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condensation  of the side-cut tially liquid phase at the particular tem-
vapors removed from the extract phase dis-  perature maintained within the
extraction           tilling column, also called rich solvent strip-  zone
and which may be in the range of from           ping column, in a separate
side-cut rectifica- about 0.7 to about 20 atmospheres or higher.        5
tion column in order to produce an over-  Depending upon the water content
of the 70           head distillate from the side-cut rectification
solvent composition, the temperature of the           column consisting
essentially of pure water extraction may be varied to increase or de-
which is thereafter utilized for washing the  crease the selectivity and
solubility rela-           extract and raffinate streams recovered from
tionships between the solvent and the hydro-       10 the solvent
extraction process.  In this  carbon feed stock. Utilizing a polyalkylene
manner, the heat present in the side-cut glycol solvent, for example,
containing from           vapors is utilized for the separation of the  2
to about 25 per cent by weight of water,           distillate, from a
residue of relatively non-  the process may be operated at tempera-
volatile solvent and extract hydrocarbon, tires of from about 100 to about
300[err] C       15 both of which are present in the side-cut In order to
increase the solubility of aro- 80           vapors carried over to the
water rectifying  matics in the solvent, while maintaining the
column. In this manner the aqueous phase  selectivity at a high level, the
extraction           recovered from the side-cut vapors is re- stage of the
process is preferably operated at           covered in a form substantially
free of sol-  a temperature in 'the range of from about       20 vent, that
is a form in which it is most effec-  125[err] to about 200[err] C. with
maintenance of           tive as a wash stream to remove solvent from
liquid phase contact in the extraction zone.           the extract and
raffinate product streams of  For polyethylene glycol solvents, such as
the process.  Contrasted with the methods  triethylene glycol, containing
from 5 to about           heretofore utilized to accomplish solvent re-  15
percent by weight of water, the preferred       25 moval treatment the
process flow of the  extraction conditions for the present pro- 90
present invention assures substantial savings  cess are temperatures of
from about 110[err]           in the amount of heating and cooling facili-
to about 150[err] C., utilizing solvent to hydro-           ties required
for effecting the desired re- carbon charge ratios of from about 5 to 1
covery of solvent-free extract and raflinate  to about 15 to 1 volumes per
volume. 30 products, as well as a substantial saving in   Referring again
to the accompanying dia-           the initial investment for equipment.
The  gram, the hydrocarbon charge at the fore-      heat consumed in the
process of the present going temperature and pressure conditions
invention is from 25 to 35 percent less than  is introduced from line 2
into extraction           the heat requirements of the process of the
column 1 at an intermediate point below the       35 prior art utilizing
vapor condensers in an  solvent inlet (which generally is at the upper 100
otherwise similar system of solvent extrac- portion of the column) and
above the rich           tion, extract phase distillation, and product
solvent outlet in the lowermost portion of           recovery and at the
same rate of extract pro- the column.  Lean solvent composition
duction. Thus, the present process elimin- from which hydrocarbon solute
has been re-       40 ates the condensation of the side-cut vapors  moved
in the stripping stage of the process, 105           to a liquid stream in
the manner formerly  is charged through line 3 at the desired tem-
practiced, which would necessitate a redis-  perature and pressure into the
upper por-           tillation of the aqueous condensate phase if tion of
solvent extraction zone 1.           an overhead distillate free of solvent
were  Solvent extraction zone 1 may be of any       45 to be made available
for purposes of wash- type suitable for effecting countercurrent 110
ing the raffinate and extract streams with a  contact between two liquid
phases at least           minimum supply of water to the process.
partially miscible in each other and wherein             The present
invention and the improve- the relatively more dense solvent may be 



ments effected thereby are explained in  brought into intimate contact with
the rela-       50 greater detail in connection with the accom- tively less
dense hydrocarbon phase. Thus, 115.           panying diagram which
illustrates a typical extraction zone 1 may be a packed column
process flow in conformity with this inven- or may contain a series of
horizontal, per-           tion. It is not intended however to limit
forated plates through which the liquid sol-           the scope of the
invention to the specific sol-  vent flows in dispersed form and in
counter-       55 vent, specific process conditions, and par-  current flow
relationship to an ascending 120           ticular apparatus arrangement
described with  hydrocarbon stream.  The recycle reflux           reference
to this drawing.            stream consisting in part(preferably pre-
Referring to the accompanying diagram, dominantly, of a portion (usually
the light           an aromatic hydrocarbon-containing charge, est portion)
of the aromatic extract com-       60 such as the product of a gasoline
reforming  ponent present in the hydrocarbon charge, 125           process
containing benzene, toluene and  is introduced into zone. 1 at a point
below           xylenes as aromatic components, is intro-  the charge line
2. through line 4. This re-           duced into the process flow through
line 2  flux stream usually is the stream recovered           at a
superatmospheric pressure which is  as overhead distillate from the solvent
strip-       65 sufficient to maintain the charge in substan-  ping zone,
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the hydrocarbon charge and reflux  washed with light, more soluble
aromatics                   flow upwardly through column 1 in counter-
which replace the raffinate solute from the                   current
relationship to the descending sol- rich solvent into the upwardly flowing
hy-                   vent composition, the solvent selectively ex-
drocarbon phase and thus ultimately into                5  tracts the more
soluble aromatic hydrocar-  the raffinate effluent from  the extraction  70
bon components of the charge and selectively  zone.  The resulting rich
solvent, which                   rejects the paraffinic and other
non-aromatic  now contains dissolved aromatic extract and
components which make up the raffinate. reflux components and is free from
raffinate                   The non-extracted residue, herein referred
hydrocarbons boiling in the same range as 10 to as "raffinate ", comprises
predominantly  the aromatic solute is removed from  the  75
paraffinic hydrocarbons substantially free of  bottom of extraction zone 1,
through line                   the aromatic hydrocarbons to be recovered
7, and is transferred by means of pump 8 as extract product of the process;
thus raffin-  through line 9, and at a rate controlled by ate is withdrawn
from the top of extraction  valve 10, into the upper portion of strip-
15 zone 1 through line 5, which discharges the  ping zone 11, for the
recovery of hydro- 80                   raffinate stream into raffinate
washing zone  carbon solute therefrom. Stripping zone 11
6 for recovery of the normally small but sig-  generally contains a
reboiler 12 in the lower                   nificant quantity of solvent
dissolved in the  portion of the column which supplies addi-
effluent raffinate hydrocarbon stream. Since  tional heat to the rich
solvent residue for               20  this stream  is customarily employed
for  stripping the last traces of aromatic solute  85
blending into gasoline motor fuels, the pre-  from the solvent prior to
removal of the                   sence of the solvent therein is
detrimental latter from the stripping zone.                   to  its  use
and  must accordingly  be    In the preferred manner of operating the
removed - therefrom  prior to its use as  present extraction process, zone
1 is main-               25  a  motor fuel.  Moreover, if the  sol-  tained
at a temperature above the boiling  90                   vent dissolved in
the raffinate effluent, point of the rich solvent and at a pressure
even  though  the quantity  of this dis-  sufficient to maintain the rich
solvent sub-                   solved solvent is generally small, were not
stantially in liquid phase at the particular 



recovered therefrom, its continuous removal extraction temperature.
Thereafter, the re-               from the process in the raffinate would
re-  suiting rich solvent, in essentially liquid  95    present a
substantial loss on a continuously  phase, is transferred into stripping
zone 11,                   operating basis, since the raffnate stream
wherein the pressure on the rich solvent is                   does not
re-enter the process flow. Accord-  reduced (preferably in several stages),
while     ingly, raffinate washing zone 6 is incorpor-  maintaining
substantially the same tempera-               35  ated into the process
flow in order to re-  ture in zone 11 by means of reboiler 12. Hy- 100
cover the solvent removed from the extrac- drocarbon solute, including
particularly a                   tion zone in the raffinate.
portion, respectively light portion, of the                     In order to
effect such recovery of solvent aromatic component thereof, is flashed from
from the raffinate on an efficient basis, how- the rich solvent at the
resulting substantially              40 ever, the aqueous stream used to
wash the  isothermal stripping conditions. The com- 105
raffinate must be free of solvent and must be  position of the overhead
vapor is a mixture                   confined to the smallest possible
quantity  of the light paraffins and the light aromatics
sufficient for the purpose, since excess water  together with a small
amount of solvent and                   must be removed from the recovered
solvent  water vaporized from the rich solvent, the              45
solution in order that it may be utilized  proportion of the latter
components increas- 110                   again in the extraction zone.
The most ing as the boiling points of the respective
effective aqueous wash stream for this put-  overhead and side-cut vapors
increase.                   pose is that recovered from the vaporous    In
any event, the reduction in pressure be-                   side-cut of the
stripping column in the  tween the extraction and stripping column
50 operation according to the present process  is sufficient to vaporize
almost completely 115                  -which produces a substantially pure
water  the paraffinic component of the rich solvent                  stream
containing  no  dissolved  solvent stream and if necessary, sufficient heat
is                  therein.                                   introduced
into the reboiling section of the                     As the rich solvent
stream containing dis-  column to supply the heat of vaporization
55 solved aromatic extract flows downwardly  required to completely remove
all of the 120                  through extraction zone 1, it countercur-
paraffin from the rich solvent into the over-                  rently
contacts the light aromatic reflux in-  head vapor and to effect such
vaporization                  troduced into the lower portion of extrac-
on a substantially isothermal basis. Over-                  tion zone 1
through line 4. The reflux, in  head vapor is removed from the top of the
60  its countercurrent contact with the descend-  stripping column through
line 13, into over- 125    ing rich solvent, displaces raffinate paraffins
head condenser 14, which liquefies the                   which have a
tendency to dissolve in the rich  vaporized components for withdrawal
there-                   solvent stream to a small extent; in effect,  from
through line 15 and discharge into                   the rich solvent prior
to its removal from   overhead receiver 16. The upper hydro-
65 the extraction  zone  is countercurrently  carbon layer accumulating in
receiver vessel 130         6
913,731      16 (comprising a mixture of the light para-  12 is greater.
The steam thereby generated     fins distilled from the rich solvent and a
in the bottom of the stripping zone is in-     portion of the aromatic
component, respec- jetted into the rich solvent residue,  strip-
tively, a large proportion of the lightest aro-  ping the residual
hydrocarbons from  the  5 matic component of the extract phase) is  solvent
and rehydrating the solvent to the 70     withdrawn from the top of
receiver vessel level of water content required for the sol-     16 through
line 4 and valve 17 for use as  vent composition for recycling to extrac- 



the aforementioned recycle reflux.  The  tion zone 1. Thus, the solvent
contained     aromatic component present in the reflux  in the various
sources of aqueous streams 10 stream, recovered therefrom in extraction  in
the process is reintroduced into the lean 75     zone 1, increases as the
amount of reflux  solvent composition, thereby recovering the     recycled
to the extraction zone increases;  solvent for reuse in the process.
Heating     thus, greater proportions of the lightest aro-  medium for use
in heat exchanger 22 is in-     matic are forced into the higher boiling
frac- troduced through line 24, and withdrawn 15 tion separated from the
stripping zone as  through line 25. Although not shown in  80     side-cut
and ultimately all of the light aro- the drawing, hot lean solvent on its
way     matic component present in the charge is  from the stripping zone
1l to the extraction     recovered as a portion of the extract pro- zone 1
or hot rich solvent on its way from     duct.
the extraction zone 1 to the stripping zone 20   The aqueous phase obtained
as a distinct 111 may be used, if so desired, as heating  85     lower
layer in the receiver 16 contains sol- medium in the exchanger 22.     vent
dissolved therein and also contains dis-    The lean solvent composition
from which     solved  aromatic  component.  Another the hydrocarbon solute
has been completely     stream which enters the overhead conden-  stripped
and which has been rehydrated to 25 sate receiver l6 is the aqueous wash
effluent the water content required for use in the 90     recovered from
the raffinate washing column  extraction zone is withdrawn from the bot-
6. This wash effluent, after contacting the  tome of stripping zone 11,
through line 26,     raffinate to recover solvent dissolved there-  at a
rate controlled by valve 27, and is trans-     in, contains a small amount
of raffinate, ferred by means of pump 28, through line 30 which if it were
introduced into the stripping  .3, into the top of extraction zone 1 for
re- 95     column, would contaminate the extract pro- use in the solvent
extraction system. Any     duct with paraffins boiling in the same boil-
solvent required for make-up, due to losses     ing range as the aromatic
extract and nor- in the system, is charged into line 3, from     mally not
recoverable therefrom. In accord-  storage, through line 29, at the rate
re- 35 ance with a preferred feature of the present quired by the process.
100     process, this aqueous wash effluent is mixed    A side-cut which
contains substantially     with the contents of the overhead receiver all
of the aromatic extract hydrocarbons     where the aromatics present in the
receiver  present in the rich solvent stream, except for     vessel 16
displace the raffinate from the wash  the portion of aromatic component
removed 40 effluent and the displaced raffinate mixes  in the overhead
vapor (ultimately recovered 105     with the reflux layer recycled to t he
extrac- in the side-cut vapor) and which is free of     tion zone. The
lower aqueous layer in the  all paraffinic raffinate is withdrawn from
receiver vessel 16, now containing dissolved  column 11 in vaporous state
through line     aromatic extract instead of raffinate may be  30, and
valve 31. In accordance with the 45 charged into the reboiling section of
the  invention herein provided this vaporous 110     stripping column
without danger of contain-  side-cut is discharged into water rectifying
inating the extract product by paraffins or column 32, wherein the heat
contained in     other non-aromatic hydrocarbons.        the side-cut
vapors is utilized to distill a       The aqueous phase accumulating in the
substantially pure water overhead from the 50 settling leg of receiver
vessel 16 is drained  rectifying column, and the rectifier over- 116
therefrom through line 18, into water re- head distillate is utilized as
wash water in     civer vessel 19. Water accumulating in  the separate
raffinate and extract washing     vessel 19 and containing dissolved
solvent columns.     recovered from the various water washing    Water
rectifier 32 is a fractional distil- 55 and stripping stages of the present
process  lation column containing side-to-side pans, 120.     is withdrawn,
as required, through line 20, bubble deck plates or a packing material,
and valve 21, and preferably is charged into  such a quartz chips, wherein
contact be-     heat exchanger 22, in which the water is  tween vapor and
liquid phases may be ob-     transformed by indirect heating at least par-
tained and thereby fractionation is realized. 60 tially into superheated
steam which together Although ordinarily the latent and sensible 125
with the solvent, is injected through line 23, heat content of the vapors
entering water 



into the reboiling section of stripping zone  rectifier 32 provides
sufficient heat for frac-     11. Alternatively, the water in vessel 19
tionation purposes in column 32, a reboiler     may be charged directly
into the reboiling  33 may be provided for introducing addi- 65 section, in
which case the duty on reboiler tional heat into column 32 to the extent
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7        needed for satisfactorily effecting the desired  of the
hydrocarbon phase, thereby counter-        rectification or fractionation
in this column. currently washing the latter and removing
Accompanying the water and hydrocar- dissolved solvent therefrom. Washed
rat-        bon extract portions of the side-cut vapor finate substantially
free of solvent and suit-     5 is a small but significant proportion of
sol- able for gasoline use or recycling to other 70        vent. This
solvent is carried in the side-cut process units.in the refinery, such as a
cata-        vapor in spite of its relatively high boiling  lytic reforming
reactor, is removed from the-        point because it has sufficient vapor
pres- top of column 6, through line 49. Washed        sure at the
distillation temperature or is en- aromatic extract, substantially free of
sol-    10 trained due to foaming. During the frac-  vent, is removed from
the top of column  75        tionation in water rectifier 32, high boil- 40
through line 50, to storage, drying units,        ing components of the
side-cut vapor, in- or to fractionators for recovery of the indi-
cluding aqueous solvent and extract, con- vidual aromatic hydrocarbons by
fractiona-        dense while a major proportion of the water  tion. The
excess portion of the water con-    15 present in the side-cut vapor
distills over- densed from the overhead which is not re- 80        head
through line 34, into condenser 35, quired for use in the extract and
raffinste        from  which the resulting liquid distillate  wash columns
is withdrawn from line 45        flows through line 36 into receiver vessel
37. through line 51 at a rate controlled by valve           The rectifier
bottoms or residue remain-  52, and is charged directly into water re-
20 ing in column 32 after separation of water  ceiver vessel 19, for
storage prior to being  85         and aromatic hydrocarbon therefrom  as
charged into the stripping column 11 for         overhead vapor, is
predominantly aromatic  generation of steam therein.         extract
admixed with a concentrated aque-    The aqueous wash stream recovered from
ous solution of the solvent. This residue  extract washing zone 40,
containing both    25  is withdrawn from column 32 through line  the
solvent dissolved from the extract pro- 90         38, at a rate controlled
by valve 39, and is duct and the solvent residue obtained from
discharged from line 38 into the bottom  the water rectifying column 32, is
removed         of extract washing column 40.              from column 40,
through line 53 at a rate           The overhead distillate from column 32,
controlled by valve 54, and thereafter is     which collects as liquid
phase in receiver  preferably discharged from  line 53 into         vessel
37, separates on standing into two  water receiver vessel 19. A small
amount         layers, an upper hydrocarbon layer consist- of extract
hydrocarbons has a tendency to         ing of aromatic extract or light
aromatic ex- dissolve in the aqueous solution of solvent,         tract
which is withdrawn from the top of but since this stream is to be utilized
in the     receiver vessel 37 through line 41 and is  stripping zone 11,
the stream may be dis- 160         at least partly refluxed back to the top
of charged from line 53 directly into the re-         the rectifying column
32. A portion of this  boiling section of the stripping zone.
hydrocarbon stream  may be withdrawn    The aqueous wash effluent from the
raffin-         through line 42 and valve 43 as a net pro-  ate water
washing column 6, is an aqueous     duct if it is necessary to raise the
hydro-  solution of the solvent recovered from the 105         carbon
partial pressure at the top of the  raffinate. However, due to the contact
of 



column 32 in order to take over more  the aqueous solution with the
raffinate         water.  The aromatic extract product is  stream, a small
but significant proportion of         thereafter conveyed by line 38 into
the bot-  the raffinate hydrocarbons are dissolved in     45 tom of water
washing column 40.             the aqueous solvent solution and therefore
110           The lower layer accumulating in receiver this stream  should
not be discharged into  vessel 37 is substantially pure, solvent-free  the
water receiver vessel 19 or the reboiler         water (contaminated only
with dissolved  section of the stripping zone 11 where the aromatic
extract). This aqueous distillate  raffinate components present in this
aque-     50 thus constitutes an especially  preferred  ous phase could
cause contamination of the 115         source of water for countercurrently
wash- extract product, recovered as side stream         ing the raffinate
and extract products formed  from the stripping zone. In the preferred
in the present process. For this purpose, embodiment of the present
invention, there-         the water is withdrawn from settling leg 44
fore, the aqueous wash effluent from the     55 of receiver vessel 37
through line 46, which  raffinate water washing column is treated in 120
conveys separate portions of the aqueous  a separate stage of the proess to
displace         stream into the upper sections of columns  raffinate
hydrocarbons from  the aqueous         40 and 6, wherein extract and
raffinate, re- wash stream  with aromatic hydrocarbons.         spectively,
are individually washed with a  prior to being introduced into the
stripping     60 countercurrent stream of the water. The  zone. For this
purpose, the aqueous wash 125         flow of water into extract washing
column  effluent recovered from the raffinate wash-         40 is
controlled by valve 47, and the flow  ing column 6 is passed through line
55 and         of water into the raffinate washing column  valve 56 into
line 15 which conveys the         6 is controlled by valve 48. In each
column  stripper overhead into receiver vessel 16. As     65 the water
descends through a rising stream  indicated further above, the stripper
over- 130        8                                          913,731
head product from column 11  consists to a  tion column comprising a series
of horizon-     large extent of aromatic component of the tal perforated
plates. The extraction stage.     hydrocarbon charge and this aromatic hy-
of the process results in the formation of a     drocarbon material
accumulates as an upper rich solvent composition which is there- 5. layer
in receiver vessel 16. It.has been  after stripped in the presence of steam
to  70     found that by mixing the aqueous wash  recover the aromatic
hydrocarbon extract.     effluent from the raffinate wash column with  In
the operation of the rich solvent strip-     the overhead hydrocarbons
recovered from ping column a benzene-light paraffin over-     the stripping
zone 11 the raffinate compon-  head stream containing vapors of diethyl- 10
ents are displaced from the aqueous wash  enes glycol and water is
separated as the 75     effluent by means of the aromatic hydro- lightest
fraction from the process by step-     carbons contained in the stripper
overhead  wise reduction in the pressure. on the ex-     products . The
resultant aqueous wash efflu- tract phase or rich solvent. A middle dis-
ent which settles into the lower portion of  tillate comprising the
aromatic hydrocar- 15 receiver vessel 16, now contains aromatic  bon
extract, together with diethylene glycol 80     hydrocarbons instead of
raffinate compon-  solvent and water is separated as a vapor-     ent, the
aromatic component being more  ous side-cut fraction from the stripping
col-     soluble in the aqueous wash effluent than  umn by the introduction
of heat and steam     the. raffinate hydrocarbon Since the hydro- into the
lower portion of the stripping zone, 20 carbon layer accumulating in
receiver ves- and the vapors recovered as side-cut from     sel 16 is to be
recycled to the extraction  the stripping column are treated in one of 



zone, the raffinate components enter the ex- two different methods herein
referred to as     traction column in the bottom thereof, flow  runs A and
B; run A does not involve all     upwardly through the column and are ulti-
features of the present invention whereas 25 mately recovered from the
process as a por- run B is carried out in accordance with the     tion of
the raffinate stream withdrawn from  present invention.     the process as
one of the products thereof.  In run A the side-cut vapor recovered     The
raffinate-free aqueous wash effluent col- -from the stripping column is
charged into     lects in the bottom of receiver vessel 16 and  a
water-cooled condenser and is condensed 30 is removed therefrom through
line 18, into  therein, the liquid condensate is passed into  95     water
receiver vessel 19 from which the  a receiver vessel and therein is allowed
to     aqueous solution is withdrawn and ulti- accumulate and separate into
a hydrocarbon     mately utilized as stripping steam for strip-  layer and
an aqueous layer, and these layers     ping zone 11.
are decanted and separately treated. In run 35   By the aforementioned
recovery means, B the hot side-cut vapors are charged from 100     all of
the solvent contained in the various  the stripping column into a
rectivying col-     hydrocarbon streams and aqueous distillates  umn
comprising a fractionating still with     is recovered in the process for
recycling to  perforated trays known by the trade name     the extraction
zone, thereby providing a  "FRI DUAL-FLOW" wherein a solvent- 40 complete,
cyclic flow of the solvent utilized  free water is separated as overhead
distil- 105     in the process. Only very small quantities  late from a
mixture of extract hydrocarbon     of the solvent are required for make-up
pur- and aqueous solvent removed as bottoms     poses. By the
aforementioned method, fur-  from the rectifying column. Each of these
thermore, an extract product, of 99+ per- cuts are separately treated in
accordance 45 cent aromatic hydrocarbon component is  with the procedure
hereinafter described.  110     recovered as the product of the process in
In each of the above indicated runs the     a more effective manner than
hitherto  catalytic reformate is fractionally distilled     known and a
raffinate product in which the  to separate a fraction having a boiling
range     proportion of aromatic components is sub-  of from 65[err] to
155[err] C. This fraction, which 50 stantially nil is also recovered as a
major  is used as hydrocarbon charge to the extrac- 115     product of the
process.                    tion treatment, contains approximately 7.0
The following illustrative examples des-  percent by weight of benzene 25.6
percent     cribe several runs of a cyclic, solvent ex-  by weight of
toluene and 30.6 percent by     traction operation under various conditions
weight of C, xylenes and ethylbenzene, the, 55 and serve to demonstrate the
advantages  remainder  consisting  of  non-aromatic,     which are realized
by operating the process  mostly paraffinic hydrocarbons in C[err]---
C[err]     in accordance with the present invention  range. This charge is
passed at the rate of     In each case a catalytically reformed frac-  2600
hectoliters per day, at a superatmo-     tion of gasoline boiling range is
utilized as  spheric pressure of 6.8 atmospheres and at hydrocarbon charge
for the recovery of a  a temperature of 144[err] C. into the mid-sec- 125
mixture of benzene, toluene, and xylene  tion of a countercurrent solvent
extraction     with the aid of a diethylene glycol solvent column of the
aforementioned type contain-     composition containing about 8 percent by
ing 60 actual plates. As the feed stock is     weight of water in a
countercurrent solvent charged at these conditions into the solvent 65
extraction operation effected in an extrac-  extraction zone, the aqueous
diethylene gly- 130
913,731   



col solvent composition, recovered from  the   and collected as overhead
liquid condensate          reboiling section of the solvent stripping  in
the receiver vessel attached to the conden-          zone is charged at the
rate of 39,400 hecto- ser. This receiver vessel also receives ap-
liters per day and at a temperature of 144[err]  proximately 946 liters per
hour of aqueous        5 C. and at a pressure of 6.8 atmospheres in-  wash
effluent recovered from the raffi nate '70           to the top of the
extraction column, there-  washing zone and containing raffinate para
after percolating downwardly through the. ffins dissolved therein which are
displaced           perforations in the horizontal plates against from the
aqueous stream by virtue of the           a rising stream of the
hydrocarbon charge. benzene dissolved in the aqueous phase of       10
Another stream, herein referred to as a re-   the ovehead stripper
condensate. The liquid  75           cycle reflux, enters the extraction
column be- charged into the overhead vapor condensate           low the
hydrocarbon charge inlet, namely  receiver separates into two phases, the
upper           in the lowermost portion of the extraction  layer
comprising a mixture of benzene           column, this reflux is a mixture
of benzene  (about 85 percent by volume) and paraffinic        15 and light
paraffins containing approximately hydrocarbons, including the light
paraffins 80            88 percent by volume of benzene in ad-  present in
the rich solvent and derived from            mixture with C[err] and C[err]
aliphatic paraffins  the recycle reflux stream and heavy paraffins
derived from the hydrocarbon layer of the  displaced from  the aqueous
raffinate wash            stripper overhead condensate. The reflux
effluent. The lower layer in the  conden-        20 is charged into the
bottom of the solvent ex-  sate receiver is predominantly water which 85
traction column at a rate of 3342 hectoliters  contains a small amount of
dissolved di-             per day and at the extraction temperature
ethylene glycol solvent vaporized from the             and pressure
maintained within the extrac-  rich solvent in the stripper overhead, to-
tion zone                             gether with a small quntity of
dissolved            The raffinate (non-extracted portion of benzene.  The
upper layer is withdrawn            the hydrocarbon charge) is removed from
and charged at the aforementioned rate of            the top of the solvent
extraction zone at a  3342 hectoliters per day into the bottom of
rate of 1218 hectoliters per day and is  the extraction column as recycle
reflux. The              diverted into the bottom of a counter cut  lower
aqueous layer of the  overhead con-          30 rent raffinate washing zone
into the top of densate, in the amount of 384 hectoliters per 95
which 946 liters per hour of the recovered  day is separately withdrawn
therefrom and           lower aqueous phase of the side-cut strip-  charged
into an aqueous condensate re-      per condensate, recovered as indicated
here- ceiver in which the aqueous stream utilized after, is charged to
remove the small quan-  as the source of stripping steam is stored, as
35  tity of solvent dissolved in the raffinate  hereinafter indicated.
stream (approximately 270 liters per day). A side-cut fraction is removed
from an              The recovered, washed raffinate, removed  intermediate
plate of the solvent stripping              from the top of the raffinate
washing column  column  at atmospheric pressure ,  and
contains less than 0.2 percent by weight of liquidfied  in  a water-cooled
condenser and           40 benzene approximately  0.5  percent by
collected  in  a  side - cut receiver.  A 105           weight of toluene
and about 6 percent by  lower aqueous layer containing diethylene
weight of xylene. The recovered aqueous  glycol, distilled together with
the water from               wash effluent from the raffinate wash column
the rich solvent and containing a s    *          is separately treated in
accordance with the  amount of dissolved extract, is withdrawn           45
procedure designated herein as run B, to  from the receiver in the amount
of 1945           provide a comparative basis of examination  liters per
hour and charged into the water                for the different runs.
receiver vessel which accumulates for stor-                the bottom of
the solvent extraction column  separated in the process. The combined
is charged at the temperature and pressure  aqueous mixture, containing
approximately 115  maintained in the extraction column into  2.3 percent by
weight of diethyleneglycol, is                a solvent stripping zone
wherein the hydro- charged at a rate of 7760 liters per hour into
carbon solute in the rich solvent is allowed  a heat exchanger which
transforms a major                 to flash-distill in the upper section of
the  portion of the water in the aqueous mixture 



stripping column while steam generated by  to steam at 1.36 atmospheres,
the remainder                 heating the aqueous wash effluent streams  of
the aqueous mixture and steam being                 is injected into the
lower portion of the strip- thereafter charged into the reboiling section
ping column to recover the aromatic solute  of the solvent stripping zone.
The steam  dissolved in the rich solvent. The rich sol-    thereby
generated rises through the rich sol-             80 vent upon entering the
stripping column is vent in the stripping column, removing the 125
flash-distilled by successive reductions of the  hydrocarbon extract from
the rich solvent         pressure from 6.8 atmosphere down to sub- by
virtue of the resulting steam distillation.                  stantially
atmospheric pressure; the result-   The aromatic extract (upper layer, 1382
ing flashed overhead vapors are condensed  hectoliters per day),
accumulating in the              85 in a water-cooled overhead vapor
condenser side-cut receiver vessel, after being washed 130             10
913,731            with water at the rate of 870 liters per hour column.
The raffinate removed from the top           was fractionally distilled. A
benzene over- of the raffinate wash column contains about           head
boiling from 80.0 to 80.1 C., consist-  2 ppm. (= parts per million) of
glycol and           ing of 99.99 percent benzene, is condensed  the
extract removed from  the top of the   and separately collected. A toluene
fraction  extract water wash column contains less 70          separated
from the residue in a separate dis- than 1 ppm. of ethylene glycol solvent.
The          tillation column and consisting of 99.1 per- aqueous washing
recovered from the raffin- cent toluene is also separately collected. The
ate water wash column is mixed with the          residue of the latter
distillation comprising  overhead distillate from the stripper, the      10
ylenes and ethylbenzene contains less than  aqueous phase separated from
the resultant 75           1.5 percent by weight of impurities. The
mixture is directed into the water receiver           recovery of aromatic
product is 98.6 per-  vessel which also receives the aqueous efflu-
cent of the aromatics initially present in the  ent of the extract water
wash column and           hydrocarbon feed stock charged to the pro- the
remainder of the side-cut rectifier dis-      15 cess.
tillate, the entire mixture being thereafter 80             The aqueous
layer drained as the bottom  charged into a heat exchanger which gener-
layer of the side-cut receiver vessel contains  ates steam for introduction
into the strip-          2.65 percent by weight of diethylene glycol ping
zone of the rich solvent stripping          solvent distilled with the
hydrocarbons and  column.      20 water in the side-cut vapor fraction.
This    Utilizing the latter method of rectifying  85          aqueous
condensate  is charged  into  a  the side-cut vapors from the stripping
stage          secondary distillation column containing  of the process
(that is, run B) the total heat          about 5 plates and heated in the
lower por-  required to operate the process is reduced          tion
thereof with a reboiler for distillation of by 28 percent and the quantity
of cooling      25 the water from the aqueous mixture. The  water for
operating the condensers is like- 90           overhead, when sevparately
condensed and  wise reduced by 28 percent           collected is utilized
as a source of water for           washing the extract and raffinate
streams,   WHAT WE CLAIM IS: -           as aforesaid. The condensed
overhead is   1. A solvent extraction process wherein       30
substantially pure water containing only  a hydrocarbon mixture containing
aromatic           slight traces of diethylene glycol solvent.   and
non-aromatic hydrocarbons is contacted  95             In the following run
B the aforementioned  in an extraction zone with a solvent compo-
solvent extraction process is operated at the  sition which selectively
dissolves the aro-           same solvent to feed stock charging rate, in
matic component of said mixture and which 



35 the same equipment and in general the same  contains water and an
organic solvent boil-           procedure is utilized to effect the
recovery  ing above said aromatic component, result- 100           of the
desired aromatic extract, except that ing raffinate and an extract phase
containing           the side-cut vapors withdrawn from  the  dissolved
aromatic component are separ-           stripping column are charged
directly into  ately removed from  said extraction zone,       40 a water
rectifying column containing " FRI  said extract phase is thereafter
subjected to           DUALFLOW " trays and having about 3  a distillation
in a distilling zone, and an           theoretical plates. In most cases no
addi- overhead distillate vapor stream containing           tional heat is
required by the secondary dis-  only a portion of the extracted aromatic
tillation column to rectify the stripper side- component and a vaporous
side cut stream       45 cut vapors charged into the column. An  containing
steam and aromatic hydrocarbon           overhead vapor is withdrawn from
the top  vapor are separately removed from. said dis- 110           of the
column and passed into a water-  tilling zone characterized in that said
vapor-           cooled condenser from which the condensate  ous side cut
stream is supplied from said           is collected and stored in a
receiver vessel. distilling zone directly to a separate rectify-       50.
An upper hydrocarbon layer consisting of ing zone and therein is separated
by frac-           light aromatics is refluxed to the top plate  tionation
into an aromatic extract fraction           of the side-cut rectifier. The
lower aqueous  and an aqueous distillate substantially free           layer
in the receiver, consisting essentially  from solvent, and said extract
fraction and           of water containing only traces of diethylene  said
raffinate are washed with said aqueous       55 glycol solvent, is
withdrawn from the re- distillate.           ceiver vessel as lower layer
at the rate of   2. Process as claimed in Claim 1, char- 120           6975
liters per hour and charged in part acterized in that a stream of the
aqueous dis-           into the top of the rafflnate and extract water
tillate is supplied from the rectifying zone           wash columns for use
therein as the source  to the zone for washing the extract fraction
60 of water for the removal of glycol from  and the resultant aqueous phase
is separ-           these hydrocarbons, 946 liters per hour of  ated from
the washed extract fraction and 125           the  rectifier  overhead
condensate  are  is then supplied to the zone for washing the
charged into the top of the raffinate washing  raffinate.           column
and 870 liters per hour are charged    3. Process as claimed in Claim 1,
char-       into the top of the extract water washing  acterized in that
separate portions of the                10
913,731         with water at the rate of 870 liters per hour column. The
raffinate removed from the top        was fractionally distilled. A benzene
over-  of the raffinate wash column contains about        head boiling from
80.0 to 80.1[err] C., consist-  2 ppm. (= parts per million) of glycol and
ing of 99.99 percent benzene, is condensed  the extract removed from  the
top of the 5 and separately collected. A toluene fraction  extract water
wash column contains less 70        separated from the residue in a
separate dis- than 1 ppm. of ethylene glycol solvent. The    tillation
column and consisting of 99.1 per- aqueous washing recovered from the
raffin-        cent toluene is also separately collected. The  ate water
wash column is mixed with the        residue of the latter distillation
comprising  overhead distillate from  the stripper, the 



10 ylenes and ethylbenzene contains less than  aqueous phase separated from
the resultant 75 1.5 percent by weight of impurities. The  mixture is
directed into the water receiver        recovery of aromatic product is
98.6 per-  vessel which also receives the aqueous efflu-        -cent of
the aromatics initially present in the  ent of the extract water wash
column and        hydrocarbon feed stock charged to the pro-, the remainder
of the side-cut rectifier dis-    15 cess.
tillate, the entire mixture being thereafter 80          The aqueous layer
drained as the bottom  charged into a heat exchanger which gener-
layer of the side-cut receiver vessel contains  ates steam for introduction
into the strip-        2.65 percent by weight of diethylene glycol ping
zone of the rich solvent stripping        solvent distilled with the
hydrocarbons and  column.    20 water in the side-cut vapor fraction. This
Utilizing the latter method of rectifying  85        aqueous condensate  is
charged  into  a  the side-cut vapors from the stripping stage
secondary distillation column containing  of the process (that is, run B)
the total heat        about 5 plates and heated in the lower por-  required
to operate the process is reduced        tion thereof with a reboiler for
distillation of by 28 percent and the quantity of cooling     25 the water
from the aqueous mixture. The  water for operating the condensers is like-
90   overhead, when separately condensed and  wise reduced by 28 percent.
collected is utilized as a source of water for         washing the extract
and raffinate streams,   WHAT WE CLAIM IS:-         as aforesaid. The
condensed overhead is   1. A solvent extraction process wherein     30
substantially pure water containing only  a hydrocarbon mixture containing
aromatic         slight traces of diethylene glycol solvent.   and
non-aromatic hydrocarbons is contacted  95           In the following run B
the aforementioned  in an extraction zone with a solvent compo-
solvent extraction process is operated at the  sition which selectively
dissolves the aro-         same solvent to feed stock charging rate, in
matic component of said mixture and which     the same equipment and in
general the same  contains water and an organic solvent boil-
procedure is utilized to effect the recovery  ing above said aromatic
component, result- 100         of the desired aromatic extract, except that
ing raffinate and an extract phase containing         the side-cut vapors
withdrawn from  the  dissolved aromatic component are separ-
stripping column are charged directly into  ately removed from  said
extraction zone,     40 a water rectifying column containing " FRI  said
extract phase is thereafter subjected to         DUALFLOW" trays and having
about 3  a distillation in a distilling zone, and an         theoretical
plates. In most cases no addi-  overhead distillate vapor stream containing
tional heat is required by the secondary dis-  only a portion of the
extracted aromatic         tilation column to rectify the stripper side-
component and a vaporous side cut stream     45 cut vapors charged into the
column. An  containing steam and aromatic hydrocarbon     overhead vapor is
withdrawn from the top  vapor are separately removed from said dis- 110
of the column and passed into a water-  tilling zone characterized in that
said vapor-    cooled condenser from which the condensate  ous side cut
stream is supplied from said         is collected and stored in a receiver
vessel. distilling zone directly to a separate rectify-     50 An upper
hydrocarbon layer consisting of ing zone and therein is separated by frac-
light aromatics is refluxed to the top plate  tionation into an aromatic
extract fraction         of the side-cut rectifier. The lower aqueous  and
an aqueous distillate substantially free         layer in the receiver,
consisting essentially  from solvent, and said extract fraction and
of water containing only traces of diethylene  said raffinate are washed
with said aqueous     55 glycol solvent, is withdrawn from the re-
distillate.         ceiver vessel as lower layer at the rate of    2.
Process as claimed in Claim 1, char- 120         6975 liters per hour and
charged in part acterized in that a stream of the aqueous dis-         into
the top of the rafflnate and extract water  tillate is supplied from the
rectifying zone         wash columns for use therein as the source  to the
zone for washing the extract fraction     of water for the removal of
glycol from   and the resultant aqueous phase is separ-         these
hydrocarbons. 946 liters per hour of  ated from the washed extract fraction
and         the  rectifier  overhead  condensate  are  is then supplied to
the zone for washing the         charged into the top of the raffinate
washing  raffinate. 



column and 870 liters per hour are charged   3. Process as claimed in Claim
1, char-     65 into the top of the extract water washing  acterized in
that separate portions of the
913,731                                        11             aqueous
distillate are supplied from the rec-  the same composition as the solvent
com-            tifying zone individually to the zone for  position
introduced into contact with the            washing the extract fraction
and to the zone  hydrocarbon charge mixture in the extrac-            for
washing the raffinate.                 tion zone is formed in the
distilling zone         4. Process as claimed in Claim 2, char-
simultaneously with the formation of a             acterized in that an
aqueous phase is separ-  vaporous side cut stream free from raffinate
ated from the washed raffinate and is then  components by returning the
hydrocarbon             mixed with the overhead distillate obtained  phase,
which has been separated from the  40             from the extract phase
distilling zone, the  mixture of aqueous phase from the raffinate        10
resultant mixture is separated into a hydro-  washing step and of overhead
distillate             carbon phase and an aqueous phase sub-  from the
extract phase distilling zone, to             stantially free from
raffinate components, the extraction zone at a point in proximity and the
last-mentioned aqueous phase is in- of the point of discharge of the
extract phase  45             troduced into the reboiling section of said
therefrom and by introducing the aqueous         15 distilling zone.
phase recovered from the washing of the               5. Process as claimed
in Claim 3, char-  extract fraction and raffinate and from the
acterized in that the reboiling section of the  overhead distillate of said
distilling zone to-            extract phase distilling zone is supplied
with  gether with any remaining portion of the  50            an aqueous
stream which is formed by com-  aqueous distillate recovered from the
recti-        20 mingling the aqueous phase which is separ-  fying zone
into the reboiling section of said             ated from the washed
raffinate with the over- distilling zone. head distillate of the extract
phase distilling    7. The solvent extraction process for the
zone, separating the commingled materials  separation of aromatic
hydrocarbon from  55             into a hydrocarbon phase and an aqueous
its admixture with non-aromatic hydrocar-        .25 phase which is
substantially free from raffin-  bons substantially as described with
refer-             ate components, and mixing the last-men-  ence to the
accompanying drawing.             tioned aqueous phase with the aqueous
phase which is separated from the washed           J. Y. & G. W. JOHNSON,
extract fraction.                                   47 Lincoln's Inn
Fields,        30    6. Process as claimed in Claim 4 or 5
London, W.C.2,            characterized in that a distillation residue
Chartered Patent Agents.            free from raffinate components and
having                Abingdon: Printed for Her Majesty's Stationery
Office, by Burgess & Son (Abingdon), Ltd.-1962.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2,
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