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free aromatic extract and a solvent-free non-aromatic 
raffinate, each separately recovered from a mixture of 
aromatic and non-aromatic hydrocarbons with the aid 
of a water-containing solvent composition. 

. The separation process of this invention is character 
ized principally by the feature of utilizing the aromatics 
dissolved in the aqueous phase of the stripper side-cut 
fraction to displace raffinate-hydrocarbons dissolved in 
the aqueous phase recovered from the rafiinate wash 
stage of the process to thereby produce recovered aque 
ous effluents free of contaminating feed stock boiling 
range raffinate hydrocarbons prior to the distillation of 

... the recovered aqueous phases for the purpose of recover 
ing solvent therefrom. 

. A more specific embodiment of this invention con 
scerns an aromatic hydrocarbon recovery process which 
comprises contacting a hydrocarbon mixture containing 
aromatic and non-aromatic hydrocarbons with a solvent 
composition which selectively dissolves the aromatic com 
ponent of said mixture and which contains water and an 
organic solvent boiling above said aromatic component, 
separating a resulting raffinate phase comprising said non 
aromatic hydrocarbon from a rich solvent phase contain 
ing dissolved aromatic component, subjecting said rich 
solvent phase to distillation to thereby form an overhead 
distillate containing only a portion of the extracted aro 
matic component and a side-cut fraction containing water 
and said aromatic hydrocarbon, separating an aqueous 
side-cut condensate containing solvent and dissolved arc 
matic hydrocarbon from a substantially aromatic hydro 
carbon extract, washing said raftinate with water and 
separately recovering an aqueous. wash effluent contain 
ing solvent washed from said raftinate, thereafter mixing 
said aqueous wash effluent with at least one of the group 
consisting of: (1) said overhead distillate, and (2) said 
aqueous side-cut condensate, recovering substantially 
raffinate-free aqueous solvent from the mixing step and 
supplying said aqueous solvent to said distillation stage. 
Most advantageously, the aqueous phase resulting from 

the washing of the raffinate is separated from the washed 
rafiinate and then mixed with the aqueous phase recov 
ered from the side-cut stripper and overhead condensates 
of the rich solvent stripping stage, the resultant mixture 
is separated into a hydrocarbon phase and an aqueous 
phase substantially free from raffinate components, and 

... the resultant mixture of aqueolis phases is supplied to the 
reboiling section of the rich solvent stripping stage as a 
source of stripping steam therein. 

Before the overhead distillate of the rich solvent strip 
ping stage is separated into an aqueous phase and hydro 
carbon phase suitable for recirculation to the extraction 
zone for reflux purposes, one of the preferred embodi 
ments of the present invention provides for utilizing the 
aromatic component present in this light distillate to dis 
place the raffinate paraffin dissolved in the aqueous Wash 
effluent of the rafiinate water-washing step, and this aque 
ous wash effluent is thereafter charged into the rich sol 
ent stripping zone as a source of stripping steam therein. 

Such additional processing technique will be hereinafter 
further described. 

Typical hydrocarbon mixtures containing aromatic 
components and utilizable as the hydrocarbon feed 
stock to the present process include hydrocarbon distill 
late fractions (usually boiling within or near the gasoline 
boiling range) of natural gasoline or straight-run pe 
troleum distillates, and especialily, hydroreformed naph 

...thas which are rich in aromatic hydrocarbons and are par 
ticularly valuable as a source of Such mononuclear aro 
matic hydrocarbons as benzene, toluene and Xylene. 

Solvent compositions which have a preferential solu 
bility for aromatic hydrocarbons generally contain one or 
more organic compounds containing in the molecule at 
least one polar group such as a hydroxyl, amino, cyano, 
carboxyl or nitro radical. In order to be effective in 
a system of extraction such as the process provided by 
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the present invention, the solvent component having the 
polar radical must have a boiling point substantially 
greater than the boiling point of water which is included 
in the solvent composition for enhancing its selectivity, 

10 

and in general, must also have a boiling point substan 
tially greater than the end boiling point of the aro 
matic component to be extracted from the hydrocarbon 
charge. Preferably the organic polar compound used 
in the solvent composition boils above the end boiling 
point of the hydrocarbon mixture supplied as charge to 
the extraction zone. In most instances the solvent con 
position has a greater density than the hydrocarbon 
charge and is accordingly introduced into the uppermost 
portion of the solvent extraction zone, thereafter flowing 
downwardly, countercurrent to the rising hydrocarbon 
feed stock introduced into the extraction zone at its mid 
point or in the lower portion thereof. - 
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Organic compounds for use as the solvent component 
of the solvent composition preferably are selected from 
the group of those oxygen-containing compounds which 
include the aliphatic and cyclic alcohols, cyclic mono 
meric sulfones, the glycols and glycol ethers, as well as 
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the glycol esters and glycol ether esters. The mono- and 
polyalkylene glycols in which the alkylene group con 
tains from 2 to 3 carbon atoms, such as ethylene glycol, 
diethylene glycol, triethylene glycol and tetraethylene 
glycol, propylene glycol, dipropylene glycol, and tri 
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propylene glycol, as well as the methyl, ethyl, propyl 
and butyl ethers of the glycol hydroxyl groups and the 
acetic acid esters thereof constitute a particularly pre 
ferred class of organic solvents useful in admixture with 
water as the solvent composition for use in the present 
process. A particularly preferred cyclic monomeric 
sulfone is tetrthydrothiophene-1,1-dioxide. Various 
phenols, such as phenol and resorcinol and their alkyl 
ethers, such as, for example, para-cresol and thymol, 
are also effective solvents for aromatic hydrocarbons. 
Aliphatic nitriles and cyano-substituted ethers and amines 
of appropriate boiling point, such as acetonitrile, the 
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di-alpha, di-beta, and di-gamma, propion-nitriles and the 
diethers and polyalkylene polyamines constitute another 
group of useful solvents when combined with water in 
certain proportions to provide solvent compositions hav 
ing the desired selectivity. The proferred polyalkylene 
glycols and especially, diethylene, triethylene and - di 
propylene glycols, containing from 2 percent to about 25 
percent by weight of water, constitute especially desir 
able solvent compositions for use in the present process. 
The improvement in solvent extraction to which the 

present invention is directed involves separating the aque 
' ous wash effluent from the raffinate water-Washing step, 
recovering the aqueous solvent-containing phases from 
each of the overhead and side-cut distillate fractions re 
moved from the rich solvent stripping column, mixing 
said aqueous wash effluent with the aqueous solvent-con 
taining phase recovered from the stripping column and/or 
with the overhead distiliate of the stripper column. In 
this manner, the aromatics present in the overhead vapors 
or dissolved in the aqueous solvent phase of the stripper 
distillates are utilized for the displacement of the dissolved 
raffinate from the aqueous wash effluent of the raffinate 
water-washing step. The aromatic extract hydrocarbons 
being preferentially soluble in the aqueous phase, these 
aromatics effectively displace the raffinate hydrocarbons 
dissolved in the aqueous wash effluent of the raffinate wa 
ter-Washing step. Accordingly when the wash effluent is 
-subsequently injected into the stripping column as a source 
of steam therein and for the purpose of recovering the 

70 
solvent in the wash effluent, the raffinate initially present 
in the wash effluent is no longer present therein and con 
tamination of the extract product distilled from the strip 
ping column with azeotrope-forming raffinate hydrocar 
bons is avoided. 
The present invention and the improvements effected 

thereby are explained in greater detail in connection with 



temperature. 
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the accompanying diagram which illustrates a typical proc 
ess flow in conformity with this invention. It is not in 
tended however to limit the scope of the invention to the 
specific solvent, specific process conditions, and partic 
ular apparatus arrangement described with reference to 
this drawing. ; 

Referring to the accompanying diagram, an aromatic 
hydrocarbon-containing charge, such as the product of a 
gasoline reforming process containing benzene, toluene 
and Xylenes as aromatic components, is introduced into 
the process flow through iline 3 at a Superatmospheric pres 
Stre which is sufficient to maintain the charge in substan 
tially liquid phase at the particular temperature main 
tained within the extraction zone and which may be in 
the range of from about 10 to about 300 pounds per 
square inch, or higher. Depending upon the water con 
tent of the solvent composition, the temperature of the 
extraction may be varied to increase or decrease the selec 
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tivity and solubility relationships between the solvent and 
the hydrocarbon feed stock. Utilizing a polyalkylene 
glycol solvent, for example, containing from 2 to about 
25 percent by weight of water, the process may be oper 
lated attemperatures of from about 100 to about 300 
C. In order to increase the solubility of aromatics in 
the solvent, while maintaining the selectivity, at a high 
level, the extraction stage of the process is preferably op 
erated at a temperature in the range of from about 125 
to abolit 200°C. with maintenance of liquid phase con 
tact in the extraction zone. For polyethylene glycol sol 
vents, such as triethylene glycol, containing from 5 to 
about 15 percent by weight of water, the preferred extrac 
tion conditions for the present process are temperatures 
of from about 110 to about 150° C., utilizing solvent to 
hydrocarbon charge ratios of from about 5 to 1 to about 
15 to 1 volumes per volume. - 

Referring again to the accompanying diagram, the hy 
drocarbon feed stock at the foregoing temperature and 
pressure conditions is fed from line at a rate controlled 
by valve 2, and at a pressure provided by pump 3 into 
line 4 containing heater 5 which raises the temperature of 
the hydrocarbon feed stock to the foregoing extraction 

The feed stock at the desired temperature 
and pressure is charged into extraction column 6 at an 
intermediate point below the solvent inlet. (which gen 
erally is in the upper portion of the column) and above 
the rich solvent outlet in the lowermost portion of the 
column. Lean solvent composition from which hydro 
carbon solute has been removed in the stripping stage of 
the process, is charged through line 7 at the desired item 
perature and pressure into the upper portion of solvent 
extraction zone 6. 

Solvent extraction zone 6 may be of any type suitable 
for effecting countercurrent contact between two liquid 
phases at least partially but not wholly miscible in each 
other and wherein the relatively more dense solvent may 
be brought into intimate contact with the relatively less 
dense hydrocarbon phase. Thus, extraction Zone 6 may 
be a packed column or may contain a series of horizontal, 
perforated plates through which the liquid solvent flows 
in dispersed form and in countercurrent flow relationship 
to an ascending hydrocarbon stream. The recycle re 
flux stream consisting in part, preferably piredominantly, 
of a portion (usually the lightest portion) of the aromatic 
extract component present in the hydrocarbon charge, is 
introduced into zone 6 at a point below the feed stock 
charge line 4 through line 3. This reflux stream usually 

i is made up predominantly of the stream recovered as over 
head distillate from the solvent stripping zone. 
As the hydrocarbon feed stock and reflux flow upwardly 

through column 6 in countercurrent relationship to the 
descending solvent composition, the solvent selectively ex 
tracts the more soluble aromatic hydrocarbon components 
of the feed stock and selectively rejects the parafiinic and 

20 
to recover the solvent removed from the extraction Zone 
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other non-aromatic components which make up the raf 
finate. The non-extracted residue, herein referred to 75 

as "rafiinate,” comprises predominantly parafiinic hydro 
carbons substaitially free of the aromatic hydrocarbons 
to be recovered as extract product of the process; thu 
rafiinate is withdrawn from the top of extraction zone 
6 through line 9, containing pump 16 which discharges 
the rafiinate stream through line S2 into raffinate wash 
ing zone 12 for recovery of the normally smail but signifi 
cant quantity of solvent dissolved in the effluent raffinate 
hydrocarbon stream. Since this stream is customarily 
employed for blending into gasoline motor fuels, the pres 
ence of the solvent therein is detrinental to its use and 
must accordingly be removed therefrom prior to its use as 
a motor fuel. Moreover, if the solvent dissolved in the 
rafiinate effluent, even through the quantity of this dis 
solved solvent is generally small, were not recovered 
therefrom, its continuous removal from the process in the 
rafiinate would represent a substantial loss on a continu 
ously operating basis, since the rafiinate stream does not 
reenter the process flow. Accordingly, rafiinate washing 
zone. 12 is incorporated into the process flow in order 
in the raffinate. 

In order to efect such recovery of solvent from the 
rafiinate on an efficient basis, however, the aqueous 
stream used to wash the raffinate must be free of solvent 
and must be confined to the smallest possible quantity 
sufficient for the purpose, since excess: water... must be 
removed from the recovered solvent solution in order 
that it may be utilized again in the extraction zone. The 
most effective aqueous wash stream for this purpose 
which is recycled within the process flow in order to 
maintain the total water inventory, constant and in equi 
librium is that recovered from the overhead or side-out 
fractions of the stripping column, in the operation accord 
ing to the present process which produce aqueous con 
densates containing a high proportion of water suitable 
for washing the raffinate stream removed from the sol 
vent extraction zone. The source of such aqueous streams 
charged into the top of column 12 through line 51 will 
be hereinafter more specifically described. 

Since the aqueous wash stream is of generally greater 
density than the hydrocarbon raffinate, countercurrent 
washing is conveniently effected by introducing the aque 
ous stream into the top of zone 12, usually a counter 
current contacting column, as the rafiinate of lesser 
density is introduced into the bottom thereof. A resulti 
ing washed raffinate from which the solvent composition 
has been substantially completely removed is withdrawn 
from column 12 through line 3 at a rate controlled by 
valve 14 and thereafter removed to storage or to other 
processing stages accompanying the present extraction 
process. An aqueous wash effluent containing recovered 
solvent is removed from the bottom of washing zone 12 
through 15 by means of pump 16 which discharges 
the aqueous wash effluent through line 17 containing 
valve 8 into an overhead receiver vessel utilized in con 
nection with the solvent stripping stage of the present 
process, hereinafter referred to in greater detail. 

Referring again to the solvent extraction stage of the 
present processflow, as the rich solvent stream containing 
dissolved aromatic extract flows downwardly, through ex 
traction zone 6, it countercurrently contacts the light aro 
matic-paraffin reflux introduced into the extraction zone 
through line 8 in the lower portion of the column. The 
reflux, in its countercurrent contact with the descending 
rich solvent, displaces raffinate paraffins which have a 
tendency to dissolve in the rich solvent stream to a small 
extent; in effect, the rich solvent prior to its removal from 
the extraction zone is countercurrently washed with light, 
more soluble aromatics and/or light paraffins which re 
place the raffinate solute from the rich solvent into the 
upwardly flowing hydrocarbon phase and thus ultimately 
into the raffinate effluent from the extraction zone. Th 
resulting rich solvent, which now contains dissolved a 
matic extract and reflux components and is free from raft: 
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finate hydrocarbons boiling in the same range as the aro 
matic solute is removed from the bottom of extraction 
zone 6, through line S9 at a rate controlled by valve 28 
and transferred by means of pump 25 through line 22 
into the upper portion of rich solvent stripping zone 23 
for recovery of the hydrocarbon solute therefrom. Strip 
ping Zone 23 generally contains a reboiler 24, in the lower 
portion of the column which supplies additional heat to 
the rich solvent residue accumulating in the lower por 
tion of column 23 for stripping the last traces of aromatic 
solute from the rich solvent prior to its removal from 
the stripping Zone. 

In the preferred manner of operating the solvent extrac 
tion process, extraction Zone 6 is maintained at a pres 
sure sufficient to provide essentially liquid phase condi 
tions in the extractor at the particular extraction tempera 
ture, as aforesaid. Thereafter, the resulting rich solvent 
in liquid phase is transferred into stripping zone 23 
wherein the pressure on the rich solvent is reduced (pref 
erably in several stages) while maintaining the liquid 
residue substantially at the same temperature by means 
of reboiler 24. The vapor overhead and side-cut fractions 
thereby isothermally flashed from the rich solvent are 
predominantly hydrocarbon, but since the water and or 
ganic solvent components of the rich solvent stream also 
have significant vapor pressures at the temperature of the 
rich solvent, water and solvent are also present in the 
vapors, the quantity of the latter components increasing 
as the boiling point of the respective fraction increases. 
The overhead vapor flashed from the rich solvent con 

tains substantially all of the light paraffin components 
(e.g., C5, C and C paraffins) of the hydrocarbon reflux, 
which is present in the rich solvent by virtue of having 
replaced paraffins of greater molecular weight in the ex 
traction Zone. The overhead also contains a large pro 
portion of the lightest (lowest molecular weight) aro 
matics (e.g., benzene) present in the feed stock which dis 
tills overhead with the light paraffins during the stripping 
operation and thus make up the hydrocarbon reflux re 
cycled to the bottom of the extraction zone. In any 
event, the reduction in pressure between the extraction 
and Stripping zones is sufficient to vaporize completely the 
paraffinic component of the rich solvent strean and if 
necessary, sufficient heat is introduced into the reboiling 
portion of the column to supply the heat of vaporization 
required to completely remove all of the paraffin soluble 
from the rich solvent into the vapor overhead and to 
effect such vaporization substantially isothermally. The 
resulting vapor overhead is removed from the top of the 
stripping Zone through line 25 into overhead condenser 
26 which liquefies the vaporized components for with 
drawal therefrom through line 27 and valve 28 for dis 
charge into receiver 29. The condensate formed by lique 
fying the overhead vapor stream is a mixture of hydro 
carbons and aqueous solvent saturated with the light aro 
matic component of the vapor overhead. In accordance 
with the present process, the primarily hydrocarbon por 
tion of the condensate may be separated from the aqueous 
phase in an auxiliary receiver (not shown), if desired, 
and separately recycled to extraction zone 6 as recycle 
reflux while the lower aqueous phase is separately charged 
into receiver 29 as the source of aromatic for displace 
ment purposes therein. However, in the preferred atter 
native arrangement, the entire overhead condensate is 
allowed to enter receiver 29, to thereby provide a source 
of excess light aromatics therein and a hydrocarbon phase 
to receive the rafiinate components displaced from the 
aqueous raffinate wash effluent. 
The lower aqueous layer accumulating in receiver vessel 

29 would normally be saturated with the most volatile 
aromatic component of the feed stock (such as benzene, 
for example, when the feed stock is a gasoline boiling 
range fraction), together with a small amount of solvent 
vaporized with the hydrocarbon components into the light 
vapor overhead. In order to recover not only the dis 
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solved solvent and aromatic components dissolved in the 
aqueous portion of the condensate, but also to provide 
steam for stripping purposes in rich solvent stripping zone 
23, the aqueous layer would normally be withdrawn from 
the receiver vessel and recycled to the reboiling section of 
Stripping Zone 23, for the aforementioned purposes. In 
the present process, however, the aromatic hydrocarbon 
dissolved in the aqueous phase accomplishes an important 
auxiliary function comprising the essential inventive con 
cept upon which the present improvement is based. As 
heretofore indicated, the aqueous wash effluent recovered 
from the raffinate washing zone 2 contains feed stock 
raffinate (paraffins) dissolvedand/or entrained within 
the aqueous washings recovered from the rafiinate water 
Washing Zone A2. Since the quantity of solvent recovered 
by the rafiinate water wash step necessitates recovery of 
the solvent therein and such recovery is generally effected 
by charging the aqueous water wash effluent into the 
Stripping Zone as a source of steam in the latter zone for 
Stripping solute from the rich solvent, the feed stock 
raffinate paraffins contained in the aqueous wash effluent 
Would contaminate the aromatic extract product distilled 
from the Stripping zone if not removed from the aqueous 
effluent prior to discharge into the reboiling section of rich 
Solvent Stripping Zone 23. Although the aqueous wash 
effluent could be separately distilled to recover the solvent 
therefroin, such procedure involves the necessity of pro 
viding an additional distillation column, the consumption 
of large quantities of heat for effecting such distillation 
and other uneconomical procedures which would other 
Wise increase the cost of recovering the aromatic extract 
product in a highly purified form. 

in accordance with the process of the present invention, 
hovvever, the raffinate paraffins present in the aqueous 
Wash effluent are displaced therefrom by preferentially 
Soluble aromatics derived from the stripper overhead 
itself (which is normally recycled to the solvent extrac 
tion Zone) or from the aqueous layer collected in over 
head receiver 29, the aqueous iayer containing dissolved 
light aromatic distilled from the rich solvent in stripper 
23. Through Such mixing of the two aqueous streams, 
One containing a dissolved light aromatic from the over 
head receiver and the other containing dissolved rafiinate 
paraffins from the raftinate washing zone, or by mixing 
the Water wash effluent with stripper overhead hydro 
carbons the raffinate paraffins present in the aqueouswash 
effluent are displaced therefrom into the hydrocarbon 
phase collecting in the overhead receiver, forming thereby 
a lower aqueous layer in receiver 29 containing only pref 
erentially soluble aromatic hydrocarbons, the rafiinate 
paraffins initially present in the aqueous wash effluent 
being displaced into the hydrocarbon layer simultaneous 
ly accumulating in receiver vessel 29. By virtue of such 
displacement, the aqueous phase subsequently withdrawn 
from receiver 29 and recycled to rich solvent stripping 
Zone 23 contains only the desired aromatic product as the 
dissolved hydrocarbon phase. When subsequently vapor 
ized in Zone 23, these aromatic hydrocarbons are re 
covered as part of the aromatic product of the process, 
not contaminated by feed stock rafiinate hydrocarbons. 
Aromatic products exceeding nitration grade specifica 
tions (i.e., of 99-- percent purity) are thereby made 
feasible. 
As a result of the hydrocarbon exchange which occurs 

in receiver 29, the hydrocarbon layer accumulating above 
the aqueous phase in the receiver is a mixture of light 
parafins (if present), the lightest aromatic component of 
the feed stock (such as benzene), both of which are dis 
tilled overhead from the rich solvent in stripping zone 23, 
and the feed stock raftinate paraffins displaced from the 
aqueous wash effluent admitted to receiver 29 from the 
rafiinate Wash Zone. The upper hydrocarbon layer is 
recycled to the bottom of solvent extraction Zone 6 to 
provide the recycle reflux heretofore described and for 
the purposes indicated, being withdrawn from receiver 
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vessel 29 through line 30 at a rate controllied by valve 35 
and transferred by means of pump 32 into line 8 which 
conveys the recycle reflux into the lower portion of solvent 
extraction zone 6. The volume of light paraffins and light 
aromatics in the recycle reflux is generally sufficient to 
effect countercurrent washing of the rich solvent phase 
descending into the lower portion of extraction zone 6; 
but if insufficient to effect the removal of feed stock 
paraffins (rafiinate) from the rich solvent before the latter 
leaves the extraction Zone, additional makeup paraffin 
reflux may be introduced into the process cycle at a rate 
determined by valve 34, from external source through 
line 33 connecting with recycle line 30. In general, the 
volume of light parafin and/or light aromatic present in 
the recycle reflux stream is sufficient to provide a volu 
metric ratio of reflux to rich solvent contacted therewith 
in the lower portion of extraction zone 6 of from about 
0.1:1 to about 20:1 or more, preferably from 0.5:1 to 
about 5:1 volumes of reflux per volume of rich solvent. 
The feed stock rafiinate paraffins displaced from the 

ageous wash effluent of the raffinate Washtower and pres 
ent in the recycle refux stream do not hinder the rich so 
vent washing action of the light paraffins in the lower por 
tion of the solvent extraction zone, since these hydrocar 
bons jointherising hydrocarbon stream in the solvent ex 
traction zone and are eventually removed from the top of 
the extraction zone in admixture with feed stock rafiinate. 
The aromatic-containing aqueous stream utilized as one 

of the alternative sources of light aromatic for displacing 
rafiinate from the aqueous rafiinate wash effluent may be 
supplied to vessel 29 from the aqueous phase recovered 
as a portion of the vapor overhead or vapor side-cut from 
the solvent stripping zone, hereafter described. Both of 
these streams provide a source of light aromatic which 
saturates the water simultaneously distilled from the Sol 
vent composition with the light aromatic and light par 
affins in the overhead distillate. The diversion of this 
aqueous phase, saturated with aromatic component, into 
:receiver 29 enhances the completeness of raffinate par 
affin displacement, since the displacement is a mass action 
effect which is increased as the volume of total aromatic 
present in receiver vessel 29 is increased. This supply Cf 
aromatic hydrocarbon-saturated aqueous stream is Sup 
splied to receiver 29 through line 27, as aforesaid. 

As the rich solvent descends through the solvent strip 
ping zone, after leaving the flash vaporization section in 
the upper portion thereof, it contacts rising vapors of 
steam and hydrocarbon distilled from the rich solvent 
in column 23 and by virtue of steam generated from the 
recycled aqueous washings charged into the reboiling 

I section of column 23. Reboiler 24 is operated at a rate 
of heat input sufficient to supply the necessary heat of 
vaporization to complete the distillation of all of the 
paraffins from the rich solvent stream in the upper section 
of stripping zone 23, sufficient aromatic solute being dis 
tilled with the paraffins to ensure complete removal of 
the latter paraffins from the rich solvent before aromatic 
product is taken off as a side-cut vapor. At some point 
below the flashing section of column 23, the hydrocarbon 
vapor phase in equilibrium with the solvent composition 
is completely aromatic in composition and at such point 
the hydrocarbon component of the side-cut vapors with 
drawn from column 23 are entirely aromatic extract. 
Water vapor, and vaporized solvent composition which 
iaiso has a finite vapor pressure above the rich solvent 
'phase comprise the remaining portion of the vapors. The 
latter side-cut is withdrawn from column 23 through line 
35, liquefied in condenser 36 and liquid condensate drained 
therefrom through line 37 and valve 38 into condensate 
receiver 39. The liquid condensate separates into a 
lower, Substantially aqueous · phase saturated with aro 
natic hydrocarbon extract vaporized with the water and 
Solvent, and an upper, wet hydrocarbon extract phase. 
The upper hydrocarbon layer consisting of essentially 
pure aromatic extract when operating the process in 
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accordance with this invention, is withdrawn from receiver 
35 through line éé and valve 41 as the ultimately desired 
aromatic product of the process, being thereafter dried and 
fractionated to separate therefrom, substantially pure aro 
Natic corponets. 
Although the solubility of aromatic hydrocarbons in 

Water is relatively Small, the aqueous layer accumulating 
in vessel 39 contains a significant proportion of dissolved 
aromatic product, generally from about 0.1 to about 
2% by Weight of the aqueous phase. The aromatic 
conteit is directly proportioned to the temperature of 
this stream. The lower aqueous phase, containing dis 
solved aromatic product, thus constitutes a desirable 
SOLlice of te aromatic-containing aqueous stream sup 
plied to receiver vessel 29 for the purpose of displacing 
feed stock paraffins from the aqueous washings recovered 
froii the rafiinate washing zone, thereby Supplementing 
the aqueous, aromatic-containing stream recovered as 
Overhead from the rich solvent stripping zone. When 
desired, therefore, particularly for the ultimate recovery 
of a substantially pure aromatic extract product of the 
Present process and in order to enhance the displacement 
rafiinate paraffins from the aqueous phase in receiver 29, 
the lower aqueous layer in receiver vessel 39 is with 
drawn from the bottom of the latter vessel through line 
42 at a rate controlled by valve 43 and transferred by 
fileans of pufnp$3 into line 44 which conveys the aqueous 
phase into receiver 29. The combined aqueous phases 
Supplied to receiver 29 and from which substantialiya?! 
of the feed stock paraffins have been displaced is now 
in condition for recycling to the lower portion of the 
stripping Zone to be introduced therein as a source of 
stripping steam and for the recovery of solvent contained 
therein. The lower aqueous solvent layer in receiver 29 
is withdrawn therefrom through line 45 and valve 46 
aid discharged into line 47 from which ail or only a 
portion of the aqueous layer is supplied to steam generator 
48 which produces the steam for stripping purposes in 
Zone 23. ?? 

The treatment of the raffinate effluent from the solvent 
extraction Zone in raftinate washing zone 2 depends upon 
a Coristant supply of water to continuously wash the 
Streatin of rafiinate charged into zone E2. In order to 
conserve Water for this purpose, and to utilize internal 
Sources of Water to their maximum effectiveness whereby 
the internal water supply is maintained constant, the 
aqueous layers recovered from the vapor condensate 
receivers which accumulate the Stripper overhead and side 
cut streams from the rich solvent stripping zone finay be 
and are desirably utilized as the source of the water wash. 
The amount of aqueous stream removed from line 47 for 
the purpose of Supplying rafiinate washing zone E2 with 
Water is controlled by valve 49 and pump 50 which dis 
charges the amount of water required for rafiinate wash 
ng Purposes into water recycle line 5, feeding into the 
top of rafiinate washing zone A2. 
The lean solvent composition from which the hydro 

carbon solute has been stripped in the upper portion of 
Zone 23 and which accumulates in the lower portion of 
the stripping Zone is withdrawn from column 23 at an 
elevated temperature as a result of reboiling and stripping 
the last traces of the hydrocarbon solute therefron, the 
Strean being removed through line 52 at a rate con 
trolled by valve 53 and transferred by means of pump 54 
into line 55 connecting with heat eXchange coil. 56 in 
Steain generator 48. Steam is required for stripping pur 
poses in the upper portions of column 23 to reduce the 
Solubility of aromatics in the solvent Cornposition and 
thereby increase their volatility in equilibrium with the 
Solvent composition. Tiae reiatively high temperature of 
the solvent residue provides an available source of sensible 
heat from which stripping steam may be generated for 
injection into the lower portion of stripping zone 23 by 
heat exchange with the recovered agteous portion of the 
side-cut and overhead vapor condensates and the aqueous 



wash effluent from zone E2. The steam thus generated at 
an elevated temperature is discharged from steam gen 
erator 48 at a point above the liquid level therein through 
line 57 which conveys the hot steam into the lower por 
tion of stripping zone 23 at a rate controlled by valve 53. 
The lean solvent composition from which the reboiling 
heat has been removed by heat exchange in stearin gener 
ator 48 is recycled to extraction zone 6 at the desired 
extraction temperature, depending upon the extent of 
heat exchange in vessel 48, through line 59 connecting 
with lean solvent feed supply line 7, thereafter flowing 
into the top of extraction zone 6 for reuse therein as the 
lean solvent composition. In the event that additional 
solvent composition, sufficient to replace losses in the 
system is required, such quantity, sufficient to make up 
for such losses, is supplied from solvent reserve through 
line 69 containing valve 65 and transferred by means of 
pump 62 into lean solvent feed line 7. 
The residue of solvent composition, after distillation 

of Sufficient water therefrom in steam generator 48 to 
supply the stripping steam requirements of the process 
in zone 23 and comprising the solvent recovered from the 
various aqueous condensate sources of the present proc 
ess, is removed from the lower portion of steam generator 
48 through line 63 at a controlled rate determined by 
valve 64 and transferred under pressure by means of 
pump 65 through line 66 into lean solvent recycle line 59, 
thereby recovering the solvent present in the rafiinate 
wash effluent and the aqueous layers of the stripper over 
head and side-cut fractions for reuse in the extraction 
stage. The amount of water distilled from the aqueous 
solvent residue in steam generator 48 is also controlled by 
the quantity of water required to rehydrate the lean 
solvent stream withdrawn from the bottom of the strip 
ping zone to the water level required to meet the lean 
solvent composition for use as extractant in Solvent ex 
traction zone 6. Thus, if the water content of the sol 
vent residue in column 23 is sufficient to meet the lean 
solvent requirements for extraction purposes, no addi 
tional water need be added to the solvent recycle stream 
from line 66 and the water content of the solvent residue 
in heat exchanger 48 can be reduced to the lean Solvent 
water level. 
The process of the present invention is further illus 

trated with respect to several of its specific embodirinents 
in the following illustrative examples which, however, 
are not intended to limit the scope of the invention neces 
sarily in accordance therewith. 

In the following examples a series of runs is described 
which illustrate a selective solvent extraction process 
operated under various conditions, designed to demon 
strate the advantages to be realized by operating the 
process in accordance with the improvement provided by 
the present invention. In each case a catalytically re 
formed gasoline boiling range fraction is utilized as feed 
stock for the recovery of a mixture of benzene, toluene 
and xylene, utilizing a diethylene glycol-water mixture as 
lean solvent composition containing about 8% by weight 
of water in a countercurrent, liquid-liquid solvent extrac 
tion process effected in an extraction column comprising 
a series of horizontal perforated plates. The extraction 
stage of the process results in the formation of a rich 
solvent composition which is thereafter stripped in the 
presence of steam to recover the mixture of C6, C7 and Ca 
aromatic hydrocarbons. The latter extract mixture is 
thereafter fractionally distilled to separate individual 
fractions of benzene, toluene and Xylene. In Run A the 
aqueous effluent recovered from washing the raffinate 
stream with water is recycled to the rich solvent stripping 
zone without prior treatment to thereby recover the sol 
vent contained in the aqueous wash effluent. In Run B 
the aqueous effluent is separately distilled to remove the 
hydrocarbons which are dissolved and/or entrained in 
the effluent, prior to recycling the distillation residue to 
the solvent Stripping zone. Run C embodies the im 
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2 
provement comprising the present invention wherein the 
aqueous wash effluent from the raffinate washing step 
(containing raffinate paraffins) is mixed in the stripper 
overhead condensate receiver prior to recycling the re 
sulting combined aqueous layers in the receiver to the 
reboiling section of the solvent stripping zone and the 
hydrocarbon layer in the overhead receiver to the bottom 
of the extraction zone as reflux therein. In each of the 
following runs, that is A, B and C, the catalytic reformate 
is fractionally distilled to separate a fraction having a 
boiling range of from about 40° to about 155.C. and the 
latter cut is redistilled to remove a fraction boiling from 
about 40° to about 65° C. which is utilized as light 
paraffin reflux make-up to the extraction zone and a feed 
stock fraction boiling from about 65° to about 155° C. 
The latter feed stock contains approximately 7.0% by 
weight of benzene, 25.6% by weight of toluene and 
30.6% by weight of Ca xylenes, and ethylbenzene, the 
remainder consisting of aliphatic paraffin hydrocarbons in 
the C-C range. The feed stock is charged at the rate 
of 1635 bbl/day, at a pressure of 100 pounds per square 
inch and at a temperature of 290 F. (144. C.) into the 
mid-section of a countercurrent solvent extraction column 
of the aforementioned type containing about 60 actual 
plates, which represent from about 15 to about 20 theo 
retical plates. As the feed stock is charged at the fore 
going conditions into the solvent extraction zone the 
aqueous diethylene glycol solvent composition, recovered 
from the reboiling section of the solvent stripping zone, 
hereinafter described, is charged at a rate of 24,780 bbls./ 
day and at a temperature of 290 F. and at a pressure of 
100 pounds per square inch into the top of the extraction 
column, thereafter percolating downwardly through the 
perforations in the horizontal plates against a rising 
stream of the feed stock charged into the mid-portion of 
the extraction column. Another stream, herein referred 
to as a recycle reflux enters the extraction column below 
the feed stock inlet and more preferably, in the bottom of 
the extraction column, the reflux being a mixture of 
benzene and light paraffins containing approximately 
88% by volume of benzene combined with C5 and Cs 
aliphatic paraffins derived from the upper hydrocarbon 
layer of the stripper overhead condensate, mixed with the 
volatile portion of the catalytic reformate boiling from 
about 40 to about 65° C., referred to hereinabove as 
light paraffin reflux make-up. The latter mixture is 
charged into the bottom of the solvent extraction column 
at a rate of 2102 bbls./day and at the temperature, and 
pressure conditions maintained in the extraction zone. 
The non-extracted portion of the hydrocarbon feed 

stock, herein referred to as raffinate, is removed from the 
top of the solvent extraction zone at a rate of 766 bbls,/ 
day and is diverted into the bottom of a countercurrent 
flow raffinate washing zone into the top of which 172 
gals./hr. of the recovered lower aqueous phase of the 
stripper overhead condensate is charged as extractant to 
remove the small quantity of solvent dissolved in the raf 
finate stream (approximately 1.7 bbls./day). The re 
covered, washed raffinate removed from the top of the 
raffinate washing column contains less than 0.2% by 
weight of benzene, approximately 0.5% by weight of 
toluene and about 6% by weight of xylene. The recov 
ered aqueous wash effluent is separately treated in accord 
ance with the procedures herein designated in Runs A, 
B and C to provide a comparative basis of examination 
for the different Runs. 

In the following Run. A the rich solvent stream re 
covered from the bottom of the solvent extraction column 
is charged at the temperature and pressure maintained 
in the extraction column into a solvent stripping zone 
wherein the hydrocarbon solute in the rich solvent is 
allowed to flash distill in the upper section of the solvent 
stripping column and reboiled in the lower portion of the 
stripping Zone to recover the aromatic hydrocarbon ex 
tract dissolved in the rich solvent. The rich solvent upon 



3. 
entering the stripping zone is flashed by successive reduc 
tions of the ambient pressure from 100 pounds per square 
inch to substantially atmospheric pressure, the resulting 
overhead vapors being liquefied in a water-cooled con 
denser and collected as overhead liquid condensate in a re 
ceiver vessel attached to the condenser. The liquid con 
densate separates into two phases, an upper layer com 
prising a mixture of benzene and light paraffin hydro 
carbons containing approximately 86% by volume of 
benzene and a lower aqueous layer which is pre 
dominantly water containing a small amount (about 2 
percent by weight) of diethylene glycol. The upper layer 
is withdrawn and mixed with the make-up light paraffin 
reflux fraction recovered from the catalytic reformate, 
and charged at a rate of 1102 bbls./day into the botton 
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of the extraction column as recycle reflux. The lower 
aqueous layer of the overhead condensate, in the amount 
of 242 bbls./day, is separately recovered and reserved for. 
use as stripping steam in the rich solvent stripping Zone. 
A side-cut fraction is removed from an intermediate 

plate of the solvent stripping column at atmospheric 
pressure, liquefied in a water-cooled condenser and col 
lected in a side-cut receiver. A lower aqueous layer is 
withdrawn from the receiver in the amount of 387 
bbls./day, combined with the aqueous phase recovered 
from the overhead vapor condenser and the aqueous wash 
effluent of the raffinate washing zone. The combined 
aqueous mixture containing approximately 2.3% by 
weight of diethylene glycol is charged at a rate of 1530 
bbls./day into the reboiling section of the solvent stripping 
zone, the steam thereby generated rising through the 
stripping column and vaporizing hydrocarbon Solute from 
the rich solvent. 
The aromatic extract (upper layer) accumulating in 

the side-cut receiver, amounting to 869 bbls./day, is re 
served as product. Upon fractionation of the extract in 
a separate distillation column a benzene overhead boil 
ing from 79.9° C. to 81° C., containing 98.2% benzene 
is condensed and collected. ... A toluene cut (98.3% by 
weight toluene) is separated from the residue in a second 
distillation column. The residue from the latter distilla 
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tion, comprising xylenes and ethylbenzene contains 94.8% 
by weight of Ca aromatic hydrocarbons. Infra-red 
analysis of the three aromatic cuts indicates that the im 
purities present in each of the cuts, although relatively 
small in amount, consist of aliphatic paraffins boiling in 
the same range as the desired aromatic products. 

In the following Run B the aqueous wash effluent from 
the raffinate washing zone is separately recovered and dis 
tilled in a separate column prior to mixing the distillation 
residue with the lower aqueous layers recovered from the 
overhead and side-cut condensate receiver vessels attached 
to the respective overhead and side-cut vapor lines of the 
stripping zone. Upon distillation of the raffinate wash 
effluent, and overhead vapor consisting predominantly of 
steam, but also containing feed stock raffinate hydro 
carbons is recovered from the aqueous residue which con 
tains diethylene glycol in solution. In order to free the 
aqueous raffinate wash effluent completely of paraffinic 
hydrocarbons, approximately 2 of the volume of the re 
covered aqueous wash effluent must be distilled in the 
separate distillation column. Redistallation of the aqueous 
wash effluent requires a separate column containing about 
5 theoretical plates and results in the consumption of an 
additional 8% of the utility requirements (heat and elec 
trical energy) of the process in which the redistilation is 
omitted. The recovered aromatic products removed from 
the side-cut receiver of the rich solvent stripping zone, 
however, are substantially pure, the benzene fraction con 
sisting of 99.99% benzene has a boiling range of from 
80.0 to 80.1° C. The toluene fraction recovered in a 
separated in a separate column is also of substantially 
greater purity (99.1% toluene). 
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In the following Run C the aqueous wash effluent (ap 
proximately 172 gals./hr.), recovered from the raffinate 
wash zone is allowed to run in the receiver attached to 
the overhead condenser, thereby mixing the aqueous raf 
finate wash effluent with the aqueous and hydrocarbon 
layers of the overhead condensate, containing benzene. 
The hydrocarbon upper layer (predominantly benzene). 
in the overhead condensate receiver displaces the raffinate 
paraffins present in the raffinate wash effluent and ex 
tracts these hydrocarbons from the aqueous phase, leaving 
an aqueous phase free of non-aromatic hydrocarbon. By 
virtue of such mixing the feed stock paraffins dissolved 
in or entrained in the aqueous raffinate wash effluentare 
displaced therefrom into the hydrocarbon layer ac 
cumulating in the overhead receiver vessel, and and re 
cycled to the extraction column as recycle reflux. The 
lower aqueous phase collected in the overhead condensate 
receiver, after removing a portion (172 gals./hr.) for 

20 use as the raffinate wash water, was mixed with the lower 
aqueous layer accumulating in the side-cut receiver vessel 
and the resulting combined aqueous streams charged at a 
rate of 1523 bbls/day into the reboiling section of the 
stripping column. The mixture of Cs-C aromatic hydro 
carbons recovered as extract product from the stripping. 
zone upon fractional distillation yielded benzene of 
99.99% purity, toluene of 99.4% purity and a Caromatic 
cut of 98.5% purity. The latter purities were realized 
without the consumption of additional utilities in either 
the extraction or stripping sections of the process, com 
pared to the process of Runs A and B, above. 

I claim as my invention: 
1. An aromatic hydrocarbon recovery process which 

comprises contacting a hydrocarbon mixture containing 
aromatic and non-aromatic hydrocarbon components with 
a solvent composition which selectively dissolves the aro 
matic component of said mixture and which contains 
water and an organic solvent boiling above said aro 
matic component, separating a resulting raffinate phase 
comprising said non-aromatic hydrocarbon from a rich 
solvent phase comprising solvent containing dissolved 
aromatic component, distilling said rich solvent phase, 
recovering overhead from the distilling step and aqueous 
condensate comprising extracted aromatic component of 
greatest volatility and a side-cut fraction comprising a 
major proportion of the extracted aromatic hydrocarbon, 
separating an aromatic-containing aqueous condensate 
from said side-cut fraction, washing said raffinate with 
Water and separately recovering an aqueous wash effluent . 
containing raffinate component and solvent washed from 
the said raffinate, thereafter mixing said aqueous wash 
effluent with at least one of said aqueous condensates to 
displace rafiinate component in the wash effluent with 
aromatic hydrocarbon contained in the aqueous con 
densate, recovering a substantially rafiinate-free aqueous 
solvent phase from a hydrocarbon phase comprising raf 
finate displaced from said aqueous solvent, and intro 
ducing the resulting aqueous solvent into the rich solvent 
during the distilling step. - -- 

2. The process of claim 1 further characterized by 
recovering an aqueous phase containing dissolved aro 
matic hydrocarbon from the overhead of said distilling 
step and utilizing at least a portion of said aqueous phase 
as the source of water for washing rafiinate. 

3. The process of claim 1 further characterized in 
that said hydrocarbon mixture contains benzene. 

4. The process of claim 3 further characterized in 
that said hydrocarbon mixture contains benzene, toluene 
and a C aromatic hydrocarbon. 

5. The process of claim 1 further characterized in 
that said aqueous wash effluent is mixed with both said 
aque ous condensates. 
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