
EP 0241 638 B1 Description The invention relates to a process for the
separation of aromatics from feed hydrocarbon mixtures which contain these
compounds and non-aromatics and have 5     a boiling range between 40 and
[err], the feed hydro- carbon mixture being subjected, without prior
separation into individual fractions, to an extractive distillation using
N-substituted morpholines, the substitutes of which do not have more than
seven carbon atoms, as a selective 10     solvent. The invention is here
based on the object of obtaining an aromatics concentrate, suitable for use
as a blending component for carburettor fuels, from the said feed
hydrocarbon mixtures. The measures initiated in recent years in the 15
interest of protecting the environment have, in the motor vehicle field,
had the result that the demand for lead- free carburettor fuels has
constantly risen and will also rise yet further in the future. The reason
is that poisoning of the catalysts, which are increasingly 20     provided
downstream of spark-ignition engines for reduc- ing the output of
pollutants, can be avoided by means of these lead-free carburettor fuels.
At the same time, however, the lead-free carburettor fuels must meet the
same quality require- 25     ments, especially with respect to their knock
resistance, as the corresponding leaded carburettor fuels. The required
octane numbers must therefore be obtained by the addition of other
substances and/or by a different fuel composition. It has already been
known for a long time 30     that the knock resistance of a carburettor
fuel can be increased by an addition of benzene. Because of the
carcinogenic properties of benzene, however, there have been endeavours
recently to minimise the benzene content of the fuel as far as possible.
This has therefore had 35     the result that a variety of other methods
for improving the octane number were developed. Apart from the increased
use of alkylate gasolines and polymer gaso- 



lines, certain alcohols such as, for example, methanol,    - 2 -
isopropanol and tert.butanol, as well as certain ethers such as, for
example, methyl tert.-butyl ether and amyl ether, are also used as octane
number improvers. Very often, the required octane number in the carburettor
fuel 5     is also adjusted by an addition of aromatics concentrates which,
apart from a little benzene, contain above all [err] to [err]-aromatics.
The production of such aromatics concentrates suitable as blending
components for carburettor fuels is 10     therefore gaining increasing
importance. At the same time, these aromatics concentrates should not have
an unduly high benzene content. This is desired not only because of the
carcinogenic properties of benzene, as already mentioned, but above all
also because benzene has 15     a lower octane number-improving effect as
compared with other aromatics such as, for example, toluene. Suitable
starting materials for the production of such aromatics concentrates are
especially aromatics-containing hydro- carbon mixtures from petroleum
processing, such as, for 20     example, reformates and platformates. On
the other hand, feed hydrocarbon mixtures of high benzene content such as,
for example, pyrolysis gasoline or crude coke oven benzene, are less
suitable for the said purpose for the reasons described above. 25
Since these suitable feed hydrocarbon mixtures normally have a wide boiling
range between 40 and 170C, the separation of the aromatics concentrates
from these feed hydrocarbon mixtures has hitherto been carried out in
practice exclusively by liquid-liquid extraction, 30     using solvents
conventional for this purpose, such as, for example, polyethylene glycol,
sulfolan, N-methyl- pyrrolidone and others. In order to improve the select-
ivity, greater or lesser quantities of water are here 



normally added to the solvent used, and this has a very 35
disadvantageous effect on the energy consumption. More- over, the
liquid-liquid extraction is frequently carried out with the use of a
so-called counter-solvent such as, for example, pentane. The use of such
additives, however, without doubt represents a considerable complication of
- 3 - the process since, on the one hand, the pure products obtained in
this way always contain certain quantities of these extraneous materials,
which must afterwards be removed with increased expenditure on energy and
equip- 5     ment, and, on the other hand, the use of these additives can
as such cause additional costs. Moreover, for carry- ing out the
liquid-liquid extraction, expensive ex- tractors such as, for example,
so-called mixer/settler extractors or extractors with moving internals,
must be 10     used because of the viscosity and temperature conditions
applicable. In addition to high operating costs, liquid- liquid extraction
therefore also involves high capital costs. Admittedly, DE-C-1,568,940 has
disclosed an 15     extractive distillation process of the type mentioned
at the outset. The point of this process, however, is the production of
aromatics having the highest possible purity or, alternatively, the
production of hydrocarbon mixtures which are intended to be largely free of
aroma- 20     tics. This means that the process according to this citation
is intended to be used both in those cases where the highest possible
purity of the extract obtained (aromatics) is important and in those cases
where the highest possible purity of the raffinate obtained (paraf- 25
fins) is important. Corresponding to this objective, this process must be
operated at a high feed product/solvent weight ratio, which leads to a
correspondingly high energy consumption per kg of feed product. 



In the achievement of the object underlying the 30     invention, however,
it is of very decisive importance that the aromatics concentrates suitable
as a blending component for carburettor fuels can be produced in a
particularly simple and inexpensive manner. At the high production
capacities of such plants, the energy consump- 35     tion is in fact a
very essential factor which decisively influences the applicability of the
process on a large industrial scale. This object is achieved by a process
of the type mentioned at the outset, which is characterized, accord-    - 4
- ing to the invention, in that the extractive distillation for the
production of an aromatics concentrate, which is suitable for use as a
blending component for carburettor fuels is carried out with
N-formylmorpholine as the 5     selective solvent while maintaining a
feedstock/solvent ratio of from 1:2 to 1:3, virtually all the low-boiling
non-aromatics of a boiling range of up to about [err] and a predominant
part of the higher-boiling non-aromatics of a boiling range of between
about 105 and [err] being 10     taken off as raffinate over the top of the
extractive distillation column, whereupon the solvent is separated by
distillation in a downstream stripping column from the other hydrocarbons
in the extract and these are used wholly or partially as a blending
component. 15             As a result of using extractive distillation, the
above-described disadvantages of liquid-liquid extraction are avoided in
the process according to the invention since, on the one hand, the solvent
employed according to the invention is used without any added water and, on
the 20     other hand, columns of relatively simple design can be used, as
is generally usual in extractive distillation. Since, when carrying out the
process according to the invention, a very low feedstock/solvent ratio in
the 



range from 1:2 to 1:3 can also be used, the energy 25     requirement per
kg of feedstock is correspondingly low. The illustration shows a flow
diagram of the process according to the invention in a greatly simpli- fied
representation. The feed hydrocarbon mixture used for processing is here
introduced without any pre- 30     fractionation via line 1 into the middle
section of the extractive distillation column 2 provided with internals
(trays). The raffinate hydrocarbons then escape over the top from the
extractive distillation column 2 and pass via line 4 into column 5, where
the raffinate hydro- 35     carbons  are  separated  by  distillation  from
solvent remainders. The latter pass via line 6 into line 3, through which
the solvent used is introduced into the upper section of the extractive
distillation column 2. The raffinate hydrocarbons freed from solvent are
taken    - 5 - off from the top of column 5 via line 7 and passed to their
further use. The extract hydrocarbons are taken of f together with the bulk
of the solvents via line 8 from the bottom of the extractive distillation
column 2 and 5     passed from there into the middle section of the strip-
ping column 9 which, if appropriate, can also be provided with internals
(trays). In this column, the extract hydrocarbons consisting mainly of
aromatics are stripped out of the solvent, and the recovered solvent
accumulat- 10     ing in the bottom of the stripping column 9 is recycled
via line 3 to the extractive distillation column 2. The extract
hydrocarbons freed from solvent are, by contrast, taken off via lines 10 or
11 from the stripping column 9 and passed to their further use. 15
The  flow diagram  shown  in  the  illustration contains only those plant
items which are absolutely necessary for explaining the process according
to the invention, whereas all subsidiary equipment, which is not 



directly connected with the invention, was not shown in 20     the flow
diagram. This applies in particular to the heat exchangers for heat
exchange between the individual process streams, the reboilers for heating
the individual columns, the equipment for regeneration or make-up of spent
solvent and all the instrumentation. 25             For carrying out the
process according to the invention, the following variants are possible: 1.
The operating conditions in the extractive distilla- tion column 2 are
adjusted such that the benzene contained in the feed hydrocarbon mixture is
largely 30        enriched in the extract and a raffinate low in benzene is
obtained. In the stripping column 9, the benzene contained in the extract
is then separated by distil- lation from the other aromatics and taken off
as saleable pure benzene with a non-aromatics content of 35        < 1000
ppm as the top product via line 10, whereas the aromatics concentrate,
which is used as a blending component and in this case is virtually more or
less free of benzene, is removed from the stripping column 9 as a side
stream via line 11 or via a side    - 6 - column provided at this point and
not shown in the flow diagram. 2. In this case, the operating conditions of
the extract- ive distillation column 2 are adjusted such that a 5
part of the benzene contained in the feed hydrocarbon mixture passes over
the top with the raffinate and the benzene content then still remaining in
the aromatics concentrate of the extract does not exceed a desired maximum
value which is below 5% by weight. When 10        processing the extract in
the stripping column 9, the aromatics concentrate obtained, serving as a
blending component, is here taken off exclusively via line 10, whereas the
side take-off via line 11 is left inoper- 



ative. 15     3. If, on the one hand, the benzene content in the feed
hydrocarbon mixture is relatively low and, on the other hand, an enrichment
of this benzene content in the aromatics concentrate used as blending
component is not regarded as an interference, the extractive 20
distillation column 2 can, finally, be operated under such conditions that
all the benzene passes virtually completely into the extract. In this case,
however, as distinct from the process variant 1, no separation of the
benzene from the other aromatics takes place in 25        the stripping
column 9. This means that in this case the aromatics concentrate in its
entirety is taken off from the stripping column 9 via line 10 and the side
take-off via line 11 remains inoperative. The raffinates obtained when
carrying out the 30     process  according to the invention can be taken to
further processing as so-called chemical naphtha. Thus, these raffinates
can be used, for example, as a starting material for pyrolysis to ethylene
or for isomerisation processes. The aromatics concentrates obtained by the
35     process according to the invention and used as a blending component
then have only a low non-aromatics content which amounts to between 0.5 and
5.0% by weight. The efficiency of the procedure according to the invention
is demonstrated by the process examples which    - 7 - follow. In all three
process examples, N-formylmorpholine was used as the selective solvent for
the extractive distillation. In each case, the extractive distillation
column 2 here had 50 trays. In all three cases, the feed 5     hydrocarbon
mixture was fed at a temperature of 70C to the extractive distillation
column 2, and the top temper- ature of this column was in each case about
100C. In process example 1, the feed hydrocarbon 



mixture used was a so-called reformate from petroleum 10     processing,
having an aromatics content of 65% by weight and an octane number (RON) of
92, process variant 2 being applied. In process example 2, a so-called
platformate having an aromatics content of 42% by weight and an 15
octane number  (RON) of 83 was used as the starting material, process
variant 2 again being applied. In process example 3, finally, the same
reformate as in process example 1 was used once more as the start- ing
material. In this case, however, processing of this 20     starting
material was by process variant 1. The most important experimental results
are summarised in the table which follows.    [err] [err] [err] [err] [err]
[err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
[err] [err] [err] [ERR] 



[err] [err]    9              I11111111 1111 11 Patent Claims 1.
Process for the separation of aromatics from feed hydrocarbon mixtures
which contain these compounds and non-aromatics and have a boiling range
between 40 and 170C, the feed hydrocarbon mixture being subjected, without
prior separation into individual fractions, to an extractive distillation
using N-substituted morpholines, the substituents of which do not have more
than seven carbon atoms, as a selective solvent, characterized in that the
extractive distillation for the production of an aromatics concentrate,
which is suitable for use as a blending component for carburettor fuels, is
carried out with N-formylmorpholine as the selective solvent while
maintaining a feedstock:solvent ratio of from 1:2 to 1:3, virtually all the
low-boiling non-aromatics of a boiling range of up to about 105 C and a
predominant part of the higher-boiling non-aromatics of a boiling range of
between about 105 and [err] being taken off as raffinate over the top of
the extractive distillation column, whereupon the solvent is separated by
distillation in a downstream stripping column from the other hydrocarbons
in the extract and these are used wholly or partially as a blending
component. 2.      Process according to Claim 1, characterized in that the
aromatics concentrates produced have non- aromatics contents of 0.5 to 5.0%
by weight. 3.      Process according to Claims 1 and 2, charac- terized in
that pure benzene with a non-aromatics content of < 1000 ppm is taken off
as top product from the stripping column, whereas the hydrocarbons used as
a blending component are taken off as a sidestream or via a side column
from the middle section of the stripping 



column. 4.      Process according to Claims 1 to 3, characterized in that
the operating conditions in the extractive distillation column are adjusted
such that a part of the benzene contained in the feed hydrocarbon mixture
is distilled off together with the non-aromatics as raf- finate over the
top of the extractive distillation    -   10   - column, and that the
benzene fraction remaining in the extract does not exceed a desired maximum
value which is below 5% by weight.    *     C   L   M   S      * EP 0 241
638 B1 As printed Claims 1. Process for the separation of aromatics from
feed hydrocarbon mixtures which contain these com- pounds and non-aromatics
and have a boiling range between 40 and [err], the feed hydrocarbon mixture
being subjected, without prior separation into individual fractions, to an
extractive distillation using N-sub- stituted morpholines, the substituents
of which do not have more than seven carbon atoms, as a selective solvent,
characterized in that the extractive distillation forthe production of an
aromatics concentrate, which is suitable for use as a blending component
for carburettor fuels, is carried out with N-formylmorpholine as the
selective solvent while maintaining a feedstock solvent ratio of from 1: 2
to 1: 3, virtually all the low- boiling non-aromatics of a boiling range of
up to about [err] and a predominant part of the higher-boiling
non-aromatics of a boiling range of between about 105 and [err] being taken
off as raffinate over the top of the extractive distillation column,
whereupon the solvent is separated by distilation in a downstream strip-
ping column from the other hydrocarbons In the extract and these are used
wholly or partially as a blending component. 2. Process according to Claim
1, characterized in that the aromatics concentrates produced have
nonaromatics contents of 0.5 to 5.0% by weight 3. Process according to
Claims 1 and 2, characterized in that pure benzene with a non-aromatics
con- tent of < 1000 ppm is taken off as top product from the stripping
column, whereas the hydrocarbons used as a blending component are taken off
as a sidestream or via a side column from the middle section of the 



stripping column. 4. Process according to Claims 1 to 3, characterized in
that the operating conditions in the extractive distilation column are
adjusted such that a part of the benzene contained in the feed hydrocarbon
mixture is distilled off together with the non-aromatics as raf finate over
the top of the extractive distillation column, and that the benzene
fraction remaining In the extract does not exceed a desired maximum value
which Is below 5% by weight. Revendications 1. Proced6 pour isoler des
aromatiques de melanges d'hydrocarbures de d6part, qui contiennent ces
cornposs et des non-aromatiques et qui possedent un intervalle d'ebullition
entre 40 et [err], dans lEquel le mElange d'hydrocarbures de depart est
soumis, sans avoir ete pr6alablement fractionn en fractions dis- tinctes, A
une distillation extractive en utillsant comme solvant selectif des
morpholines N-substituees dont lea constituants ne comprennent pas plus de
sept atomes de carbone, caracterise par le fait que, pour pre- parer un
concentr6 d'aromatiques approprie pour etre utiiis6 comme additif pour
carburants legers, ia dis- tillation extractive est ex6cut6e avec de ia
N-formyt-morphollne comme solvant selectif, en respectant un rapport de 1:
2 a 1: 3 entre le prodult de d6part et le solvant, et dana lequel les
non-aromatiques A bas point d'Cbullition, possedantun Intervnal
d'ebullition ailantjusqu' environ [err] sontextraits praiquement
totalernent et les non-aromatiques a point d'6bullition plus eleve,
possedant un intervalle d'ebullition entre environ 105 et[err], sont
soutires en majeure partie de la colonne de distillation extractive en
qualite de raffinat, en tete, apres quol le solvent est separe des autres
hydrocarbures de l'extrait par une operation de distillation, dans une
colone de rectification plic6e en aval, et ces autres hydrocarbures sont
utilises en totalite ou en partie comme additifs. 2. Procede selon la
revendicaton 1, caracteris par le fait qua lea concentres d'aromatiques
produits possedent des teneurs en non-aromatiques de 0,5 & 5,0 % en podds.
3. Proc~dO selon lea revendications i et 2, caract~risl par ie fait qua ron
soutire de la colonne de rec- tification, en tant que prodult de tite, du
benzene pur possudant une teneur en non-aromatiques infnrieure a 1000 ppm,
tandis qua lea hydrocarbures servant d'additis sont souffres de la partie
centrala de la colonne de rectification en qualite de courant lateral ou
par rintermrdiaire d'une colonne laterale. 4. Procede salon les
revendications I a 3, caract6ris par le fait qua les conditions de travail
dans la colonne de distillation extractive sont reglees de manire qu'une
partie du benzol contenu dans le melange d'hydrocarbures de depart soit
oliminee par distillation, en etre de la colonne de distillation
extractive, conjointement avec les non-aromatiques, en qualite de affinat,
et par le fait que la fraction de benzol qui reste dans l'exlrait n'excbde
pas une vaieur maximale desiree, qui est Inferieure a 5 % en poids.    


