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Abstract

The feed mixture containing C,4 to Cg olefins and water vapor is introduced with an entry temperature
ranging from 300 to 700 °C into a reactor which contains a feed material comprised of a granular
shape-selective zeolite catalyst. A product mixture containing water vapor and C, to C, olefins is
extracted from the feed material and is guided through at least one condenser. The vaporous product
mixture exiting the condenser is compressed, whereby the pressure of the product mixture is
increased by 0.3 to 7 bar. The compressed product mixture is guided through an indirect heat
exchanger and is cooled until a condensate that is rich in water is produced while giving off
condensation heat. The product mixture containing the condensate is introduced into a separator
from which a condensate that is rich in water and, apart therefrom, a vaporous product mixture
containing C, to C, olefins are extracted. The condensate that is rich in water is relieved from
pressure and is vaporized in the indirect heat exchanger while utilizing the condensation heat
previously given off during the condensation, whereby at least a portion of the water vapor is

introduced into a mixing chamber to which the feed mixture containing C, to C; olefins is fed.
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Description

This invention relates to a process of producing Cy;- to Cg-
olefins from steam and a feed mixture containing C4- to Cg-
olefins, wherein the feed mixture containing steam is intro-
duced into a reactor with an inlet temperature of 300 to
700°C, said reactor comprising a bed of granular, form-
selective zeolite catalyst, and wherein a product mixture
containing steam and Cy- to Cg-olefins is withdrawn from the
.bed and is passed through at least one cooling means.

Such process is known from DE 196 48 795 Al. It is the object
underlying the invention to further develop this process and
to operate at costs as reasonable as possible. In accordance
with the invention, this is achieved in the above-mentioned
process in that the vaporous product mixture coming from the
cooling means is pressurized and the pressure of the product
mixture is increased by 0.3 to 7 bar, preferably by at least
1 bar, that the pressurized product mixture is passed through
an indirect heat exchanger, and the product mixture is cooled
therein to such an extent that a water-rich condensate is
produced by releasing heat of condensation, that the product
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mixture containing condensate 1is introduced into a separator
from which a water-rich condensate and, separate therefrom, a
vaporous product mixture containing C;- to Cy-olefins is
withdrawn, that water-rich condensate coming from the separa-
tor is expanded and evaporated in the indirect heat exchanger
by utilizing the heat of condensatiocn previously released
during condensation, that at least part of the steam from the
indirect heat exchanger is introduced into a mixing chamber’
to which the feed mixture containing C4- to Cg-olefins is
supplied, and that from the mixing chamber a mixture is with-

drawn which is heated and introduced into the reactor.

In the process in accordance with the invention, the conden-
sation temperature is increased by increasing the pressure by
0.3 to 7 bar and preferably by at least 1 bar, so that water-
rich condensate is obtained already upon cooling to the ele-
vated condensation temperature. The water-rich condensate
coming from the separator is expanded by a pressure differ-
ence of 0.3 to 7 bar, so that its evaporation temperature de-
creases below the condensation temperature which had previ-
ously been raised by compression. Thus, it is achieved that
the amount of heat produced during condensation can directly

be reused for evaporating the water-rich condensate.

The mixture of steam and hydrocarbons supplied to the reactor
expediently contains these components in a weight ratio of
0.5:1 to 3:1. In the reactor, the granular zeolite catalyst
is arranged in the form of a bed. The grain sizes of the
catalyst usually lie in the range from 1 to 8 mm. The zeolite

is of the pentasil type, it has form-selective properties. In
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10:1 to 200:1. The primary crystallites of the alumosilicate
preferably have a narrow grain-size distribution with diame-
ters in the range from 0.1 to 0.9 pm; the BET-surface usually
lies in the range from‘300 to 600 m2/g, and the pore volume

(according to mercury porosimetry) is about 0.3 to 0.8
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cm®/g. Alumina trihydrate preferably is used as binder to

keep the primary crystallites together.

The feed mixture to be processed, which contains C4- to Cg-
olefins, mey vary in a wide range, it may for instance be
light gasoline from a catalytic cracking plant or a raffinate
from the product of a steam cracker. The feed mixture may '
also contain hydrocarbons with more than 8 C-atoms per mole-
cule, with these higher-boiling components preferably being
removed, at least in part, before reaching the reactor. The
separation need, however, not be performed completely, since
longer-chain molecules are not detrimental to the conversion
in the reactor, but above all represent superfluous ballast
only. If one intends to separate the longer-chain olefins in
the mixing chamber, it is recommended to design the mixing
chamber as a column with a gas- and liquid-permeable packing
and to pass the feed mixture onto the upper portion of the
packing. At the same time, a partial amount of the étéam is
introduced into the lower portion of the packing, this par-
tial amount being selected such that the C4- to Cg-olefins
from the feed mixture are evaporated and are removed from the
column together with the steam. The higher-boiling hydrocar;
bons remain in the column completely or to a large extent and
are withdrawn from the bottom thereof together with water

that has formed.

Embodiments of the process will be explained by means of the

drawing, wherein:

Fig. 1 shows a flow diagram of the process, and

- chAatre m o owmeds F1 At A
P/ LT S M S A SRS -1 S aa

w3

+ - o~ TR e
¥ the procesco.of Tig. 1.
=

In accordance with Fig. 1, the feed mixture containing Cs-
to Cg-olefins is introduced through line (1) into column (2)

serving as mixing chamber, which comprises a packing (3) of
gas- and liquid-permeable elements, e.g. trays. At the same
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time, steam 1is supplied through line (4), which steam enters
the packing (3) from below and in so doing evaporates the
feed mixture, entraining it to the top of the column (2). The
mixture of feed mixture and steam flows through line (5) to a
heat exchanger (6) in which the temperature of the mixture is
increased. Finally, the mixture flows through line (7) to a
heaEer (8) which may be fired or operated electrically, and
leaves the same with a temperature in the range from 300 to
700°C, preferably 400 to 600°C. With this temperature, the
mixture is introduced through line (9) into the reactor (10)
which cohtains a bed (11) of a form-selective zeolite cata-—
lyst of the pentasil type. The Si:Al atomic ratio of the zeo-
lite lies in the range from 10:1 to 200:1. The composition of
the feed mixture which is introduced through line (9) into
the reactor (10) may vary, and it is recommended to adjust
the content of aromatics, calculated anhydrous, to not more
than 20 wt-%, preferably to not more than 10 wt-%. This is
recommendable because a higher content of aromatics results
in a premature deactivation of the catalyst due to carbon de-
posits. Furthermore, the feed mixture should expediently be
free from components having threefold C-C-bonds or conjugatéd

double bonds, since they likewise deactivate the catalyst.

The conversion in the reactor (10) is effected adiabatically,
so that from the bed a product mixture is withdrawn whose
temperature is 20 to 80°C lower than the inlet temperature.
The added content of ethylene, propylene and butene. isomers
in the product mixture withdrawn via line (12) is at least 60
wt-% and preferably at least 70 wt% of the olefinic constitu-

ents of the feed mixture. It is recommended to operate the

— e e e e P e ~ = . Y P Y s T T
- [ relativelig 5 150D TRE Tangs Irom w2 ¢ B

R =N W
-l e Ll —~ - R %

3 bar. Usually, the pressures in the reactor lie in the range
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from 0.6 to 1.5 bar.

The product mixture of line (12) releases part of its heat in

the heat exchanger (6), and it usually leaves the heat ex-



changer via line (13) with a temperature in the range from 60
to 200°C and a pressure in the range from 0.5 to 3 bar. In
the compressor (14), the pressure of the vaporous product
mixture is increased by 0.3 tc 7 bar and mostly by at least 1
bar, with the temperature at which condensate is formed also
being increased. Through line (13a) the pressurized mixture
flows to the indirect heat exchanger (15). In the heat ex-
changer (15), intensive cooling is provided, and water-rich
condensate from line (16) serves as cooling medium. This con-
densate evaporates, and the steam formed is introduced
through line (4) into the column (2). In the product mixture
coming from the compressor (14), water-rich condensate is
formed thrcugh cooling in the indirect heat exchanger (15).
The product mixture is introduced through line (17) into a
separator (18), and the desired product containing C;- to
Cg-olefins is withdrawn therefrom through line (19), which
product may also be supplied to a subsequent cleaning not
represented here. The water-rich condensate obtained in the
separator (18) flows through line (20) first of all to an ex-
pansion valve (21) where it is expanded by a pressure differ-
ence of 0.3 to 7 bar. The condensate is cooled further, and
its evaporation temperature 1is decreased. The further utili-

zation of this condensate via line (16) has already been ex-

plained.

The process variant of Fig. 2 relates to the processing of a
feed mixture supplied via line (1), which apart from Cg~ to
Cg—-olefins also contains higher-boiling components. As far

as Fig. 2 uses the same reference numerals as Fig. 1, these
have the meaning already explained in connection with Fig. 1.
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line (4) which is divided into lines (4a) and (4b). The
amount of steam flowing in line (4a) is sufficient to evapo-
rate the C4- to Cg-olefins supplied via line (1) in column
(2), but where the higher-boiling hydrocarbons are not evapo-

- P L N e WP il o F 2 IR~ Pl
~ e Lalmad T A 7 -

M

rated to a large extent and together with water are accumu-



lated as liquid in the bottom of column (2). From there, the
liquid mixture is supplied through line>(25) to a separator

(26), from which the separated water is added to the conden-
sate of line (16) through line (27). The separated hydrocar-
bons are removed from the process via line (28). To the mix-
ture of steam and Co- to Cg-olefins, which is withdrawn from
column (2) via line (5), the second partial stream of steam

is added, which was branched off via line (4b), and the mix-
ture is first of all supplied to the heat exchanger (6) be-

fore the further treatment explained in connection with Fig.

1 is performed.

Examples:

The procedure is as represented in the drawing, where the
zeolite catalyst of the pentasil type has an atomic ratio
Si:Al of 70. The feed mixture of Example 1 only contains hy-

drocarbons up to Cg, in Example 2 also highef hydrocarbons

are processed.

Example 1:

In the process in accordance with Fig. 1, 100 000 kg/h of a
feed mixture are supplied, whose composition is indicated in

Table 1 and which has a temperature of 80°C:



Table 1: Example | Example A ‘B
1 2
Ncn-cyclic C.- to Ce-olefins (wi-%) 48.0 27.0 02 33.0
Non-cyclic Ce.-olefins (wt-%) - 4.0 6.8 3.0
C.- to Ce-paraffins (wt-%) 38.0 19.0 0.2 23.3
Ce.-paraffins (wi-%) - 5.0 9.4 3.9
Aromatics (up to Cs) (Wt-%) 8.0 13.0- 0.6 14.7
Aromatics (Cs.) (Wt-%) . - 1 11.0 51.7 3.2
Cycloalkanes and cycloalkenes up to Ce 6.0 14.0 4.3 16.3
(Wt-%) |
Cycloalkanes, cykloalkenes, polynaphthenes, - 7.0 1 26.8 2.6
Cs.  (Wt-%)

By supplying 150000 kg/h steam from line (4), the feed mix-
ture is completely evaporated in column (2) and withdrawn
from the top of column (2). The temperature and the pressure

in various lines are indicated in Table 2.

Table 2: Example 1 Example 2
Line Temperature | Pressure (bar) | Temperature Pressure (bar)
(°C) C)

5 111 1.7 111 1.7
7 420 1.5 420 1.5
9 490 1.4 490 1.4
12 440 1.2 440 1.2
13 170 1.1 170 1.1

B2 1145 442 145 42
17 121 4.0 121 40
19 121 4.0 121 4.0
16 117 1.8 117 1.8
4 117 1.75 117 1.75
25 - — 114 1.8




The power of the compressor (14) is 17 MW, for direct coolihg
water is injected into the mixture between the condensing
steps. The product mixture withdrawn from line (19), the hy-
drocarbons of which still are vaporous, has the composition

indicated in Table 3:

Table 3: | Example 1 Example 2
Propylene (wt-%) 16.3 12.8
Ethylene (wt-%) . 3.7 3.0
Butene (Wt-%) 12.2 9.4
Olefins, C.to Cs (Wit%) 2.4 54
Others (Wt%) 44 4 48.4
Steam " (Wt-%) 21.0 21.0

Due to the compression of the reaction products 95 MW heat
can thus be provided and a cooling capacity of likewise about
95 MW, which is required for pressurizing the water content
in the product mixture, can be saved in that 17 MW of pres-

surizing power are provided.

Example 2:

The procedure is as shown in Fig. 2, and 100 000 kg/h of a
feed mixture of 80°C and the composition indicated in Table 1
(above) are supplied to column (2) through line (1). This
feed mixture has a higher content of high-boiling components
than the feed mixture of Example 1. Through line (4a) 33 000
kg/h of process steam are supplied, where 83 wt-% of the feed
mixture are evaporated and are withdrawn from the top of col-
umn (2). The non-evaporated rest of the feed mixture is with-
drawn through line (25) together with aqueous condensate. The
hydrocarbons (16970 kg/h) withdrawn via line (28) have the
composition indicated in Table 1, column A. The condensate
withdrawn through line (27) is introduced into line (16) and
thus recirculated to the condensate circuit. The hydrocarbon



content of the mixture leaving column (2) at the top has the
compdsition indicated in Table 1, column B. The ensuing pfoc-
ess steps are analogous to those described in Example 1. The .
temperaﬁure and the pressure in the various lines are indi-
cated in Table 2. 100000 kg/h steam are admixed to this mix-
ture through line (4b), so that the steam content required in

‘the reactor feed stream is achieved.

Units which are used in this specification and which are not
in accordance with the metric system may be converted to the
metric system with the aid of the following table:
1 bar = 1 x 10° Pa
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Claims

1. A prbcess_of producing Cz- to Cg-~olefins from steam and .
a feed mixture containing C4— to Cg—-olefins, wherein the
feed mixture containing steém is introduced ihto a reac-
tor with an inlet temperature of 300 to 700°C, said reac-
tor comprising a bed of granular, form—selecti&e zeolite
catalyst, wherein a product mixture containing steam and
Cz- to Cg-olefins is withdrawn from the bed and is
passed through at least one cooling means, characterized
in that the vaporous product mixture coming from the
cooling means is pressurized and the pressure of the product
mixture is increased by 0.3 to 7 bar (3 x 10! to 7 x 10° pa),.
that the pressurized product mixture is passed througH an .
indirect heat exchanger and the product mixture is coocled .
therein to such an.extent'that a water-rich condensate is
produced by releasing heat of condensation, -that the
product mixture containing condensate is introduced into -
a separator from which a water-rich condensate and, sepa-
rate therefrom, a vaporous producf mixture containing
C2— to Cg-olefins is withdrawn, that water-rich conden-
sate coming from the separator is expanded and evaporated
in the indirect heat exchanger by utilizing the heat of
condensation. previously released during condensation,
that at least part of the steam is introduced from the
indirect heat exchanger into a mixing chamber to which
the feed mixture containing C4- to Cg-olefins is sup-
plied, and that a mixture containing steam is withdrawn:
from the mixing chamber, which mixture is heated and in-

troduced into the reactor.
2. The process as claimed in claim 1, characterized in that

the feed mixture supplied to the reactor contains steam

and hydrocarbons in a weight ratio of 0.5:1 to 3:1.
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The process as claimed'in claim 1 or 2, characterized iﬁ
that the product mixtﬁre coming from the cooling means
has a temperature of 60 to 200 °C and a pressure of. 0.5 .
to 3 bar (5 x 10* to 3 x 10° Pa) and is still vaporous.

The process as clalmed in claim 1 or any of the precedlng
claims, characterized in that the feed mixture supplied
to the mixing chamber contains hydrocarbons with more
than 8 C-atoms per molecule, that the mixing chamber is
designed as column with a gas— and liquid-permeable pack-
ing, that the feed mixture is supplied onto the upper
portion of the packing, and C4- to Cg- olefins from the
feed mixture are evaporated with a partial amount of® ithe
steam supplied to the column in the lower portion of'the
packing and ‘are w1thdrawn from the column together w1th

the steam

The process as claimed in claim 4, characterized in that
a liquid mixture containing water and hydrocarbons is
withdrawn from the column, from which liquid mixture wa-
ter is separated which is added to the expanded water-—
rich condensate before reachlng the indirect heat ex-

changer
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