polymenzation methods. At propylene
feedstock concentralions below 95%, the bulk phase poly-
merization method is employed. Al concentrations of at least
aboul 95 weight percent, either the bulk phase or gas phase
polymerization methods may be employed.

Both the bulk phase and gas phase polypropylene poly-
merization metbods are well known to those of ordinary skill
in the art and apy of these known methods may be employed
in the practice of the present inveation or a combination of
both. These processes are offered in 1he industry by com-
panies including, but rot limited 10, Union Carbide
Corporation, Amoco Qil Company and Himont pow
{Montell). Typica! operaling paramelers include pressures
ranging from about 150 psig to about 1000 psig and tem-
peratures ranging from about 200° F. to about 600° F. over
catalysts such as those of the Ziegler-Natia family (Z/N) and
the “single site” metallocene family. See, ¢.g., Schreck et al,,
U.S. Pat. No. 5,280,074; Ardell et al., U.S. Pat. No. 4,956,
426; and Selman ¢1 al., US. Pat. No. 4,287,001. See also,
HATCH & MATAR, pp. 176-79.

Following the polypropylene homopolymer polymeriza-
tion process, the polypropylene homopolymer is typically
copolymenized with ethylepe, ie, 2 to 15 weight percent
cthylene, 1o an impact reactor. In either propylene polymer-
ization process, the impact reactor operales in the gas phase
at operating parameters of a pressure ranging from aboui
150 psig 10 about 400 psig and a temperature ranging from
about 200° F. to abour 400° F. over calalysis such as those
of the Ziegler-Naita (Z/N) family as well as the “single site”™
melallocene family.

Other Alternative Propylene Derivative Units Dilute pro-
pylene can also be employed in a oumber of other derivalive
processes which achieve high once through conversion of
the propylene. Potential applications would include, but not
be limiled to, acryloniirile, cumene, propylene oxide,
isopropanol, acrolein, allyl chloride, etc. The specifics of
these processes are disclosed in the literature and are well
known to those of ordinary skill in the art. See, for example,
HATCH & MATAR, pp. 106-108; Shaw ct al., U.S. Pat. No.
5,288 473; Suresh ¢i al.,, U.S. Pai. No. 5,258,543. Paparizos
et al, U.S. Pal. No. 5,235,088, HATCH & MATAR, pp.
108-112; Binnos et al, U.S. Pai. No. 3,635,803; Presion et
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al, U.5. Pal. No. 5,349,072; Keating et al,, U.S. Fal. No.
5,274,138, HATCH & MATAR, pp. 112-115; HATCH &
MATAR, pp. 115-117; Ewzkom et al., US. Pal. No. 5,198,
578, Etzkom et al.,, U.S. Pal. No. 5,183,936; Honda e al.,
U.S. Pa.. No. 5,144,090, Caillod et al., U.S. Pat. No.
5.300,707, HATCH & MATAR, pp. 119; Dianis, U.S. Par.
No. 5262,575; Riegel et al.,, US. Pat. No. 4,558,167,
Guesinov et al.,, U.S. Pat. No. 4,244 892; Bach el al., US.
Pal. No. 3,855,321; Riegel et 2l., United Kingdom Patenl
No. GB 2,039,905; HATCH & MATAR, p. 140; Smith, Jr.,
U.S. Pat. No. 5,262,576, Lee et al., U.S, Pal. No. 5,243,116;
Jobason, U.S. Pat. No. 4,463,207; Cavani et al., U.S. Pal.
No. 4,992,608, Ward, US. Pal. No. 4,008,290; Ihnson,
US. Par. No. 4,524,229; Sartorio et al, U.S. Pal. No.
4.,343,957; and Smith, Jr. et al., U.S. Pat. No. 5,055,627.

RECYCLING

Essenual 1o the practice of the present invention is the
expedient of recycling al least a portion of the by-product
stream from the olelin derivative process to the cracking
slep. The recycling may be accomplished either directly or
indirectly. In the embodiment of direct recycle, all or a
portion of the by-product stream is directly recycled 1o the
cracking reactor along with the fresh or recycled hydrocar-
bon feedsiock. The direct recycle method is typically
employed where there are sufficienily small amounts of
conlaminants such that the cracking process is not detrimen-
1ally affected.

In the embodiment of the indirect recycle, all or a portion
of the by-product siream from the particular olefin derivative
is first recycled (o 1he olefins purification process step or to
a scparaie clcan up sysiem (as known o (hose of ordinary
skill in the art) wilhio the integrated complex for removal of
contaminanis which are detrimental to the cracking process.
Then, ibe derivative by-products as a portion of the recycle
from the olefins purification process, such as in the ethane or
propane-rich streams is recycled to the cracking reactor.

in either maupuer, direct or indirect recycle, al least a
portion of the by-produci stream from the olefin derivative
process is recycled to the cracking reactor in order 1o form
an integrated process and obtain the advanlages over the
prior ant described hereinabove.

C, PROCESSING

Where naphtha or other liquid hydrocarbons are
ernployed as the feedstock 1o the inlegrated process of the
present iovention, sufficient amounts of butylenes are pro-
duced in the cracking process and separated during the
olefins purification step for conversion 1o C, conlaining
petrochemical products and intermediates such as methyl
terl butyl cther, isobutylenc, butyl rubber and/or methyl
methacrylale. In a preferred embodiment, especially useful
in the practice ol the present invention, the C, hydrocarbons
arc converted to the desired peirochemicals by a process
including one or more of (be sleps of hydroisomerization,
skeletal isomerization and, extractive distillatior. These
processes are discussed more fully hereinbelow.

DEBOTTLENECKING

The present invention also provides a novel means and
apparatus -for debotllenecking an existing cracking plant.
Generally expansion of exisling olefins facilities is limited
by the amoum of available refrigeration or fraciionation
capability or both. Making at least a portion of the olefins in
2 dilute form for use as a feedstock in an olefin derivative
process would greally increase the expansion potential of
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these facilities. Coupling the incremenial olefins product (in
dilute form) with a process (hal can accepl dilute olefin
teedstock as described in this invention would significamly
improve ihe expansion potential and overall profitability of
the complex.

Accordingly, the present invention provides such an
cxpansion means. The present invention contemplales the
integrating the existing facility with an olefins purification
system 10 produce dilute olefins and one or more olefins

.derivative processes (o process the incremental dilute ole-

fins Becausc the present invention provides for the integra-
tion of one or more olefins derivalive processes with the
olefins facility instead of marketing the dilute olefins to
downstream purification processors, the present invenlion
provides the simple debottlenecking means long soughl in
the art. The present invention thereby further enables the
petrochemical producer 1o realize significanl capilal and
operaling cost savings. This concept is especially well suited
for adaptation with an Advanced Recovery Sysiem (ARS)
process or revamp as described in U.S. Pat. Nos. 4,900,347,
5,035,732 and 5,414,170,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following description of preferred embodiments are
intended for illusiration purposes oaly and are not 1o be
construed to limit the scope of the claims in any manper
whatsoever.

Tuming to FIG. 3, there is shown 2 process for the
practice of the present invention (o produce polyeihylene
from an ethane feedsiock.

An cthane feedstock in a line 302 is directed to a steam
cracker 304 for cracking 1o ethylene and other by-producis.
in order lo prevenl production of large amounts of the
by-products and in order to prevent severe coking in the
product line 306 from the stcam cracker 304, i is desirable
to cool rapidly the effluem product gases issuing from the
radianl zonc from an exil temperature of from about 1500°
o aboul 1650° F. 1o a temperature-at which the cracking
reactions substantially stop. This can be accomplished by
passing Lhe cracked product 10 a quench boiler 308 for
indirect quenching.

Al ethane conversion levels between 55% and 75% in a
steam cracker, & typical steam cracking yield of an elhane
{eedstock issuing from 1be quench boiler 308 in 2 line 310
comprises from aboul § to about 5 weight percent H,, from
about 3 to about 10 weight percent CH,, less than abow 1
weight percent C,H,, from about 45 to about 55 weight
percent C-H,, from about 25 10 aboul 45 weight perceni
C.Hg, and less than zbout 10 weight C,, malerial.

The quenched efflucnt in a line 310 is further cooled in a
quench tower 311 where fuel oil and dilution steam are
removed via a line 319. The effluent form the quench 1ower
311 is then passed 1o charge gas compressor 312 via a line
313 which operales 10 increase the pressure of the effluent 10
from about 350 psig 1o about 650 psig. Any of the known gas
compressors may be ermployed in the practice of the present
invention.

The compressed efMuent in & line 314 is then seat 10 an
acid gas removal and dehydration system 315. Acid gas is
removed cilher by conlact with a caustic or any of the
amines as is koown to those skilled in the an or both.
Dehydration 1ypically employs a water-absorbing molecular
sieve capable of reducing the gas dew poinl 1o ~200° F. or
other means known to those skilled in the ant. The efMuent
from system 315 is then directed via a line 317 10 a C.

>
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hydrogenation reacton(s) 316 wherein the compressed efflu-

- eal is conlacled with a seleclive hydrogenation calalyst. Any

bydrogenation catalyst well known to selectively hydroge-
nale acelylene can be employed in the hydrogenation reactor
of the present invention. The Group VIII metal hydrogena-
tion catalysts are the most commonly used and are presendy
preferred. The Group VIIT metal hydregenation catalysts are
ordinarily associated with a supporl, such as alumina.

The catalysts arc disclosed in 1he literature. See for
cxample, La Hue et al., U.S. Pal. No. 3,679,762; Cosyns et
al, U.S. Pai. No. 4,571,442; Cosyns <t al.,, US. Pat. No.
4,347,392, Monigomery, US. Pai. No. 4,128,595; Cosyns et
al.,, U.S. Pat. No. 5,059,732 and Liu et al,, US. Pat. No.
4,762.956.

The hydrogenation conditicns employed in the hydroge-
nation reactor(s) 316 according Lo the present invention can
vary appreciably depending upon the compositional make-
up of the stream being treated. Ordinarily, the temperature
and pressure will be sufficient 1o complete the bydrogenation
of substantially all of the C. aceiylencs contained in the
stream fed to the hydrogenation reactor 316. Generally, the
hydrogenation process will be carried out at a temperature
ranging from about 50° F. w about 400° F. and a pressure
ranging from about 350 psia to about 600 psia.

Hydrogen is present in amounts at kast sufficient to meet =

the stoichiomttric requirements for converting acetylene
into ethylene, and, generally, is in the range of about 1 to 100
mols of hydrogen per mol of acetylene. Reaction time can
vary from about a few seconds (o a few hours, aod is

generally in the range of from aboui 1 second 10 about 6 -

seconds. The process can be camied out employing the
catalyst in a fixed bed(s) or other lype of contacling means
known to those skilled in the an.

The hydrogenated cfMuent in a line 318 is then further
cooled against propylene refrigerant in a chilling train 320
producing a liguid stream 321 comprised primarily of C.
and heavicr malerial which is passed to a moderately low
temperature demethanpizer 328.

The vapor effluent 322 from the chilling train 320 is
passed to a first serially conpected dephlegmator 324
wherein the gas mixture is chilled 10 a temperature of from
about ~-85° F. to about —120° F 1o produce a vapor stream
at least subsiantially free of C,, hydrocarbons issuing from
ihe top of the first dephlegmalor 324 in a line 330. The vapor
cffluzent from the frst dephlegmator 324 in the line 330
comprising mostly bydrogen, methane with some C.. hydro-
carbons is then passed 1o 2 second serially connccted
dephlegmator 332 wherein it is chilled 10 a temperature
ranging from about —165° F. to about -235° F. A gaseous
siream issuing from the top of the second dephlegmator 332
in a line 334 comprises hydrogen with some methane. The
bottoms comprising substantially methane and cihyliene are
removed in a line 336.

The liquid issuing from the bottom of the first dephleg-
mator 324 in a line 326 comprised of C. and heavier
hydrocarbons is low in hydrogen and methane and is passed
10 a moderately low temperature demethanizer 328 operat-
ing at a temperature of from about =20° F. to ~80° F. and a
pressure of from about 350 psia to about 550 psia to produce
a vapor overhead in a line 338 that is substantially C,, free
and a bottoms liquid in a line 344 subslantially free of
methane.

The substantially C,, free vapor in a line 338 and the
stream 336 from the bottom of the second dephlegmator 332
are directed to a low temperature demethanizer 340 operat-
ing al a temperature ranging from about —100° F, t¢ about
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-180° F. The vapor in a line 342 issuing from the top of the
low temperature demethanizer 340 is substantially methane.
In an especially prefemed embodiment, the second demetha-
nizer is also operated al a relatively low pressure, such as
below aboui 175 psia and more preferably about 150 psia.

The liquid from the bottom of the moderately low 1em-
perature demethanizer 328 in a line 344 comprising from
about 50 to about 65 weight percent ethylene and substan-
tially frec of methape is dirccted 1o a deethylenizer 346
openating at a pressure ranging from about 65 psia to about
400 psia. The overbead from the decthylenizer 346 in a line
348 comprising dilute ethylene is combined with the bot-
toms liquid substantially free of methane from the low
temperature demethanizer 340 in a line 350 into a Line 352
as a dilute ethylene product (at least 95.0 weight percent
cthyleae for a gas phase polyethylene polymenzalion reactor
or at least about 85 weight percent for a solution phase
polycthylene polymerization reacior) for feeding 1o an cth-
yleoe polymerization reactor 354.

As discussed above, the ethylene polymerization reactor
154 may comprise a gas phase reactor or a solution reactor.
Where the concentration of the cthylene in the dilute ethyl-
cpe Feedstock 352 1o the reactor 354 is below aboul 95% the
solution polymerization lechnique is preferred in the prac-
lice of the presem invention. ’

The product polyethylene is removed from the polymer-
ization reactor 354 in a line 356. The purge from the reactor
354 is removed in a line 388 and is recycled cither 10 the
steam cracker via a line 360 in the case of a solution phase
rcaction, or preferably to the charge gas compressor 312 via
a line 362 in the case of a pas phase reaction. Alicroatively,
return of the purge from the gas phase reactor 1o the crackiog
furnace is contemplated within the scope of the present
invention with the expedient of employing a separating
mcaos {nol shown), i.c., membraoc technology or
dephlegmation, 10 removed a substantial portion of the N.,
H, and CH, confained therein.

The liquid botloms from the decthylenization tower 346
substantially free of cthylene is removed (o 2 line 364 and
passed to a deethanizer tower 366 wherein any remaining C,
components or if desied C2 and C, componeats are
remeved in a line 370 and recycled Lo the steam cracker 304.
The heavier components comprising C, and heavier com-
pounds are removed for fuel in a line 368.

Referring now to FIG. 4, a propanc, bulane, naphitha, gas
oil, mixture thereof, or other liquid feedstock in 2 linc 402
is fed 1o a steam cracker 404 and is cracked (0 produce minor
amounts of bydrogen, acetyleoe, and fuel oil, and major
amonnis of methane, cthylene, ethane, propylese, propane
and C, and heavier compooents in a line 406. The product
stream is quenched in a quench boiler 408 (o substaatially
siop the thermal reactions as described hereinabove. The
quenched products in a line 409 are then passed lo an oil and
waler quench system 410 to further cool the gas and remove
fuel oil and dilution sicam via lines 498 and 499, respec-
tively. The cooled gas then passes to the charged gas
compressor 412 via a line 411 which operates 1o increase Lhe
pressure of the efMuent to from about 180 psig (o about 300
psig.

The compressed products in a line 414 are fed to acid gas
removal and dehydraticn systems {nol shown) and then to a
depropanizer 416. The depropanizer 416 preferably operates
at relatively high pressures ranging from about 150 psia o0
about 300 psia and is equipped with a reboiler (not shown).
The liquid bottoms fraction containing substantially all of
the C, and heavier componenis and a large portion of the C,
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compooenls is withdrawn from the high pressure depro-
panizer 416 through a line 417 and fed (o the low pressure
depropanizer 415. The low pressure depropanizer 415 sepa-
rates the C; hydrocarbons overhead which feed the C,
splilier 474 via a line 473 and a C,, bottoms stream 497,

The vapor overhead fraction from the high pressure
depropanizer 416 in a line 418 comprising substantiaily the
C, and lighter components is withdrawn and directzd to an
acetylene hydrogenation reactor 420. The acetylenc hydro-
genation reactor 420 operales as described above to hydro-
genate substantially all of the acetylenes in the vapor 10
cthylene. Additionally some propynes and propadiznes are
converled (o propylene.

The vapor from the hydrogenalion reactor 420 in a line
422 is initially chilled in chilling {rain 424. The condensed
eMuent from the chilling train 424 is fed via a line 425 to the
moderately low temperature demethanizer 440. Tie vapor
from the chilling train 424 in a line 426 is passed (o a first
serially connected dephlegmator 428 wherein tbe gas mix-
ture is chilled to a temperature of from abour —<35° F. to
about -120° F. 10 produce a substanlially C, free vapor
issuing from the top of the first dephlegmator 428 in a line
430 comprising mostly hydrogen, methane and some C.
bydrocarbons, which is then passed to a secomd serially
connected dephlegmalor 432 wherein it is chilled to a
temperature ranging from about -165° F. to about -220° F.
A gascous stream issuing from (he top of the second
dephlegmator 432 in a line 434 comprises hydiogen and
some methane.

The liquid issuing from the bottom of the first dephleg-
mator 428 in a line 436 comprising C, and heavier hydro-
carbons and low methanc and hydrogen s passed to a
moderalely low temperature demethanizer 440 operaling at
a temperalure rangiog from about =20° F. (0 aboul —80° F.
and a pressure ranging from about 350 psia ta about 550 psia
10 produce a vapor overhead in a line 442 ar least subslan-
tally free of C, 2nd beavier components and a botioms
liquid in a line 448 subsianlially free of methane:.

The substantially free C,, vapor in a line 442 and the
bottoms siream 438 from the second dephlegmalor 432 are
fed 10 a low lemperature demethanizer 444 operating at a
lemperature ranging from about —100” F. 1o abont -180° F.
The vapor in a line 446 issuing from the top of the low
temperature demethanizer 444 comprises substantially
mcthape. In an especially preferred embodiment, 1he second
demethanizer is also operated at a relalively low pressure,
such as below about 175 psia and more preferabl y abowt 150
psia.

The liquid from the bottom of 1he moderalely low tem-
perature demetbanizer 440 in a line 448 substantially (ree of
melhane is directed to a decthanizer 452 operating al a
pressure ranging from about 300 psia to about 430 psia. The
overhead from the decthanizer in a line 454 containing,
ethylene and ethane and the bolioms liquid in a line 450
from the low temperature demethanizer 444 arc fed 1o 2 C,
splitier 456 operating at 2 pressure ranging from about 100
psia to about 400 psia. The overhead from the C., splitier 456
comprising dilute ethylene is removed via a line 458 for
feeding 10 an elbylene polymerization reaclor 460.
Optionally, where the polyethylene polymerization reactor
460 is a solution phase reaclor, the C. splitler 456 may be
climinated aliogether, and the boltoms liquid in a line 450
and the deethanizer overhead in a line 454 may be directly
fed 1o the polyethylene polymerization reactor 460.

The ethylene polymerization reactor 460 may comprise a
gas phase reactor or a solution reactor. Where: the concen-
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Iration of the ethylene in the feed 1o the reactor 460 is below
about 95% the solution polymerization techoique is pre-
ferred.

The product polyelhylene is removed from the polymer-
ization reactor 460 in a line 462. The purge from the reaclor
460 is removed in 2 line 464 and is recycled cither 1o the
steam cracker via a tine 468 in the case of a solution phase
reaction, or preferably (o the charge gas compressor 412 via
a line 466 in the case of 2 gas phase reaction. )

The liquid botloms {rom the deethanizer 452 substanlially
{ree of C,, hydrocarbons is removed in a line 470 and passed
1o a C, splitter 474 along with low pressure depropanizer
415 overhead via 2 line 473 wherein propanpe is removed in
a line 482 and recycled 10 the steam cracker 404 via a line
486. The lighter fraction from the C, spliiter 474 comprising
dilute propylene, such as in an amouat of at least about 85
weigh! percent, and more preferably about 95 weight
percent, is removed via an overhead line 476 and [ed 0 a
propylene polymerization reactor 478.

The propylene polymerization reaclor 478 typically com-
prises a polypropylene homopolymerization reactor (nol
shown) and an impact reactor (Bot shown) for copolymer-
izing the propylene homopolymer with minor amoupts, i.c.
from about 2 1o about 15 weight percent ethylene, of
elthylene.

Where lhe dilute propylene feed 476 has a propylene
concenlraiion of at least about 95 weight percent, either a
bulk phase or gas phase homopolymerization reactor may be
employed. The bulk phase polypropylene bomopolymer
reaction may employ any of the known reaction processes
and preferably operates al 2 pressure ranging from about 400
psig 1o about 500 psig and a temperature ranging from about
120° F. 10 abowt L50° F. over Ziegler-Natla (Z/N) family
catalysts or a single site meltallocenc family catalysts.

Alternatively, where the dilute propylene feed 476 bas a
propylene concentration of less than about 95 weight percent
the gas phase homopolymerization reacior should be
employed. The gas phase bomopolymerization reactor may
operate as is well known 1o those of ordinary skill in the an,
typically at a pressure ranging from about 150 psig to about
400 psig, a temperalure ranging from about 200° F. 10 aboul
400° F. over a Ziegler-Natla (Z/N) or a “single site™ melal-
locene family calalyst.

The polypropylene homopolymer is then reacted with
cthylene, in a coocentration of from about 2 1w about 15
weight percent, preferably from about 4 to about 10 weighi
percent, in an impact copolymerization reaclor. Again this
reaction is well known 1o those skilled in the arl and any of
the known operating parameters may be employed in the
practice of (he present inventicn. Typically, the impact
copolymerization reaclor operates al pressures ranging (rom
aboul 150 psig o aboul 400 psig and lemperalures rangiog
from about 200° F. 1o about 400° F. in the presence of a
Ziegler-Natta (Z/N) or “single site” metallocene family
catalyst.

The product polypropylene is removed {rom the polypro-
pylene reactor 478 via a line 480. The purge Ffrom the
polypropylene reaclor is removed via a line 484 and is
preferably recycled to the C, splitter 474.

The heavier components from the low pressure depro-
panizer 415 in a line 497 may optionally be further pro-
cessed in a debwanizer (not shown) o remove the C,
compounds for further processing into methyl tert bulyl
ether, polyisobutyleng, bulyl rubber or other petrochemicals.

In a further embodiment of the present invention, refer-
ring now lo FIG. 5, a gas oil or other heavy feedstock in a
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line 502 is fed to a deep calalytic cracker 504 wherein the
gas oil feedsiock is cracked to produce hydrogen, methane,
acetylene, buiylenes and other C, hydrocarbons, gasoline
and heavier components, ethylene, ethane, propylene and
propanc in a line 506. The products in a line 506 arc then
cocled in quench system 505 where the dilution steam,
heavy fucl oil and other heavy liquid fractions are removed
via lines 597, 598 and 599, respectively. The rernaining light
gases are then passed to charge gas coinpressor 508 via a line
507 which operales (0 increase the pressure of the effluent 1o
from abour 350 psig to about 520 psig.

The compressed products in a line 510 are then fed to an
acid gas removal syslem and dehydration sysiem (oot
shown) and then to a depropanizer 512. The depropanizer
512 preferably operates ai relatively high pressures ranging
from 150 psia to 300 psia and is equipped wilk a reboiler
(pot shown).

The liquid bottoms fraction containing substantially all of
the C, hydrocarbons, gasoline and heavicr components is
withdrawn from the high pressure depropanizer 512 through
a line 514 for further processing such as through a debuta-
nizer 1o remove the C, hydrocarbons and funber rectifica-
tion units to recover gasoline as is known 1o those skilled in
the art. Portions of the heavier components may also be
recycled 1o the deep catalylic cracker for further cracking.
The vapor overhead fraction from the depropanizer 512 in a
line 516 comprising substantally the C, 2nd lighler com-
ponents is withdrawn aod direcled to an acelylene hydro-
genation reactor 518.

The acetylene bydrogenation reactor 518 operates as
described above 1o hydropenate substantially all of the
acetylenes in the vapor lo ethylene. Additionally propynes
and propadienes are converted to propylene.

The vapor in a line 522 is then initially chilled and heavy
liquids removed in drum 524. The vapor from drum 524 is
then passed 1o a first serially connecied dephlegmator 528
wherein the gas mixture is chilled to a lemperature of from
about -85° F. to about ~120° F. 1o remove subsiantially all
of ihe hydrogen from the gaseous mixture. The vapor issuing
from the top of ithe first dephlegmator 528 in a line 532
comprising mostly hydrogen, methane and C,'s is then
passed to a sccond serially connecied dephlegmator 534
wherein it is chilled to a temperature of from about —165 to
about —200° F. A gascous siream issuing from the 10p of the
second dephlegmator 534 in a line 535 comprises hydrogen
and some methane.

The liquid issuing from the botlom of the first depbleg-
maior 528 and from the chilling train drum 524 in lines 530
and 525, respectively, comprising C. and C; hydrocarbons
and low methane and hydrogen is passed lo 2 moderately
low temperature demethanizer 538 operating at a lempera-
ture ranging from about -20° F. 10 about -80° F. and a
pressure ranging from about 350 psia to aboul 550 psia to
produce 2 vapor overfitad in a linc 540 a1 keast substantially
free of C,, hydrocarbons and a bottoms liquid in a line 546
substantially free of methane.

The substantially C,, free vapor in a line 540 and the
bottoms from the second dephlegmator 534 in a line 536 are
fed to a low temperature demethanizer 542 operating at a
temperature ranging from about -100° F. to aboul -180° F.
The vapor io a line 544 issuing from the top of the low
{cmperature demethanizer 542 comprises substantiatly pure
methanc. ln an especially preferred embodiment, the second
demethanizer is also operated at a relatively low pressure,
such as below about 175 psia and more preferably about 150

psia.
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The liquid from the botiom of the moderately low tem-
perature demethanizer 838 in a line 546 substantially free of
methane is directed 10 a deethanizer S48 operaling at a
pressure ranging from zbout 300 psia to about 450 psia. The
overhead from the decthanizer in a line 550 containing
ethylene and ethane is combined with the bottoms liquid in
a line 552 from the low lemperature demethanizer 542 to a
C. splitter 554 operatiog al a pressure ranging [rom about
100 psia (o about 400 psia. The overhead from the C. splitter
554 comprises 1 dilute ethylene feedstock in a line 556 for
feeding 1o an ethylene derivative reactor S58.

The ethylene dervative reactor 558 may comprise a
reactor for producing any ethylenc derivative pelrochemical
in a line 560 as described hereinabove. For example the
cthylenc derivative reaclor may comprise a reactor for the
production of polycthylene (see FIG. 4), ethylene dichloride,
vioyl chloride monomer, ethyl benzene, siyrene,
acefaldehyde, vioyl acetale, acrylic acid and propionalde-
byde. Optionally, the dilute ethylene feedstock in 2 line 556
may be in direct communication with one or more eihylene
derivative reaclors 558 in order to produce more than one
cethylene derivative petrochemical product.

The purge from the ethylene derivative reactor 558 is
removed in a line 562 and is recycled to a sicam cracking
reactor 588 via a linc 585 or 1o the charge gas compressor
508 via a linc 582 dependent upon the panicular ethylene
derivative reactor employed and the reaction by-products
conlained in the purge stream 562.

The liquid botlorns from the C, splitter 554 in a line 570
comprising substantially ethane is recycled to a steam crack-
ing reactor 588 via a recycle line 580. The cflucnl from the
sicam cracking reactor can be fed to the quench system 505
via a line 590.

The liquid bottoms from the deethanizer 548 substantially
free of C, hydrocarbons are removed in a line 564 and
passed 1o a C, splitter 566 wherein propane is remaoved in a
line 576 and recycled to the steam cracking reactor 588 via
a recycle line 580. The lighter fraction from the C, splitter
566 comprising a dilule propylene feedstock is removed via
an overbead line 568 and fed to a propylepe derivative
reactor 572.

The propylepe derivative reactor 572 may comprisc 8
reactor for producing a propylene derivative petrochemical
in 2 line 574 as described hereinabove. For example the
propylene derivative reactor may comprise a reactor for the
production of polypropylene {see FIG. 4), acrylonitrile,
propylene oxide, isopropanol, acrolein, butyraldehyde, allyl
chlonde, isopropyl acrylate, isopropyl acetate, allyl acelate
and cumene. Oplonally, the dilute propylene feedsiock in a
line 568 may be in direct communication with one or more
propyleae derivative reactors 572 in order to produce more
than one propylenc derivative petrochemical product.

The purge from the propylene derivative reactor 572 is
removed in a line 578 and is recycled either via a line 582
1o the charge gas compressor 508 or to the sicam cracking
reactor 588 via a line 585,

To many of the process sequences of the present invention,
substantial amounts of C, hydrocarbons are also produced.
The majority of the C, compounds are removed in the
depropanizer along with other beavier hydrocarbons. The C,
hydrocarbons can be recovered from the depropanizer bot-
toms in any conventional manner, typically from the over-
head of a debutanizer lower as is well known to those skitled
in the an. The C, hydrocarbons recovered from the debu-
tanizer typically comprises all of the C, isomers, n-butage,
isobutane, 1-butene, cis-2-butene, trans-2-butene, ethyl
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acelylene, vinyl acetylenc, 1,3-butadiene, 1.2-butadiene, and
isobulylene, as well as minor amounts of C, and C, hydro-
carbons.

The present invention also conternplates the further pro-
cessing of the mixed C, compounds into pelroc:hemical
products. In an especially preferred embodiment, the mixed
C4 compounds may be furiber processed by sleps including
hydrogcnalion, extractive disullation and skeletal isomer-
izalion in combination with a methyl tert butyl ether syn-
thesis step, a polyisobulylene polymerization slep, or a butyl
rubber producing step. See gencrally, Rubin et al., U.S. Pat.
No. 5,382,707,

‘Referning to FIG. 6A, in this manper the mixiure of C,
compounds from the overhead of a debutanizer (not shown)
in a line 602 is first fed 10 a hydroisomerization unit 604.
Alternatively, the hydroisomerizatioa upit can comprise any
butadiene hydrogenation unil known 1o those of ordinary
skill in the ant which converts butadiene to butenes, such as
a selective hydrogenation unit. Preferred is a hydroisomer-
ization ugil which in addition to converting butadiene to
butenes also isomerizes al least a portion of the butene-1
component to the bulene-2 compogeats. The hydroisomer-
ization unil 604 is fed with hydrogen by a line 606. The C,
compounds in line 602 are typically a mixiure of all of the
C, isomers (acetylencs, dienes, olefins and paratfins), and
small quantities of C; and C; hydrocarbons.

In the hydroisomerization unit 604, most of the acetyienes
and dienes are calalytically converied to bulenes and most of
the 1-butene is catalylically convered 10 the 2-butenes, i.c.,
cis-2-butene and trans-2-bulenc, in the presence of hydro-
gen.

Hydroisomerization is a process which is well known 10
those of ordinary skill in the art and any panticular hydroi-
somerization process may be employed. Typically, the
hydroisomerization step is carried out in the prescnce of a
catalyst comprising at [east one hydrogenating metal and a
moderately acidic carrier. A preferred catalyst can Comprise
a Group VNI metal, such as platinum, palladivm and/or
pickel, on a microporous crystalline silicate, such as a
mordenite with a surface area of from 100 to 800 m*/g.

Suitable hydroisomerization condilions may include a
temperature ranging from about 100° F. 10 about 750° F.,, a
pressure ranging from aboul 1 bar to aboul 10¥) bar and a
space velocity ranging from about 0.5 to about 20 kg
hydrocarbon feed/kg catalyst hour. Preferred conditions are
a mixed phase process at a emperalure ranging from about
100° F. to about 1400° F, 2 pressure ranging from about 145
psia to about 580 psia and a space velocily ranging from
about 1 1o about 15 Ib feed/b calalyst how. See, ¢.g.,
Grandvallet et al., U.S. Pal. No. 5,023,389,

The effluent stream 608 from the hydrdisomerization unit
604 substantially comprising isobutylene, cis-2-butene,
frans-2-butene, isobulane, n-bulane, vnconverted 1-bulene
and C; and C; components is then directed ty an MTBE
synthesis vnil 610.

The synthesis of methyl tentiary butyl ether (M TBE) from
isobutylene and methanol, supplied via a line 612, is a
process which is well known 10 those of ordinary skill in the
art and any particular symihesis process may be employed in
lhe practice of the present invention. The general reaction
scheme is set forh below.
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CH,—C—CH, + CH,0H CHy—C—OCH,

CHy "

Typically, the synthesis step is carried .out at mild
lemperatures, in the liquid phase, in the presence of a
sulfonated polystyrene resin. See, Halch and Matar, “From
Hydrocarbons 1o Petrochemicals,” Gulf Publishing Co.,

1981, pp. 128-29.

The reaction usually employs ap acid type ion cxchangc
resin, such as a high'molecular weight carbonaceous mate-
rial contammg sulfonate groups —SO,H. Sulfonaled resins
of various types are available such as lhc sulfonaled coals,
pbenol formaldebyde resins reacted with sulfuric acid, sul-
fonated resinous polymers of cumarone-indene with
cyclopentadiene, strongly acidic cationic exchange resins
such as sulfonated divinylbenzene polystyrene copolymers,
and others, under various commercial names. The calalyst
can be employed in a particulaie solid form with sizes
ranging from about 10 10 about 50 U.S. sieve employing
from azbout 0.5 10 about 50 percent dry weight of catalysl
relative to hqund cootent of the reactor. A fixed bed of
particulate solid ion exchange resin catalyst, e.g., such ‘as
Amberlyst 15 from Rohm & Haas Co., or Dowex M31 or
M32 from Dow Chemical Co., may be employed. The same
catalyst may also be employed in wbular reactors or sup-
ported in bags or other dcvm which permil calalytic
distillation 10 be practiced.

The reaction of the isobutylene with melhanol can be
carried oul under any suitable reaction coaditioas. The mole
ralio of methanal to isobutylcoe generally is in the range of
from about 0.05 1o about 10, preferably from about 0.1 to
aboul 5, and still more usually about 1 to 1, a1 a lemperature
in the range of from abeout 100° F. 10 about 250° E,
cmploying a pressure sufficient (o maintain the reactants
substantially in the liquid state, typically in the range of from
about 80 psig 1o about 400 psig. The .liquid hourly space
velocity, volume of feed per volume of catalyst per hour, is
preferably from about 0.5 to about 10.

More specific processes of MTBE synthesis are described
in Childs, U.S. Pat. No. 4,440,963, Wentzheimer et al., U.S.
Pat. No. 4,198,530, Masilamani e1 al., U.S. Pat. No. 4,792,
639, Smith, Jr. el al., U.S. Pat. No. 4,950,803, Lee, U.S. Par.
No. 3,946,450 and Leum et al., U.S. Pat. No. 2,450,940

The resultant product MTBE, along with the C, and
heavier components, are withdrawn from the MTBE unit
through a line 614 by fractiopalion, as is well known to those
skilled 1a the art.

The remaining components of the MTBE synthesis feed,
the cis-2-butene, trans-2-bulene, isobutane, n-butane,
unconverted 1-butenc and C, components are then directed
through a line 616 10 a paraffin/olefin separation uait. The
paraflin/olefin separation can be carried oul by a wide
variely of separation processes known 10 those skilled in 1he
art, including, but oot limited o, extractive distillation
and/or molecular sieve separation. Panicularly suitable for
use in the practice of the present invention is an exiraclive
distillation unit 618 to remove paraffins and C, components.

Extractive distilation is a well koown process, and has
been employed in the past to separate butadiene from C,
feedstreams, as well as other separations such as separating
MTBE from cyclopeniape. See, e.g., Berg, U.S. Pal. No.
4,661,209, Extractive distillation generally refers 1o pro-
cesses where a higher boiling selective solvent is added 10
1he scparation feed mixture to aller the relative volatilities of
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the components in the feed mixture. See, generally, Perry
and Chilton, “Chemical Engineers’ Handbook,” McGraw
Hill, 5th ed., 1973, pp. 13-43 10 1348.

A wide variety of sotvents may be employed in the
extractive distillation step of the present invention,
inctuding, but nol limited to, tetra-hydrofuran, dicihyl
ketone, diethyl carbonate, methyl ethyl ketone,
pentanedicne, cyclopenlancnc, acclone, bulyronitrile, acetyl
piperidine, acetopbenone, pyridine, diethyl oxalate,
propionitrile, dimethyl acetamide, n-methyl pyrrolidone,
acetonyl acetone, letrahydrofurfuryl alcobol, dimeihyl
sulfolane, dimethyl cyanamide, methyl carbitol, dimethyl
formamide, methyl cellosolve, furfural, acetoniirile, ethyl-
ene chlorhydrin, gamma-butyrolactone, tnethanol, beta-
chloropropicnitrile, pymolidone, propylene carbonale,
nitromethane, ethylene diamine and mixiures of any of the
foregoing. Especially preferred is acetonitrile. Further, these
solvents may also be employed with a waler diluent.

The solvent, io a line 620, is introduced near the top of the
extraclive dislillation column or tower (not shown), usually
a few plates from the top, and Rows downward until it
reaches the stillpot or reboiler. Jis presence on each plate of
the distillation column alters the relative volatility of the
close boiling compounds to make be separation oo each
plate greater than would be possible without the solvent and
thus requires either fewer plates to ¢ffect the same degree of
scparation, makes possible a greater degree of scparation
with the same number of plaics, or makes possible sepana-
tions which could not be achieved with conventional distil-
lation.

The lighter compounds, C, and lighter boiling
bydrocarbons, as well as the C, paraffins, iscbutape and
n-butane, are thereby removed from the top of the extractive
distillation unit through a line 622. The bottoms from the
extractive distillation are directed to a stripper (pol shown)
wherein the cis-2-butene, traps-2-butene and unconveried
1-butene arc recovered from ihe overhead of the stripper,
withdrawn through 2 line 624 and fed (o the skeletal isomer-
ization uail 626.

Skeletal isomerization is a process by which the pormal
butenes, cis-2-butene, trans-2-bulene and 1-butene, are con-
veried to isobutyleac. Skelelal isomerization of olefins is
koown to be conducted by contacting unbranched olefins
with acidic catalysts at pressures near atmospheric and
temperatures ranging from about 600° F. to about 1100° F.
The isomerization of olefins is well known to be limited by
the thermodynamic equilibrium of reacting species. Useful
catalysts and processes ar¢ described in the patent literature,
inter alia, Smith, Jr., U.S. Pat. No. 4,482,775, Sun, U.S. Pat.
No. 4,778,943, Schwerdtel et al.,, US. Pat. No. 4,548,913,
Del Rossi ct al., U.S. Pat. No. 5,107,047 and Chih-Cheng, et
al,, EP 0 508 008.

Accordingly, in the skeletal isomerization reactor 626 a
portion of the oormal butenes are converted to isoburylene
with a small amount of light and hcavy hydrocarbon
by-producis (gasoline) and the effluent from the skeletal
isomerization uait is recycled in a line 628 to the hydroi-
somerization reactor 604 wherein the butene-1 component
can be further isomerized to bulene-2 components.
Alternatively, the skeletal isomerization cfluent 628 can be
directly recycled to the MTBE synlhesis unil for conversion
of the isobutylene to MTBE product. The heavy hydrocar-
bon by-products (gasoline) from the skeletal isomerization
unit are withdrawn through a line 630.

When a relatively minor quantity of beavy hydrocarbon
{gasoline) by-product is produced in the skelelal isomeriza-
tion unit the beavy hydrocarbon takeoff sircam 630 can be
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omitted and the beavy hydrocarboa can be recycled with the
rest of the cMluenit from the skelelal isomerization ustit n a
sircam 628 to the hydroisomerization or MTBE synthesis
unit where il can be purged or removed from the process
with the methyl tertiary butyl ether product stream 614,

Altemnatively, the C, processing step of FIG. 6A can be
operated to produce polyisobutylene, butyl rubber or methyl
methacrylale or any other petrochemicals employing isobu-
tylene as a reactant. These are exemplified in FIGS. 6B and
6C wherein like reference numerals with a ' or a * thereafter
employed to represent similar process sieps as discussed
hereinabove with regard to FIG. 6A.

In the case of polyisobutylene, referring 10 I1G. 6B, a
polymerization reactor 610’ is employed in place of the
methyl tert butyl reactor 610. The polymenizalion reaction
process may be any known to those of ordinary skill in the
2rt (o clecl polymerization of isobulylene to
polyisobutylene, such as the Fina process. Typical operaling
paramelers are temperatures of from about 35° F. to aboui
100° I. and a pressure ranging from aboul 10 psig to about
150 psig. See, ¢.g., Eaton, U.S. Pat. No. 5,068,490, Chen ¢t
al, U.S. Pat. No. 455811 McCaulay, U.S. Pat. No.
4,288 .649; and Johnson ¢t al.,, United Kingdom Patent No.
GB 1,378,330,

Referring to FIG. 6C in the case of butyl rubber, the
hydroisomerized C, siream in 3 line 608" is fed 10 a methyl
tert butyl ether reactor 610" which is fed with methanol via
a line 612", Optionally, a solven! extractor for sclectively
removing isobutylene may be employed as separator unil
610", The product methyl 1er1 butyl ether in a linc 614" is
then fed to a decomposition reactor 632" wherein the methyl
tertiary butyl ether is decomposed inlo methanol and isobu-
tykene. The methanol s removed in a line 6427 and may be
recycled 1o the methyl tertiary butyl ether reactor via a line
612",

The isobutylene in a line 634" is then fed to butyl rubber
reactor 636" wherein it is contacted wilk isoprene via a line
638". Butyl rubber is produced by the cationic copolymer-
ization of isobutyleoe in amounts ranging (rom about 95 10
about 99, preferably about 97 5 weight percent and isoprenc
in amounts ranging from about 5 to about 1, preferably about
25 weight percent. The polymerization is typically camied
out a low temperatures, oo the order of from about -30° F.
to about =100° F. in the presence of a Lewis acid catalysi
such as AICl, and a very small amount of water as a
cocatalyst. See generally, Hatch and Matar, “From Hydro-
carbons to Petrochemicals,” 1981, pp. 212-213. The butyl
fubber product is then removed in a product line 640",

Altermatively, the isobutylene in line 634™ may be reacted
10 produce methyl methacrylate or other petrochemicals
cmploying reaclor 636", In the case of methyl metbacrylate,
the isobulylene may be catalylically oxidized over a com-
plex molybdenum oxide catalys! at temperatures ranging
from about 660° F. to about 850° F. and from aboui 15 psig
to about 25 psig to produce methacrolein. The methacrolein
is then oxidized over a molybdenum catalyst at lemperatures
of from about 480° F. to about 670° F. and from about 15
psig lo aboul 25 psig 1o produce methacryiic acid.

The methacrylic acid is then esterified with methanol to
produce methyl methacrylate at condilions well known to
thosc skilled in the art. Sce, Kida ¢t al, US. Pat. No.
4,343,959 See also, Hatch and Matar, “From Hydrocarbons
1o Petrochemicals”, 1981, pp. 127-130; and Shimizu et al.,
“Mcthyl methacrylaic from isobutylene via vapor-phase
catalytic oxidation,” Energy Proj., 8(3), 1988, pp. 169-172.

In another embodiment the present invention also pro-
vides for the debotikenecking of an existing olefins facilily.
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Olefins unils are frequenily limited in capacity either by the
availability of refrigeration or limitations in the rthylene
and/or propylene fraclionalion equipment or both. This
invention, coupled with the expansion technigues of the
Advanced Recovery System (ARS) (U.S. Pat. Nos. 4,900,
347, 5,035,732 and 5,414,170) can significantly inciease the
economic expandability of existing olefins facilities.

In FIG. 7, the solid lines could represent a- process
sequence for the production of gas phase polyethylene and
high pressure low densily polyethylene with polymer grade
ethylenc. The process represented by tbe solid lines of FIG.
7 does pol exist in the prior art io one facility and is not
integrated. The cracking, purification and polymerization
processes conventionally take place in separate facilities,
‘The flow chart is merely provided to simplily the explana-
tion of the means of debotllenecking provided by the present
invention.

The dotted lines represent an example of a means for
debottlenecking such a process sequence in accorclance with
the present invention.

In (be typical process sequence, an ethane feedsiock in a
live 702 is steam cracked in a cracking furnace 704 10
produce cthylene and other hydrocarbon byproducis. The
cffluent from the crackiog furnace 704 in a line 706 is then
fed to a purification system 708 wherein the efflucat is
subjected to various rectification steps to produce a polymer
grade cthylenc product at about 99.9% purity in a line 710.

The highly pure ethyiene in a line 710 is then fed to a
facility for polymerization 1o polyethylene by soluticn or gas
phase polymerization in a reacior 714 and high pressure fow
density polyethylene in a reaclor 720 via lines 712 and 716
respectively, as is well known 10 those skilled :n the art.

This process sequence can be conveniently revamped to
provide a debottlenecked integraled process by adding addi-
tional furnace capacity 704' and by modifying the purifica-
tion system 708 1o produce one ethylene producl at the
currenl purity and oue as a dilute stream in a bine 726. The
dilute ethylene feedstock can then be employed in a variety
of ethylene derivalive processes such as fezding dilute
ethylene in a line 728 10 a solution phase polyethylenc
reactor 730 to produce polyelbylene in a line 732, and
feeding a dilute ethylene feedstock via a line 734 10 a reaclor
740 10 produce ethyl benzene or other ethylene derivative in
a line 742,

Still further, a portion of the highly pure ethvlene in & line
710 may opticnally be directed to the polyeihylene poly-
merizalion reactor 730, ethylene derivalive rzactor 740 or
both via a line 738. The purges from the downsiream
derivalive reactors 73 and 740 in lines 746 and 744,
respectively, can then be recycled to the cracking reactor 704
via a line 748 1o provide the integrated process of the present
inveniion.

Many variations of the present invention will suggest
themselves 10 those skilled in the art in light of the above-
detailed description. All such obvious medifications are
within the full intended scope of the appended claims.

All of the above-reference patents, patent applicalions and
publications are hereby incorporaled by relereace in their
enlirety.

We claim:

1. An integrated process [or the production of an olefin
derivative product from a hydrocalt;on feedstock in a grass-
rools planl or expansion of an existing facility compnsmg
the sieps of:

(a) cracking a hydrocarbon feedstock 10 produce a

cracked product comprising a cracked gas comprising
cthylene, or propylene or both and optionally one or
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more of elhane, acctylenes, methane, hydrogen,

propane, and C, and heavier components;

(b) recovering a dilute ethylene stream, a dilute propylene
stream or both from said cracked gas;
(c) processing either

(i) said dilute ethylene siream 1o produce al least one

cthylene derivative product and byproduct, or

(ii) said dilute propylene siream 10 produce at least one

propylene derivative product and bypreduct, or
10 (iii) both; and
(d) recycling the by-product streams [rom said processing
step (c) to the cracking step (a).

2. A process as defined in claim 1 wherein said hydro-
carbon feedslock is selected from the group consisling of
cthane, propane, bulane, naphiba, gas condensales, raffinaie,
atmospheric gas oil, vacuum gas oil, natural gas Liquids,
distillate, crude oil, crude resid and mixtures of any of the
foregoing,.

3. A process as defined in claim 1 wherein said cracking
step comprises a steam cracking process comprising the
sleps of:

(i) preheating the feedstock 1o a temperature of from

about 1000° F. to about 1300° F. in a conveclion zone
of a thermal cracking furnace;
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L3
(ii) mixing steam with said hydrocarbon feedstock in said
conveclion zone to produce a vapor feedstock/sleam
mixture;
(iii) thermally cracking said feedstock by passing Lhe
30 feedstock/stcam mixture through at least one process

“coil in a radiant zone of said thermal cracking furnace,
whereby said feedsiock/sieam mixture is heated o an
outlet terperature of from abour 1350° F. w0 abous
1650° ¥. and cracked in said radiant zone to produce a
3s cracked product gas stream comprising one or more of
ethylene, ethane, acetylenes, methane, hydrogen,
propane, propylene and C, and heavier components.

4. A process as defined in claim 3 which furtber comprises
quenching the cracked product stream from said steam

40 cracking step to produce a quenched product stream.

5. A process as defined in claim 1 wherein said cracking
siep comprises a non-calalylic thermal regenerative cracking
process comprising the steps of:

(a) contacting said feedstock with hot uoncalalyuc par-

45 ticulate solids;

(b) thermally cracking said hydrocarbon feedstock at a
temperature ranging from about 1200° F. 1o about
1600° F. with heat provided by said hol non-catalytic
partculate solids to produce a cracked product gas
comprising onc or more of elhylene, ethane, acelylenes,
methane, hydrogen, propane, propylenc and C, and
heavicr components and coked sotid particuiates;

(c) separaling said cracked producl gas {rom said coked
solid particulates;

(d) regencrating said coked particulate solids by burning
off the coke therefrom and thereby healing the particu-
late solids; and

() recycling said beated regenerated particulate solids 1o

50 the contacting step (a).

6. A process as defined in claim I wherein said cracking
step comprises a fluid catalytic cracking process comprising
the steps of:

(a) contacling said feedstock with catalytic particles;

65  (b) catalytically cracking said hydrocarbon feedstock at a

temperature ranging from abour 800° F. 1o about 1300°
E. with heat provided by said hoi catalytic particles 10
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produce a cracked product gas comprisiog one or more
of cthylene, ethane, acetylenes, methane, hydrogen,
propane, propylene and C, and heavier components
and coked catalylic panicles;

(c) separating said cracked product gas from said coked
catalytic particles;

{d) regencrating said.coked catalytic particles by burning
off the coke therefrom and thereby heating the catalytic
particles; and

(¢) recycling said heated regenerated catalytic particles to
the contacting step (a).

7. A process as defined in claim 1 wherein said cracking
step comprises a deep catalylic cracking process comprising
the steps of:

(a) contacting a bydrocarbon feedstock with a solid acidic
catalyst sclected from the group consisting of pentasil
shape selective molecular sieves, ultrastable bydrogen
Y sieves and a mixture of ultrastable hydrogen Y sieves
and penfasil shape selective molecular sieves in a
fluidized or moving bed or dense phase transfer line
reactor;

(b) cracking said hydrocarbon feedstock in the presence
of steam at a temperature ranging from about 925° F. to
about 1350° F. and a pressure ranging from about 20
psia 1o about 45 psia al a weight bourly space velocity
ranging from about 0.2 o about 20 hr™!, a catalysi-to-
oil ratio of from aboul 2 to about 12 and a stcam-to-
feedstock ratio of from about 0.01 to about 0.5:1 by
weight 1o produce a cracked gas and coked catalytic
particles;

(c) scparating said cracked product gas from said coked
calalytic particles;

(d) regencrating said coked catalytic particles by burning
off the coke thercfrom and thereby heating the catalytic
particles; and

(e) recycling said heated catalytic particles o the contact-
ing step (a).

8. A process as defined in claim 1 wherein said cracked
gas comprises a mixed olefin stream and said recovery step
(b) comprises:

(1) compressing said mixed olefin siream to & pressure of

from about 350 psig to about 650 psig to produce a

. compressed mixed olefin siream;

(1) removing acid gas from said compressed mixed olefin
stream with a caustic or amine acid gas removal
syslem;

(Il1) drying said acid gas removed mixed olefin siream
over waler-absorbing molecular sicve 1o a dew point of
about -200° F. to produce a dried mixed olefin stream,

(IV) selectively hydrogenating the acetylenes in said dried
mixed olefin stream 10 produce a hydrogenated mixed
olefin stream;

(V) dephlegmating said dried mixed olefin stream 10
produce a first vapor stream substantially free of C,,
hydrocarbons and a first liquid stream rich in C,,
bydrocarbons,

(V) further dephlegmating said first vapor stream 1o
produce a second vapor siream comprising hydrogen
and methane, and a second liquid stream rich in meth-
ane and cthylene;

(V1) separating said first liquid stream in a moderately
low temperature demethanizer (o produce a third vapor
stream substantially free of C,, hydrocarbons and a
third liquid stream rich in C., hydrocarbons;
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(VIII) passing said second liquid stream and said third
vapor sircam 10 a low temperature demethanizer to
produce a fourth vapoc stream comprising substantially
methane and a fourth liquid siream comprising dilute

s cthylene;

(IX) separating said third liquid stream in a deethyleni-
zation tower to produce an overhead stream comprising
dilute cthylene and a fifih Liquid stream substantially
free of ethylens;

10 (X) recovering said fourth liquid siream and said deeth-
ylenization overhead stream as said dilute cthylene
stream,;

(XI) separating said fifth liquid stream in a decthanizer
tower 1o produce a sixth liquid stream comprising C,
and heavier components and a fifth gaseous stream rich
in ethape; and

( XIl) recycling said fifib gaseous stream 1o said cracking
slep.

2 9 Aprocess as defined ip claim 1 wherein said cracked
gas comprises a mixed olefin stream and said recovery step
(b) comprises the steps of:

(i) compressing said mixed olefin siream 1o a pressure of
from about 350 psig.wo about 520 psig to produce 2

a5 compressed mixed olefin stream;

(ii) removing acid gas from said compressed mixed olefin
sircam with a caustic or amine acid gas removal
syslem;

(1) drying said acid gas removed mixed olefin stream

30 over walcr-absorbing molecular sieve to a dew point of
about ~200° F. to produce a dricd mixed olefin stream;

{iv) selectively hydrogenating the acetylenes in said dried
mixed olefin stream 10 produce a hydrogenated mixed
olefin stream;

{v) separating said hydrogenated mixted olefin-containing
cfucot in a demethanizer (o produce a demethanizer
overhead vapor effluent rich in methane and lighter
gases and a demethanizer botloms effluent rich in
cthylene and heavier components,

(vi) scparating the demethanizer botioms in a decthanizer
to produce a decthanizer overhead vapor effluent rich in
ethane and ethylepe and a deethanizer effluent botloms
rich in C,;, hydrocarbons;

(vii) separating (he decthanizer overhead vapor effluent in
a3 C, splitier to produce a C, splitter overbead ¢flucnt
comprising diluie ¢thylene and a C, splitier botioms
c¢Muent rich o ethane;

(viii) separating the decthanizer botioms effluent in a

50 depropanizer to produce a depropanizer overhead

vapor cffluent rich in propanc and propylene and a
depropanizer bottoms efffluent nich in C,, bydrocar-
bons;

{ix) separating said depropanizer overhead vapor effluent

5 in a C, splitter to produce a C, splitter overhead efliuent

compristng dilule propylene and a C; splitier bottoms
effluenmi rich in propane; and optionally;

{x) further separating said depropanizer bottoms effluent
in at least one downstream fractionator ioto effluent

60 sireams comprising o or more of a C, hydrocarbon-

rich siream and a gasoline-rich stream.

10. A process as defined in claim 1 wheren said cracked
gas comprises a mixed olefin stream and said recovery siep
(b) compriscs the sleps of:

65 (i} compressing said mixed olefie stream to a pressure of

from about 350 psig 10 a2bout 520 psig 10 produce a
compressed mixed olefin stream;

s
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(i) removing acid gas from said compressed mixed olefin
stream wilh 2 causlic or amine acid gas removal
syslem, ‘

(iii) drying said acid gas removed mixed olefin stream
over waler-absorbing molecular sieve to a dew point of
aboul -200° F. 10 produce a dried mixed olefin stream;

(iv) separating said dried mixed olefin siream in a
demethanizer to produce a demethanizer overhead
vapor ¢Mluent rich in methane and lighter gases and a
demethanizer bottoms ¢Mluent rich in ethylene and
heavier components;

(v) scparaling e demelhanizer boitoms in a deethanizer
1o produce a declhanizer overhead vapor effluent rich in
elhane and ethylene and a deethanizer eflluent botioms
rick in C,, hydrocarbons;

(vi) seclectively hydrogenating Ihe acclylenes in said
deethanizer overhead vapor to produce a hydrogenated
decthanizer overhead vapor,

(vii) separating the hydrogenated decthanizer overbead
vapor effluent in a C. splitier 1o produce a C. splitier
overhead efluent comprising dilute ethylens and a C;
splitter bottoms eMluent rich in ethane;

(viii) separating the decthanizer botloms cfiuent in a
depropanizer to produce a depropanizer overbead
vapar effluent rich in propane and propylcnc and a
depropanizer botloms effluent rich in C,_ hydrocar-
bons;

{ix) separating said depropanizer overhead vapor effluent
in a C; splinter to produce a C; splitter overhead efflucnt
comprising dilule propylene and a C; splitler bottoms
ctiluent rich in propane; and optionally.

(x) further separaling said depropanizer bottoms effluent
in al least one downstream fracliooator into effluent
slreams comprising one or more of a C, hydrocarbon-
nch sircam and a gasoline-rich stream.

IL. A process for the expansion of an exisling process

having a cracking capacily wherein said existing process
produces polymer grade ethylene, polymer grade propylene

A
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or both, said expansion comprising modifying said exisling 40

process o a process as defined in claim 1 whereby the

overall capacity of said exisling process is increased.

12. A process as defined in claim 11 wherein said existing

Process comprises:

(i) cracking a bydrocarbon feedslock in a crecking reactor
having a cracking capacity to produce a racked prod-
uct, .

(it) compressing said cracked product 1o produce a com-
pressed gas siram;

(1i) removing acid gas from said compressed gas stream
1o produce an acid gas removed stream;

(iv) drying said acid gas removed siream 10 produce a
dried gas siream;

(v) selectively hydrogenating the acetylenes in said dried
gas stream (0 produce a hydrogenaied 5as stream;
(vi) separating said hydrogenaled gas stream in a
demethanizer to produce a demelhanizer overhead
vapor efiluent rich in methane and lighter pases and a
demethanizer botloms effluent rich in ethylene and

heavier components,

(vit) separating said demethanizer bottoras in a deetha-
nizer to produce a deethanizer overhead vapor eMuent
rich in ethane and ethylene and a desthanizer bottomns
rich in C,, hydrocarbons,

(viii) s.cparating said decthanizer overhead effluent in a C,
splitter (o produce a C. splitier overhead effluent com-
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prising polymer grade cthylene and a C. splitter bot-

torns cfluent rich in ethane; and optionally

(ix) separating the deethanizer bottoms effluent in a
depropanizer to produce a depropanizer overhead e fflu-
enl rich in propane and propylene and a depropanizer
bottoms cfiluent rich in C,, hydrocarbons; and oplion-
ally

(x) separating said depropanizer overhead vapor eflluent
in a C, splitier to produce a C, splitier overhead efluem
comprising polymer grade propylene zad a C, splitter
bottoms rich in propane;

wherein said expansion comprises:

(1) increasing the capacity of said cracking slcp (1)

(11) modifying said step (vi) 1o comprise the following
sleps:

(2) dephlcgmating or separating al least a poriion of
said hydrogenated gas 10 produce a primary
melbane-rich gas siream, a primary ethylene-rich
liquid stream and a primary liquid condensale stream
rich in C., hydrocarbon componpents;

(b) separating said primary liquid condensate stream in
a moderalely low cryogenic temperature primary
demethanizer into a C., liquid bolioms stream and
an intermediale methane-rich overhead vapor
slream,;

() separating the intermediate methane-rich overhead
vapor stream and the primary ethylene rich liquid
stream in an ulira low cryogenic temperature final
demethanizer into a second dilute ethylene product
strearn and a final demetbanizer methane vapor
siream;

(d} separating said C.,, liquid bottoms stiream in at least
one downstream [ractionator into effluemt streams
comprising on¢ or more of a dilute ethylene siream,
a dilute propylene sircam, an ethane-rich stream, a
propane-rich stream, a C, hydrocarbon rich stream
and a gasoline rich siream;

(11T} processing either or both the dilute ethylene stream
and dilulc propylene stream (0 produce at least one
ethylene derivative product and/or at least ope propy-
leae denvative product and by-products thereof; and

(1V) recycling said by-products 1 said cracking step.

13. A process as defined in claim 1 wherein said process-
ing step {c) comprises converting said dilute ethylene stream
to polyethylene by a process comprising the steps of:

(1) polymerizing said ethylene 1o produce polyethylene
‘and polymerization reaction by-producis wherein said
polymenization is carried out either
(i) by a gas phase polymerization reaction wherein said

dilute elthylene stream comprises at least about 95
weighl percent ethylene, or

(ii) by a solution phase polymerization wherein said
dilute ethylene stream comprises at leas: about 85
weigh! percent cthylene; and

(2) recovering said polyethylene product;

" and wherein said recycling step (d) comprises recycling said
polymerizalicn by-products to said cracking step (a).

14. A process as defined in claim 13 wherein the poly-
merization by-products from said gas phase polymerization
reaction arc recycled to said recovery step (b) and at keast a
portion of said polymerization by-products are recycled
from said recovery step (b) to said cracking step (a).

15. A process as defined in claim ! wherein said process-
ing step (¢) comprises the sleps of:

(1) wilizing said dilute ethylene stream in any high once

through conversion process amenable 10 the use of
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dilute ethylene 1o produce the derived derivative prod-
uct plus byproducts,
(ii) recovering said derived derivative product;
(iif} recycling al least a portion of said byproducts to said
cracking step (a).
16. A process as defined in claim 15 wherein said high
once through conversion process is selected from the group
consisiing of polyethylene polymerization, ethylene dichlo-
ride production, alpha olefins production, ethyl benzeoe
production, siyrene production, acetaldebyde production,
and combinations ol one or more of the foregoing.
17. A process as defined in claim 1 wherein said process-
ing step (c) comprises the steps of:
(i) polymerizing said dilute propylenc stream to produce
polypropylene and polypropylenc polymerization
by-products wherein said propylene polymerization is
carried out ¢ither
(1) by a bulk phasc polymerization reaction wherein
said propylene-containing stream comprises at leasi
about 85 weight percent propylene, or

{2) by a gas phase polymerization reaction wherein said
propylene-containing siream comprises at least
about 95 weight perceat propylene;

(ii) recovering said polypropyleoe; and

(ili) recycling at least a portion of propylene polymeriza-
tion by-products 1o said cracking step (a).

18. A process as defined in claim 1 wherein said process-

ing step () comprises Lhe steps of:
(D) utilizing said dilute propylenc stream in any high
once-through conversion process amenable (o the use
of dilute propylene to produce the desired derivative
proctuct and by-products;
(ii) recovering said derivative product; and
(iif) recycling said by-products to said cracking step (2).
19. A process as defined in claim 18 wherein said high
once through conversion process is selected from the group
consisting of polypropylene polymerization, acryloaitrile
production, cumene production, propylenc oxide
production, isopropanol production, acrolein production,
allyl chloride production, and combinations of one or more
of the foregoing.
20. An integrated process for the production of polyeth-
ylene and polypropylenc comprising the steps of:
(a) cracking a hydrocarbon feedstock in a cracking reactor
1o produce a cracked product comprising cthylene,
cthane, methane, hydrogen, propylene, propane, other
C, components, C, componenls and beavier com-
pounds;
(b) scparating cthylene from said cracked produd to
produce a ditute cthylene stream comprising at least
about 85 weight percent cthylene and separating pro-
pylene from said cracked product to produce a dilute
propylene stream comprising at least about 85 weight
percent propyleae;
(c) polymerizing ethylenc in said cthylenc-containing
stream fo produce polyethylene 2nd polyethylene poly-
merization reaction by-products wherein said ethylene
polymerization is carried out either
(i) by 2 gas phase polymerizalion reaction wherein said
dilute ethylene stream comprises al leasi about 95
weight percent ethylene, or

(ii) by a solution phasc polymerization reaction
whercin said dilute ethylene siream comprises at
least about 85 weight percent ethylene;

{d) recovering said polycihylene product;
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(¢) polymerizing propykne in said propylene-containing
stream lo produce polypropylene and polypropylene
polymerizalion by-products wherein said propylenc
polymerizstion is carried oul either
(i) by a bulk phase polymerization reaction wherein
said propylene-conlaining siream comprises at least
aboui 85 weight percent propykene, or
(ii) by a gas phase polymerizalion reaction wherein said
propylcoe-conlaining stream comprises al Jeast
about 95 weight percent propylenc,
() recovering said polypropylenc; and
(g) recycling said ethyleae polymerization by-products to
s2id cracking step (a) in the case of a pas phasc cthylene
polymerization reaction or recycling said polymeriza-
tion by-products 1o said cthylene separation step (b) in
the casc of a solution phase ethylene polymerization
reaction.
21. A process as defined in claim 20 wherein said ethylene
polymerization reaction is a solution phasc polymerization

20 reaction, said cthylene and propykne scparation step (b)
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comprises:

(I} compressing said cracked product siream to a pressure
of from about 350 psig to about 520 psig to produce a
compressed product stream;

(II) removing acid gas from said compressed product
stream with a caustic or amine system lo produce an
acid gas removed product stream;

(110} drying said acid gas removed product stream over
water-absorbing mokecular sieve w0 a dew point of
about -200° F. to produce a dried product stream;

(IV) remaving C, and heavier components from said
dricd product sircam in a depropanizer tower (0 pro-
duce a depropanized product stream and a C, and
beavier stream;

(V) selectively bydrogenating the acetylencs in said dried
product stream o produce a hydrogenated product
stream;

(V1) dephlegmating said dried product stream to produce
2 first vapor stream substantially free of C,, hydrocar-
bons and a first liquid stream rich in C,, hydrocarbons;

(V1) Further dephlegmating said first vapor stream 0
producc a second vapor stream comprising hydrogen
and methaoe and a second liquid stream rich in meth-
ane and ethylene;

(V) separating said first liquid stream in a moderately
low (emperature demethanizer to produce a third vapor
siream substantially free of C,, hydrocarbons and a
third liquid stream rich in C,, bydrocarbons;

(1X) separating said second liquid stream and said third
vapor stream io a low temperature demcthanizer to
produce a fourth vapor stream comprising substantially
methane and a fourth liquid stream comprising dilute
ethylene;

{X) separating said (hird liquid stream in a deethyleniza-
tion ower 10 produce an overbead stream comprising
dilute ethylene and a fifih liquid stream substantiatly
free of cthylene,

(XI) recovering said fourth liquid stream and said over-
head stream as said dilute ethylene strcam;

(X11) separaling said fifth liquid stream to produce a fifth
vapor stream comprising recycle cthane and a sixth
liquid stream rich in C, hydrocarboas;

(XIII) separating said sixth liquid stream to produce a
dilute propylene overhead stream and a bolloms pro-
pane stream; and
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(X1V) recycling-said bottoms propane stream 1o said

steam cracking step.

22 A process as defined in claim 20 wherzin said
by-products from polypropylene polymerizalion siep are
recycled to said separation step (X1,

23. A process as defined in claim | wherein said C, and
beavier stream comprising one or more of ethyl acetyiene,
viny! acetylene, 1,3-butadiene, 1,2-butadicne, isobulylenc,
cis-2-bulene, frans-2-butene, 1-butene, isobulape, and

- o-butane is recovered from said cracked product stieam and

processed in a C,; processing system comprising:

(A} catalytically hydrogenaling cthyl acetylene, vinyl
acetylene, 1,3-butadiene and 1.2-butadiene t¢ butenes
and catalytically converiing 1-butene to 2-buienes in
the presence of a calalyst comprising al Jeast ope
hydrogenalting metal and a moderatcly acidic carmrier at
2 lemperature ranging from about 40° C. 10 about 400°
C. and a pressure ranging {rom about 1 to about 100
bars io a hydroisomerizalion zone 1o produce a hydro-
genated stream comprising isobutylene, L-butene,
2-butenes and C, parafiins;

(B) reacting isobutylene¢ in the hydrogenated stream eilber
(1) with melbhanol in a methy] tertiary butyl ether

synthesis zone in the presence of an acid type jon

exchange resin catalyst at a temperalurn: ranging =

from about 60° F. 10 about 300° F. and & pressure

ranging from about 80 to 400 psig to produce a

methy] teriary butyl ether-rich product effluent and

a by-product eflluent comprising C, paraffins and C;

olefins, or ’

{2) polymerizing said isobutylene in a polymerization
zonc lo produce a polyisobutylens-rich product
effluent and a by-product cffluenl comgprising C,
paralfins and C, olefins;

(C) separating the C, paraffins from the C, olelins in said
by-product effluent in a paraffin/olefin separation zooe
10 produce 2 C, paraffin-rich effluem and a C, alefin-
rich eflluent comprising 1-butene and 2-butenes;

(D) catalytically converting 2-butenes in said C, olefin
rich effluent to isobutylene in a skeletal isomerization
zone in the prescoce of an acidic catalys! at & pressure
of aboul atmospheric and a temperature ranging from
aboui 600° F. 10 about 1100° F. 1o produce a skelelal
isomerized effluent;

(E) recycling said skeletal isomerized effluent to step (A)
or step (B); and

(F) where methy] tertiary butyl ether is produced in slep
{B) either
(1) recovering said meibyl tertiary butyl etker as prod-

uct; or

(2) producing methyl methacrylate from the methyl
tertiary buty] ether by a process comprising:

(i) decomposing said meihyl tertiary butvl ether into
a methanol-conlaining stream and an isobutylene-
conlaining stream,

(1) catalytically oxidizing the isobutylene over a
complex molybdenum oxide catalyst at Iempera-
tures ranging from aboul 350 to about 450° C. and
from about 15 10 aboul 25 psig lo produce
methacrolein,

(iii) oxidizing the methacrolein over a molybdenum
catalyst at temperatures of from about 250 1o
about 350° C. and from about 15 to about 25 psig

. lo produce methacrylic acid,

(iv) esterifying the methacrylic acid with methanol 1o

produce methyl methacrylate, or

cnasoosd 4 .
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(3) producing butyl rubber from the methyl tertiary
bulyl ether by a process comprising:

(i) decomposing said methyl tertiary buty! ether into
a methanol-containing stream and an isobutylenc-
containiog stream,

(1i) cationically copolymerizing the isobutylene in
said isobutylene-containing stream with isoprenc
al temperatures ranging from about -30 10 zboul
=100° F. in the presence of a Lewis acid calalyst
and 2 small amount of water as a cocalalyst, and

(1} recovering butyl rubber product; or

(G) where polyisobutylene is produced in step (BX2),
recovering said polyisobutylene produci.

24. An integraled process for the processing a mixed C,
hydrocarbon feedsiock comprising ethyl acetylepe, vinyl
acetylene, 1,3-buladicne, 1,2-buladiene, isobutylene, cis-2-
butene, trans-2-butene, 1-bulene, isobulane end n-bulane,
said process comprising the following process steps con-
ducted in sequence:

(A) catalytically hydrogenating ethyl acetylene, vinyl
acetylene, 1,3-butadiene ard 1,2-butadiene to butcnes
and calalytically coaveniing 1-butene 0 2-buienes in
lbe presence of a calalyst compnsing at least one
hydrogenating metal and a moderately acidic carrier at
a temperzlure rangiong from about 40° C. to about 400°
C. and a pressure ranging from about 1 to about 100
bars in a hydreisomerization zone to produce a hydro-
genated stream comprising isobulylene, 1-butene,
2-butenes and C, paralfins;

(B) reacting isobutylene in the hydrogenated siream either
(1) with methanol in a methyl teriary butyl ether

synthesis Zone in the presence of an acid type ion

exchange resin catalyst at a lemperature ranging
from aboul 60° F. 10 about 300° F. and & pressure

ranging from about 80 10 400 psig 1o produce a

methyl tertiary butyl ether-rich product efuent and

a by-product eflluent comprising C, paraffins and C,

olefins, or

{2) polymeriziag said isobutylene in a polymerization
zone 10 produce a polyisobulylene-rich product

efluent and a by-product effluent comprising C,

paraffins and C, olefins;

(C) separating the C, paraffins from the C, olefins in said
by-product effluent in a paraffin/olefin separation zone
to produce a C, paraflin-rich efflueni and a C, olefin-
rich eflluent comprising 1-butene and 2-butenes;

(D) caalytically converting 2-butencs in said C, olefin
rich effluent to isobutylene in a skelelal isomerizalion
zone in Lhe presence of an acidic catalyst at a pressure
ot about aimospheric and a lemperalure ranging from
about 600° F. 10 aboul 1100° F. to produce a skeletal
isomerized ¢ffluent;

(E) recycling said skeletal isomerized efluent 10 siep (A)
or slep (B); and

(F) where methyl iertiary butyl ether is produced in step
{B) cither
(1) producing methyl methacrylate from the methyl

lertiary butyl ether by a process comprising;

(i) decomposing said melhyl tertiary butyl ether into

a methanol-coniaining stream and an iscbutylene-
conlaining siream,

(i) catalytically oxidizing the isobutylene over a
complex molybdenum oxide catalys! at lempera-
tures ranging from about 350 1o abour 450° C. and
from aboul 15 to abouwl 25 psig lo produce
methacrolein,
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(ii1) oxidizing the methacrolein over a melybdenurn (ii) cationically copolymerizing the isobutylene in
catalyst at lemperatures of from about 250 to said isobutylene-containing stream with isoprene
about 350° C. and from about 15 to about 25 psig al temperalures ranging from about —30 (o about

1o produce methacrylic acid,
(i"‘)::é;ﬁfymgt:]hi mclltt:acryllicl 2cid with methanol to and a small amounlt of water as a cocatalyst, and
ce methyl methacrylate, or . ;
(2) producing butyl rubber from the methyl tertiary (iid) recov ) g butyl ru!)bcr producL- or
butyl ether by a process comprising: (G) Whert? poly_lsobutxlcuc is produced in step (BX2),
(i) decomposing said methyl tertiary butyl etber into recoveriag said polyisobutylene product.
a methanol-containing stream and an isobutylene- 10
conlaining siream, : L L

-100° F. in the presence of a Lewis acid catalys!
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Abstract Title

Production of high octane hydrocarbons by the selective dimerization of isobutene

(57} High octane hydrocarbons are produced by reacting hydrocarbon cuts containing isobutene with an acid
catalyst in the presence of an alkyt ether, proferably MTBE, and a primary alcohol, preferably methanol, such
that the molar ratio of primary alcohol + alkyl etherfisobutene is more than 0.1 and the molar ratio of primary
alcoholfisobutene is less than 0.2. The starting mixture is introduced to a first reactor {A) and bottoms products
are sent to a separator (B) from which the head is sent to a second reactor {D). Combined bottoms product
from separators (B) and (E) are sent Lo a third separator (C) to yield bottorns products (3) comprising mainly
dimerized isobutene. Alkyl ethers from the head of third separator (C) are recycled (8). Alcohol may optionally
be removed by an absorption unit (F} and racycled (14).

At least one drawing originally fited was informal and the print reproduced here Is taken from a fater filed formal copy.

NN <A

N

Fig.
8~ 5
| 12
: ; =12
;3 .4 3 8~ C~ 6 E~
2 -
IJ = 7“-.- F“ 1
D —rr —L—*
AF-
L
& 5 ) n
r9

TAIETATA I~

Vv /£2S2ZEZ 99



FIG. 1

8~

l‘.'\

(12

\10 -1

14,




P

DOCIODr <GB

10

15

325237A__ | _>

2325237

PROCESS FOR THE PRODUCTION OF HYDROCARBONS WITH A HIGH

OCTANE NUMBER BY THE SELECTIVE DIMERIZATION OF ISOBUTE-

NE.

The present invention relates to a process for the
production of hydrocarbons with a high octane number,
obtained by the selective dimerization reaction of
isobutene contained in hydrocarbon cuts and to a lesser
cxtentIOE.possible linear butenas, in the presence of
modorate quantities of primary alcohols and alkyl
ethers, which favour the production of higher selecti-
vitiee on the part of the catalyst. The mixture ob-
tained can then be hydrogenated with the conventional
methods to obtain a product with a furthar improvament
in the octane characteristics.

For reasons of an environmental nature the compo-
sition of fuaels is being reformulated; the "Clean Air
Act Amendments™ (CAAA) in the United States are provid-
ing general regqulations which will probably also be

adopted with a few variations by other countries in the

N
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near future.

In short the general tendency is towards the
production of fuels which burn better and have fewer
evaporative emissions. The main measures for reaching
this objective are the following (for more apecific
details see for example: G.H. Unzelman, Fuel Reformula-
tion, 231(2}, (1993), 41 and D. Sanfilippo, F. Ancil-
lotti; M. Marchionna, Chim. & Ind., 76, {1994), 32 and
references contained thercin):

- oxygenated compounde will have an ever incraasing
role as fuel components;y

— the contant of aromatic compounds will be greatly
reduced, especially in benzene; . | -
- there will be a reduction in tﬁe volatility of fuels
to minimize evaporative losses:;

- the content of light olefins, photochemically reac-
tive and precursors responsible for the formation of
atmospheric ozone, will be reduced;

- both the sulfur content and final boiling peint of
fuels will also be reduced.

All these nmeasures therefore lead to the neceseity
of planning new processes which can poeitively contrib-
ute to fulfilling the above demands.

As well as oxygenatea c;mpounds to which the CAAA

have assigned a fundamental role in future reformulated
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fuels both for raising the octane number and supplying
oxygen, purely hydrocarbon preducta are also proving to
be particularly attractive.

Among thesge the alkylate is particularly distinc-
tive 'as it hae a l".i;gh octane number, a low volatility
and is practically with&ut olafins and aromatice. The
slkylation proceas in liquid phase is a reaction
between isoparaffinic hydrocarbons, such as for exam-
ple, isobutane, and olefine, for example propylene,
butenes, pentenes and relative mixtures, in the pres-
ence of an acid catalyst for the production of C,—C,
hydrocarbons with a high octane number to be used in

fuals (see'for example: A. Corma, A. Martinez, cCatal.

Rev.- Sci. Bng., 35, (1993), 483 and references con-

tained therein).

The main problem of the alkylation process is due
to the fact that with the increaee in environmental
regulationgs both traditional prbcesaes (with hydroflu-
oric acid and sulfuric acid) are having considcrable
difficulties whiﬁh makes their future uncertain; the
process with hydrofluoric acid owing to the toxicity of
this acid, especially in populated areas, and that with
sulfuric acid owing to the large production of acid mud
and also to the highly corrosive power of the eatalyst.

Alternative processea with solid acid catalysts

\
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are in the process of being devecloped but their commer-
cial applicabllity is still to be proved.

On the other hand a hydrocarbon preduct of this
type is in evor-increasing deﬁanq owing to its octane
characteristics (high Rescarch Octane Number (RON) and
Motor Octane Number (MON) and those relating to its
boiling point (poer volatility but low final point)
which place it in the category of compositions which
are extremely interesting for obéaining fuels that are
more compatible with present-day environmental demands.

In addition, hydrocarbon preoducts with a high
octane numbaer such as those genexrated by the alkyiation
reaction also have a 1low szansitivity (difference
between RON and MON) and it is known that ethers such
as MTBE, ETBE, TAME, etc. favourably react to the
reduced sensitivity of the fuel, increasing thair
already high octane number even mora,

This means that there are many advantages in
combining a eaturated hydrocarbon product with a high
octane number (such as alkylate) with ethers such as
MTBE. In addition the joint presence of conaido¥ablﬂ
quantities of the tweo products also allows the content
of undesired components such as aromatics, oclefins and
sulfur to be considerably decreased, by dilution.

In refining, an alternative proceas for obtaining
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products with similar characteristics to alkylate can
be offered by the hydrogenation of the so-called
"polymer®™ fuel.

The oligomerization process (often erronecusly
called, in the field of refining, polymerization) was
widely wusaed in the yéare 1930-1%40 to convert low-
beiling Cy-C, olafins into fuels. The process leads to
the production of a fuel with a high octane number (RON
about 97) .but with a high sensitivity owing to the
purely eclefinic nature of the product (for more specif-
ic details on the procees see: J.H. Gary, G.E. Hand-
werk, "Petroleum Reflning: Technology and Economics",
3rd Ed., M. Dekkar, New York, (1594), 250).

Typical olefins which are oligomerized are mainly
propylene, which gives slightly higher dimers or
oligomers depending on the processe used, and iscbutene
which mainly gives dimers but always accompanied by
large quantities of higher oligomers.

With particular respect to tha oligomerization of
isobutene it is known that this reaction can ba carried
out in batch, in somicontinuous or in continuous, in
both gas-soli@ phas; and liguid phase, generaily at
temperatures of between.50 and 300°C and at atmospheric
pPressure ér at such pressurea as to maintain the

reagents in liquid phase, if deemed suitable.

We
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Typical catalysts for the industrial oligomeriza-
tion of isobutcne are represcented by phosphoric acid,
generally supported on a solid (for example kiesel-
guhr), or acid resina with cation exchange. The latter
allow blander conditions of both temperature and.
pressure to be used than with supported phosphoric acid
{100°C and 1-2 Mpa vs 200-220'C and 3-10 MPa).

Other catalysts have also been claimed in litera-

ture, both liquid acids such as H,;S0, or sulfonic acid

‘derivatives, and solids such as for example silico-

aluminas, mixed oxides, zeolites, fluorinated or
chlorinated aluminas, etc.; on the other hand none of
these catalysts has az yet enablcd the setting up of an
industrial proceses as in the case of supported phospho-
rie acid (F. Asinger, "Mono-olefins: Chemistry and
Technology”", Pergamon Press, Oxford, pages 435-456) and
in that of cationic resins (G. Scharfe, Hydrocarbon
Proc., April 1973, 171).

From the product point of view, the main preblem
of this process liés in the fact that in the oligomer-
ization phaee heavy oligomers such as trimers (selec-
tivity of 15-30%) and tetramers (selectivity of 1-2%)

of iscbutene are produced in excessive percentages.

Tetramers are completely outside the fuel fraction as

they are too high-boiling and therefore rcprescnt a
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distinct loss in fuel yield; with recpect to trimers
(or their hydrogerated derivativas) it ie decirable to
strongly reduce their concentration as their boiling
point (170-180°'C) is on the limit of future specifica-
tions on the final point of reformulated fuels.

On the other hand the problem of minimizing the

‘tormation of higher oligomers to dimers with percentag-
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es of less than 10% is a problem which is typical of

the oligomerization of isobutene, as is also specified

in literature (C.7. O’Connor, M.Kojima, K.W. Schumann,

Appl. catal., 3s (1985), 193).

This leve; of heavy compounde is analogous to that
of an alkylate and ls still tolerated in the fuel pool.

From what hasfbann sald above, it ie cvident that
there is a wide interest in obtaining a new dimeriza-
tion process of isobutene which allows the synthesis of
a higher quality product, by reaching greater selecti-
vities. |

It has naw heeon surprigingly found that by carry-
ing out the selective dimerization reaction of iscbute-
ne in the presence of moderata quantities of primary
alcohols and alky) ethers, the production of a fraction
of oligomers is selectively obtained, particularly rich
in 4i

mers (>90%) and practically without tetramers and

higher oligomers (<0.05%), containing small quantities
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The reaction product is then preferably hydroge-
nated to give a completely saturated end-product with
a high octane number and low sensitivity. The h}drogq—
nation can be carried ocut with ﬁﬁe conventional methods
as described for example in F.Asinger, "Mono-olefins:
Chemistry and Technologyﬁ, Pergamen Preee, Oxford, page
455.

As an example, table I indicates the octane
numbers and relative bolling points of some of the

products obhtained with the process of tha presant

invention.

TABLE I
o e S 5 5 e e L A 5 A 5 O O Y I T 7 P v
Preduct RON MON b.p. (O
di-isobutenas 200 89 100-105
isc-octane 100 100 99
tri-isobutenes 100 a9 175-185
hydregenated
tri-igebutaneas 101 102 170-180
e L L e ———— B S —

The process of the present invention for the
production of hydrocarbons with a high octane number
starting from hydrocarbon cuts containing isobutene, by

selective dimecrization with acid catalysts is charac-
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terizaed in that the reaction is carried out in the

presanca of primary alechols in such a quantity as to .

have in the feeding a molar ratio primary alcochols +
alkyl ethers/iscbutene of . more Ehan_o.l, praferably
between 0.1 and 0.7, and a ratio ‘Primary alcohol/
isobutene of laeas than 0.2, prefarably betwean 0.005
and 0.1.

It should also ba pointed out that in the case of
C, hydrocarbon streams also comprising linear olefins it
has baen observed that at least a part of the latter
can be converted by reaction with isobutene into a
hydrocarbon product without threaten their octane
number. It is also preferable to carry out an enrjiching
treatment, by means of pre-isomerization, of the
internal linear olefins, which would benefit the total
octane number of the mixture.

The process claimed herein can be applied to cuts
containing isobutane,.isobutene, n-butane and n-bute-
nes.

Although a wvide variety of sources is avallable
for =upp1yiﬁg these streams, the most common ones
concern those deriving from dehydrogenation processes
of iso-paraffins, from FCC units and streams coming

from steam cracking.

When the streams from steam-cracking contain
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diolefins in addition to the desired mono-olefins, it
is necessaxy to eliminate them by the typical removal
treatment (for example extractions or selective hydro-
genations).

As wall as the hydrocarbon compenents, the stream
comprisas as spacified above, primary alcohol (in great

molar dofect with respect to the isc-olefin) and alkyl

ether.

The primary alcohol used can be selected from
primary alcohols containing from 1 to 6 carbon atome:
mcthanol and/or ethancl are preferred.

The alkyl ether uamed can be selected from thosa
containing from 5 to 10 carbon atoms: MTBE (aethyl-ter-
butyl ether), ETBE (ethyl-ter-butyl ether), MSBE
(methyl-sec-butyl ether), ESBE (ethyl-sac-butyl ether)
or mixtures of these are preferred.

The isobutene together with the hydrocarbon stream
in which it is contained is sent with the primary
alcochol and alkvl ether, in strong stoichiometric
defect, into contact with the acid cataiyst where the
dimerization takes place. The primary alcohol is almost
completely converted under the reaction conditions to
dimer ether.

The presence of a constant level of primary

alcohel in the reactors is fundamental for obtaining
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the desired high selectivities as it enables the use of
a catalytic species with the correct activity.

The fact of operating with tha correct catalytic
activity pékes the reaction much more controllable also
from 2 thermal point of view with a consequant improve-
mant in the quality of the product,

‘The quantity of alkyl ethar sent to the reactors
is such that, depending on the operating conditions, it
can be either further produced or partially decomposed:
in the latter case, as the decomposition process is of
endothermal ether, a part of the heat dcveloped in the
dimerization reaction can be -absorbed, thus furthar
improving the temperature control in the reactor. 1In
addition, the alconol liberated by the decomposition of
the ether, as well as interacting with the catalyst,
€an react with the dimers and butanes present in the
reactor,

Thé optimum level of the sum of primary alcohol
and alkyl ether wnhich must be present in the reaction
environment to obtain salectivities to dimers close to
or higher than g0% by weight, depends on the compozi-
tion of the hydrocarbon charge.

When the charge consists of ¢, hydrocarbon cuts
containing isobutene in a quantity of between 10 and

J0% by waight ang n~butenes in a quantity of between 25

"

\
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and 50% by weight, it is advisable, to obtain better
results, to operate with a molar ratioc primary -alcochol
+ alkyl esthar/isobutaene of betwaen 0.2 and 0.6,

When the charge consists of C, hydrocarbon cuts
containing isobutene in a quantity of between 30 and
601 .y weight, n-butenes in a quantity of more than 30t
by weight and C, paraffins in a gquantity of less than
15% by weight, it is advisable, to obtain better
results, to oparate with a molar ratlo primary alcohol
+ alkyl ether/isobutene of between 0.1 and 0.6.

Whan the charge consists of ¢, hydrocarbon cuts
containing isobutene in a quantity of between 28 and
60% by weight, C, paraffins in a quantity of more than
30% by weight and n-butanes in a quantity of laess than
10% by weight, it is advisable, to obtain better
results, to operate with a molar ratio primary alcohol
+ alkyl ether/iscbutene of betwecn 0.3 and 0.6.

When the charge consists of C, hydrocarben cuts
contajining isobutene in a percentage of more than 80%
by weight, it ic advisabla to obtain.better results, to
operate with a molar ratio primary alcohol + alkyl
ethaer/isobutene of between 0.5 and 0.7,

Table II indicates the average compositions of
typical C, hydrocarbon fractions coming from different

sources (FCC, Steam Cracking, dehydrogenation of
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isobutane, streams of isocbutene with a high concentra-
tion).
TABLE IT
Typical percentage compositions of C, streams
XEEmoESe—o=ae

e e -____.;,;g:=_\=.—_;=====|-.l=:-l==-==::==-==:.|==-:=:=l==--

Steam cracking FCC Dehydrogen. Conc.isobutene

Iscbutene d0-4¢ 10-25 45-55 >90
n-butenes 35-60 25-50 <10
C, satur. 4-8 30-60 45-5% <10
e S T & o ST T A e £ o o T e = e e e

==

For charges different from those generally avail-
able in industrial practice, it can be obsarvaed that
the addition of «onsiderable quantities of linear
olefins with respeét to the charge ccmpositions cited
above, causesz a clight increase in the selectivity to
dimers and therafore a limited reductioen in the lowar
limit of the molar ratio primary alcohol + alkyl
ether/isobutene previously indicated. on the contrary,
an increase in the content of saturatgd hydrocarbons
causes a slight deterioration in the salectivity and
therafore the value of the lower limit of the raﬁio is
slightly incrcased.

A wide variety of acid catalysts can be used for
this process, among these, for example, mineral acide

such as sulfuric acld, BF;, supported phosphoric acid,

{4
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suitably modified zeolites, heteropolyacids and sulfo-
nated polymeric resina, for example Amberlyst 15 and
Ambarlyst 235, ete, can be mentioned. Among these
catalysts the use of macrolattice sulfonated resins,
gen.erally copclymérs of styrene and benzene, is pre-
ferred; the characteristics of these rasins ara amply
described in literature (see for example A. Mitschker,
R.Wagner, P.M. lange, “"Haterogeneous Catalyeie and Fine
Chemicals", M. Guisnet aed., Elsevier, Amsterdam (1908),
61) .

A wide range of operating conditions can be used
for producing hydrocarbons with a ‘high octane numbker in
the desired selectivities by the process of the present
invention. It is possible to operate.in vapor phase or
in liquid-vapor phase but the operation conditions in
liquid phase are preferred.

The process of tha praesent invention can operate
under both batch and continuous conditions, considering
however that the latter are much more advantageous in
industrial practice. The reactor configuration selected
can be optionally selectad from fixed bed, tubular
fixed bad, adiabatic, stirred and finally <column
reactor which also allows the separation of the prod-
ucts (a description on the general use of this technol-

ogy is provided for example in : J.L. De Garmo, V.N.
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Paruledar, V. Pinjala, Chem. Eng. Precgr., March 1992,
43).

The range of process conditions, operating in
liquid phase, comprises a wide variaety of operating
conditions which are described hereunder.

The pressure is preferably superatmospheric to
maintain the reagents in liquid phase, generally below
S HMPa, more preferably between 0.2-2.5 MPa. The rcac-
tion temperature is preferably between 30 and 120°C.
The fceding space velocities of the alcohol-hydrocarbon
etream should preferably be lese than 30 h'!, more
prefaerably between 1 and 15 h’l,

The igobutene is mainly converted in the reaction
zone, howgver also part of the n-clefins can be con-
verted to usefulproduct; for the most part, there are
no limite in the concentration of isec-clefin in the
hydrocarbon fraction even if it is preferable to have
concentrations of between 2 and 60%; there are no
limits in the ratio between iscobutene and linear
olefinc. It should be observed that in the case of

etreame coming from the dehydrogenation of iscbutane

there are no significant concentraticns of linear

butenes in the charge.
The process of +the present invention can be

carried out in particular by means of the following
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basic steps:

a)

5
b)

10
<)
15 4d)

20
e)

25

faediné to a dimerization reactor the hydrocarbon
cut containing isobutene together with a stream
consisting of primary alcohols and a stream
containing alkyl ethers:

sending the product 1leaving the dimerization
reactor to a fractionation column from whose head
& stream is obtainad containing non-reacted
isobutene and small gquantities of athers and
alcohols and from the bottom o©f which a stream
containing dimers and alkyl ethers is remcved;
sending the stream containing non-reacted ischbute-
ne to a second reactor to complete the conversion

of icobutene;

sending the product leaving the second reactor to

"3 second fractionation ¢olumn from whose head a

stream is obtained containing ¢, hydrocarbons and
Primary alcohols and from whose bottom a stream

containing ¢, hydrocarbons, dimers and alkyl

cthers is removed;

sending to a third fractionation celumn the bottom
streams removed from the twe fractionation columns
obtaining the desired hydrocarbon product at the
bottom and a stream containing alkyl ethers at the

head, which ia recycled to the first reactor:
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) sanding the streanm laaving the head of the second
fractionation column to a ceparation unit of the
primary alcohols which are subsequently recycled
to the first reactor.

A recommended process scheme is shown in the

enclosed FIG.1 t5 provide a clearer {llustration of

the presant invention.

The stream (1) containing isobutene, joined to the
feeding of primary alcohol {2) (methanol), is eent to
a first reactor (A) in which the C, igo-olefin is
selactivaly convérted to dimers.

The effluent (4) from the reactor (A} is sent to
a separation column (B) where a stream (6) is‘reméved
at the head, essentially containing non-convarted
olefins, alkyl ether (MTBE) and alcchol ({methanol) in
such gquantities as to satisfy the molar ratios speci-
fied above, wh;é;as at the bottom a stream (5) is
removed essantially containing dimers, aligomers,
ethers of dimers and alky! ether (MTBE) .

This stream (5) is sent to a separation column ()
vhere a stream is removed at the head, 'essentially
containing alkyl ether.(MTBE) recycled to the reactor
(A), whereas at the bottom the synthesis product is
cbtained essentially‘consisting of dimers and small

quantities of cligomers and ethers of dimers.

W¥
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The stream (6) is fed to a second reactor (D) in
which the isobutaena present is selectively converted to
dimers. The effluent (10) from the reaétor (D) |is
separated in a column (E) fYom ghich a bottom stream
(11) is removed, essaentially containing alkyl ether
(MTBE) and dimers, which ims eent, together with the
stream (5), to the column (C).

Optionally, the stream (12} at the head can be
treated to remova thae alcohol (methanol}) contained
therein in a unit (F) which can consiet for cxample of
an absorption systam of the primary alcchol on molecu-~
lar sieves or an extraction of the alecohol itself with
water. In both cases the alcohol recovered can bQ sent
(14) to the reaction, whereas the hydrocarbon stream
{(13) can bg used in subsequent operations.

An example is now provided for a better illustra-
tion of the invention without limiting its scope in any
way.

Example 1

With reference to the diagram in the figure, a
hydrocarbon stream containing 50% by weight of isobute-
ne, of the type obtained by the dehydrogenation of
isobutane, is converted in the presence of suitable
quantities. of methanol and MTBE into a hydrocarbon

product with a high octane number containing about 90%
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by weight of di-issbutenes, the rest consisting of
trimers of isobutenes and ethars of di—isobuténes.

Tables TIII and ]IV show with reference to the
encleosed figurd, thea quaﬁtitiaé of the various streanms
of the plant indicated in ka/h, % weight, Kmol,/h and %
mol.

The reactors (i) and (D} operate at a temperature
at the ocutlet of 70°'C and 75°¢C respectively and both at
an operating preseure of 2 MPa.

The molar rat¥o methénol+HTBE/isobutene 15.0.375
in reactor (A) and 0.154 in reactor (p).

The corresponding molar ratios methanol/isobutene
are 0.008 in reactor (A) and 0.017 in reactor (B).

The catalyst used is a commercial macroporous

sulfonated resin of the type Amberlyst 315 produced by

Rohm & Haas, Co.

\q
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CLAIMS

1)

2}

3)

4)

3)

A process for the preoduction of hydrocarbons with
a high octane number starting from hydroéarbon
cuts containing iscbutena, by selaective dimeriza-
tion with acid catalysts cha;'actarizad in that thae
dimerization reaction 1ls caxried out in the
presence of primary alcohols and alkyl ethers in
such a quantity as to have in the feeding a meolar
ratio pr-imnry alcohols + alkyl ethers/isobutane of
more than 0.1 and a molar ratio primary alco-
hols/iscbutene of less than 0.2.

The process according to claim 1, eperating, at a
reaction tamperature of batweaen 2320 and 120°C, at
a pressure of less than 5 MPa and feading space'
velocities of less than 30 h''.

The process according to <laim 1 wherein the molar
ratio in the feeding of primary alcochels + alkyl
etners/iszsobutene ls between 0.1: and 0.7.

The process according to claim 1 wherein the molar
ratio in the feeding of primary alcchols/iscbutene
is between 0.05% and 0.1l.

The proccce according teo <laim 1 wherein the
charge consists of hydrocarben cuts containing
isobutene in a guantity of between 10 and 30% by

weight and n-butenes in a gquantity of betwecn 25
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7)

8)

9}
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and 50% by walght and the molar ratio primary

alcohols + alkyl ethers/isobutene is batween 0.2

and 0.6,

The process according to claim 1 wherein the .

charge consists of hydrocarbon cuts containing
isobutene in a quantity of between 30 and 60% by
weight and n-butenas in a gquantity of more than
30% by weight and C, paraffine in a quantity of
less than 15% by weight and the molar ratio
Primary alcohols + alkyl ethers/isobutene is
between 0.1 and 0.6.

The process according to claim 1 wherein the
charge consists of hydrocarbon cuts containing
isobutene in & quantity of between 30 and 50% by

weight and C, paraffins in a quantity of more than

30% by weight and n-butenes in a quantity of less

than 10% by weight and the meolar ratio primary
alcohols + alkyl ethers/isobutene is between 0.3
and 0.6.

The process according to claim 1 wherein the
charge consists of hydrocarbon cuts containing
isocbutene in quantities of, more than 80% by
weight and the molar ratio primary alcochols +
alkyl ethers/iscbutene is between 0.5 and 0.7.

The process according to claim 1 wherein the space
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velocities in the feeding are between 1 and 15 h''.
The process according to claim 1 wherein the
primary alcohol hag from 1 to 6 carbon atons,
The process according te claim 10 wherein the -
primary alcohol is selected from methanol and/or
athanol.

The process according to claim 1 wherein the alkyl

@ther has from 5 to 10 carbon atoms.

The process according te claim 12 wherein the

alkyl ether is selected from MTBE, ETBE, MSBEE,

ESBE or mixtures of these.

The process according to at least ohé of the

previous claime comprising the following basic

steps: .

a) feeding to a dimerization reactor the hydro-
carbon cut containing iscbutens together with
a stream consisting of primary alcochols and
a stream containing alkyl ethers;

b) sending the product leaving the dimerization
reactor to a fractionation column from whose
head a stream is obtained contalining non-
reacted isobutene and small quantities of
ethers and alcochols and from the bottom of
which a stream containing Qimers and alkyl

ethers {s removed;
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sending the stream containing the non-reacted
isobutene to a second reactor to complete the
conversion of isobutene:

sending the product lea&ing.;he second reac-
tor to a second fractionation colﬁmn fronm
whose head a stream is obtained containing C,
hydrocarbons and pPrimary alcohols and from
whose bottom a stream containing €, hydrocar-

bons, dimers and alkyl ethers is removed;

sending tc a third fractionation column the’

bottom strieams removed from the two fractioq—
ation colunns obtaining the desired hydrocar-
bon product at the bottom and & stream con-
taining alkyl ethers at the head, which is
recycled to the first reactor;

sending the streém leaving the head of the
second fractionation column to a separation
unit of the primary alcohols which are subse-

quently recycled to the first reactor.

\Ze
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[57] ABSTRACT

A process is disclosed for the production of ethylene
dichloride from ethane. Ethane is inroduced into an
autothermic (self-sustaining) cracking zone logether
with controlled proportions of chlorine and oxygen.
The autothermic cracking zone is maintained at a tem-
perature above about 700° C_ but below 1000° C. for
a sufficient time to convert from about 20 to 95 per-
cent of the ethane having about 96 to 74 percent eth-
ylene yield, respectively, based on the converted eth-
ane. The reaction mixture, containing predominantly
ethylene and hydrogen chloride, is quenched with a
volatile liquid. The quenched mixture is passed, to-
gether with oxygen, into a catalytically activated
oxyhydrochlorination zone to convert the ethylene,
hydrogen chloride and oxygen to ethyiene dichloride.
If vinyl chloride is desired as a product, part or all of
the produced ethylene dichloride is passed to a second
cracking zone for conversion to vinyl chloride product

and hydrogen chloride. The hydrogen chloride pro-.

duced is recycled to the oxyhydrochlorination zone.
Ethylene dichloride, viny! chloride or mixtures of eth-
ylene dichloride and vinyl chloride can be recovered
as product, with substantially complete utilization of
the hydrogen chloride produced.

-5 Claims, ! Drawing Figure
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PRODUCTION OF VINYL CHLORIDE FROM
ETHANE

BACKGROUND OF THE INVENTIOM

1. Field of the Invention :

The technology -for producing ethylene dichloride
and vinyl chloride has undergone major changes in the
past decade. Until the mid-1960's vinyl chloride was
generally manufactured by the hydrochlorination of
acetylene. Acetylene, however, is substantially more
coslly than ethylene; hence, strong motivation existed
1o develop a process based entirely on ethylene. Such a
process was successfully developed in the past, having
as its key step, the oxyhydrochlorination of ethylene to
ethylene dichloride. As a result, the acetylene-based
process has, in recent years, been almost completely
replaced by the more economical ethylene-based pro-
cess.

2. Description of the Prior Anl

While ethane is even less expensive than ethylene
and consequently considerable effort has been ex-
pended in the past to develop an ethane-based ethylene
dichloride process, these efforts, however, did not cul-
minate in a commercially adaptable process.

SUMMARY OF THE INVENTION

It has been found that when ethane is subjected 1o
autothermic cracking in the presence of specified
amounts of chlorine and oxygen, and under specified
conditions of time and temperature, high conversions
of ethane ranging from 20 to 98 percent with concomi-
tant production of ethylene in yields based on the con-
verted ethane ranging from 100 to 70 percent can be
obtained without the need for catalytic agents. The
term “oxygen™ herein means oxygen gas or an oxygen-
containing gas such as air. Cracking which does not
require the continuous input of large quantities of heat
is referred to herein as “autothermic™ cracking. Auto-
thermic cracking minimizes heat input requirements,
capital investment requirements, recycling, and by-pro-
duct and carbon formation. This autothermic crac king
operation comprises a step in a process for economic
production of ethylene dichloride in high yield. The
cracking step can be controlled so that only hydrogen
chloride actually required in the production of ethylene
dichloride is formed. The raw materials are ethane,
chlorine and oxygen. The oxygen can, if desired, be
entirely supplied by air. ‘

The autothermic cracking process of our invention
for use in the production of ethylene from ethane is as
follows: Ethane, chlorine and oxygen are introduced,
preferably after preheating, as reactants into an aito-
thermic reaction zone in controlled proportions, with a
molar ratio of chlorine:ethane of from about 0.2 to
1.2:1 and a molar ratio of oxygen:ethane of from about
0.005 to 0.5:1, preferably between about 0.1:1 and
0.4:1. The reactants arc maintained in the reaction
zone under autothermic cracking conditions including
a temperature ranging from above about 700°.C. to
below 1000° C., preferably between about 850° C. to
950° C., for a time period of from about 0.1 to 10
scconds, preferably between about 0.25 and 2.5 sec-
onds. Products of this autothermic reaction comprise a
major amount of ethylene and hydrogen chloride and a
minor amount of water, methane, carbon monoxide,
hydrogen and acetylene. Thereafter this reaction prcd-
uct stream is cooled, preferably by quenching with a
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volatile liquid such as water and preferably to a reac-
tion product temperature below about 600° C. Then
the quenched autothermic reaction products may be
further reacted to obtain, as desired final product, eth-
ylene dichloride, vinyl chloride, or a mixture of ethyl-
ene dichloride and viny! chloride.

Where cthylene dichloride is desired as final product,

{the quenched autothermic reaction product conlaining

ethylene and hydrogen chloride is passed together with
oxygen 1o a catalytically activated oxyhydrochlorina-
tion zone under oxychlorination conditions. sufficient
to convert the cthylene, hydrogen chloride and oxygen
to cthylene dichloride. Thereafter the ethylene dichlo-
nide is recovered as product. When cthylene dichloride
is the desired product, the preferable molar ratio of
chlorinc:ethane in the autothermic cracking reaction
zonc is maintained between about 0.9:1 and 1.2:1.
Where vinyl chloride is desired as final product, alt of
the ethylene dichloride produced in the oxyhydro-
chlorination zone is passed to an externally heated
cracking zone 50 as 10 convert ethylene dichloride to
vinyl chloride and hydrogen chloride. The vinyl chlor-
ide is recovered as product. Thereafter the hydrogen

chloride formed in the externally heated cracking zone -
is recycled to the oxyhydrochlorination zone. Prefer-

ably- the ethylene dichloride which is not converted 1o
vinyl chloride in the externally heated cracking zone is
recycled to the externally heated cracking zone. When
vinyl chloride is the desired product, the preferable
molar ratio of chlorine:ethane in the autothermic
cracking reaction zone is maintained between about
0.4:1 and 0.6:1.

Where both vinyl chloride’ and ethylene dichloride
are desired as final products, a portion of the ethylene
dichloride produced in the oxyhydrochlorination zone
is removed therefrom and recovered as a product. The
remaining amount of the ethylene dichloride produced
in the oxyhydrochlorination zone is passed to an exter-
nally heated cracking zone under conditions sufficient
to convert ethylene dichloride to vinyl chioride and
hydrogen chloride. The vinyl chloride is recovered as
product. The hydrogen chloride formed in the exter-
nally heated cracking zone is recycled to the oxyhydro-
chlorination zone. Preferably, chlorine introduced into
the avtothermic reaction zone is increased beyond that
required for vinyl chloride as product by the chlorine
equivalent to the portion of the ethylene ‘dichloride
which is removed as product. When both vinyl chloride
and ethylene dichloride are the desired products, the
preferable molar ratio of chlorinc:ethane in the auto-
thermic cracking reaction zone is maintained between
about 0.6:1 and 0.9:1. -

BRIEF DESCRIPTION OF THE DRAWING

The accompanying diagram illustrates the manner in
which ethane may be converted in good yield in a single

pass to ethylene in accordance with a preferred em-.

bodiment of our invention. The ethylene may be used
in the production of ethylene dichloride, mixtures of
vinyl chloride and ethylene dichloride, or vinyl chlor-
ide. The autothermic cracking of ethane in the pres-
ence of controlled amounts of chlorine and oxygen,
and within the preferred temperature range of our
process, produces ethylene in high yield, as well as
hydrogen chloride. Both the ethylene and the hydrogen
chloride are consumed in the production of ethylene
dichloride. The flow diagram also illustrates one way in
which the ethylene and hydroger chloride produced in
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" the autothermic cracking step can be utilized in the

economic production of vinyl chloride as’ the final
product..

With reference to the drawing, chlonnc in line 1 is
preheated in heat exchanger 2, and mixed with oxygen
entering at line 3, which is prcheated in heat exchanger
4. The molar ratio of chlorine to ethane is from-0.2 to
1.2:1, and the molur ratio of oxygen to ethane is from
0.005 to 0.5:1. The hot gaseous mixture is introduced
into reaction chamber & of gas-gas reactor 5. Ethane
gas in line 7 is preheated in heat exchanger 8, and
enters reactor chamber 6 simultaneously with the
stream of chlorine and oxygen. Autothermic cracking
takes place at a temperature from about 700° C. o
below 1000° C. for a retention time from about 0.1 to
10 seconds. Autothermic cracking can be controlled by
varying the composition of the feed, the degree of pre-
heating, the reaction temperature and the retention
time to obtain conversion of between about 20 and 98
percent of the ethane, with yields of ethylene, based on
the converted ethane, of from about 100 to 70%. The
hot reaction product comprising predominantly ethyl-
ene and hydrogen chloride leaves the reactor at line 9
and is cooled, preferably quenched by a volatile liquid
which is substantially unreactive toward the reaction
products and which enters at line 11. The quenched
mixture, which alse contains by-products and carbon,
passes through line 12 to scrubber 13 through which
quench liquid circulates via line 15, by means of pump
14. A solids separator is shown at 16 for collection and
removal of particulate carbon at line 17. .

Ethylene, hydrogen chloride and by-products includ-

" ing acetylene are reheated at heat exchanger 18 to at
- least about 150° C. to 200° C. and passed through a

catalytically activated hydrogenator 19 containing a
conventiona! hydrogenation catalyst such as palladium
or activated -alumina,. which converts the acetylcne
present to ethylene.

Ethylene and hydrogen chloride leaving the hydro-
genator 19 pass through line 21 to the oxyhydro-
chlorinator 22. This may be a conventional fixed or
fluid bed oxyhydrochlorinator having a conventional
catalyst such as copper chloride on an alumina base.
The oxyhydrochlorinator operates within a tempera-
ture range of about 200° C. to 250° C. Additional hy-
drogen chloride from the subsequent cracking of ethyl-
ene dichloride is also received through line 23. Oxygen
(or air) enters oxyhydrochlorinator 22 through line 24,
The cthylene-dichloride produced, together with by-
products, passes through line 25 to recovery system 26.
Non-condensibles are separated via line 27, among
them being unreacted ethane. If substantially pure oxy-
gen gas is used, rather than air, this ethane which is
generally contaminated with carbon moncexide, hydro-
gen and methane may, after removal of carbon monox-
ide and purging of methane, be recycled through line 7
and heat exchanger 8 to the autothermic cracking reac-
tor 5. The concentration of the contaminating methane
is held to a low value, preferably by employing a con-
tinuous purge, while the carbon monoxide is removed
by conventional means, such as by scrubbing with
acidic cuprous chloride solution. Water is rcmovcd
from the recovery system 26 at line 34,

If vinyl chloride is to be a'final product, the separal.ed
ethylene dichloride leaves recovery system 26 through
line 28, and is thermally cracked by passage through
tublar furnace 29 at a temperature such that products
exit at about 500° C. to 600° C. producing vinyl chlor-
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ide. The vinyl chloride is withdrawn from recovery
system 35 for further purification or storage via line 31.
If. on the other hand, ethylene dichloride is to be the
product, or if it is to be recovered together with vinyl
chloride, it s withdrawn through line 36. When part or
all of the ethylene dichloride leaving recovery system
26 is to be thermally cracked o produce viny! chloride
and hydrogen chioride at thermal cracking unit-29, the
hydrogen chloride is recovered in recovery system 35 °
and passed through line 23 to join the ethylene and
hydrogen chloride stream enroute to the oxyhydro-
chlorinator 22 via line 21. Unconverted ethylene di-
chloride is recycled from. recovery system 35 to the
tubular cracking furnace 29 through line. 32.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The ethane-based ethylene dichloride process of the
present invention involves two main reactions: the..
autothermic cracking of ethane; and the oxhydro-
chlorination of ethylene. If vinyl chloride is desired as.
product, it is produced by thermal cracking of ethylene
dichlaride. The combination of these three reactions
constitutes an overall process -for vmyl chloride pro-
duction.

1. Autothcmlic Cracking of Ethane to.Ethylene

The key reaction step is the aulotherrmc cracking of -
ethane.

Maximization of the ethylene yield is largely a matter
of proper.reactant ratios, temperature and rwdence
time.

All the reactants may be preheated before passage
into the autothermic cracking zone but it is preferable -
to avoid temperatures above 600° C. for ethane so as to
prevent thermal cracking and to avoid temperatures
above 400° C. for chlorine so as to protect the process-
ing equipment. At elevated temperatures chlorine be-
comes highly corrosive.

The degree of preheating of reactants and the pro-
portions of reactants used-in the autothermic reaction -
zone will affect reaction temperature, reaction effi-
ciency and protect purity. Increasing the oxygen input
will raise the temperature; but as the ratio of oxygen to
ethane is increased, the quantity of by-products, partic-
ularly carbon monoxide and methane, is also increased
with a corresponding decrease in ethylene yield. Also,
small amounts of free hydrogen are formed during the
autothermic reaction. Such free hydrogen formation
makes it possible 1o use less - than the “theoretical™
oxygen-to-cthane molar ratio, thus reducing the forma-
tion of carbon monoxide. However, free hydrogen also
tends Lo reduce the heat of reaction of the autothermic
cracking step and thus to increase the temperature to
which the reactants must be pre-heated. In generai, the
theoretical oxygen-to-ethane (Q./C;H¢) molar ratio
can be defined as (I—x)/2 where x = CYJC,H,, i.e.

Catly + ()0, + ((1—x)/2)0; = CH, + (20HCO! +
{1—x) H,O

Hence, a “theoretical”. oxygen/ethane molar ratio of

0.25 applies if the chlorine/ethane molar ratio is ¢.50:
CyHo + 0.50 €4+ 0.25 O, — CyH,+ HCl + 0.50 H,0

The actual temperatures chosen for preheating the
chlorine, as well as the air and ethane, should be those
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found best to achieve a lemperature ranging from’

above about 700° C. w0 below 1000° C., preferably

between about 850° C. and 950° C., in the autothermic.

cracking unit.
The heat exchangers for preheating feed gases-to the

autothermic reactor can be included in a single unit,’

comprising for example, coils or tube bundies in a sin-
gle encompassing heater. Also, if desired, such coils or
tube bundles can be included in an encompassing “‘hot
box™ or *“heated zone™ which includes the autothermic
reaction zone of a multiplicity of tubular reactors ar-
ranged for parallel operation.

The reaclants are maintained in the reaction zone for
at least about 0.1 second, preferably between about
0.25 to 2.5 seconds, or for a time sufficient to convert
concomitantly from about 20 1o 98 percent of the cth-
ane to 100 to 70 percent of the ethylene, respuctively,
based on the converied ethane. The autothermi: crack-
ing products stream comprises mainly ethylene and
hydrogen chloride, with smaller amounts of waler,
methane, carbon monoxide, hydrogen and acetylene.

The conversion and.yields obtained are much better
at temperatures ranging from above about 700° C. 1o
below 1006° C. and retention times of from atout 0.1
to 10 seconds than when the autothermic cracking step
is carried out at temperatures in excess of 1000° C. with
retention limes of less than 0.1 second. The percent
conversion of ethane and the percent ethylen: yield,

_based on the ethane converted, bear approximately an
inverse relationship as shown in the tabulation below.
The results shown were determined at a2 chlorine:e-
thane ratio of about 0.5:1 and an oxygen:ethane ratio
of about 0.1:1.

Conversion Yield
20 96%
410% 95%
0% 9I%
SUa 871%
90% 80%
95% 74% -

By lowering the reactor temperature or decreasing
residence time, the conversion is decreased and the
yield increased. At an ethane conversion of about 70%,
the cthylene yield is about 90% and the ethylen: yield
per pass (conversion times yield) is 63%. Increasing
conversion decreases yield so that at a conversion of
95%, the yield of ethylene is about 74% and the yield
per pass is 70%. The ethylene yield per pass generally
reaches a maximum at an ethane conversion of about
90%. This means that in a process using air as the
source of oxygen, in which it is not practical to recycle
the unreacted ethane because of dilution with nitrogen,
it would be desirable to run with a conversion which
maximizes the yield per pass. On the other hand; with a
process using oxygen gas, in which unreacted ethane
can be recycled, it would be preferable to run at a
much lower conversion in order to take advantige of
the higher ethylene yield. Hence, the operation may be
carried out cither in a single pass where the oxygen is
supphed by air and where a lower yield, offset by a
savings in equipment and operational costs, is accept-
able; or as a multipass operation where pure oxygen is
used and where a high yield is the primary consider-
ation.
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The molar ratio of chlorine:ethane ranges preferably
between from about 0.4 10 0.6:1 for the recovery of
vinyl chloride as product in the overall process. The
theoretical chlorine/ethane molar ratio far the produc-
tion of vinyl chloride in the overall process is 0.5:1.
Where vinyl chloride is to be the desired product, chlo-
rine/ethane ratios higher than 0.6 can be used. How-
ever, more hydrogen chloride will be produced.in the
autothermic cracking step than is required for subse-

quent oxyhydrochlorination of ethylene when the chlo-
rinefethane ratio is greater than 0.6. To avoid an excess

of hydrogen chloride in the overall production of vinyi
chloride, it is preferable to keep the molar ratio of
chlorine:ethane below about 0.6:1. Rutios below (.4:|
may be used if desired and high yields may be obtained,
but the need for recycling ethane increases as the ratio
of chlorine:ethane is lowered.

Where ethylene dichloride is 10 be recovered as a
second product in addition to vinyl chloride, the molar
ratio of chlorine:ethane is increased to preferably be-
tween about 0.6 to 0.9:1. The upper limit of the chlori-
ne/ethane ratio is a function of the amount of ethylene

dichloride, as opposed to vinyl chloride monomer, that

is to be recovered. The amount of elhylene dichloride
withdrawn as product from the system is preferably
substantially equivalent in chlorine content to the chlo-
rine used in excess of 0.5:1 molar ratio of chlonnc e-
thane.

Where ethylene duchlondc is to be recovered as
product. the molar ratio of chlorine:ethane should
range from about 0.9 10 1.2:1, more preferably at 1.0:1.

lt is to be understood that any of these combinations
of recovered products can be achieved where the chlo-
tine molar ratio based on ethane ranges from 0.2 1o
1.2:1. But low chlorine/etharie ratios require consider-
able recycling of ethane whereas relatively high chlori-
ne/ethane ratios lead to an unwanted excess of hydro-
gen chloride, It is a feature of the process of the present
invention, that vinyl chloride, vinyl chloride together
with ethylene dichloride in any desired proportion, or

ethylene dichloride, can be recovered without an ex- |

cess of unwanted hydrogen chloride as by-product.
Where viny] chloride is the desired product to be re-
covered, the molar ratio of chlorine:ethane is most
desirably about 0.5:1. Where ethylene dichloride is the
desired product, the molar ratio of chiorine:cthane is
most desirably 1.0:1. Where the desired products.are
vinyl chioride and ethylene dichloride, the molar ratio
of chlorine to ethane is preferably selected with respect
to the relative quantities of each product to be recov-
ered, so that no appreciable excess of unwanted hydro-
gen chlonide is produced.

The amount of chlorine which can be reacted in the
process of our invention depends on the.overall hydro-
gen chloride (HCI) balance. A half mol of chlorine will
form one mol of HCI. A second mol of HCI is forméd
by the thermal cracking of ethylene dichloride, giving
the required two mols of HCI for the oxyhydrochlorina-
tion. Hydrogen which cannot be removed from the
ethane by reaction with chlorine must be removed by
reaction with oxygen. In actuality, somewhat less than
the theoretical amount of oxygen can be used, as a
certain amount of hydrogen is also removed as molecu-
lar hydrogen by.thermal dehydrogenation. If the chlo-
rine-to-ethane ratio is increased, the oxygcn -to-ethane
ratio may be decreased.

The factors involved in maintaining the tcmpcmturc
of the autothermic reaction zone from about 700°C. to
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betow 1000° C., or preferably between about 850°C. to

950° C., include the amount of oxygen introduced with -

the chiorine, the degree of preheating of the feed gases,
the retention time, the possible application of external
heat, and the degree of thermal insulation. Although
either air of substantially pure oxygen gas can be used
in both the autothermic cracking unit and in the oxyhy-

drochlorinator to follow, the use of substantially pure -

oxygen will permit the use of smaller preheaters and an.

appreciable reduction in the size of the scrubbing sys-
tem required. The use of substantially pure oxygen gas
also provides considerable yield improvement, particu-
larty because ethane can be recovered and recycled.
The feed rate into the reactor is correlated with reactor
dimensions to preferably give a residence time in the

15

autothermic reaction zone of between about 0.25 to -

2.5 seconds.

The mol.ratio of the oxygen:ethane in the autother- -
mic reaction zone feed is in the range of about 0.005 10 -

0.5:1, preferably about 0.1 to 0.4:1. The lower ratios

20

improve the ethylene yield by reducing carbon monox- ..
ide methane formation, but also decrease the heat of -

reaction. The use of these lower ratios requires that the
reactants be preheated to a higher temperature. The
residence time in the reactors themselves is so short
that little heat can be transferred there. Hence we de-
pend on the heat of reaction to raise the reactunlts to
the desired reaction temperature. If the oxygen-to-
ethane ratio is adjusted downward to give a near zero
hcat of reaction, then the reactant preheat tempera-
tures are preferably such that the desired reactor tem-
perature is attained before introduction of the reac-
tants into the reactor. In general, this is not very practi-

- cal, so that the oxygen-to-ethane ratio is preferably

kept high enough to give a significant temperature rise
due to heat of reaction. This temperature rise is in-
creased by using oxygen rather than air, 50 that re-
quired preheat temperatures are then reduced.

We have obtained high conversions of ethane to
ethytene where the reaction zone includes any conven-
tional gas-gas reactor which will not tend to enhance
¢ither reactor plugging or substantial product yield loss
when ethane, oxygen and chlorine are the reactants
therecin. An example of such a reactor is disclosed in
U.S. patent application Ser. No. 167,733, filed July 30,
1971 by Bruce E. Kunz and entitled “Isothermal Chlo-
rination of Methane, Ethane and Other Compounds in
a Porous Tube Reactor™. .

The autothermic cracking reaction products are next
quenched with a volatile liquid which cools the reac-

- tion products and which can be added to the reaction:

products as they leave the reaction zone, or injected

25
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directly into the reaction zone at a point o permit the..

desired retention time at the desired autothermic reac-
lion temperatures before quenching. Suitable quench
liquids include carbon tetrachloride, chlorinated biphe-
nyls or water, Water is preferred because it is especially
effective in suppressing carbon formation.

The volatile quenching liquid is introduced into the
reaction product gases in an amount to, by vapornza-
tion, cool the gases o a temperature below about 600°
C., preferably below about 500° C. The point of intro-
duction of the quench is a major factor in establishing
the residence time of the reactants in the reaction zone,
Good results have been obtained by introducing the

quench directly into the reactor at a point opposite that-
at which the preheated reactants are introduced.

Quenching per se has litle effect on conversions or

55
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yields, but is important in suppressing carbon forma-

tion and preventing reactor plugging.

The quenched gases preferably pass next to a serub-
ber, the design of which is not critical. lis purpose is to
remove particulate carbon from the product of the
autothermic reactor. It may consist of a2 spray tower
with a small amount of the quenching liquid, preferably
water, circulated by a pump to form a spray. The scrub-
ber generally operates at between about 100° C. and
200° C., so that the exit is vapor phase. A solids separa-
tor is placed in the line to trap the carbon for removat. |
A ligiuid cyclone represents one type of solids separa-
tor.- ;

The autothermic reaction zone product gases arc
preferably reheated by a heat exchanger to at least
about 150°C. to 200° C. This exchanger may if desired
be included in a *hot box"™ or cabinet fumace with
other heat exchangers. Preferably the gases next pass to
a conventional catalytic hydrogenator to convert any

-acetylene present to cthylene. .

2. Oxyhydrochlorination of Ethylene to Produce
Ethylene Drchlonde

The reaction product gases containing predomi-.
nantly ethyléne and hydrogen chloride are next passed
into a catalytically activated oxyhydrochlorination
zone together with at least about the stoichiometric
amount of oxygen. The oxygen may, if desired, be sup-
plied by air, and may be used in an excess of up to 100 -
percent or more. The oxyhydrochlorination generaily
proceeds at a temperature between about 200° C. to
250° C. The hydrogen chloride (HCl) obtained from
the autothermic cracking zone is insufficient for this
oxyhydrochlorination step if the preferred molar ratio
of 0.4 to 0.6:1 of chlorine to ethane has been used, or
if the ratio of chlorine. to ethane is less than 1.0:1. An
additional stream of HCl, however; from the subse-
quent cracking of ethylene dichloride in an externally
heated cracking zone for the production of vinyl chlor-
ide may also be directed to the oxyhydrochiorination
zone.

Substantally pure ethylene dichloride may be sepa-
rated and recovered as product. Where it is desired to
recover only ethylene dichloride, no subsequent reac-
tion step is required. Although the molar ratio of chlo-
rine:ethane may be taken between 0.2:1 and 1.2:1, it is
preferred that the molar ratio’ of chlorine:ethane be
held between 0.9:1 and 1.2:1. The most preferred
molar ratio of chlorine/ethane in the production of
ethylene dichloride as desired final product is the theo-
retical molar ratio of 1.0:1 because undue recycling
and production of an excess of hydrogen chloride is
avoided.

The product of the oxyhydrochlorinator preferably
passes to a conventional recovery system having distil-
lation or stripping columns. Water and non-condensi-
bles are separated. The latter may -contain ethane,.
methane, carbon monoxide, and oxygen. If substan-
tially pure oxygen gas rather than air has been used in
the process, the ethane obtained at this point, after
removal of any carbon monoxide and purging of meth-
ane, may be returned as recycle to the autothermic
cracking reactor. )

3. Cracking of Ethylene Dichloride to Vinyl Chloride
Monomer ’

The -ethylene dichloride produced by oxyhydro-
chlorination may be passed to an externally heated
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cracking zone comprising a continuously heated tubu-
lar furnace maintained at a temperature such that the
products exit at about 500° C. to 600° C. On cracking
of ethylene dichloride to vinyl chloride, hydrogen

10
feed ratio. In Example 3, about 1-14 mols of HCl were

obtained because the chlorine used was in excess of 0.5
mois. Only 1.0 mol of HCl is required for the balanced
production of vinyl chloride. Examples 4, 5 and 6 illus-

chloride and ethylene dichloride are also. recovered. 5 trate the minor effect of decreasing residence time.
The ethylene dichloride which is unreacted is rec ycled The average yield of vinyl chlaride bused on ethane is
to the entrance to the externally heated cracking zone. 90 percent and based on chlorine is 95 percent when
The hydrogen chloride is directed 10 the oxyhydro- using oxygen. When air is used rather than substantially
chlorination zone 10 supply the amount of hydrogen pure oxygen gas in the autothermic cracking step and
chloride which is required for the oxyhydrochlorina- !0 the oxyhydrochlorination operation, the yield of vinyl
tion. The vinyl chloride is recovered as product. chloride drops to about 70 percent. This is primarily
If it is desited to simultaneously produce cthylene because the ethane recovered is diluted with nitrogen
dichloride with the vinyl chloride, an excess of chlorine and cannot readily be recycled. |
ranging from about 0.6 10 0.9 mol per mol of eihane
may be used, with the continuous withdrawal of an 15 EXAMPLE 7
amount of ethylene dichloride from the oxyhydro- In this run the chlorine and oxygen entered the auto-
chlorination step sufficient to maintain 2 balance be- thermic reactor from the bottom, and the ethane also
tween the HC1 produced and that consumed. No cata- entered at the botiom at a rate of 12.5 grams per min-
lyst need be employed and the temperature is rnain- ute. The reaction gases exited through a side arm at the
tained by external heating so that the cracked 2ases 20 top of the cylindrical reactor. In this Example, quench
containing vinyl chloride exit at between about 500° C. liquid was vaporized in the quenching operation, and
and 600° C. These gases leaving the externally heated the reaction gases, together with the vaporized quench
cracking zone may enter a recovery system which may liquid. exited the reactor at a temperature of 500° C.
consist of a series of distillation or stripping columnns. The operating conditions, yvields and by-products
The hydrogen chloride formed in cracking the ethyl- 25 obtained in Example 7 are also included in Table 1 for
ene dichloride, as previously explained, may be passed comparison. A lower reaction temperature {850° C.)
to the oxyhydrochlorinator. If the system is run in was used, compensated for by a longer residence time.
proper balance, the hydrogen chloride entering the
oxyhydrochlorinator from the autothermic ‘' cracking EXAMPLE 8 :
unit and that from the externally heated ethylen= di- 30  The preheated ethane entered the reactor at a rate of
chloride cracking zone, equal that needed in the oxyhy- 25 grams per minute. The reactor had a side opening
drochlorination of the ethylene. Unreacted ethylene for exit gases and a top-center quench liquid inlet, as
dichloride bottoms from the recovery system are recy- with Example 7. The results of this run are also tabu-
cled to the ethylene dichloride cracking zone, and the lated in Table I for comparison.
separated vinyl chloride is removed as product. 35 As in the case of Example 7, the autothermic reac-
tion, as a result of lower oxygen input, ran at lower
EXAMFLES | - 6 tempcrature compensated for by a longer residence
In the case of Examples 1-3, ethane was introdiced  time. The overall yield was slightly below that of Exam-
into the top of the reaction zone at the rate of 12.5 ple 7. Here also, somewhat more acetylene and meth-
grams per minute (g/m), In Example 4, the rate was 6.2 40 ane were produced. ‘
rams of ethane per minute; in Example 5, 12.5 g/m
End in Example g.eZ.S.O g/m. The ethgne and oxyilen EXAMPLE 9
were preheated to about 500° C. and the chlonine to Ethane preheated 1o 500° C. was passed into the
about 400° C. before entering the reactor zone. reactor at a rate of 12.5 grams per minute. A mixture of
The progress of the autothermic cracking step and 45 preheated oxygen at 600° C. and preheated chlorine at
control of the operation was obtained by taking peri- 400° C. was also passed therein simultaneously with the
odic samples for analysis. A thermocouple extended ethane. The molar ratio of the chlorine:ethane was
into the reaction zone for temperature determination. 0.57:1.0 and the molar ratio of oxygen:ethane was
The operating conditions, yields and by-products are 0.22:1.0. The reaction temperature was 950° C. The
given in Table L. : 50 results of the autothermic cracking reaction are ta-
TABLE |

EXAMPLES | - % INCLUSIVE

Mobs By-Products

Reacior Ethane Residence
Temp. Feed Time ClifCaHy  OCH, C;H,Conv. C.H, CH, _  PerimolsC,H,
Example *C. g/m Seconds Mol ratio Mol ratio Percent Yield  Yield/pass % ~CH, co CO, C,H,
%
1 kel 12.5 0.29 19 0.09 "' T6.6 7.2 66.8 140 148 a3 0
2 900 12.5 0.26 0.38 009 151 87.4 744 126 15.2 0.4 1]
3 900 12.5 0.24 0.57 8.09 91.7 6.9 79.7 i2 0.4 0.4 0
4 900 6.2 043 0.38 Q.19 427 5.7 70.2 236 2. 0.9 0
5 900 125 0.21 0.38 0.19 939 80.4 75.5 17.2 1190 L+R ] [H
6 900 25.0 0.1 0.3y a9 %8.4 8i.2 71.8 16.2 213 06 Q
7 B30 125 t.12 0.50 0.08 94.5 80.9 764 228 18.2 33 1.5
8 850 25.0 .68 0.50 0.08 89.9 809 727 24.4 17.2 1.2 2.2
9 950 12.5 0.18 0.57 G.22 893 B7.6 78.2 397 L. 1.3 26

In the above runs air was used rather than substan-
tially pure oxygen gas. Examples 1, 2 and 3 illustrate
the favorable effect of increasing the chlorine to ethane

Y

blulated in Table 1.
In the production of vinyl chloride from this reaction
mixture, the reaction products, predominantly ethylene



3,987,119

‘ 11

{1 mol) and hydrogen chlonide (1.14 mols), react in

the presence of a slight excess of oxygen and an addi-
tional 0.86 mol of hydrogen chloride-in a catalytic
oxyhydrochlorinator to produce a mo! of ethylene di-
chloride.
. Ethylene dichloride amounting to 0.14 mol is with-
-drawn as a first product, and the rematning .86 mol
subjected to thermal cracking in a tubular furnace
heated to a degree such that the reactants exit at be-
tween about 500° C. and 600° C. Unreacted-ethylene
dichloride is recovered and recycled to the furnace.

When vinyl chloride is recovered as a second prod-
uct, the 0.86 mol of hydrogen chloride obtained from
the vinyl chloride production step, together: with the
1.14 mols of hydrogen chloride abtained from the auto-
thermic cracking step, comprise the two mols of HCl
required in the oxyhydrochlorination of 1.0 mol of
ethylene. Thus, by using an excess of chlorine in the
autothermic reactor and bleeding ethylene dichionde
from the system in an amount corresponding 1o the
excess of chlorine used, both ethylene dichloride and
vinyl chloride can be manufactured without the pro-
duction of unwanted hydrogen chioride.

Since changes may be made in carrying out the above
process without departing from the scope of the inven-
tion, it is imended that all matter contained in the
above description shall be interpreted as illusirative
and not in a limiting sense.

We claim: )

1. The process for making vinyl chloride from cthane
comprising the steps of:

a. reacting a gaseous stream containing ethane. chlo-
rine and oxygen in mol ratio of chlorine to ¢thane
of from about 0.4:1 to 0.6:1, and oxygen to ¢thane
in mol ratio of from about 0.i:1 o 0.4:1, under
non-catalytic, autothermic conditions at a temper-
ature within the range of from about 700“ C to
below 100°C for a time period of from about 0.1 to

15

20

12

10 seconds to obtain a gas stream comprising ethyl-

ene and hydrogen chloride;

b. passing said gas stream compnsmg ethylene and
hydrogen chioride together with the hydrogen
chloride obtained in step ¢, below, and with oxygen

_ in at least about stoichiometric amount through a
catalytically activated oxyhydrochlorination zone

. under oxyhydrochlonination condition 1o convert

the ethylene to ethylene dichloride, and recovering

the ethylene dichloride; and

. thermally cracking the ethylene dichloride to ob-

tain vinyl chloride and hydrogen chloride, recover-

ing the vinyl chloride, and recycling the hydrogen
chloride (o step (b), above.

2. The process:for making ethylene from ethane
which comprises reacting a gaseous stream containing
ethane, chlorine and oxygen in mol ratio of chlorine to
ethane of from about 0.2:] to 1.2:1, and moi ratio of
oxygen o ethane of from about 0.005:1 to 0.5:1, under
non-catalytic, autothermic conditions at temperature
within the range of from about 700° to below 1000° C.
for a tie period of from about 0.1 to 10 seconds to
obtain a gas stream comprising ethylene, hydrogen
chloride and water.

3, The process of claim 2 wherein reaction is con-

. ducted at-temperature within the range of from about

30

s

850° to 950° C. for a time period of from about 0.25 1o
10 seconds. ’

4. The process of claim 2 wherein the mol ratio of
chlorine to ethane is from about 0.4:1 to 0.6:1 and the
mol ratio of oxygen to ethane is from about 0.1:1 to
0.4:1.

5. The process of claim 4 wherein reaction s con-
ducted at temperature within the range of from about

" 850° to 950° C. for a time period of from about 0.25 to

10 seconds.
® * * X *
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PAT/AK/JCD/024/9920
BY FACSIMILE: 00 49 89 2399 4465

Dear Sirs,

International Application No. PCT/GB2004/001265
Applicant: BP Chemicals Limited
Our ref: 9920

In response to the written opinion of the international searching authority
dated 20" August 2004, Applicant submits a written reply.

Inventive Step of Claim 1

Claim 1 of the process of the present invention relates to an integrated
process for the production of an olefin derivative said integrated process
comprising cracking a paraffinic hydrocarbon containing feedstock to
produce a first dilute olefins stream, reacting at least a portion of said first
dilute olefins stream to produce a first olefin derivative stream, and a
second dilute olefins stream comprising at least 5 mol% unreacted olefins,
and auto-thermally cracking at least a portion of said second dilute olefins
stream.____ .

———— e — . N R

In particular, the invention takes advantage of the fact that it has been found
that autothermal cracking processes are tolerant of olefins in the feed
thereto without causing coking. This allows integrated processes as claimed
to be operated with autothermal cracking of the second dilute olefins
stream comprising unreacted olefins therein even though the olefins are at
relatively high levels.

Ragistered i England and Walas No 542515
Registered Offica’ Chortzoy Road
Sunbury on Thames Middlesex TW16 7BP
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Thus, treatment steps to reduce the olefin content are not required. Olefin
derivative processes of relatively low conversion per pass may be operated
using a dilute olefins strearn, even though the product stream may
comprise large amounts of unreacted olefins which are subsequently
recycled (see p.8, lines 11-16 as filed).

In contrast, it is desirable to minimise the amount of olefins in the feed to a
steam cracking process because the olefins will have a tendency to
increase coke formation, leading to shorter cracker run times. {(QOlefins
produced thermally crack further to produce diolefins, alkynes, aromatics
and cyclodiolefins, and, ultimately, to produce coke)

In response to the Examiner’s comments, Applicant submits, as Appendix
1. experimental data from an autothermal cracking process with ofefins in
the feed thereto.

These results show no significant changes in acetylene or benzene. Since
these are precursors to ccke formation, these results indicate no increased
propensity for coke formation.

As the issue of coking in steam cracking processes due to the presence of

_olefins is well-known to the person skilled in the art, the fact that

autothermal cracking processes are tolerant of olefins in the feed thereto
without causing coking is surprising.

In addition, although ethylene is fed to the autothermal cracking process the
yield of ethylene is increased compared to feeding of ethane alone.

With respect to the cited art, there is no mention in either D1 or D2 of
autothermal cracking. In addition, there is no mention in either D1 or D2 of
the leveis of olefins in the respective recycles, and thus, no teaching away
from the generally held knowledge that the levels of olefins to a steam
cracker should be minimised to reduce coking.

In fact, the general teaching of the cited art is to reduce or remove any
olefins in the recycle stream to the cracking step, consistent with the fact

___ that.itis_desirable_to_minimise the_levels_of olefins fed to.a.steam.cracker. . . . . .

Thus, in D1, the general teaching is to use a polymerisation process or
oligomerisation process as an ethane/ethylene separator. The processes
have a high conversion per pass (see p.1, lines 46-47), and the Example only
cites the recycle stream as "Ethane Recycle”.

Similarly, in D2, the suiteble processes for production of an olefin derivative
are generally described as "high conversion once through processes” (for
example, col. 9, lines 63-65, col. 10, lines 66-69). Further, D2 explicitly
allows for the subsequent treatment of the recycle stream to remove
contaminants that would be detrimental to the cracking process (col. 11,
lines 18-34).



Thus, there is no motivation in either D1 or D2 to recycle a second dilute
olefins stream comprising unreacted olefins at relatively high levels to an
autothermal cracking process as in claim 1.

Not least for this reason, claim 1, and its dependent claims, has inventive
step over D1 and D2, either alone or in combination.

Further Objections

Applicant submits that “autothermally” is not vague or unclear and would
be understood by the person-skilled.in the art.

Thus, Applicant submits the claims do meet the requirements of Article 6
PCT. ' : :

Finally, Applicant prefers not to add references to D1 and D3 at this stage,
but will do so if required in the respective national offices.

Yours faithfully

FELQ--:L-% ‘\/g@f\/l oW

Alex King Mike T. Barlow
Authorised Representative No. 67
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Experimental

Appendix 1

Ethane or ethane and ethylene as detailed in Table 1 were passed with

hydrogen and oxygen {H;:0O; ratio of 1:1 by volume) to an autothermal

cracking reactor where autothermal cracking occurred in the presence of a

60mm bed of a catalyst comprising 3wt% platinum on alumina.

Table 1
Run | Pressure | Feed composition Conv. | Yields

(barg) C2H6 | C2H4 | O:C | C2H6 [ C2H4 | CO C0O2 | CH4 | C2H2 | C6H6
1 10| 100.0 00554 |6482 | 3747 | 1518 209 | 713 | 0.25 0.5
2 10| 96.0 410602 | 686 |4149]|2062|268| 917 | 031]| 098
3 10| 925 7.5 0578 | 6554 | 4183|2089 | 268 | 8.92| 036| 0.67
4 10| 90.0 10 | 0.566 | 62.02 | 4148 | 2062 | 291 | 862 | 0.26| 0.82
5 10 | 100.0 00641 |77.72 | 4129|2118 | 235 | 996 | 059 | 2.73
6 10 [ 96.0 4 | 0.631 | 75.36 | 4269 | 23.37 | 3.06 | 10.71 06| 2.16
7 10 [ 925 7.5 (0623 | 746 44912474 | 318 | 1104 | 0.66| 2.08
8 10| 90.0 10 | 062 | 7511 | 4591|2555 3.21 [ 11.33| 0.73| 258
9 20 [ 100.0 00518 6424 | 3392|1426 | 246 | 9.07 | 0.16 27
10 20 [ 950 50535 |67.21 | 3743 |116.92 | 276 (1049 | 032 | 344
11 20| 925 7.5 10525 16536 | 37.95 | 1748 | 257 | 1035 | 0.27 | 3.01
12 90.0 10 | 0.511 | 63.11 | 38.97 | 18.32 | 2.54 | 10.49 | 0.31 2.94

20

{Yields are in g/100g feed
0O:C ratio is by weight
Ethane and ethylene feed composition is by weight %)
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From the \3‘

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To: Received in PAT PCT
HYMERS, Ronald Robson
BP INTERNATIONAL LIMITED 1 € MAR 2005N TATION TO RESTRICT O
Patents & Agreements INVI ON Rl R
(SJhegsey Ro_?_ﬁa . TO PAY ADDITIONAL FEES
unbury-on-Thames
Viddlesex TW1G 7LN Fie o (PCT-Attictk 34(3)(a) and Rule 68.2)
L ACTION Date of mailing . B
(daysnonthyear) EMZOQSﬁ
Applicant's or agent's file reference B REPLY OR T Fn,onlh(s)- _;;“ -
BPCL 9920 PAYMENT DUE omithora “’é‘fdateggf‘;n_alljirlé
i Intematanal application No - Intarnaticnal filing date
PCTAGB2004001265 (dayfnonthiyear) 24.03.2004

Applicant .
BP CHEMICALS LIMITED et al.

1. This International Preliminary Examining Authority

{iy considers thal the international application does not comply with the requirements of unity of
invention {Rule 13.1, 13.2 and 13.3) for the reasons indicated in the Annex.

(i) therelore considers that there ars 2 inventions claimed in the international application
as indicated in the Annex.

(iii) recalls that claims relating to inventions in respect of which no international search report has been
established need not be the subject of intemnational preliminary examination (Rule 66.1 (&)).

2. Consequently the applicant is hereby invited, within the time limit indicated above, to restrict the claims
as suggested under item 3, below, or to pay the amount indicated below:

EUR 1530,00 1 EUR 1530,00

Fee per addltional invention - number of additional inventicns total amount of additional tees

The applicant is informed that, according to Rule 68.3 (c), the payment of any additional fee may be
made under protest, i.e. a reasonnad statement 1o the effect that the international application complies
with the requirement of unity of invention or that the amount of the required additional fee is excessive.

3.  If the applicant opts to restrict the claims, this Authority suggests the restriction possibilities indicated in
the Annex, which in its opinion would be in compliance with the requirement of unity of invention.

4. In the absence of any response from the applicant, this Authority will establish the international
preliminary examination report on those parts of the international application indicated in the Annex which,
in the opinion of this Authority appear 1o relate to the main invention.

Name and mailing address of 1he intemational Authorized GHicer

preliminary examining authority: fef"' "".‘\
. European Patent Office Hari, J g 0) t
D-80298 Munich =, ) i
Tel +49 89 2399 - 0 Tx: 523656 epmu d Tel. +49 89 2399-7845 3,‘..' &
e 40’

Fax: +49 B9 2399 - 4465

Form PCTAPEA/405 (January 2004)
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INVITATION TO RESTRICT
OR TO PAY ADDITIONAL FEES International application No. PCT/GB2004/001265

This Authority considers that there ar2 2 inventions covered by the claims indicated as follows:

I: Claims 1-7 directed to a prccess for producing an olefin derivative comprising (i)
cracking a paraffinic feed; (ii) reacting the obtained first dilute olefins stream to produce a first
olefin derivative stream and (iii) autothermally cracking the obtained second dilute olefins
stream comprising alkanes and at lzast 5 mol-% unreacted olefins.

I:  Claim 8 directed to a process for producing an olefin derivative comprising (i} cracking
a paraffinic feed; (i} reacting the obtained first dilute olefins stream to produce a first olefin
derivative stream ;(iii) reacting the cbtained second dilute olefins stream comprising alkanes
and at least 5 mol-% unreacted olefins to produce a second olefin derivative stream and (iv)
recycling a stream comprising unreacted alkanes and less than 5 mol-% olefins to cracking
step (1).

The reasons for which the inventions are not so linked as to form a single general inventive
concept, as required by Rule 13.1 PCT, are as follows:

The common concept linking together independent claims 1 and 8 is a process for producing
an olefin derivative comprising (i) cracking a paraffinic feed and (i) reacting the obtained first
dilute olefins stream to produce a first olefin derivative stream and a second dilute olefins
stream comprising alkanes and at least 5 mol-% unreacted olefins.

This common concept is not considered as inventive over prior art document US-A-5981818
disclosing the cracking of an alkane feedstock followed by the polymerisation of the obtained
dilute ethylene and/or propylene stream,

The requisite unity of invention (Rule 13.1 PCT) therefore no longer exists inasmuch as a
technical relationship involving one or more of the same or corresponding special technical
features in the sense of Rule 13.2 PCT does not exist between the subject-matter of the
previously defined two inventions.

Form PGTAPEA/405 {Annex, Sheel 1) (July 1992)
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OFFICIAL ACTION
From the INTERNATIONAL SEARCHING AUTHORITY

_ - PCT

BP INTERNATIONAL LIMEITED | R {B:’——I—ILVITATION TO PAY ADDITIONAL FEES
Attn. Hymers, RonaldtRobson ‘
Chertsey Road : )

Sunbury-on-Thames ,i ‘5 oE Zmll {PCT Aricle 17(3}{a} and Rule 40.1)
Middlesex TW16 7LN | - ]

UNITED KINGDOM 1

'
i

Date of mailing
{day/monitvycar)

09/06/2004

Applicant's or agent's file reference PAYMENT DUE

within B
BPCL 9920 >

from the 2882 date of mailing

Internationa! application No.

internaltional filing dale
. day/t th/yea
k) PCT/GB2004/001265 {day/monttysar) 24/03/2004
Applicant
BP CHEMICALS LIMITED
1. This International Searching Authonty
(i} considers that there are (number of) inventions claimed in the intermnational application covered
by the ctaims indicated EGCIKWon the extra sheet:

and it considers that the international apahcation doss not comply with the requirements of unity of invention
(Rules 13.1, 13.2 and 13.3)} for the reasons indicatedt¥¥v/on the extra sheet:

H {ii) has carried out a partial internation:at search (see Annex) D will esiablish the international search repart
on those parts of the international application which relats to the invention first mentioned in claims Nos
1-7

{ii} will establish the international search report on the other parts of the interatonal application only f, and to the extant
to which, addinonal fees are paid

2. The applicant is hereby invited, within the time hmitindicated above, 10 pay t_he.amounl indicated below:

EilR 1.550,00 X 1 = EUR 1.550,00
Fee per addmonal invention number of additional inventions

total amount of addilonal fees

Or, e

The applicant is informed that, according lo Rule 40.2(c), the payment of any additional fee may be made under protest,

i.e., a reasoned siatement (o the efect that the imtemational application compliss with the requirement of unity of invention
or that the amount of the required additiona! fee is excessive.

3. |:| Claim({s) Nos. have bean found to be unsearchable under
Article 17(2)(b) becauss of defects under Article 17(2)(a) and therafore have not been included with any iInvention

Name and mailing address of the International Searching Authority
European Patent Office. P.B. 5818 Patentlaan 2 N ] ]
NL-2280 HV Rijswik Veronigue Baillou
. 0 Tel. (+31-70) 340-2040, Tx 31651 epc nl, ]
_w" Fax: {+31-70) 340-3016

Authorized officer

Form PCT/ISA/206 (July 1992)




International application No.

INVITATION TO PAY ADDITIONAL FEES pCT/G82004/001265

This International Searching Authority found multiple (groups of)

inventions in this international application, as follows:
1. Claims: 1-7

process for producing an olefin derivative comprising (i)
cracking a paraffinic feed; (ii) reacting the obtained first
dilute olefins stream to produce a first olefin derivative
stream and (iii) autothermally cracking the obtained second
dilute olefins stream comprising alkanes and at least 5
mol-% unreacted olefins

- 2. Claim : 8

process for producing an olefin derivative comprising (i)
cracking a paraffinic feed; (ii) reacting the obtained first
dilute olefins stream to produce a first olefin derivative
stream ;(iii) reacting the obtained second dilute olefins
stream comprising alkanes and at least 5 mol-5% unreacted
olefins to produce a second olefin derivative stream and
(iv) recycling a stream comprising unreacted alkanes and
less than 5 moi-% olefins to cracking step (i)

The common concept linking together independent claims 1 and 8 is a
process for producing an olefin derivative comprising (i) cracking a
paraffinic feed and (ii) reacting the obtained first dilute olefins
siream to produce a first olefin derivative stream and a second dilute
olefins stream comprising alkanes and at least 5 mol-% unreacted
olefins.

This common matter is alreacy known from document US-A-5981818
disclosing the cracking of an alkane feedstock followed by the
polymerisation of the obtained dilute ethylene and/or propylene stream.
The requisite unity of invention (Rule 13.1 PCT) therefore no longer
exists inasmuch as a technical relationship involving one or more of the
same or corresponding special technical features in the sense of Rule
13.2 PCT does not exist between the subject-matter of the previously
defined two groups of dependent claims.

Form PCT/ISA/206 (axira sheet) {July 1992; reprint January 2004}
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HYMERS, Ronald, Robson
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Patents and Agreements
Compass Point
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Staines, Middlesex TW18 1DT
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Applicant’s or agent's file reference
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IMPORTANT NOTIFICATION

Intemational application No.

PCT/GB2004/001265

Intemational filing date (day/month/year)

24 March 2004 (24.03.2004}

the applicant

1. The following indications appeared on record concerning:

|:| the agent

D_ the common representative

D the inventor
Name and Address

BP CHEMICALS LIMITED
Chertsey Road
Sunbury-on-Thames
Middlesex TW16 7BP
United Kingdom

State of Nationality State of Residence

GB GB

Telephone No.

Fagsimile No.

Teleprinter No.

the person

2. The International Bureau hereby naotifies the applicant that the following change has been recorded concerning:

|:| the address

I:, the nationality I:I the residence

D the name
Name and Address

O & D TRADING LIMITED
Chertsey Road
Sunbury-on-Thames
Middlesex TW16 7BP
United Kingdom

State of Nationality State of Residence
GB GB

Telephone No.

Facsimile No.

Teleprinter No.

J. Further observations, if necessary:
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the receiving Office

l:] the International Searching Authority

D the International Preliminary Examining Authority

D the designated Offices concerned
the elaected Offices concerned

D other:

The Intemational Bureau of WIPQ
34, chemin des Colombettes
1211 Geneva 20, Switzerland
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Authorized officer

Diana NISSEN (Fax 338 8270)

Telephone No. (41-22} 338 8054

Farm PCT/B/308 (March 1994)

006784540




PCT/GB2004/001265

PATENT COOPERATION TREATY (%
From the INTERNATIONAL BUREAU \’}}
PCT To:
NOTIFICATION OF THE RECORDING HYMERS, Ronald, Robson
OF A CHANGE innovene Europe Limited
European Patents Group i
{PCT Rule 92bis.t and - Compass Point

Administrative Instructions, Section 422) 79-87 Kingston Road

Staines, Middlesex TW18 1DT
Date of mailing {day/month/year) United Kingdom
29 August 2005 {29.08.2005)

Applicant's or agent's file reference

BPCL 9920 IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/GB2004/001265 24 March 2004 (24.03.2004)

1. The following indications appeared on record concerning:

the applicant D the inventor D the agent |:| the common representative

Name and Address State of Nationality State of Residence
O & D TRADING LIMITED GB GB
Chertsey Road Telephone No.

Sunbury-on-Thames
Middlesex TW16 7BP
United Kingdom : Facsimile No.

Teleprinter No.

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

D the persan the name D the address l:’ the nationality I:I the residence

Name and Address State of Nationality State of Residence
INNOVENE EUROPE LIMITED GB GB
Chertsey Road Telephone No.

Sunbury-on-Thames
Middlesex TW16 7BP
United Kingdom Facstmile No.

Teleprinter No.

3. Further observations, if necessary:
All future correspondence should be sent to the address as indicated in the addressee box
—._above. _

4. A copy of this notification has been sent to:

the receiving Office D the designated Offices concerned
D the International Searching Authority the elected Offices concerned
|:| the International Preliminary Examining Authority I:l other:

Authorized officer
The International Bureau of WIPD

34, chemin des Colombettes Diana NISSEN {Fax 338 8270)
1211 Geneva 20, Switzerland
Facsimile No. {41-22) 338.89.65 - Telephone No. (41-22) 338 8054

Form PCT/B/206 (March 1994) 006785755
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REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Bogota,
2020 @D
Doctor (a) (D

RODRIGUEZ D'ALEMAN DILIA MARIA

REFERENCIA Radicacidn No. 5 98883
Sclicitud internacional GB2004/001265
Fecha inicic fase nacional 03/11/2005
Tramite 11
Evento 379
Actuacidn 430
Oficio No. 1 (‘GQS

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decigién 486 de la Comigidn de la Comunidad Andina, articuloe 27 del Tratadc de
Cooperacién en Materia de Patentes (PCT}, regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del Cédigo de
Procedimiente Civil. Adicicnalmente:, deberd presentar el documento gue acredita la
existencia y representacidn légal de la sociedad solicitante, cuando ésta fuere
persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisidn 486, se le
requiere para que dentrao del términoe de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En casc de no dar cumplimiento al presente requerimiento, la solicitud se
considerara abandonada y perderd su prelacién.

Notifiquese el presente’oficio conforme a lo dispuesto en el numeral 5.2, literal
e}, del capitulo quintg del ftitulo primero de la Circular Unica No.10 de 2001.

PEDES DE VERGEL
isidn de Nuevas Creaciones

ALIX CARMENZA
Jefe de la di
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