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Filed Oct. 25, 1954, Ser. No. 464,518 
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This invention relates to the separation of hydrocarbon 
mixtures. In particular, this invention is concerned with 
the separation of aromatic hydrocarbons from non 
aromatic hydrocarbons. By aromatic hydrocarbons are 
meant those hydrocarbons which contain one or more 
benzene rings or related condensed aromatic rings such 
as naphthalene, phenanthrene, anthracene, acenaphthene, 
etc., and alkylated and alkenylated derivatives of these. 
Nonaromatic hydrocarbons include the acyclic and 
alicyclic, saturated and unsaturated hydrocarbons. 

Separation of these two classes of hydrocarbons has 
become of increasing importance industrially, and many 
methods have been proposed for the separation of 
aromatic from nonaromatic hydrocarbons. The complex 
mixtures of hydrocarbons which occur naturally in petro 
leum, or those obtained from various refinery processing 
steps, often contain mixtures of aromatic and nonaro 
matic hydrocarbons which are difficulty separable from 
each other, if at all, by fractional distillation methods. 
Selective solvent extraction, selective adsorption on solid 
adsorbents such as silica gel, and extractive distillation 
have been used with varying degrees of success. In the 
selective solvent method, a solvent must preferentially 
dissolve the aromatic hydrocarbons to form a separable 
extract phase richer in aromatic hydrocarbons and a 
raffinate poorer in aromatic hydrocarbons than the 
original hydrocarbon mixture. A good selective solvent 
should show a high degree of selectivity for aromatic 
hydrocarbons, should have a low solubility in the 
raffinate, should be readily separable from the aromatic 
hydrocarbons in the extract phase, should be easily re 
coverable, and should be stable to allow recycling. Sol 
vents which have been used for selective extraction of 
aromatic hydrocarbons from mixtures with other hydro 
carbons include sulfur dioxide, furfural, diethylene gly 
col, polyethylene glycols, dimethyl formamide, oxy 
dipropionitrile, etc. These solvents are not entirely suit 
able in all respects because of either one or more dis 
advantages due to poor selectivity, high solubility in the 
raffinate, difficulties in recovery, or instability in sub 
sequent recycling. 
The object of this invention is the separation of aro 

matic hydrocarbons from nonaromatic hydrocarbons by 
means of a selective solvent. A further object is to pro 
vide a method for obtaining aromatic hydrocarbons sub 
stantially free from nonaromatic hydrocarbons by means 
of an effective selective solvent. Still another object is 
to provide a cyclic process wherein the selective solvent 
can be easily recovered and reused in the process. 
The objects of this invention are accomplished by ex 

traction of a mixture of aromatic and nonaromatic hy 
drocarbons with a solvent selected from the class of 
cyclic inner esters of gamma-hydroxyacids, commonly 
known as gamma-lactones. The gamma-lactones oper 
able for the purposes of this invention are the lactones of 
the Saturated and unsaturated gamma-hydroxy butanoic 
acids and the methyl-substituted lactones of these acids. 
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2. 
Specific examples representative of these gamma-lactones: 
are gamma-butyrolactone, gamma-methyl-gamma-buty 
rolactone (gamma-valerolactone) and gamma-butenolac 
tone (gamma-crotonolactone). 

In practice, the hydrocarbon mixture containing aro 
matic and nonaromatic hydrocarbons is admixed thor 
oughly with the selective solvent selected from the afore 
mentioned compounds by any suitable means, such as 
mechanical agitation or in a counter-current extraction 
column. Two immiscible phases are formed which are 
separated. The upper phase or raffinate has an appre 
-ciably lower content of aromatic hydrocarbons than the 
original mixture and contains a small amount of selective 
solvent. The raffinate may be washed with water to 
remove the small amount of solvent dissolved therein. 
The lower extract phase is composed of a solution of 
aromatic hydrocarbons in the selective solvent. By reg 
ulation of conditions such as temperature, ratio of selec 
tive solvent to the original hydrocarbon mixture, and 
water content of the selective solvent, varying amounts of 
the aromatic hydrocarbons originally present can be re 
moved. Thus, it is possible to obtain raffinates which are 
Substantially free-of aromatic hydrocarbons and extract 
phases which contain virtually all of the aromatic hydro 
carbons of the original mixture. It is also possible to 
vary the amount of the aromatic hydrocarbon in the ex 
tract phase by proper control of temperature, solvent 
hydrocarbon ratio, and water content in the solvent. 
One of the outstanding features of the selective sol 

vents of this invention is their ease of removal from hy 
drocarbons by water washing. To recover the aromatic 
hydrocarbons, the extract phase is contacted with water. 
The Selective solvent separates with the water as an 
aqueous solution immiscible with the aromatic hydro 
carbon fraction. Phase separation may be facilitated by 
dilution with a low-density hydrocarbon or mixture of 
hydrocarbons. The aromatic fraction, after distilling off 
the diluent, may, if desired, be further processed by 
distillation, but is suitable for many uses without further 
treatment. Recovery of the selective solvent from the 
aqueous phase solution is effected by distillation which 
gives an aqueous distillate and a residue of solvent. The 
recovered solvent then may be reused to treat more of 
the hydrocarbon mixture. 
The solvents in the class defined above are stable under 

the conditions of the extraction and recovery process, and 
have been recycled without evidence of deterioration. 
The only additional solvent needed is to make up any 
operating losses. In the solvent recovery step, it is not 
necessary to remove the last traces of water, since small 
amounts of Water up to ten percent by weight of the 
Selective solvent can be tolerated. In certain cases, the 
presence of Water in the solvent is beneficial, since this 
gives increased selectivity, although the capacity of the 
solvent is somewhat reduced. 
The drawing in Fig. 1 is a diagrammatic representa 

tion of a cyclic process using the selective solvents of the 
present invention in a continuous process for the separa 
tion of hydrocarbon mixtures. The drawing is described 
with reference to gamma-butyrolactone extraction of 
light catalytic cycle oil, a refinery product comprising 
aromatic hydrocarbons and nonaromatic hydrocarbons in 
the boiling range of 400 to 600 F. The butyrolactone 
from storage tank 1 is admitted through line 2 to the top 
of countercurrent extraction column 3. Light catalytic 
cycle oil from storage tank 4 is fed through line 5 to the 
bottom of the column 3. The ratio of butyrolactone to 
hydrocarbon mixture is maintained at the desired level 
by controlling the flow rates of the two liquids. In ex 
traction column 3 intimate contact of the butyrolactone 
with the light catalytic cycle oil is attained and the raffin 
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ate and extract phases are formed and separated. The 
rafiinate rises to the top and passes through line 6 to the 
bottom of countercurrent extraction column 7. Water is 
admitted to the top of column 7 through line 8, and any 
butyrolactone carried over in the raffinate is removed as 
a dilute aqueous solution which leaves the bottom of 
column 7 through line 9. The washed rafiinate passes 
through line 10 to raftinate storage tank 11. If desired, 
the washed raffinate may be subjected to further extrac 
tion with the gamma-lactones. Also, all or portions of 
the Washed raffinate may be fed back or recycled to the 
extraction column 3 to obtain further extraction of any 
aromatic hydrocarbons remaining in the raffimate. 
The extract phase from the bottom of column 3 passes 

through line i2 to the lower end of countercurrent ex 
traction column 3 where it is contacted with water to 
Separate the butyrolactone from the aromatic hydrocar 
bon fraction. The latter fraction passes from the top 
of column 13 through line 14 to the aromatic hydrocar 
bon Storage tank 5. If desired, a relatively low-boiling 
low-density diluent, such as hexane or gasoline, may be 
introduced into column 13, along with the extract, to 
lower the density of the aromatic hydrocarbon fraction 
and permit easier separation from the aqueous butyro 
lactone phase. This diluent may subsequently be re 
moved from the higher boiling aromatic hydrocarbons 
by fractional distillation. 
The aqueous solution of butyrolactone obtained from 

the extract phase is fed from the bottom of column 13 
through line 6 to the distillation tower 17. Aqueous 
butyrolactone from the bottom of column 7 is also fed 
to tower 17 through line 9. Distillation of the aqueous 
butyrolactone gives water as the overhead fraction which 
is condensed in condenser 18 and then used to wash the 
extract phase by passage through line 19 to the top of 
column 13; part of this distillate is used to wash the raf 
finate by passage through line 20 to the top of column 7. 
The high-boiling residue from the distillation of the 
aqueous butyrolactone is substantially pure butyrolactone 
suitable for reuse. The recovered butyrolactone is re 
moved from the bottom of tower 17 and is returned 
through line 2 to the butyrolactone storage tank 1. 
The separation of aromatic hydrocarbons from non 

aromatic hydrocarbons by the selective solvents of this 
invention may be performed at temperatures from below 
room temperature to temperatures as high as about 130 
C. As the temperature increases the phase separation be 
comes less discrete until at above about 130° C., the solu 
bility of the solvent in hydrocarbon mixture is too high 
and immiscible phases are not obtained. The process is 
usually carried out at ambient room temperatures, al 
though other temperatures may be used in processing cer 
tain materials in order to decrease viscosities and to 
facilitate phase disengagement. 
The following examples illustrate the invention, but 

are not intended to limit it in any way. 
Example I 

Twenty-five milliliters of gamma-butyrolactone was 
shaken thoroughly with 25 milliliters of a light catalytic 
cycle oil containing approximately 25 percent by weight 
of aromatic hydrocarbons, and the two immiscible liquid 
phases were allowed to separate. The lower extract phase 
was added to an equal volume of water and mixed thor 
oughly. On standing a short time, the mixture sepa 
rated into a lower aqueous phase containing most of the 
butyrolactone and an upper water-insoluble phase con 
taining the aromatic hydrocarbon and a minor amount 
of the butyrolactone. The latter phase was washed well 
with water and dried. It had a refractive index (n25) of 
1.5741 and amounted to 6 milliliters or 24 percent by 
volume of the original cycle oil, and represented substan 
tially all of the aromatics originally present. 
The raffinate was washed well with water and dried. 

It had a refractive index (n2) of 1.4781. 
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4. 
Example II 

The gamma-butyrolactone used in this example con 
tained 8.5 percent by weight of water. 

Twenty-five milliliters of this solvent was added to 76 
milliliters of a light catalytic cycle oil containing about 
25 percent by weight of aromatic hydrocarbons, and the 
mixture was agitated. On standing a short time, two 
phases separated. The lower or extract phase was with 
drawn and mixed with an equal volume of water. On 
standing, an upper phase separated which consisted of 
aromatic hydrocarbon and some dissolved butyrolactone. 
This layer was washed well with water and dried. It had 
a refractive index (n25) of 1.5979 and measured 4.5 
milliliters or nearly six percent by volume of the original 
cycle oil. 
A second extraction of the raffinate from this experi 

ment using 25 milliliters of the wet butyrolactone gave 
an additional amount of aromatic hydrocarbon oil 
(n25=1.5962) measuring 5.0 milliliters or 6.5 percent 
by volume of the first raffinate. Together these two ex 
tractions gave 12.5 percent by volume of the original 
cycle oil as an aromatic hydrocarbon fraction, which cor 
responds to recovery of 57 percent by weight of aromatic 
fraction originally present, 

Example III 
A mixture containing 75 percent by weight of white 

gasoline (no.25=1.4023) and 25 percent by weight of 
benzene (n25=1.4972) was mixed thoroughly with 40 
percent by volume of gamma-butyrolactone containing 5 
percent by weight of water. The lower extract phase was 
separated and diluted with an equal volume of water. 
The aromatic oil which separated was washed with water 
three times and dried. It had a refractive index (nd') 
of 1.47 18 and contained 73 percent by weight of benzene. 
This corresponds to recovery of 28 percent by Weight 
of the benzene in the original mixture. 

Example IV 
Twenty-five milliliters of gamma-methyl-gamma bu 

tyrolactone (gamma-valerolactone) was shaken thor 
oughly with 25 milliliters of a light catalytic cycle oil 
containing approximately 25 percent by weight of aro 
matic hydrocarbon. Two immiscible liquid phases were 
allowed to separate. The lower extract phase was added 
to an equal volume of water and mixed thoroughly. On 
standing a short time, the mixture separated into a lower 
aqueous phase containing most of the gamma-lactone 
and an upper water-insoluble phase containing the aro 
matic hydrocarbon and a minor amount of the gamma 
lactone. The latter phase was washed well with water 
and dried. It had a refractive index (n25) of 1.5513 
and amounted to 8 milliliters, or 32 percent by volume 
of the original cycle oil, and represented a product which 
had been substantially enriched in aromatic hydrocarbon 
content as compared to the original cycle oil. 

Although the invention is particularly useful for the 
separation of aromatic hydrocarbons from light catalytic 
cycle oil, it is contemplated that the invention may be 
used in the extraction of other types of aromatic and 
nonaromatic hydrocarbon mixture. Obviously, there 
may be many modifications and variations of the extrac 
tive processes in the use of the invention. 
What is claimed is: 
1. The process of obtaining an extract rich in aro 

matic hydrocarbons from a mixture of aromatic and 
nonaromatic hydrocarbons by means of phase separation 
comprising extracting said mixture with about 33 to 40% 
by volume of a selective solvent consisting essentially 
of at least one gamma-lactone selected from the group 
consisting of the lactones of the saturated and unsatu 
rated gamma-hydroxy butanoic acids and the methyl 
substituted lactones of said acids and five percent by 
weight of water, forming an extract phase comprising 

: 
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aromatic hydrocarbons dissolved in the major proportion 
of the Solvent and a raffinate phase comprising non 
aromatic hydrocarbons, separating said extract phase 
from the raffinate phase, washing said extract phase 
with water to form a water-gamma-lactone fraction im 
miscible with the aromatic hydrocarbons, and separating 
said fraction from the aromatic hydrocarbons. 

2. The process of obtaining an extract rich in aro 
matic hydrocarbons from light catalytic cycle oil com 
prising extracting said oil with about 33 to 40% by 
volume of a selective solvent consisting essentially of 
at least one gamma-lactone selected from the group 
consisting of the lactones of the saturated and unsaturat 
ed gama-hydroxy butanoic acids and the methyl-substi 
tuted lactones of said acids and five percent by weight 
of water, forming an extract phase comprising aromatic 
hydrocarbons dissolved in the major proportion of the 
Solvent and a raffinate phase comprising nonaromatic 
hydrocarbons, separating said extract phase from the 
raffinate phase, washing said extract phase with water 
to form a water-gamma-lactone fraction immiscible with 
the aromatic hydrocarbons, and separating said fraction 
from the aromatic hydrocarbons. 

3. In a process of obtaining an extract rich in aro 
matic hydrocarbons from a mixture of aromatic and 
nonaromatic hydrocarbons in which the mixture of aro 
matic and nonaromatic hydrocarbons are treated with 
about 33 to 40% by volume of a selective solvent com 
prising at least one gamma lactone selected from the 
group consisting of the lactones of the saturated and 
unsaturated gamma-hydroxy-butanoic acids and the meth 
yl substituted lactones of said acids, the improvement 
which comprises introducing five percent by weight of 
water into the solvent prior to the treatment step. 

4. The process of obtaining an extract rich in aro 
matic hydrocarbons from a mixture of aromatic and 
nonaromatic hydrocarbons by means of phase separa 
tion comprising extracting said mixture with about 33 
to 40% by volume of a selective solvent comprising at 
least one gamma-lactone selected from the group con 
sisting of the lactones of the saturated and unsaturated 
gamma-hydroxy butanoic acids and the methyl substi 
tuted lactones of said acids and five percent water to 
form an extract phase comprising aromatic hydrocarbons 
dissolved in the major portion of said solvent. 

5. The process of obtaining an extract rich in aro 
matic hydrocarbons from light catalytic cycle oil com 
prising extracting said oil with from about 33 to 40% 
by volume of a selective solvent comprising at least one 
gamma-lactone selected from the group consisting of the 
lactones of the saturated and unsaturated gamma-hy 
droxy butanoic acids and the methyl substituted lac 
tones of said acids and five percent by weight of water 
to form an extract phase comprising aromatic hydrocar 
bons dissolved in the major portion of the solvent. 

6. In a cyclic process of separating aromatic hydro 
carbons from a mixture of aromatic and nonaromatic 
hydrocarbons by means of phase separation comprising 
the steps of contacting the hydrocarbon mixture with 
from about 33 to 40% by volume of a selective solvent 
comprising at least one gamma-lactone selected from the 
group consisting of the lactones of the saturated and 
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6 
unsaturated gamma-hydroxy butanoic acids and the 
methyl substituted lactones of said acids and five percent 
of water by weight whereby an extract phase and a 
rafiinate is formed, separating said extract phase from 
said raffinate, washing said extract phase with water to 
form a water-gamma-lactone fraction immiscible with 
the aromatic hydrocarbons, separating said fraction from 
the immiscible aromatic hydrocarbons, separating the 
gamma-lactone from said fraction, and recycling said 
gamma-lactone and five percent water for contact with 
additional hydrocarbon mixtures. 

7. The cyclic process of separating aromatic hydro 
carbons from a mixture of aromatic and nonaromatic 
hydrocarbons by means of phase separation comprising 
the steps of contacting said hydrocarbon mixture with 
from about 33 to 40% by volume of a selective solvent 
comprising at least one gamma-lactone selected from the 
group consisting of the lactones of the saturated and un 
Saturated gamma-hydroxy butanoic acids and the methyl 
substituted lactones of said acids and five percent by 
weight of water, whereby an extract phase and a raffinate 
is formed, separating said extract phase from the raffinate, 
washing said extract phase with water in the presence of 
a low-boiling, low-density hydrocarbon diluent to facili 
tate the separation of a water-gamma-lactone fraction 
immiscible with the aromatic hydrocarbons, separating 
the gamma-lactone from said water-gamma-lactone frac 
tion, recycling said gamma-lactone with five percent by 
weight of water into contact with additional hydrocar 
bon mixtures, and recycling at least a portion of said 
raffinate into said hydrocarbon mixture. 

8. The process of obtaining an extract rich in aromatic 
hydrocarbons from a mixture of aromatic and nonaro 
matic hydrocarbons by means of phase separation com 
prising extracting said mixture with from about 33 to 
40% by volume of a selective solvent comprising gamma 
butyrolactone and five percent by weight of water to 
form an extract phase comprising aromatic hydrocarbon 
dissolved in the major portion of the solvent. 

9. The process of obtaining an extract rich in aromatic 
hydrocarbons from a mixture of aromatic and nonaro 
matic hydrocarbons by means of phase separation com 
prising extracting said mixture with from about 33 to 
40% by volume of a selective solvent comprising gamma 
valerolactone and five percent by weight of water to 
form an extract phase comprising aromatic hydrocarbons 
dissolved in the major portion of the solvent. 
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