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This invention relates to a solvent extraction 
process. In one aspect it relates to a process 
for recovering solvent from an extract phase in 
an extract phase distillation column. In another 
aspect it relates to a method for the separation 
of solvent as an overhead product free from ex 
tract oil in an extract distillation column and 
for the separation of solvent as an overhead 
product free from ra?inate oil in a ra?inate dis 
tillation column. 

This application is a continuation-in-part of 
copending application, Serial No. 116,175, 

?led September 16, 1949, now abandoned. 
When furiural is used as an extraction solvent 
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and for this reason some extract oil actually 
passes overhead from the extract oil distillation 
column with the iurfural vapors, even when the 
very best known commercial distillation col 
umns are employed.- ‘Upon condensation of the 
overhead vapors, this extract oil also condenses 
and remains in solution in the furfural. Upon in 
troduction of this condensate into the original 
extraction column, aromatic oil is introduced or 
recycled into this column. A large portion of 
the aromatic oil thus recycled is extracted from 
the solvent by the high concentration of rai?nate 
in the upper end of the column and leaves the 
column in solution with the rafiinate ‘from which 

in the separation of aromatic from non-aromatic 15 it was originally extracted. This, of course, con 
gas-oil boiling range hydrocarbons, two liquid stitutes a serious loss in the overall ef?ciency 
phases are obtained. One phase. termed raf- of separation. 
finate, contains the non-aromatic hydrocarbons This abnormal behavior or" the extract oil in 
with a small amount of furfural in solution. Since distilling overhead with the extractant furfural 
furiural is speci?cally heavier than such hydro- 20 is also a pattern of what takes place in the 
carbon oils the ra?inate phase will accumulate raninate distillation column. In distilling the 
in the top of the separation zone. The other furiural from the ra?inate hydrocarbons of the 
liquid phase, termed the extract, accumulates in rafhnate phase, the same general considerations 
the bottom of the vessel and this phase con- as regarding the apparent increase in volatility 
tains the aromatic hydrocarbons in solution in 25 of the low boiling portions of the raf?nate oil in 
furfural. One common method for separation the presence’ of high concentrations of furfural 
of the furfural from the ra?inate phase is by in the upper space of the column causes an 
distillation in which the furfural is withdrawn amount sometimes as great as 10 per cent of these 
from the top of the distillation vessel as a vapor- low boiling raf?nate hydrocarbons to pass over 
ous overhead product. This furiural vapor may 30 head in the raf?nate distillation column with the 
be condensed and returned to the extraction iuriural Vapors. 
‘vessel as a portion of the solvent. The railinate My process provides a method for the elimina 
oil is withdrawn as bottoms from the distilla- tion of both the extract oil hydrocarbons and 
tion vessel. The same general distillation process the rai?nate oil hydrocarbons from the respective 
is frequently used for the recovery of the furfural 35 distillation column furfural vapors. 
from the extract phase in which the extract oil‘ is The inclusion of extract or aromatic hydro 
withdrawn from the distillation column as bot- carbons in the overhead furfural vapors adds 
toms and the furfural taken overhead as vapor. extract hydrocarbons in the extraction column 
This furfural vapor is likewise condensed and re- with the solvent at about the point of removal 
cycled as the remaining portion of the recycle 40 of the ra‘f?nate phase and, as mentioned here 
solvent to the extraction column. _ inabove, this procedure causes some aromatic 
When distilling the extract from the furfural hydrocarbons to be included with the ra?inate 

solvent if the extract contains aromatic hydro- phase as it is removed from the extraction col 
carbons boiling, for example, between 350° and uinn. This operation results in contamination 
450° F., a very signi?cant amount, sometimes as 45 of the raf?nate oil and at the same time a loss 
much as 10 per cent, of these low-boiling aromatic of extract oil. 
hydrocarbons has heretofore always passed over- However, when raflinate hydrocarbons are dis 
head in they extract distillation column with the tilled overhead with the furfural vapors in the 
furfural vapors. As a result of the fractiona- rai?nate recovery column these ra?inate hydro 
tion the concentration of the furfural is expected 50 carbons are likewise reintroduced into the ex 
to approach 100 per cent in the uppermost por- traction column at about the point of ra?inate 
tion" of the extract recovery column. However, outlet. Upon addition of ra?inate hydrocarbons 
in the presence of high concentrations or fu'rfural at this point an extra load is placed upon the 
the volatility of small proportions of aromatic raftinate recovery column while there is no con» 
extract oil is greatly enhanced, and for thisrea- 55 tamination oi the raf?nate phase with hydro 
son, the lower boiling portion of such an extract carbons not desired to be in the raf?nate oil. 
oil tends to vaporize at a faster rate than would I have found that the activity or the relative 
be expected. In‘ other words; the activity of‘ the volatility of the low boilingextract oil can be 
low-boiling portion-of the extract oil in the pres- suppressed in the upper portion of the extract 
once of a high concentration of furfural‘ is high 50 recovery column by distilling the extract phase 
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in the presence of some paraffinic naphtha. I 
have also found that the activity or the relative 
volatility of a low boiling ra?inate oil can be 
suppressed in the upper portion of the raihnate 
recovery column by distilling the ra?'inate phase 
in the presence of some paramnic naphtha. 
By the term “naphtha” or . “paramnic 

naphtha” as used throughout this speci?cation 
and claims I mean a naphtha of the herein spec 
i?ed boiling point characteristics containing 
preferably para?inic hydrocarbons but may con 
tain cyclopara?inic, ole?nic and some aromatic 
hydrocarbons. Available re?nery naphthas hav 
ing the desired boiling point characteristics, such 
as straight run or cracked may be used provid— 
ing the latter is not too highly degraded. 
An object of my invention is to devise a unitary 

process for the separation of aromatic hydro 
carbon constituents from non-aromatic hydro 
carbon constituents in cracked gas oils by the 
use of furfural as a solvent. 
Another object of my invention is to devise such 

a process in which low-boiling ends of the arc 
matic constituents of the cracked gas~oil are pre 
vented from passing overhead with the furiural 
vapors from an extract distillation column. 
Another object of my invention is to devise a 

process in which low boiling ends of the raf?nate 
oil of a cracked gas-oil are prevented from pass 
ing overhead with the furfural vapors from a 
ra?inate distillation column. 
Yet another object of my invention is to devise 

a solvent extraction process in which solvent is 
recovered from the extract phase and from the 
ra?inate phase without contamination with ex 
tract or raihnate hydrocarbons for recycling into 
the extraction operation. 

Still other objects and advantages of my proc 
ess will be obvious to those skilled in the art 
upon reading the following disclosure which, 
taken with the accompanying drawing, forms a 
part of this speci?cation. 
In the drawing the ?gure represents diagram 

matically one form of apparatus in which the 
process of my invention may be practiced. 

In the drawing, reference numeral i refers to 
a solvent extraction column of conventional 
type. Reference numerals 3 and 5 refer to dis 
tillation columns in which the extract phase and 
the raiiinate phase, respectively, are distilled for 
isolation of the extract oil and the ra?inate oil. 
Vessel tie is an accumulator tank in which over 
head vapors from distillation columns 3 and 5, 
condensed in condenser 45, are received as con 
densate. The two distillation columns 3 and 5 
are equipped with reboiler coils 35 and 39, respec 
tively. Inlet and outlet connections to these 
several vessels with interconnecting pipes will 
be identi?ed in the following paragraphs which 
describe the operation of my process. 

Furfural from vessel 49 ?ows through a pipe 
151, through a solvent inlet pipe 9, into the extrac 
tion vessel I. The gas oil to be separated into 
constituent parts is introduced into the extrac 
tion vessel through a line ‘I situated at a point 
near the bottom of this vessel. Since the gas 
oil is speci?cally lighter than the iurfural, the 
latter tends to flow downward and the gas-oil to 
?ow upward in a countercurrent manner in the 
extraction vessel. This vessel may contain any 
suitable type of liquid-liquid contacting equip 
ment desired. The only requirement is that the 
contacting or packing apparatus be of such na 
ture as to promote intimate and efficient liquid 
liquid contacting. The portion of the gas-oil 
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which is less aromatic in nature will be rejected 
by the furfural and will remain as a separate and 
distinct oil phase. This oil rises to the top of the 
furfural and is withdrawn through an overhead 
line I3. This-overhead oil or ran‘inate phase is 
passed through the line i3 and is introduced into 
about a midpoint of the ra?inate recovery still 
5. In this column su?icient reboil heat is added 
by means of coil 39 to separate the fufural from 
the ra?inate oil. The furfural vapors leave the 
top of this column through an overhead line 43. 
These vapors pass from line 43 through a line 46 
and are condensed in a condenser 45. The con 
densate passes on through a line 158 into the con 
densate accumulator 49. A su?‘icient amount of 
this overhead condensate as required to re?ux 
the distillation column 5 may be bypassed from 
line 48 through line 60 by opening the valve 
therein and introducing condensate into the top 
portion of the column 5. The condensate from 
the condenser 45 not required for re?uxing still 
5 may be passed on through line 58 into the re 
ceiver 49. 
In accordance with my invention the con 

densate in vessel :19 separates into two liquid 
layers, the upper layer 5!} consists mainly of 
paramnic naphtha with some furfural in solu 
tion and the lower layer 52 consists mainly of 
furfural but also contains some paraf?nic naph 
tha in solution. 

Para?inic naphtha containing some furfural 
in solution is withdrawn from vessel 59 through 
a line 5! and at least a portion is passed through 
lines 82, 56, and is into the distillation column 

_ 5. In this inlet line i3 the paraihnic naphtha 
passed therethrough is mixed with the ra?inate 
phase also passing through line l3 so that the 
two materials in process may be introduced into 
the column 5 at the same point. The presence of 
this paraf?nic naphtha assists in reducing the 
azeotrope forming tendencies of the furfural with 
the low boiling constituents of the raf?nate oil 
in the upper trays of the column where the fur 
fural is present in relatively high concentration. 
In this manner the raf?nate oil hydrocarbons are 
prevented from passing overhead with the fur 
fural and these ra?inate hydrocarbons, accord 
ingly, become concentrated in the lower section 
of this vessel to be removed through a bottoms 
drawo? line 1H for such disposal as desired. The 
furfural and paraffinic naphtha vapors are taken 
overhead from this column through line 43 and 
follow the cycle hereinbelow described. 
In another embodiment all or at least a por 

tion of paraf?nic naphtha from line 5| may be 
passed through a line 54 and on through a line 
53 into the upper portion of still 5. While this 
latter procedure for the introduction of the 
paraf?nic naphtha does add para?inic naphtha 
to the top of the column at a point near the top 
more naphtha is required to effect the separa 
tion between the furfural and the low boiling 
raiiinate hydrocarbons than when the para?inic 
naphtha is introduced into the column at about 
a midpoint, as through line I3, as described 
above. This latter point of addition of the naph 
tha is the preferred point of addition of the naph 
tha to the ramnate still 5. 
The extract phase is passed from the bottom 

of the extraction column 1 through a line i l into 
about the midpoint of the extract recovery col 
umn 3. This extract recovery column 3 is oper 
ated in about the same manner as the raf?nate 
recovery column 5. Su?icient reboil heat is added 
to column 3 by reboiler 35 that the extract phase 
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is separated into an extract oil bottoms and a 
solvent overhead product. In this column it has 
been found that among the upper trays of the 
column wherein the concentration of the furfural 
is relatively high the activity of the low boiling 
constituents of extract oil is abnormally high 
and some of these low boiling constituents ?nd 
their way out of the column with the furfural 
through the overhead vapor line 25. To prevent 
the passage overhead from column 3 of any of the 
extract hydrocarbons I take a portion of the 
para?inic naphtha ?owing through line 62 and 
pass this portion of naphtha through a line 55 
and add the same to the extract phase flowing 
through line II. This mixture of extract phase 
and para?inic naphtha is introduced into the 
column 3 as feed. The presence of an amount of 
para?inic naphtha operates to suppress the ac 
tivity or the relative volatility of the lower boil~ 
ing extract hydrocarbons and prevents these hy 
drocarbons from'passing overhead with the fur 
fural vapors. Accordingly, all of the extract oil 
?nds its way to the bottom of column 3 and is 
accordingly removed through the drawofi“ line 23 
for such disposal as desired. The overhead va 
pors consisting of furfural and parafiinic naph 
tha ?owing through line 25 are passed through 
line 46 with the overhead vapors from the rafti 
nate column 5 and these combined vapors are 
condensed in the condenser 45. The condensate 
produced therein is passed through line 48 into 
the receiver vessel is as described above in the 
operation of the ra?inate still 5. If it is desired 
to re?ux the top of the extract recovery vessel 3 
a portion of the condensate from condenser 45 
may be passed from line 118 through a line 58 by 
opening the valve therein and passing this por 
tion of condensate into the upper portion of the 
still 3. That amount of condensate from the 
condenser 45 not required for the re?uxing of 
columns 3 and 5 is the condensate passed on 
through line 43 into the receiver vessel 49. 

If as explained above in relation to the raf?nate 
column 5, it is desired to add some para?inic 
naphtha to the top portion of the extract re 
covery column 3. some of the naphtha ?owing 
through line 54 may be bypassed from line 53 
and passed through a line 2! by opening the 
valve therein and into the top of the column 
3. The. operation of the para?inic naphtha from 
the high point of entry into the column is sub 
stantially the same in this column as in the ra?in 
ate column 5, that is, more para?inic naphtha is 
required to effect a separation between the fur 
fural and the low boiling extract hydrocar 
bons than when the para?inic naphtha is intro 
duced into the column at about a midpoint. Ac 
cordingly, a preferred method of operation is to 
add the para?‘inic naphtha at about a midpoint 
of the extract recovery column 3. This naphtha 
may be introduced into the column in the same 
line H as the extract phase or this naphtha may 
be introduced through a separate line at about 
the same point vertically in the column. The 
naphtha may also be added to the ra?inate re 
covery column through a separate line at. about 
the level of the ra?inate oil feed line [3. 
Makeup furfural extractant may be introduced 

into the system through a line 34 from a source, 
not shown, and as required. Makeup paraf?nic 
naphtha may be introduced into the system 
through a line 5'! from a source, not shown. In 
case para?inic naphtha accumulates in the ac 
cumulator' vessel 49. at.- a. rate- more rapid, than 
is required in the distillation operations in ves 
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sels 3 and 5 the excess para?inio naphtha may 
be removed from the system through a line 6|. 
This paraffinic naphtha removed through line 
6| may be washed with water for recovery of 
the furfural and the furfural recovered from the 
wash water reintroduced into the system through 
line 34 as required. In like manner the recovered 
paral?nic naphtha may be introduced into the 
system through the aforesaid line 51 as required. 
In place of separating the furfural from the re 
moved naphtha by the just mentioned water 
washing operation, the naphtha-furfural mix 
ture may be reintroduced into the system through 
the naphtha makeup line 51 as required. 
The cracked gas oil which may be separated 

into aromatic and non-aromatic portions accord 
ing to my process may have an initial boiling 
point in the region of 350° F. The end point of 
the oil may be that dictated by the desired use 
for the oil. While some of the aromatic hydro 
carbon content of the extract oil vaporizes ab 
normally in the presence of the high concentra 
tion of the furfural in the extract recovery col 
umn, it is the fraction boiling normally from 
about 350° to 450° F. which distills overhead 
with the furfural. This 350° to 450° F. boiling 
fraction of aromatic hydrocarbons is normally 
very diflicult to separate from the furfural. Hy 
drocarbons boiling at temperatures much below 
350° F. will not normally be included in gas-oil 
fractions. It is also the para?inic hydrocarbons 
boiling from about 350 to 450° F. from the ra?in 
ate oil which pass overhead with the furfural. 
The para?inic naphtha which I have found use 

ful for this aromatic vapor and paraf?nic vapor 
suppression may possess about a 50° F. boiling 
range, and at the same time, have an average 
boiling point of between 300° and 350° F. A 
naphtha having an average boiling point of 
about 325° F. is satisfactory. The maximum 
boiling point of this naphtha should preferably 
not be higher than the minimum boiling point 
of the gas-oil. 

It is believed that such a system including 
furfural and 350° to 450° F. boiling point aro 
matic or non-aromatic hydrocarbons does ex 
hibit some azeotrope-forming tendencies and the 
presence of the paraf?nic naphtha dilutes the fur 
fural sufficiently as to eliminate or reduce these 
tendencies to such an extent that no, or substan 
tially no extract or rai?nate material passes 
overhead. 
The apparatus used in the carrying out of the 

process of my invention may, for the most part, 
be constructed of materials available commercial 
ly. Such auxiliary apparatus as pumps, valves, 
pressure gauges, or recording apparatus, tem 
perature indicating or recording apparatus, pres 
sure or temperature controllers, or flow control 
lers, are not shown nor described for purposes 
of simplicity. The necessity for the use and 
the installation and operation of such auxiliary 
apparatus is well understood by those skilled in 
the art. It. will be realized that the operating 
conditions of my process may be varied at will, 
almost, and yet remain within the intended spirit 
and scope of the invention. . 

I claim: 
1. In a process for the separation by distilla 

tion of a mixture comprising tu-rfural and a 
higher boiling liquid hydrocarbon component 
wherein the liquid hydrocarbon of higher-boiling 
point possesses azeotrope-lierm-i-ng tendencies 
with the furfural and some of.- said higher boil 
ing component passes overhead with the furfurai, 
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the method of carrying out a distillation opera~ 
tion to separate the furfural from said higher 
boiling component comprising, in. combination, 
the steps of introducing only said mixture of 
liquids and a narrow boiling range liquid paraf 
?nic naphtha having an average boiling point 
near but below the minimum boiling point of 
said higher boiling point liquid hydrocarbon 
component into a distillation zone and therein 
subjecting said mixture of liquids and said naph 
tha to distillation conditions, removing overhead 
only vapors of furfural and naphtha from said 
zone, and removing liquid bottoms from a lower 
portion of said zone. ‘ 

2. The method of claim 1 wherein the mix 
ture separated by distillation comprises an ex 
tract phase resulting from the extraction of a 
cracked gas oil boiling above 350° F. with furfural. 

3. The method of claim 1 wherein the mixture , 
separated by distillation comprises a ra?inate 
phase resulting from the extraction of a cracked 
gas oil boiling above 350° F. with iurfural. 

4‘ The method of claim 2 wherein the para?inic 
naphtha has a boiling range of 50° F. and an 
average boiling point between the limits of 300° ' 

and 350° F. 
5. The method of claim 3 wherein the paraf 

?nic naphtha has a boiling range of 50° F. and 
an average boiling point between the limits of 
300° and 350° F. 

6. In a process for the separation by distilla 
tion of a mixture comprising iurfural and a 
higher boiling liquid hydrocarbon component 
wherein the liquid hydrocarbon of higher boil— 
ing point possesses azeotrope-forming tendencies 
with the furfural and some of said higher boil 
ing component passes overhead with the fur 
fural, the method of carrying out a distillation 
operation to separate the furfural from said 
higher boiling hydrocarbon component compris 
ing, in combination, the steps of introducing only 
said mixture of liquids into a distillation zone, 
introducing at the feed level and above a narrow 
boiling range liquid paraifmic naphtha having an 
average boiling point near but below the mini 
mum boiling point of said higher boiling liquid 
hydrocarbon component, and therein subjecting 
said mixture and naphtha to distillation condi 
tions, removing overhead only vapors of furiural 
and naphtha from said zone, and removing liquid 
bottoms from a lower portion of said zone. 

'7. The method of claim 6 wherein the mixture 
separated by distillation comprises an extract 
phase resulting from the extraction of a cracked 
gas-oil boiling above 350° F. with r‘urfural. 

8. The method of claim 6 wherein the mix 
ture separated by distillation comprises a ra?inate 
phase resulting from the extraction of a cracked 
gas—oil boiling above 350° F, with furfural. 

9. The method of claim '7 wherein the paraf 
?nic naphtha has a boiling range of 50° F. and 
an average boiling point between the limits of 
300° and 350° F. 

10. The method of claim 8 wherein the par 
af?nic naphtha has a boiling range of 50° F. and 
an average boiling point between the limits of 
300° and 350° F. 

11. A process comprising the steps of solvent 
extracting a gas-oil having a minimum boiling 
point above 350° F. with only furfural to produce 
a ra?inate phase and an extract phase, separat 
ing the raf?nate phase from the extra-ct phase, 
subjecting the ra?inate phase to distillation con 
ditions and separating raf?nate oil from solvent, 
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recycling the separated solvent to the extraction 
step and removing the raiiinate oil as one product 
of the process, subjecting the extract phase to dis 
tillation conditions in the presence of only a par 
aiiinic naphtha having a maximum boiling range 
of 50° F. and an average boiling point between 
300° and 350° F. and separating extract oil as 
bottoms from an overhead product of only a fur 
iural-naphtha mixture, separating this latter 
mixture into a ?rst component comprising fur 
fural and a second component comprising 
naphtha, recycling said first component into the 
extraction step as the extractant iurfural and in 
troducing said second component into said extract 
distillation step as said para?inic naphtha, and 
recovering said extract oil as the second product 
of the process. 

12. In the process of claim 11 introducing said 
para?inic naphtha into the extract distillation 
operation at a midpoint and above of the distil 
lation column. 

13. The method of claim 11 wherein the fur 
fural-naphtha separation step comprises con 
densing said furiural-naphtha mixture and sep 
arating by decantation from this condensate a 
first liquid phase as said ?rst component com 
prising iurfural and a second liquid phase as said 
second component comprising naphtha. 

14. A process comprising the steps of solvent 
extracting a gas-oil having a minimum boiling 
point above 350° F. with only furfural to produce 
a rafhnate phase and an extract phase, separat 
ing the ra?inate phase from the extract phase, 
subjecting the ra?inate phase to distillation con 
ditions in the presence of only a paraf?nic naph 
tha having a maximum boiling range of 50° F. 
and an average- boiling point between 300° and 
350° F. and separating ra?inate oil from a ?rst 
mixture of only iurfural and naphtha, subject 
ing the extract phase to distillation conditions 
in the presence of only an additional quantity 
of said para?inic naphtha and separating extract 
oil from a second mixture of only iurfural and 
naphtha, combining the ?rst and second mixtures 
of iurfural and naphtha, separating this com 
bined furfural and naphtha into a ?rst compo 
nent of furiural and a minor amount of naphtha 
in solution and a second component of naphtha 
and a minor amount of furfural in solution, re 
cycling said ?rst component into the extraction 
step as the extractant furfural and introducing 
a portion of said second component into said 
extract distillation step as said additional quan 
tity or" paraiiinic naphtha, introducing the re 
maining portion of the second component into 
said rai?nate distillation step as the ?rst men 
tioned paramnic naphtha, and recovering said 
rafiinate oil and said extract oil as products of 
the process. 

15. In the method of claim 4 separating by de 
cantation combined furfural-naphtha mixture 
from a ?rst liquid phase as said ?rst component 
comprising iuriural and a minor amount of 
naphtha in solution and a second liquid phase as 
said second component comprising naphtha and 
a, minor amount of furfural in solution. 
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