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This invention is directed to a hydrocarbon treatment 

process employing liquid-liquid solvent extraction. More 
particularly, it relates to a method of solvent refining hy 
drocarbons containing a small portion of constituents co 
boiling with the solvent. In accordance with the process 
of this invention, hydrocarbon oils containing constitu 
ents co-boiling with the solvent are contacted with a sol 
vent in a liquid-liquid extraction zone forming separate 
primary extract and raffinate phases. The primary ex 
tract phase or a portion thereof is vaporized and con 
tacted with a relatively high boiling hydrocarbon oil under 
vapor-liquid solvent extraction conditions effecting sepa 
ration of Solvent vapor free of co-boiling hydrocarbons 
from a secondary extract comprising said co-boiling hy 
drocarbon oil in solution with said relatively high boiling 
hydrocarbon oil. Said solvent vapor, free of co-boiling 
hydrocarbon oil, is condensed forming a purified solvent 
stream for recycle to said liquid-liquid extraction step. 

In solvent refining processes wherein the solvent and 
material treated have substantially different boiling ranges, 
the Solvent is readily separated from the extract and raf. 
finate phases by simple distillation. However, separa 
tion by simple distillation is incomplete when the oil 
treated contains components having true boiling points in 
the region of the boiling point or boiling range of the sol 
vent. For example, hydrocarbon oils having initial boil 
ing points by ASTM distillation of less than about 625° 
F. may contain some components having true boiling 
points as low as about 325 F. Therefore, in treating 
hydrocarbon oils having initial boiling points by ASTM 
distillation less than about 625 ° F. with furfural as a sol 
vent, oils co-boiling with the furfural tend to accumulate 
in the solvent thereby reducing its solvent power and its 
Selectivity for extraction. Heretofore, it has been pro 
posed that these co-boiling hydrocarbons be separated 
from solvents by azeotropic distillation wherein a low 
boiling azeotrope of solvent and water is distilled from 
the hydrocarbon. However, although azeotropic distil 
lation is effected at a temperature substantially below the 
temperature of the boiling point of the pure solvent, sub 
stantial aimounts of low boiling hydrocarbons may be va 
porized with the azeotrope particularly when treating rela 
tively low boiling stocks such as kerosene, diesel fuel, and 
hydraulic oils. In another prior art solution to this prob 
len, the extracted oil is re-extracted from the solvent by 
liquid-liquid extraction with a relatively high boiling hy 
drocarbon oil. However, liquid-liquid extraction is only 
partially effective since in removing the co-boiling oils 
from the solvent, a portion of the high boiling oil dis 
solves in the liquid solvent. When solvent containing 
dissolved high boiling oil is returned to the primary ex 
traction Zone, the high boiling oil is transferred to the raf 
finate and contaminates the refined oil product. Although 
the dissolved high boiling oil can be removed from the 
solvent by distillation, this separation is costly since all 
of the solvent is removed as distillate from distilland com 
prising the dissolved high boiling oil. 

in accordance with the process of this invention, at 
least a portion of the primary extract phase is extracted 
with a relatively high boiling hydrocarbon oil in vapor 
liquid extraction to effect a high degree of separation of 
co-boiling oils from the solvent. The treating process of 
this invention is applicable to a wide range of hydrocar 
bon oils, for example, it may be applied to the manufac 
ture of kerosenes, diesel fuels, gas-oil cracking stocks, light 
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lubricating oil stocks, hydraulic oils, oils suited for the 
preparation of specialty products and oil suited for chemi 
cal manufacture. Although furfural is a preferred sol 
vent useful in the process of this invention, other sol 
vents may be employed particularly solvents which are 
partially miscible with water at about 100 F. and which 
are capable of forming an azeotrope with water. Such 
solvents include for example, other furans, nitrobenzene, 
amines for example, aniline, ketones, for example 3-pen 
tanone and mesityl oxide, hydroxy compounds, for exam 
ple phenol and n-amyl alcohol, aldehydes, for example, 
benzaldehyde, nitriles, for example pripionitrile and bu 
tyronitrile, and esters, for example n-butyl acetate and 
in-amyl acetate. As is well known in the art, the solvent 
used may comprise a mixture of several individual sol 
vents and the solvent may be modified by the inclusion of 
antisolvents, for example water. 

In the vapor-liquid extraction step of this invention, 
separation of co-boiling hydrocarbons from the solvent in 
the primary extract is effected by vapor-liquid contact 
with a relatively high boiling hydrocarbon oil. Vapor 
liquid extraction conditions are maintained by effecting 
contact of the vapor and liquid at a temperature above 
the boiling point of the solvent. The extraction tower 
may be heated for example by applying heat directly to 
the top of the tower or by preheating the high boiling ex 
traction oil fed to the top of the tower. The high boil 
ing oil preferentially dissolves the co-boiling oil so that 
solvent vapors substantially free of co-boiling hydrocar 
bons are removed overhead and substantially all of the 
oil initially dissolved in the solvent is removed in solu 
tion in the relatively high boiling oil as secondary extract. 
The relatively high boiling oil itself should be free of com 
ponents boiling in the region of the solvent and prefer 
ably should consist of components having true boiling 
points at least 100 F. above the boiling range of the sol 
vent. In some cases, the relatively high boiling oil may 
be used on a once through basis and discharged with the 
dissolved co-boiling oil in which case the boiling range of 
the two oils, that is the hydrocarbon oil feed and the rela 
tively high boiling hydrocarbon oil, may overlap. Gen 
erally, however it is desirable to separate the dissolved oil 
as a separate product by distillation, in which case, the 
relatively high boiling oil should consist of components 
boiling wholly above the hydrocarbon oil feed. Suitable 
high boiling oils include both distillates and residua. A 
parafiinic residuum boiling wholly above 760 F. at at 
mospheric pressure is preferred for use as a relatively high 
boiling oil when treating hydrocarbon oil feeds boiling 
within the range of about 350 to 700 F. by ASTM dis 
tillation. 

It is an object of this invention to provide a means of 
treating hydrocarbon oils containing constituents co-boil 
ing with the solvent. Other objects will be apparent from 
the following description and claims. An advantage of 
the process of this invention is that the oil content of the 
solvent stream is maintained at a desirably low level 
thereby maintaining high solvent efficiency. Another ad 
vantage of this invention is that the oil content of the 
circulating solvent is maintained at a low level without 
requiring extremely high steam consumption. Another 
advantage of this invention is that separation of oil is 
effected without chilling or dilution and with a minimum 
of reconcentration of the solvent. 
The accompanying flow diagram illustrates the process 

of this invention. Although the drawing illustrates one 
mode of practicing this invention, it is not intended to 
limit the invention to the particular apparatus or materials 
described. 

Referring to the figure, a light lubricating oil stock is 
charged through line to extraction tower 2. In extrac 
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Overhead vapor from the extraction tower is condensed 
to produce 253 barrels per hour of recovered solvent 
comprising 90 percent furfural, 9 percent water and 1 
percent oil for recycle to the primary extraction tower. 

Secondary extract-mix, at a rate of 379 barrels per hour 
comprising 6 percent extracted oil, 3 percent furfural and 
91 percent heavy oil is withdrawn from the bottom of the 
vapor-liquid extraction tower. 

Secondary extract-mix is stripped with steam to sepa 
rate a bottons fraction of heavy oil at a rate of 350 bar 
rels per hour which is recycled to said vapor-liquid ex 
traction tower. Secondary extract-mix stripper overhead 
is condensed forming oil, water, and furfural rich phases. 
An additional 16 barrels per hour of extract product is 
separated by water washing the oil. The furfural rich 
phase at a rate of 15 barrels per hour is recycled as said 
recovered solvent in admixture with said primary extract 
mix. Remaining furfural is recovered from solution in 
the collected water steams by azeotropic distillation. 

I claim: 
1. in the solvent refining of a feed hydrocarbon oil 

containing at least a small portion of constituents co 
boiling with a liquid solvent wherein said feed hydro 
carbon is contacted with said solvent in a liquid-liquid 
extraction zone forming separate primary extract and raf 
finate phases, the improvement which comprises vapor 
izing at least a portion of said primary extract phase 
forming a vapor comprising solvent and co-boiling hydro 
carbon oil, contacting said vapor with liquid comprising 
a relatively high boiling hydrocarbon oil consisting of 
hydrocarbons having true boiling points at least 100 F. 
above the boiling range of said solvent in a vapor-liquid 
extraction Zone, withdrawing solvent vapors free of co 
boiling hydrocarbons as overhead vapor from said vapor 
liquid extraction Zone, condensing said overhead vapor 
forming a purified solvent stream for recycle to said 
solvent refining step, and withdrawing secondary extract 
comprising said relatively high boiling hydrocarbon oil 
and said co-boiling hydrocarbon oil from said vapor 
liquid extraction zone. 

2. The process of claim wherein said solvent is at 
least partially miscible with water at 100° F. and is 
capable of forming an azeotrope with water. 

3. The process of claim wherein said relatively high 
boiling hydrocarbon oil consists of hydrocarbons boiling 
above the boiling range of said co-boiling hydrocarbon 
oil. 

4. The process of claim 3 wherein said secondary ex 
tract is distilled separating said co-boiling hydrocarbon 
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oil as overhead and said relatively high boiling hydro 
carbon oil as bottoms for recycle to said vapor-liquid 
extraction Zone. 

5. The process of claim 2 wherein said secondary ex 
tract comprises solvent, said relatively high boiling hydro 
carbon oil, and said co-boiling hydrocarbon oil, and said 
secondary extract is distilled in the presence of steam 
effecting separation of said co-boiling hydrocarbons and 
azeotrope of solvent and water as distillate and said rela 
tively high boiling hydrocarbon oil as bottoms for recycle 
to said vapor-liquid extraction Zone. 

6. The process of claim 5 wherein said distillate is con 
densed forming separate oil, water, and solvent phases, 
co-boiling hydrocarbon oil is recovered from said oil 
phase, and said solvent phase is combined with said pri 
rary extract. 

7. The process of claim a wherein said primary extract 
is prefractionated prior to said vapor-liquid extraction 
effecting separation of said vapor comprising solvent and 
co-boiling hydrocarbons, and distilland comprising ex 
tracted hydrocarbon oil free of solvent is withdrawn as 
prefractionator bottoms. 

8. The process of claim wherein said solvent com 
prises furfural. 

9. The process of claim wherein said co-boiling hydro 
carbons comprise hydrocarbons having true boiling points 
in the region of the solvent boiling temperature and below. 

19. The process of claim 8 wherein said relatively high 
boiling hydrocarbon oil comprises a paraffinic oil having 
an ASTM distillation initial boiling point of at least 
625 ? ?. 
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