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(57v  Claim
1. Process for separating hydrocarbon mixtures by extractive distillation with

selective solvents or solvent mixtures, in which the feedstock is introduced in the
central part of the extractive distillation column and the solvent or solvent
mixture used is introduced into the upper part, and the lower boiling
hydrocarbons of the feedstock in the solvent-hydrocarbon mixture are drawn
from the extractive distillation column over the head, while the higher boiling
hydrocarbons of the feedstock together with the greater part of the solvent are
obtained as the bottom product of the extractive distillation, and the bottom
product is transferred from the extractive distillation column into a downstream
stripping column in which the hydrocarbons and the solvent are separated from
one another by distillation, characterized in that

a) solvents are used which are characterized by a high selectivity with
respect to the particular separating task and which also form miscibility gaps
with the hydrocarbons in the feedstock under the concentration and temperature
conditions used,

b) the process conditions in the extractive distillation are selected so that
two liquid phases occur over a considerable part of the total height of the
extractive distillation column, and

c) the mass transfer conditions in the extractive distillation column are
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(10) 668771
configured so that large exchange areas are present both between the two

liquid phases and between the liquid phases and the vapour phase, and

d) the necessary mass transfer conditions in the extractive distillation
column are ensured by using any sort of packed column and excludes the use
of plate columns, and

e) the optimum separating performance is achieved by selecting the solvent
feed temperature.
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The following statement is a full description of this invention, including the
best method of performing it known to :-US
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Process for separating hydrocarbon mixtures oy
extractive distillation.

9]
[t

S5

The invention relates to a process for separating
hydrocarbon mixtures by extractive distillation with
selective solvents or solvent mixtures, in which the
feedstock 1is introduced in the central part of cthe
extractive distillation column and the solvent or solvent
mixture used is introduced into the upper part, and the
lower boiling hydrocarbons of the feedstock in the
solvent-hydrocarbon mixture are drawn from the extractive
distillation column over the head, while the higher
boiling hydrocarbons of the feedstock together with the
greater part of the solvent are obtained as the bottom
product of the extractive distillation, and the bottom
product ig transferred from the extractive distillation
column into a downstream stripping column in which the
hydrocarbons and the solvent are separated from one
another by distillation.

Extractive distillations of .the type mentioned
above are now used successfully in a whole series of
industrial processes, for example for obtaining pure
aromatic compounds or butadiene from feedstocks contain-
ing these compounds and for separating butanes and
butenes. The N-substituted morpholines, especially
N-formylmorpholine, as well as N-methylpyrrolidone and
dimethylformamide, have proved to be particularly suc-
cessful solvents. However, in all extractive distilla-
tion processes the process conditions and the solvent
have hitherto been selected so that only one vapour phase
and one 1liquid phase occured 1in the extractive
distillation column. Those sgkilled in the art always
started from the idea that the occurrence of systems with
miscibility gaps, in which two ligquid phases are formed
in the extractive distillation column, must be avoided.

These ideas were chiefly based on the fact that under the
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hydrccarpon-rich liquid phase substantially impalrs the
separation result or in some cases even makes the sepa-
ration impossible. The reasons for the poor separaticn
can ke found on the one hand in the unfavourarle mass
transfer conditions, as it is usually much more difficul:s
to =2stabiish thermodynamic equilibrium betwesn two 1izuid
chases than between a vapour phase and a iigquid phase.
On the other hand the thermedynamic condizions Zfor
separation are impaired by the appearance of miscibilicy
gaps, for example because of a relatively small change in
vapour pressures or the formation of heteroazeotrcpes.
For the reasons mentioned, solvents which are in
fact characterized by a high selectivity, i.e. a great
influence on the relative volatility, towards the hydro-

carbons to be separated but which form two liquid phases

s
O

with them under the technically relevant concentration
and/or temperature conditions have not so far besen us=2d
for extractive distillation. Tetramethylsulphecns, kneown
under the trivial name of sulfolan, which has only
achieved any industrial significance in liquid-liguid
extraction, can be cited as an example of this.

The object of the invention is to preovids an
extractive distillation process for separating hydro-
carbon mixtures which is characterized by great =concmic
improvements in areas of application known per sz and

which makes possible a greater selection of solvents.

T

The process of the type referred to at the cutse

()
1]

which solves this problem is characterized in accordan

1
@]

wich the invention by the application of featurss a
<) of the main claim.

Rejecting the previous notions of those sxiil=d
in the art, the invention starts from the knowledge that
solvents which are characterized by a high selectivity

for the particular separating task, but which alss Izrm
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ino practicse, can pe used perfsczily well in extractivse

he process according to the invention thersfore

o ar, permits the use of thcse solvents wh
ars characterized by a higher selectivity for zhne par-
ticular ssparating task than the solvents used praviously
but which have not been used because of the zendanc
form miscibility gaps.

However, the process according to the inventicn
also pefmits the use of those solvents the use of which
is already known in extractive distillaticon for certain
separation tasks. In this case it 1s then possible to
work with substantially lower operating temperatures in
the extractive distillation than was previously normal.
That 1s to say, it has been found for many sclvents tha:
the tendency to form miscibility gaps only occurs ac
ralatively low temperatures. If, in spite of this, it is
now possible in accordance with the invention to worx in
this temperature range, then this signifies a not in-
considerable =nergy saving. in addition to this th=2
selectivity of the scolvent for the given separation tasx
increases with falling operating temperature.

When carrying out the process according to the
invention the rrrccess conditions 1in the extractive

distillaticn mus:z however be selected so that two liguid
phases occur ~v2r a zonsiderable part of the teotal height
of the extracoive distillation column. Prafzrab.y,
cetween 10 and 2% 2f the ceolumn h2ight shouid lie in the

regicn of two ghase formation and cnly in the remair

o
jt
W

lower part of the coclumn should just one ncmogen2ous
liquid phase be present.

In addition to this the mass transfer condifion

Q
b
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in the extractive distillation column must be =
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vapour ghase. This can be brougnt about, for e
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providing internpal fittings or column packings in the
illation column which ensure the formation
hin liguid 1lavers. On an industrial s
olumn packings which are specifically arranged fo
urpose, e.g. sc-called structured packings such as, “ov
d

example, alled Mesllapack packings, cor expande

10 internal fittings are provided. He—its—arso—pessriie—rt

fulfill the regquired mass transfer condit
column trays designed specifically for
These column trays ensure a good disg
liquid phases between one another th at the same time
15 a high exchange area with t vapour phase. However,
when these types of Ton trays are used a cercain
pressure drop must accepted in the extractive distil-

lation column. inally, there is also the possibilicy of

L the necessary mass transfer by mechaniczal
,;,k 20 the liquid phases and the vapcur, =.g.
ol
Feeee rrongh—the—uge—ef—stirrera :
. As the hydraulic conditions in the extractiva
P distillation column, such as layer thickness and mixing
of the two liguid phases, play a decisive rola when
25 carrying out the process according to the inventicn, It
sttt is advisable that the throughput quantity of fesdstock
. and solvent do=s nc:t exceed a value of 200 w' ger
column cross-s=ction and hour. The maximum throuzhput
rseeel Juantity is particularly dependent on the type 2f zolumn
sesees 30 internal fittings and the viscosity of the solven:z. wizh
the separation gyrocess and use of structured --lumn
e ackings describsd here the maximum throughput TianzTity
ogeees is approximately 50 m' per m’ column cross-sa2z-izn and
hour.
35 The solvent used in accordance with the i1nvent.cn

is characterized by a very high selectivizy imi 3
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CEoRTLUSLY LW SJLVUENT TowsY, 8D T3 lowey =0 T el
T23ULTS 1noa gysater volatility, 2ven oy cha sorponants
cI tha IsedstocX to ke withdrawn Zrom the boztom of the
axtracoive distillaticn column In praccice the pcttom

thereiore ke set significantly lower than whan using
solvants with nigher solvent powsrs This rasu
wey heat consumption for the extracrive d:iscillacion
which also makes 1t possible to use a lower srads cf
steam for heating the column system, e.g. _ow grassura

steam instead of medium pressure stean.

The conventional apparatus and plant in general
use for extractive distillation can be used for carrying
out the process according to the invention. The process
procedure for the mode of operation according to the

invention is shown in simplified form in the flow diagram
shewn in the drawing. The hydrocarbon mixture to be

separated i1s introduced in a liquid state throu

LQ
jay
i,_‘l
H

[
[§#]
H

into the central part of the extractive discillaction
column 2 which 1s provided with the internal Zitzings
n=2aded to voroduce the necessary mass transfer condicions
as described 1in greater detail above. The solven: is
introduced througi: line 3 into the extractive distilla
tion column 2 at the top and flows down over the internal
fittings in this column during which it picks up the =
volatile hydrocarbons. The wmore volatile hydrocar
2scape through line 4 at the top of the column and can be
condensed in condensation equipment nct shown in the flcw
diagram. The 1liguid bottom product consists of the

solvent and the hydrocarbons disscolved therein, and 1is

withdrawn from the extractive distillaticn zslurn 2
through line 5 and passes into the stripping colurn & in
which the hydrocarbons are separated from the ssivant by
distillation. The solvent is removed frcocm the scliumn
bottom =through line 7 and, after agpropriate cozling

which 18 generally achieved in an econcmica. 1ntar-
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The regenarated scolvent is then returrned tnrough line
the circuit (line 7), while the inmpuricies
removed are withdrawn from the regenerating
through line 13. Finally, line 14 serves for supplving
fresh solvent. ©Naturally, the plant is provided with the
necessary auxiliary equipment for carryin cut the
process according to the invention such as, for exampl=z,
measuring and ccntrol equipment and heat excha
However, as this auxiliary equipment 1is neot diveooly
necessary for describing the process segquence it has no:o
cean shown in the drawing.

The process according to the invention ca

L=
used for various separating tasks. For exanmple, th=

orocass can be used for obtaining pure arcmatic cowrpounds
from nydrocarbons containing arcmatic compounds.
Sulphornes or their mixtures, N-substituted morpholines cor
heir mixtures and, preferably, a mixturs cf
N-formylmorpholine and tetramethylsulphone (sulfclan can
re used here as the solvent. The use of N-substituz=d

morpholines <r tha2ir mixtures for the separating tasx

’

maentioned is in fact already known. However, the prcooass
o th2 invention differs from the praviously
conventicnal mede of cperation through the use o
d temrerature, lying between 30 and 72 2, in
t ive distillation. In this case the szliwvant
feed temperature 1s approximately 10 to 30°C locwer :han

with the known mode of operation with a homegenacus
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Trioess afcovding o the 1nvenIiion LS The SSpAariti oo oo
dizcl=Iins, olafins and paraffins frcm nydrocarton —ix-
tures wnlica contaln these compounds and koil in the rangs

batween -12 and +50°C at normal pressurs, using sulphones
cr cheir mixtures as the solvent Finally, the rrocass

e
N-substituced merpholi
a

n
sclvent. Th

separating tasx is in fact also already kncwn, bput zhe

e
rrocess according to the invention again differs from che

previcusly rormal mode of operation by the use of a lower
salvent Zeed temperature, 1lyving bketween 40 and 72°C7, in

the extractive distillation. Here again the solvant Ized

>

. . R 5 = . . R L N e
2 KNown mede Of operation wlitl a oIomegsnalus _L1¥ila

tcemparature 1s approximately 10 to 30°C lower =—han wizh
J

The internal r=flux in the extractive Jdiszil-

Zatizn celumn is increased in each case dus -0 tha lower
solvent f2ed temperature. In this way the same ssopar-

ation efficliency as before is achieved at a lowsar
a :

edstock ratio, while at the same Sime oha

ation of two ligquid phases in the extractive Jdisti

rn
w0
o
e 3

on column is achieved.

The effectiveness of the process accerding tz tha
invention 1s substantiated by the two comparison -rials
Jdescribed below:

The first trial (Table 1) relates -5 the s=2par-
aticn <f butanes and butenes by extractive distill.aticon,
in whizch a C, cut from pyroiysis gasoline, whiIh 123l
previously rpassed through a butadiene extractizsn and
etherification with methanol to give methyl tertiarybutyl

ether with the removal of 2-methylpropene, was us=1 3as
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Haight £ acmogensous
liguid rhase in the ED
column % 100 22

Heat consumption rel.
5 to f=edstock kcal/kg 1199 563




. zTiva
distillation
Selvent NFM sulfolan sulfolan
Solvent/feedstock kg/kg 2.5 2.5 2.2
5 ED column throughout kg/h
concentration
{(solvent free)
- head of ED column
non-aromatics wt . % 97.20 97.12 97.20
10 methylcyclohexane wt.% 0.54 0.62 0.54
benzene wt . % 2.26 2.26 2.26
- feedstock
non-aromatics wt.% 46 .1 46 .1 46.1
methylcyclohexane wt.% 0.3 0.3 0.3
15 benzene wt. % 53.6 53.6 53.58
- bottom of ED column
non-aromatics ppm - - -
methylcyclohexane ppm 795 .94 788
benzene wE. % 99.92 99.99 99.92
20 Operating temp.
ED column bottom °C 156 158 151
Operating pressure bar 2.3 2.3 2.3
Height of homogeneous
liquid phase in the
25 ED column % 100 BO 60
Heat consumption rel. kcal/kg 152 133 118

to feedstock
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raductizn in he2at consumption relativa to tha foedstoox
is achlieved when using the process according to the
invention, the energy consumption being almost halved in
comparison trial 1. Added to this is also the reduction
in plant costs arising from the reduction in height of
the extractive distillation column. The desired
objactive of improved economy of the extractive discil-

lation is therefors achieved.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Process for separating hydrocarbon mixtures by extractive distillation with
selective solvents or solvent mixtures, in which the feedstock is introduced in the
central part of the extractive distillation column and the solvent or solvent
mixture used is introduced into the upper part, and the lower boiling
hydrocarbons of the feedstock in the solvent-hydrocarbon mixture are drawn
from the extractive distillation column over the head, while the higher boiling
hydrocarbons of the feedstock together with the greater part of the solvent are
obtained as the bottom product of the extractive distillation, and the bottom
product is transferred from the extractive distillation column into a downstream
stripping column in which the hydrocarbons and the solvent are separated from
one another by distillation, characterized in that

a) solvents are used which are characterized by a high selectivity with
respect to the particular separating task and which also form miscibility gaps
with the hydrocarbons in the feedstock under the concentration and temperature
conditions used,

b) the process conditions in the extractive distillation are selected so that
two liquid phases occur over a considerable part of the total height of the
extractive distillation column, and

C) the mass transfer conditions in the exiractive distillation column are
configured so that large exchange areas are present both between the two
liquid phases and between the liquid phases and the vapour phase, and

d) the necessary mass transfer conditions in the extractive distillation
column are ensured by using any sort of packed column and excludes the use
of plate columns, and

e) the optimum separating performance is achieved by selecting the solvent

feed temperature.

2. The process according to claim 1, characterized in that the packed

column has a random packing.
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3. The process according to claim 1, characterized in that the packed
column has a structured packing.

4. A process according to any one of claims 1 to 3, characterized in that the
operating conditions are adjusted so that between 10 and 90% of the column
height of the extractive distillation column lies in the region of the formation of
two liquid phases and only in the remaining lower part of the extractive

distillation column is one homogeneous liquid phase present.

5. A process according to any one of claims 1 to 4, characterized in that the
necessary mass transfer conditions in the extractive distillation column are
ensured by placing column packings or internal fittings in the column which
either guarantee the formation of very thin liquid layers or in some other way
provide for good mixing and distribution of the individual phases.

6. A process according to any one of claims 1 to 5 characterized in that the
throughput quantity of feedstock and solvent in the exiractive distillation column
does not exceed the value of 200 m3, per m2 column cross-section and hour.

7. A process according to claim 6 characterized in that the throughput
quantity of feedstock and solvent in the extractive distillation column does not
exceed the value of 50 m3, per m2 column cross-section and hour.

8. The use of the process according to claims 1 to 7 for obtaining pure
aromatic compounds from hydrocarbon mixtures containing aromatic
compounds, characterized in that sulphones or their mixtures are used as the

solvent.
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9 The use of the process according to any one of claims 1 to 7 for obtaining
pure aromatic compounds from hydrocarbon mixtures containing aromatic
compounds using N-substituted morpholines or their mixtures as the solvent,
characterized in that the extractive distillation is carried out at a solvent feed

temperature between 50 and 70°C.

10.  Application of the process according to claims 1 to 7 for obtaining pure
aromatic compounds from hydrocarbon mixtures containing aromatic
compounds, characterized in that a mixture of N-formylmorpholine and

tetramethylenesulphone (sulfolan) is used as the solvent.

11. The use of the process according to any one of claims 1 to 7 for
separating diolefing, olefins and paraffins from hydrocarbon mixtures which
contain these compounds and boil in the range between -12 and +50°C,

characterized in that sulphones or their mixtures are used as the solvent.
. 12.  The use of the process according to any one of claims 1 to 7 for
separating olefins and paraffins from hydrocarbon mixtures which contain these
5.;::: compounds and bail in the range between -12 and +50°C using N-substituted
o morpholines or their mixtures as the solvent, characterized in that the extractive
A distillation is carried out at a solvent feed temperature between 40 and 70°C.
DATED this 4th day of March, 1996

KRUPP_KOPPERS GmbH

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122

AUSTRALIA

AU5071893.WPC[DOC. 006] / IAS/JGC:EK
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parating hydrocarbkon mixtures by extractive

In this process solvents are used which are
characterized by a high selectivity with respecr ro
i

ar separating task and which also fcrm

under the concentration and temperature conditions usei.
The mass transfer conditions in the extractive distciila-
tion column are configured so that laxrge exchange arsas
are present both between the two liquid phases and

between the liquid phases and the vapour phase.
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