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ABSTRACT OF THE DISCLOSURE 

Method of separating aromatic hydrocarbons from 
liquid hydrocarbon mixtures by charging the mixture to 
a multi-stage extractor at high temperature with a high 
boiling organic selective solvent, collecting a liquid ex 
tract phase with a high aromatic hydrocarbon content 
and a ra?inate liquid phase essentially comprising non 
aromatic hydrocarbons, conveying the extract after cool 
ing to a decanter in which two distinct liquid’ phases are 
separated, recycling the heavier liquid phase to the ex 
tractor, conveying the lighter liquid phase to an azeotropic 
distillation column to which acetone vapor is admitted, 
and after fractionation, conveying as a re?ux to the bottom 
of the extractor the lighter fraction of the non-aromatic 
ra?‘inate together ‘with any aromatic hydrocarbons present 
in the ral?nate. 

This invention relates to a 
matic hydrocarbons in a 
taining them. 
A number of extraction and extractive distillation 

methods are known in the art for separating aromatic 
hydrocarbons from liquid hydrocarbon mixtures by means 
of selective solvents. The liquid-liquid extraction technique 
is generally adopted in combination with the extractive 
distillation technique, the latter being applied to the 
solvent loaded with aromatic hydrocarbons. 

Azeotropic distillation methods are also known in oom~ 
mercial practice, by which’ the non-aromatic constituents 
of the mixture are distilled by means of a stripping agent. 
Combined liquid-liquid extraction and extractive dis 

tillation methods are operated as follows: the liquid 
hydrocanbon mixture ‘from which the aromatic constit 
uents should be separated is conveyed to a multi-stage 
extractor countercnrrent to the selective solvent. 
A liquid phase (ra?inate) is collected at the extractor 

end to which the solvent is fed, the said phase comprising 
non-aromatic hydrocarbons with a low solvent and aro~ 
matic hydrocarbon content, a phase (extract) being col 
lected at the other end of the extraction system, with a 
high solvent and aromatic hydrocarbon and a low non~ 
aromatic hydrocarbon content. 
The extract is conveyed to an extractive distillation 

column at the top of which the non-aromatic products 
together with a certain quantity of aromatic products 
are collected. This mixture is recycled to the extraction 
system at the end of which the extracted phase is separ 
ated. Aromatic hydrocarbons are usually recovered from 
the solvent containing aromatic hydrocarbons and traces 
only of non-‘aromatic hydrocarbons, by distilling in a 
steam current through admission of live steam to the 
foot of the distillation column ‘at the top of which the 
non-aromatic products together with a certain quantity 
of aromatic products are collected. This mixture is re 
cycled to the extraction system at the end at which the 
extracted phase is separated. Aromatic hydrocarbons are 
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usually recovered from the solvent containing aromatic 
hydrocarbons and traces only of non-aromatic hydro 
carbons by distilling in a steam current through admission 
of live steam to the foot of the distillation column. 
Various high-‘boiling solvents can be used for the pur 

pose, such as =diethylene glycol, \dipropylene glycol and sulpholene. 
These solvents should meet the 

requirements. They should have a higher boiling point 
than the aromatic hydrocarbons to be extracted, they 
should be heat-stable and they should have satisfactory 
dissolving power and selectivity towards aromatic hydro 
carbons. The selectivity can be varied by adding an anti 
solvent, such as water. 
The temperature and pressure conditions currently em 

ployed for extraction vary within very wide limits from 
room temperature and atmospheric pressure to about 150° 
C. and a few atmospheres. 
The above described processes are, however, objection 

able under ‘various aspects. For instance they are subject 
to a certain loss in aromatic hydrocarbon content in the 
re?ned phase. Moreover, the quantity of extract from 
the top of the extractive distillation column, which is 
recycled to the bottom of the extractor is very high and 
reaches in certain cases 90% of the extracted hydro 
carbons. 

Thus, the extractive distillation step of the conventional 
method becomes expensive owing, to the large heat quan 
tity to be supplied. Moreover repeated heating of the high 
boiling selective solvent is the cause of a certain decom 
position of the solvent and consequently necessitates re 
generation and puri?cation of a part thereof at least. Also 
owing to such decomposition, products are formed which 
are more corrosive than the pure solvent, which entails 
hard wear on the apparatus employed and obstruction 
thereof by the resulting sludge. 
By azeotropic distillation non-aromatic constituents can 

be removed by means of a stripping agent provided they 
do not exceed 12%. Also, it is only possible to separate 
non-aromatic constituents having a carbon atom number 
of which equals or is smaller than the carbon atom num 
ber of the aromatic hydrocarbon, from which separation 
is desired. Therefore, when aromatic hydrocarbons are to 
be separated the distillation of the individual aromatic 
hydrocarbons should be preceded by a distillation of a 
non-aromatic fraction by means of suitable stripping 
agents. 

It has now been found in accordance with this inven 
tion that it is possible to obtain pure aromatic hydro 
carbons with an exceptionally high yield while avoiding 
the abovementioned drawbacks. 
According to the present invention we provide a method 

of separating aromatic hydrocarbons in a pure or sub 
stantially pure state from mixtures of liquid hydrocarbons 
containing them, comprising charging the mixture to be 
extracted to a multi-stage extractor at high temperature 
with a high boiling organic selective solvent, collecting 
from the said extractor a liquid extract phase with a high 
aromatic hydrocarbon content and a ramnate liquid phase 
essentially comprising nonaromatic hydrocarbons, con 
veying the extract after cooling to a decanter in which 
two distinct liquid phases are separated, recycling, the 
heavier liquid phase to the extractor preferably the upper 
portion of the extractor, conveying the lighter liquid phase 
to an azeotropic distillation column to which acetone 
vapor is admitted, and after fractionation, conveying as a 
re?ux to the bottom of the extractor the lighter fraction of 
the non-aromatic rat?nate together with any aromatic 
hydrocarbons present in the raftinate. 
The rai?nate and overhead product of the azeotropic 

distillation column may be treated together with water in 

following fundamental 
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order to separate an aqueous-acetonic phase from which 
acetone and a para?inic phase containing any aromatic 
hydrocarbons present in the raf?nate. The parai?nic phase 
is ?nally distilled in order to separate the lighter fraction 
which is recycled to the end of the extractor from which 
the extract is collected, thereby additionally recovering 
the aromatic hydrocarbons present in the raffinate. The 
acetone may be recovered from the aqueous-acetone phase 
and recycled. 
The advantages of this procedure are obvious, for it 

avoids aromatic hydrocarbon losses in the ral?nate and 
repeated heating of the high-boiling selective solvent. The 
recycling of light para?’ms prevents the presence of heavy 
para?ins at the extractor bottom, and thus paraffinic com 
ponents can be removed by one distillation step employ 
ing acetone and pure aromatic hydrocarbons can be 

obtained. 
This procedure avoids heavy re?uxes to the extractor 

which make extractive distillation by conventional meth 
ods expensive on account of the large heat quantity re 
quired, it further avoids part decomposition of the high 
boiling selective solvent, and ?nally provides a full re 
covery of all materials in the extraction process of 
aromatic hydrocarbons from the liquid hydrocarbon mix 
tures. 
Among preferred solvents for carrying out this inven 

tion diethylene and dipropylene glycols, either alone or 
mixed together, and sulpholane may be mentioned. 

In the preferred embodiment of the method the solvent 
contains 2% to 8% Water, which limits may, however, be 
expanded to 1% to 15% by weight. The extraction tem 
peratures preferably range between 80° and 130° C., the 
pressure being maintained at values such that the extractor 
content is in a liquid phase. 
The temperature to which the extracted phase is cooled 

is lower by 30% at least than the extraction temperature 
and preferably ranges between 10° C. and 30° C. 
The moist solvent-feed ratio can vary within fairly 

wide limits, namely 2:1 to 15:1. In the preferred embodi 
ment of this invention, however, the ratio ranges between 
4:1 and 8:1 by weight. 
The apparatus employed for extraction is conventional, 

such as perforated tray columns, columns with ?lling 
bodies and rotary discs. 

By this method aromatic hydrocarbons are very easily 
separated in a pure form by re?ning the extracted phase, 
thereby two liquid phases are formed, the solvent phase 
being recycled to the extractor, the other phase being 
azeotropically distilled with acetone. 

In the preferred embodiment of the method the recy 
cled solvent still having a portion of the hydrocarbons dis 
solved therein is fed at the second or third theoretical tray 
to the end of the extractor at which the ra?inate is col 
lected, the light para?inic hydrocarbon flow being prefer 
ably fed at the second or third theoretical tray to the end 
of the extractor at which the extract is collected. 
An embodiment of the invention will now be described 

with reference to the accompanying diagrammatic draw 
mg. 

In a pilot plant a hydrogenated reforming petrol cut is 
fed to the extractor 1 through line 11 at a point situate 
about half-way the ra?inate and extract extraction points. 
The composition of the cut is as follows: aromatic 

constituents 69.3%, para?in 30.7% by weight. 
The aromatic components contain: benzene 40.8%, 

toluene 51.6%, and xylols 7.6% by weight, the parar?nic 
constituents containing 6.7 and 8 carbon atoms in the 
molecule. 
The rate of feed of the mixture was 470 kg./ hr. 
A diethylene glycol water mixture is fed through line 

12 at a rate of 3,300 kg./hr. The water quantity in the 
mixture is 4.8%, feed being effected at the second theo 
retical tray calculated starting from the end at which the 
raf?nate is collected. 
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4 
When utilizing the recycled solvent the quantity fed 

through line 12 is 3,800 kg./hr. approximately. 
About 420 kg./hr. light para?ins from the distillation 

column 10 are fed through line 13, the said para?ins con 
taining, the small quantities of aromatic hydrocarbons 
present in the ra?inate. This feed is eifected at the second 
theoretical tray calculated starting from the extractor 
end at which the extract is collected. 
About 370 kg./ hr. aromatic hydrocarbons from the top 

phase in the decanter 2 are fed through line 14. 
These aromatic hydrocarbons contain about 10% by 

weight para?inic hydrocarbons, feed being effected at the 
?rst theoretical tray calculated starting from the reactor 
end at which the extracted phase is collected. 
The extractor 1 is a rotary disc column having about 

10 theoretical trays. The temperature in the extractor is 
about 115° C., the pressure being about 4.5 atmospheres. 

4,580 kg./hr. approximately of extract are collected 
through line 15, the extract being cooled down to room 
temperature and conveyed to the decanter 2 which is 
maintained at the same pressure as the extractor 1. The 
solvent phase is drawn from the decanter through line 16 
and is recycled to the extraction reactor 1, after having 
been preheated, at a rate of about 3,800 kg./hr. The 
lighter phase is drawn through line 17 at a rate of about 
760 kg./ hr. and is charged in part to the extraction reac 
tor 1 through line 14, the remaining part being fed at a 
rate of about 390 kg./hr. to the azeotropic distillation 
column 3 through line 18. 

Acetone vapor is supplied to the foot of the azeotropic 
distillation column 3 through line 19 at a rate of about 
68 kg./hr. About 135 kg./hr. acetone paraffine mixture 
are collected at the top of the column through line 20. 
The tail product of column 3 is drawn at a rate of about 
325 kg./hr. through line 21 and is fed to the columns 4, 
5 and 6 for distillation of benzene, toluene and xylols, 
respectively. Thus, about 132 kg./hr. benzene, about 167 
kg./ hr. toluene and about 26 kg./ hr. xylols are discharged 
through lines 22, 23 and 24, respectively. 
The small solvent quantities at the foot of the distilla 

tion column 6 are recycled through line 25 to the ex 

tractor 1. 
The ra?inate is discharged through line 26 from the 

extractor 1 and is conveyed together with the overhead 
product of the azeotropic distillation column 3 through 
line 27 at a rate of about 636 kg./hr. to the water washing 
column 7. About 30 kg./ hr. water are fed to the top of 
the washing column 7 through line 28, the product being 
discharged to the decanter 8 through line 29. 
The aqueous acetonic phase is collected from the de 

canter 8 and is supplied through line 30 to the acetone 
distillation column 9. 
The acetone is collected from the top of column 9 and 

is recycled through line 31 to the azeotropic distillation 
column after having been vaporized. Water is drawn from 
the foot of the column 9 and is conveyed through line 32 
to the washing column 7. 

‘Para?ins containing the aromatic constituents present 
in the ra?inate are supplied from the decanter through 
line 33 to the distillation column 10. Lighter para?ins are 
collected from the top of the column 10 together with 
small quantities of aromatic constituents and are fed to 
the extractor 1 through line 13. Heavy paraf?ns are drawn 
at the foot of the column 10 through line 34 at a rate of 
about 145 kg./hr. The aromatic hydrocarbons which are 
extracted with yields of about 100% exceed 99% in 
purity. 
What we claim is: 
1. A method of separating aromatic hydrocarbons 

from mixtures of liquid hydrocarbons containing them 
comprising: 

(1) charging the mixture to be separated to a multi 
stage extractor at elevated temperature together with 
a high boiling selective solvent selected from the 
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group consisting of diethylene glycol, dipropylene 
glycol, sulpholane and mixtures thereof, 

(2) collecting from the extractor a liquid extract phase 
with high aromatic hydrocarbon content and a liquid 
ra?inate phase essentially comprising non-aromatic hydrocarbons, 

(3) cooling said extract and conveying it to a decanter, 
(4) allowing two liquid phases to separate in the 

decanter, 
(5) recycling the heavier solvent phase from the 

decanter to the extractor, 
(6) conveying the lighter phase with high aromatic 
hydrocarbon content from the decanter to an azeo 
tropic distillation column, 

(7) azeotropically distilling said lighter phase with 
acetone, to obtain an overhead fraction and a 
bottoms fraction with a high aromatic hydrocarbon 
content, 

(8) recycling said railinate together with the overhead 
product resulting from the azeotropic distillation to 

‘ said extractor after fractionation and separation of 
acetone, and 

(9) recovering said high aromatic hydrocarbon con 
tent fraction. 

2. Method of separating aromatic hydrocarbons in a 
pure or substantially pure state from mixtures of liquid 
hydrocarbons containing them, comprising charging the 
mixture to be extracted to a multi-stage extractor at high 
temperature together with a high boiling organic selective 
solvent selected from the group consisting of diethylene 
glycol, dipropylene glycol, sulpholane and mixtures 
thereof, collecting from the said extractor a liquid ex 
tract phase with a high aromatic hydrocarbon content 
and a liquid ra?’inate phase essentially comprising non 
aromatic hydrocarbons, conveying the extract after cool 
ing to a decanter in which two distinct liquid phases are 
separated, recycling the heavier solvent phase to the 
extractor, conveying the lighter liquid phase to an azeo 
tropic distillation column to which acetone vapor is 
admitted azeotropically distilling to recover a high 
aromatic content bottoms fraction, and after fractiona 
tion, conveying as a re?ux to the bottom of the extractor 
the lighter fraction of the non-aromatic ra?inate together 
with any aromatic hydrocarbons present in the ramnate. 

3, Method as claimed in claim 2, in which diethylene 
glycol is employed as a solvent. 

4. Method as claimed in claim 2, in which sulpholane 
is employed as a solvent. 

5. Method as claimed in claim 2, in which the solvent 
employed contains 1% to 15% b.w. water. 
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6. Method as claimed in claim 2, in which dipropylene 

glycol is employed as a solvent. 
7. Method as claimed in claim 2, in which the extrac 

tion temperatures range between 80° and ‘130° C. 
8. Method as claimed in claim 2, in which the pressure 

in the reactor is higher than the atmospheric pressure, 
and is su?icient to maintain the extractor content in a liquid phase. 

9. Method as claimed in claim 2, in which the weight 
ratio of solvent to mixture to be extracted ranges be 
tween 2:1 and 15:1. . 

10. Method as claimed in claim 9, in which said weight 
ratio is between 4:1 and 8:1. , 

11. Method as claimed in claim 2, in which the ex 
tracted phase is cooled to a temperature lower by 30% 
at least than the extraction temperature, to thereby effect 
separation into two liquid phases. 

12. Method as claimed in claim 2, in which the extract 
phase in cooled to a temperature ranging between 10° 
and 50° C. 

13. Method as claimed in claim 2, in which the heavier 
solvent phase from said decanter is fed to a second or 
third theoretical stage of the extractor at the end at 
which the raf?nate is collected. " 

14. Method as claimed in claim 2, in which the lighter 
liquid phase from said decanter is fed in part to the ?rst 
theoretical tray of the extractor at the end at which the 
extracted phase is withdrawn, the remaining portion being 
azeotropically distilled by means of acetone vapor. 

15. Method as claimed in claim 2, in which a light 
paraffin ?ow is fed at the second or third theoretical tray 
to the end of the reactor at which the extract is collected. 

16. Method as claimed in claim 2, in which the aro 
matic constituent content in the mixture to be extracted 
ranges between 30% and 80% by weight. 

17. Method as claimed in claim 2, characterized by the 
fact that any ole?n content in the mixture to be extracted 
is lower than 0.1% by weight. 
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