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[57] ABSTRACT 

A process for separating at least one component of aro 
matics, ole?ns, naphthenes and paraf?ns from a mixed 
hydrocarbon stock containing the same by means of ex 
traction with solvent characterized in that a solvent sys 
tem selected from the group consisting of N-acetyl 
morpholine, mixed solvent of N-acetylmorpholine and 
water, N-acetyl-2-pyrrolidone, mixed solvent of 
N-acetyl-Z-pyrrolidone with water, dimethyl sulfoxide, 
diethylene glycol and other organic solvent is em- ' 
ployed. > 

3 Claims, 3 Drawing Figures 
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SEPARATION OF HYDROCARBONS FROM 
MIXTURE THEREOF 

The present invention relates to a process for sepa 
rating hydrocarbon mixtures into desired fractions by 
means of extraction. More particularly, the present in 
vention relates to a process for extracting desired frac 
tions selectively from hydrocarbon mixtures containing 
ole?ns, naphthenes, paraffms and aromatics in various 
proportions such as cracked petroleum oils or dehydro 
genated paraffinic hydrocarbons. 
Petroleum hydrocarbons which have been subjected 

to conversion treatments such as cracking contain ole 
?ns, naphthenes, paraffins and aromatic hydrocarbons 
in various proportions and, therefore, separation of the 
hydrocarbons into each fraction is demanded. Separa- ' 
tion by means of extraction with solvents having high 
selective solvent power for aromatic hydrocarbons 
such as N-methylpyrrolidone has been proposed and, 
benzene, toluene, xylene, etc. are isolated according to 
this process. 
However, there has been no solvent having satisfac 

tory selectivity for olefins, naphthenes and paraf?ns. 
ln separation of olefinic hydrocarbons, absorption 

method in which molecular sieve or silica gel is used, 
a method in which a complex with a heavy metal is 
formed and extraction-distillation method have so far 
been employed. However, all of those methods are 
largely in?uenced by impurities contained in the ole 
?nic hydrocarbons and life of materials used for the 
separation is short. Accordingly, those'methods are too 
expensive and uneconomical to be employed in treat 
ment of cheap by-produced oils such as oils obtained 
by petroleum treatments. 
On the other hand, in condensation-separation of 

olefinic hydrocarbons according to extraction with sol 
vents, there has been proposed the use of liquid ammo 
nia, liquid sulfurous acid, polyethylene glycols, sulfo 
lan, dimethylsulfoxide and 'y-butyrolactone. However, 
the solvents used on industrial scale have been those 
having only a relatively small carbon numbers (mainly 
those having ?ve or less carbons). The reasons therefor 
are that as carbon number is increased, selectivity of 
solvents is decreased or dissolving power is decreased 
even if the selectivity is excellent. Thus, the solvents 
become very expensive and undesirable from industrial 
viewpoint. 
An object of the present invention to provide a pro 

cess for collecting effectively desired fractions accord 
ing to extraction with a solvent from ole?n-containing 
hydrocarbon mixture by-produced in a large amount in 
thermal craking of petroleum or hydrocarbon mixtures 
containing ole?ns and paraffms obtained by dehydro 
genation of paraf?ns. 
Another object of the present invention is to provide 

extraction solvent systems which effectively extract de 
sired fractions from said hydrocarbon mixtures. 
The above described objects and other objects of the 

present invention can be attained by using a solvent 
system selected from the group consisting of N 
acetylmorpholine, mixed solvent of N~ 
acetylmorpholine and water, N-acetyl-2-pyrrolidone, 
mixed solvent of N-acetyl-Z-pyrrolidone and water or 
dimethylsulfoxide and mixed solvent of N-acetyl-2 
pyrrolidone and other optional organic solvent as ex 
traction solvent for hydrocarbon mixtures containing 
various proportions of aromatic hydrocarbons, olefinic 
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2 
hydrocarbons, naphthene hydrocarbons and paraffmic 
hydrocarbons. 
The present invention will be understood more par 

ticularly by the following descriptions including at 
tached drawings. 
FIG. I is a diagram showing steps in continuously 

performing the process of the present invention; 
FIG. 2 is a triangular diagram showing mutual solu 

bilities of l-ole?n, n-paraf?ne and N-acetyl-Z 
pyrrolidone; and 
FIG. 3 is a triangular diagram showing mutual solu 

bilities of aromatic hydrocarbon, n-paraffme and 
N-acetyl-Z-pyrrolidone. 
The inventors have found that anhydrous N 

acetylmorpholine dissolves ole?n-naphthene hydrocar 
bons but its dissolving power for paraffmic hydrocar 
bons is very poor and, therefore, it serves as effective 
solvent for extraction of ole?n-naphthene hydrocar 
bons. I 

The inventors have also found that N-acetyl 
morpholine in anhydrous state has remarkably high dis 
solving‘power for aromatic hydrocarbons but its selec 
tivity is poor and that if ?ve percent by weight of water 
is incorporated in N-acetylmorpholine, selectivity is 
improved though its dissolving power is decreased and 
the selectivity is inclined to be increased as water is in 
creased. However, increase in amount of water is lim 
ited, since dissolving power of N-acetylmorpholine is 
gradually decreased as water content is increased. Fa 
vorable water content is ?ve - 20 percent by weight. 
Since boiling point of N-acetylmorpholine is 243° C, 

this compound is capable of extracting aromatic hydro 
carbons having relatively high boiling points such as cy 
menes and cumenes in addition to benzene, toluene, 
xylene, etc. ' 

Extraction with using hydrous N-acetylmorpholine as 
solvent can be performed continuously in a counter 
current multistage extraction device at ambient tem 
perature. Particularly, if re?ux operation is added, aro 
matic hydrocarbons having a desired aromatic concen 
tration can be obtained on the side of the extracting 
solvent and hydrocarbon mixture free of aromatic hy 
drocarbons is obtained in the extraction residue. 
The separation of ole?n-naphthene hydrocarbons by 

means of extraction with anhydrous N 
acetylmorpholine is preferably effected after removal 
of aromatic hydrocarbons according to said method. 
However, if aromatic hydrocarbon content is less than 
three percent by weight, olefin-naphthene hydrocar 
bons can be directly extracted without necessity of pre 
vious removal of the aromatic hydrocarbons. 
The extraction operation of ole?n-naphthene hydro 

carbons with anhydrous N~acetylmorpholine can be ef 
fected continuously by using a counter current multi 
stage extraction device at ambient temperature. In case 
olefin-naphthene hydrocarbons are to be extracted 
from hydrocarbon mixtures having more than eight 
carbon atoms, extraction temperature may be elevated 
and solubilizing power may be increased. However, in 
any case, a temperature not damaging selectivity of sol 
vents is preferably. Ole?n-naphthene hydrocarbons 
having relatively high purities can be extracted out by 
adding reflux operation to the above extracting‘opera 
tion. In such a case, paraffinic hydrocarbons having a 
purity of near 100 percent can be obtained as extrac 
tion residue. 
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According to our presumption, relation between 
water content of N-acetylmorpholine and its solubiliz 
ing powers for xylene, heptene-l and n-heptane are as 
shown in Table 1. 

TABLE 1 

Solubilities in mixed solvent of N—acetylmorpholine 
and water 

Water 
content Solubility Solubility Solubility 
of solvent of xylene of heptene-l of N-heptane 
(“1%) (8/1008 (8/100 g (8/100 g 

solvent) solvent) solvent) 
0 00 16.0 0 
5 287.0 10.6 0 
10 14.2 6.6 O 
20 8.2 6.5 0 
30 6.2 - O 
40 5.2 - 0 
50 4.5 - 0 

The extraction with N-acetylmorpholine can be ef 
fected either batchwise or continuously. 1n continuous 
extraction, hydrocarbon mixture is ?rst introduced in 
an aromatic extraction tower and an extract obtained 
by counter current operation is fractionated into aro 
matic hydrocarbons, water and N-acetylmorpholine in 
an aromatic distillation tower. N-acetylmorpholine is 
reused by adding therein water and circulating it into 
the aromatic extraction tower or by directly introduc 
ing it in an ole?n extraction tower without adding wa 
ter. On the other hand, extraction residue from the aro 
matic extraction tower is added with a necessary 
amount of water to wash’away N-acetylmorpholine and 
then oil layer is introduced in the ole?n extraction 
tower to extract olefins. After distillation or ‘washing 
with water, ole?ns are obtained. The wash water can be 
reused by introducing it into the aromatic extraction 
tower. 

In separating hydrocarbon mixtures according to ex 
traction with a solvent such as N-acetylmorpholine, not 
only aromatic hydrocarbons and ole?nic hydrocarbons 
but also aromatic hydrocarbons and ole?n-naphthene 
hydrocarbons can be isolated at relatively high purities 
from paraf?nic hydrocarbons. 
The process of the present invention will be illus 

trated more concretely by way of examples. 
Example 1 

In 35.8 g (about 50 ml) of mixture of 20 wt. percent 
of xylene and 80 wt. percent of n-heptane, 110.3 g 
(about 100 ml) of N-acetylmorpholine having 5 wt.% 
water content are added at ambient temperature. After 
thorough agitation for about 5 minutes, the solution is 
allowed to stand whereby the solution is separated into 
two layers. The two layers are fractionated respec 
tively. Thereafter, n-octane is added as internal stan 
dard into the upper layer extraction residue and the 
layer is analyzed according to gas chromatography. 
The results are shown in the following table. 

Composition of Composition 
Proportion (wt. ‘17) hydrocarbons 
by weight n-hep~ Xy- Sol- (wt.%) 
(91;) tane lene vent n-hep- xylene 

tane 
Upper 
layer 21.3 89.3 10.7 0 89.3 10.7 
Lower 
layer 78.7 0.9 3.1 96.0 22.5 

Example 2 
Into 35.8 g (about 50 ml) of the same hydrocarbon 

mixture as in Example 1, 108.6 g (about 100 ml) of N 
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4 
acetylmorpholine having 20 wt. percent water content 
are added at ambient temperature. After thorough agi 
tation for about 5 minutes, the solution is allowed to 
stand whereby the solution is separated into two layers. 
The two layers are fractionated respectively. Thereaf 
ter, n-octane is added as internal standard into the 
upper layer (extraction residue) and the layer is ana 
lyzed according to gas chromatography. The results are 
shown in the following table. 

Composition Composition of 
(wt. %) hydrocarbons 

Proportion (wt. %) 
by weight n-hep- Xy- 801- n- xylene 
(%) tane lene vent Hep 

tane 
Upper 
layer 24.8 84.4 15.6 0 84.4 15.6 
Lower 
layer 75.2 0 1.2 98.8 0 100 

Example 3 
Into 35.6 g (about 50 ml) of mixture of 20 wt. per 

cent of p-cymene and 80 wt% of n-heptane, 108.6 g 
(about 100 ml) of N-acetylmorpholine having 20 wt. 
percent water content are added at ambient tempera 
ture. After thorough agitation for about 5 minutes, the 
solution is allowed to stand whereby the solution is sep 
arated into two layers. The two layers are fractionated 
respectively. Thereafter, n-octane is added as internal 
standard into the upper layer (extraction residue) and 
the layer is analyzed according to gas chromatography. 
The results are shown in the following table. 

Composition of 
Composition hydrocarbons 

Proportion (wt. %) (wt. %) 
by weight n- p- 801- n- p— 
(96) Hep- C y- vent Hep~ Cy 

tane mene tane mene 
Upper 
layer 24.8 81.0 19.0 0 81.0 19.0 
Lower 
layer 75.2 0 0.9 99.1 0 100 

Example 4 
Into 34.0 g (about 50 ml) of mixture of 20 wt. per 

cent of heptene-l and 80 wt. percent of n-heptane, l 10 
g (about 100 ml) of anhydrous N~acetylmorpholine are 
added at 40° C. After thorough agitation for 5 minutes, 
the solution is allowed to stand whereby the solution is 
separated into two layers. The two layers are fraction 
ated respectively. Thereafter, n-octane is added is 
added as internal standard into the upper layer (extrac 
tin residue) and the layer is analyzed according to gas 
chromatography. The results are shown in the follow 
ing table. 

Composition of 
Composition hydrocarbons 

Proportion (wt. %) (wt.%) 
by weight n. Hep- n- Hep~ 
% Hep- wne- Sol- Hep- tene-l 

tane l vent tane 
Upper 
layer 19.1 83.8 16.1 0.1 83.9 16.1 
Lower 
layer 80.9 3.2 1.8 95.0 64.0 36.0 

Example 5 
lnto 37.4 g (about 50 ml) of hydrocarbon mixture 

containing 23 wt. percent of dodecene-l and 77 wt. 
percent of n-dodecane, 109.8 g (about 100 ml) of an 
hydrous N-acetylmorpholine are added. After thor 
ough agitation at 80° C for about 5 minutes, the solu 
tion is allowed to stand whereby the solution is sepa 
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rated into two layers. The two layers are fractionated 
respectively. Thereafter, n-decane is added as internal 
standard into the upper layer (extraction residue) and 
the layer is analyzed according to gas chromatography. 
The results are shown in the following table. 

Composition 
Composition hydrocarbons 

Proportion (wt. %) (wt.%) 
by weight n- dode- Sol- n- dode 

ded- cene- vent dode- cene-l 
(%) cane 1 cane 

Upper 
22.4 81.3 [8.2 0.5 8L7 18.3 

Lower 
layer 77.6 1.8 2.3 95.9 43.9 56.1 

Example 6 
Thermally cracked gasoline having boiling point. 

range of 53° -l04° C, ole?nic content of 38.3 vol.%, ar 
omatic content of 3.3 vol. percent and para?inic con 
tent of 58.4 vol. percent was subjected to continuous 
multistage extraction with N-acetylmorpholine in 
about 3.0 liter multistage extraction device (40 stages) 
of rotating disk system under the following conditions: 

Raw material-feeding speed: 366 g/hr. 
Raw material-feeding stage: 20th stage 
Solvent-feeding speed: 3,120 glhr. 
Temperature 40° C 
Rotating speed of disk: 600 r.p.m. 

After extraction operation, extraction residue and 
extract were separated into the solvent and hydrocar 
bons by means of recti?cation. Thereafter composition 
of the hydrocarbon mixture was analyzed by FlA analy 
sis according to MS K 2536. PM is the Fluorescent In 
dicator Adsorption and the JIS is the Japanese Indus 
trial Standard for FM which has been published in 
1969. The results are shown in the following table. 

Hydrocarbon 
Com ition composition 

Weight (wt. ) (vol.%) 
Hy- Sol- Ole- Par— Aroma 

g/hr. dro- vent ?ns af- tics 
carbon ?nes 

Extraction 
residue 95 100 0 1.1 98.9 0 
(Upper 
layer) 
Extract 
(Lower 3390 8.0 92.0 51.5 44.0 4.5 
layer) 

Example 7 
Hydrocarbon mixture of 20 wt. percent of toluene, 

20 wt. percent of heptene-l and 60 wt. percent of n 
heptane is subjected to continuous extraction accord 
ing to steps as shown in FIG. 1. 
The hydrocarbon mixture is fed into an aromatic ex 

traction tower 2 through 1 at ambient temperature (23° 
C). At the same time, acetylmorpholine having 5 wt. 
percent water content is fed through a pipe 10 and hy 
drocarbon mixture as re?ux material containing 98 wt. 
percent of toluene and 2 wt. percent of n~heptane is fed 
through a pipe ll. 
Extraction product is fed into a standing tank 5 

through a pipe 3 and a distillation tower 7 through a 
pipe 6. After distillation, distillate from the top of the 
tower is separated from water and fed in part into an 
aromatic product tank through a pipe 8 and in part as 
re?ux material into the 'aromatic extraction tower 
through the pipe 11. Extraction residue which is known 
as rat‘finate is introduced in a water tank 12 through a 
pipe 4 and washed with water separated in the distilla 
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6 
tion tower 7 and freshly'fed water. Thereafter, the hy 
drocarbon mixture'thus washed with water is intro 
duced in an ole?n extraction tower l6 kept at 40° C 
through a pipe 15. On' the other hand, water used for 
washing and then separated in the water tank'l2 is ‘fed 
into an-extraction solvent preparation tank 13 through 
a pipe 14- and combined with bottom distillate of the 
distillation tower 7 to'obtain 5 wt. percent water con 
tent which is again fed into the aromatic extraction 
tower 2 through the pipe 10. 
Then, the hydrocarbon mixture introduced into the 

ole?n extraction tower kept at 40° C is extracted with 
anhydrous N-acetylmorpholine simultaneously intro 
duced through a pipe 24 and reflux material (hydrocar 
bon mixture of‘ 88 wt. percent of heptene-l, 11.5 wt. 
percentiof n-heptane and 0.5 wt. percent of toluene) 
introduced through a pipe 25. The extract is fed into a 
standing tank 19 through a'pipe l7 and into a distilla 
tion tower 21 through a pipe 20. After distillation, the 
distillate from the top of the tower is sent in part into 
an olefin product tank through a pipe 22 and in part 
into the ole?n extraction tower as re?ux material 
through the pipe 25. The extraction residue which is 
known as raf?nate is introduced into a water tank 26 
through a pipe 18 and washed with water separated in 
the distillation tower 7 and freshly fed water. After 
completion of washing, the separated hydrocarbons are 
sent into a paraf?n product tank through a pipe 27. On 
the other hand, the wash water separated after being 
used for washing in the water tank 26 is sent into the 
extraction solvent preparation tank 13 through the pipe 
14 and utilized partially. 7 
Operation conditions employed in the above steps 

are shown in Table 2. Extracted quantities of toluene, 
heptene-l and n~heptane obtained in the extraction op 
eration and compositions revealed according to gas , 
chromatography are as shown in Table 3. 

TABLE 2 

Operation conditions in the aromatic 
extraction tower: 

Multistage extraction device of ro- 10 stages 
tating disk system. 

Raw material feeding ___________ __ 5th stage - 
Raw material feeding speed ______ __ 500 g./hr. 
Solvent feeding speed ___________ __ 1,810 g./hr. 
Re?ux quantity ________________ _- 320 g./hr. 

(feeding 1st stage) 

Operation conditions in the ole?nic ex 
traction tower: . 

Multistage extraction device of ro- 40 stages 
tating disk system. 

Raw material feeding ___________ -_ 20th stage 
Raw material feeding speed ______ __ 402 g./hr. 
Solvent feeding speed ____________ __ 6,040 g./hr. 
Re?ux quantity ________________ _ _ 965 g./hr. 

(feeding 1st stage) 

TABLE 3 

Aromatic Oie?nic Paraf?nic 
product tank product tank product tank 

Quantity by 
weight, grams/ 
hour ............ __ 110 290 

Composition, Toluene, 98.." . _ Toluene, 2.7..." n-Heptnne, 99. 
weight percent. Heptene-l,2.._.. He tone-1,873.. Heptene-1,l.0. 

................ .. n- eptene, 10.0. 
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The inventors have also found that N-acctyl-Z 

pyrrolidone is quite useful as extraction solvent for ole 
?ns. 
N-acetyl-2-pyrrolidone has the following structural 

formula: 

(1) 

This compound is in the form of colorless liquid having 
boiling point of 236° C (760 mmHg) and speci?c grav 
ity at room temperaure of 1.146. This compound has 
a high thermal stability and is distillable under normal 
pressure or reduced pressure. This compound is com 
pletely compatible with water and its toxicity is low. 
N-acetyl-Z-pyrrolidone has a high dissolving power for 
hydrocarbon mixtures and, particularly, it dissolves out 
ole?nic hydrocarbons selectively from mixture of ole 
?nic hydrocarbons and paraf?nic hydrocarbons. FIG. 
2 is a tri-angular diagram showing mutual solubilities of 
l-ole?n, n-paraf?ne and N-acetyl-Z-pyrrolidone. This 
?gure clearly suggests that N-acetyl-2-pyrro1idone has 
very excellent property as extraction solvent for ole 
?nic hydrocarbons. There has been no compound in 
the past which can be used as solvent for ole?nic hy 
drocarbons having such a wide range of carbon num 
ber. 
As clearly shown in the ?gure, mutual solubility 

curve of a hydrocarbon having seven or less carbon 
atoms has so-called plate point at 25° C which gives a 
closed curve against the axis connecting n-paraf?n with 
n-acetyl-Z-pyrrolidone. Mutual solubility curve of a hy 
drocarbon having eight or more carbon atoms at a tem 
perature of at least room temperature gives an open 
curve against the axis connecting n-paraf?n with N 
acetylpyrrolidone. 
Thus, the solvent having the above mutual solubilities 

with an ole?nic hydrocarbon and a paraf?nic hydrocar 
bon can be used effectively in industrially various man 
ners. 

(1) For extracting ole?nic hydrocarbons having 
seven or less carbon numbers at a higher concen 
tration, the triangular diagram of FIG. 2 can be re 
vised by incorporating therein another solvent for 
improving selectivity of the solvent. Namely, the 
mutual solubility curve in FIG. 2 is revised to an 
open curve against the axis connecting n-paraf?n 
with N-acetyl-Z-pyrrolidone so as to increase purity 
of the ?nal extract by ole?nic hydrocarbon re?ux 
material. As such solvents used for revision, water 
and dimethyl sulfoxide are most suitable. Propor 
tion of those solvents to N-acetyl-Z-pyrrolidone is 
as shown in Table 1. For an ole?n having 7 carbon 
atoms, it is preferred to use a mixed solvent con 
taining less than 1.0 wt. percent of water or 3.0 — 
20.0 wt. percent of dimethyl sulfoxide. 

TABLE 1 

[solubilities in mixed solvent of N-acetyl-2-pyrrolidone and water or 
dimethyl sulfoxide (25‘I 0.)] 

Solubility o1‘—(g./100 g. 
' solvent 

Content in 
mixed sol 

vent 
(weight 
percent 

Heptene n-Heptane 
(A) 1 (13) 

2:3 
(B)/(A) 

Water ......... _. 0 w ............ .. 

0.5 31. 5 

3,755,154 
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8 
TABLEI 

[Solubllltles in mixed solvent 01 N-ocvtyl-‘Z-pyrrollrlonu and water or 
dimethyl SUllOXltltl (25° C.)] 

Content in Solubility o1'—(g./100 g. 
mixed sol- solvent 

vent 
(weight n-Heptane Heptene 
percent (A) 1 (B) (B)/(A) 

1. 0 5. 4 16. 3 3. 0 
5.0 3. 8 9. 8 1. 5 

Dimethyl 1. 0 7.0 m ............ . _ 

slufoxide. 3. 0 7. 0 38. 2 5. 5 
5. 0 6. 2 26. 0 4. 2 

20. 0 5. 8 18. 3 3. 2 

(2) In extraction of ole?nic hydrocarbons having 
eight — 10 carbon atoms, the ole?nic hydrocarbons 
of a high purity can be obtained as the ?nal extract 
by using only N-acetyl-Z-pyrrolidone alone. How 
ever, it is advantageous to use mixed solvent of 
N-acetyl-Z-pyrrolidone and water or dimethyl sulf 
oxide for improving selectivity and for economy of 
the extraction operation. In such a case, it is pre 
ferred to effect the extraction operation at a tem 
perature in the range of 40° — 60° C. Contents of 
water and dimethyl sulfoxide in the mixed solvents 
are preferably 0.5 - 1.0 wt. percent and 1.0 —5.0 
wt. percent, respectively. Tables 2-1 and 2-2 show 
solubilities of a l-ole?n and an n-paraf?n having 10 
carbon atoms in mixed solvents of various propor 
tions at various temperatures. 

TABLE 2—1.—SOLUBILITIES IN MIXED SOLVENT OF N 
ACETYL-2-PYRROLIDONE AND WATER 

Water 
content Solubility (g/100 g. solvent) 

in mixed of 
solvent 
(weight n-Deeane Decene-l 

Temperature percent) (A) (B) (B)/(A) 

40 ............ . _ 0 5. 4 17.5 3. 2 
1 4. 8 15. 3 3. 2 
5 4. 3 7. 2 1. 7 

60 ............ . . 0 7.1) m ____________ _. 

1 10. 1 25. 9 2. 6 
5 4. 0 10. 4 2. 6 

TABLE 2-2.—-SOLUBILITIES IN MIXED SOLVENT OF N 
ACETYL-2~PYRROLIDONE AND DIMETHYL SULFOXIDE 

Dlrnethyl 
sulfoxide 
content Solubility (g./i00 g. solvent) 
mixed of 

solvent — 

(weight n~Decane Decene-l 
Temperature percent) (A) (B) (B)/(A) 

40 ............ _ _ 0 5. 4 17. 5 3. 2 
5 5. 8 15. 3 2. 6 
10 5. 3 13. 0 2. 5 

60_._-__..._._. 0 7.9 w ............ __ 

5 5. 3 30. 5 5. 7 
l0 7. 5 21. 4 2. 9 

(3) As in the case of hydrocarbons having eight - 10 
carbon atoms, ole?nic hydrocarbons having 11 or 
more carbon atoms can be treated with either 
N-acetyl-Z-pyrrolidone alone or mixed solvent of 
N-acetyl-Z-pyrrolidone and water or dimethyl sulf 
oxide. If a mixed solvent is to be used, it is neces 
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sary to elevate temperature in order to increase sol 
ubility of the ole?nic hydrocarbons. Tables 3-1 and 
3-2 show solubilities of a l-ole?n and an n-paraf?n 
having 11 and 13 carbon atoms in N-acet-yl-Z 
pyrrolidone and in mixed solvents at various tem 
peratures. 

Thus, olefinic hydrocarbons of a narrow carbon num 
ber range can be fractionated and extracted from vari 
ous hydrocarbon mixtures having a wider carbon num 
ber range by using two or more extractionv towers and 
proper combination of solvent mixture and tempera 

' tures. 

TABLE 3~1.—Solubillties 0! Cu compounds in N~acetyl-2-pyrrolidone~ 
and mixed solvents 

Proportion by 
weight in mixed Solubility (gJlOO g. 
solvent (percent) solvent — 

Temperature, Dimethyl n-Undec- Undec— 
° 0. Water sulfoxide ane (A) ene-l (B) (B)/(A) 

0 5. 0 13. 8 2. 8 
0 0 5. 0 17. 4 3. 5 
0 0 6. 2 29. 0 4. 7 
0 0 7. 6 m ........ . . 

1 0 5. 2 16. 7 3. 2 
5 0 2. 6 7. 7 3.0 
0 5 5. 1 18. 9 3. 7 
0 l0 5. 8 17. 5 3. 0 
0 5 6. 7 42. 5 6.3 
0 10 6. 7 24. 4 3. 6 

TABLE 3—2.——Solubilities of C11 compounds in N-acetyl-2-pyrrolidone 
and mixed solvents 

Proportion by weig tin mixed Solubility (g./100 g. 
solvent (percent) solvent) ol-— 

Tempern- Dirnethyl n-Tridec- Tridec‘ 
ture, ° 0. Water sull‘oxide one (A) one-1(8) (B)/(A) 

0 0 2. 8 9. l 3. 3 
0 0 4. 5 ll. 9 2. 6 
0 0 5. 2 l4. 0 2. 7 
0 0 7. 0 23. 6 3. 4 
l 0 7. 0 l1. 7 1. 7 
5 0 5. 5 8. 0 1. 6 
0 5 7. 5 15. 1 2. 0 
0 10 7. 4 13. 5 1. 8 
0 5 10. 4 21. 4 2. l 
0 l0 9. 6 14. 9 l. 6 

Separation of ole?nic hydrocarbons and solvent(s) 
from an extract can be performed by recti?cation for 
hydrocarbons having 12 or less carbon atoms or and for 
ones having more 13 carbon atoms by allowing the ex 
tract to stand at room temperature and adding water in 
the solvent (s) till water content becomes higher than 
5 wt. percent to separate the hydrocarbons. Those 
methods can be effected both in case of using only 
N-acetyl-Z-pyrrolidone and in case of using mixed sol 
vent of N-acetyl-2-pyrrolidone and water. The recov~ 
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10 
ered water-containing solvent can be used as solvent 
for extraction of ole?nic hydrocarbons having 12 or 
less carbon atoms. In case of using mixed sovent of 
N-acetyl-Z-pyrrolidone and dimethyl sulfoxide, hydro 
carbons having l0 or less carbon atoms can be sepa 
rated by recti?cation and hydrocarbons having 11 or 
more carbon atoms can be separated by allowing them 
to stand at room temperature and adding water so that 
water content in the solvent to be recovered becomes 
less than 5 wt. percent. The recovered water 
containing mixed solvent can‘be used as solvent for ex 

_ traction of ole?nic hydrocarbons having 10 or less car 
bon atoms. 
Thus, use of N-acetyl-2-pyrrolidone as extraction sol 

vent for olefinic hydrocarbons as in the process of the 
present invention is quite e?‘ective from industrial 
viewpoint. ' 

N-acetyl-2~pyrrolidone used in the process of the 
present invention has a high dissolving power also'for 
aromatic hydrocarbons and its selectivity can e in 
creased by incorporating therein various other sol 
vents. Thus, it be usable also as an extraction solvent 
for aromatic hydrocarbons. More particularly, if 
N-acetyl-Z-pyrrolidone is used as solvent for hydrocar 
bon'mixture composed of ole?nic, aromatic and paraf 
?nic hydrocarbons, it exhibits a very high selectivity at 
an aromatic hydrocarbon content of less than 40 wt. 
percent and it selectively dissolves and extracts aro 
matic hydrocarbons. However, if aromatic hydrocar 
bon is required to be concentrated to higher than 40 
wt. percent, it is preferred to use mixed solvent of 
N-acetyl-2-pyrrolidone and another solvent such as 
water or diethylene glycol. 
Thus, the solvent according to the process of the 

present invention, N-acetyl~2-pyrrolidone, is quite ex 
cellent as a solvent for extracting aromatic hydrocar 
bons from hydrocarbon mixtures. Extracting effect of 
N-acetyl-Z-pyrrolidone can be increased further by in 
corporating therein another solvent. 
Aromatic'hydrocarbons have so far been fraction 

ated by means of extraction with various extraction sol 
vents on industrial scale. Aromatic hydrocarbons such ' 
as benzene, xylene and toluene have actually been frac 
tionated according to this method. As known solvents 
used for this extraction operation, there may be men 
tioned diethylene glycols, sulfolane liquid ammonia, 
dinitrile, cyano ether, y-butyrolactone, methylpyrroli 
done and N-methyl-2-pyrrolidone. 
Though all of those extraction solvents can be used 

as extraction solvents for aromatic hydrocarbons, if 
those solvents are used, the extraction process becomes 
expensive due to their physical and chemical stability 
or toxicity or other economical problems occur such as 
large recovery loss of solvent. 
After investigation on solvents more excellent than 

conventional solvents, the inventors have found that 
N-acetyl-2-pyrrolidone serves as a quite excellent sol 
vent for extraction of aromatic hydrocarbons. 
N-acetyl-2-pyrrolidone according to ‘the present in 

vention is capable of selectively extracting aromatic hy 
drocarbons and this compound is characterized in that 
dissolving power at the time of extraction is very high. 
Another feature of N-acetyl-Z-pyrrolidone is that this 
compound is also capable of extracting durene, 
pseudocumene, various alkylbenzenes and polycyclic 
aromatic compounds such as high boiling compounds. 
for example, tetralin and naphthalene in addition to 
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benzene, toluene and xylene which have been obtained 
by means of extraction. Mutual solubility curves of aro 
matic hydrocarbon, paraffinic hydrocarbon and 
N-acetyl-2-pyrrolidone are as shown in FIG. 3. Plate 
point of any aromatic hydrocarbon resides at 25° C 
and, a closed curve is given against the axis connecting 
n-paraffin with N-acetyl-Z-pyrrolidone. 
Accordingly, N-acetyl-Z-pyrrolidone can be used as 

extraction solvent for almost all aromatic hydrocar 
bons. In case N-acetyI-Z-pyrrolidone is used for the 
purpose of concentrating aromatic hydrocarbons on 
industrial scale, the above mutual solubility curve can 
be revised to an open curve against the axis connecting 
n-para?'m and N-acetyl-pyrrolidone by using mixed sol 
vent of N~acetyl-2-pyrrolidone and other selective sol 
vent. 

As such selective solvents which are useful in the 
form mixed with N-acetyl-Z-pyrrolidone, diethylene 
glycol, propylene glycol, sulfolane, dimethyl sulfoxide 
and N-methylpyrrolidone are suitable and, diethylene 
glycol is particularly effective. Water can be also used 
as a component of mixed solvent. 
Proper extraction temperature when N-acetyl-2 

pyrrolidone found by the inventors is used as extraction 
solvent is around room temperature (about 25° C). 
Heating or cooling is unnecessary at all. If the extrac 
tion is effected under heating, selectivity for aromatic 
extraction is lowered. 
Aromatic hydrocarbons extracted with N-acetyI-2 

pyrrolidone can be separated completely from the sol 
vent and thereby recovered either by distillation or by 
adding water (if some water is already contained, water 
necessary for reducing solubility is added). 

In separation of solvent and extract oil from extract 
layer, at least 95 wt. percent of the extract oil can be 
separated by adding water in a quantity 0.8 — 1.5 times 
as much as the solvent. 

In performing aromatic extraction operation on in 
dustrial scale by using N-acetyl-2-pyrrolidone accord 
ing to the present invention, roughly, the following two 
steps can be employed. 

(1) In case N-acetyI-Z-pyrrolidone is used for the 
purpose of concentrating out aromatic hydrocar 
bons from various hydrocarbon mixtures contain 
ing cracked petroleum oil and aromatic hydrocar 
bons, a solvent mixture containing 10 — 40 wt. per 
cent of the diethylene glycol is introduced into a 
multistage extraction tower and the hydrocarbon 
mixtures are re?uxed till a desired concentration is 
obtained. The extract phase in which the aromatic 
hydrocarbons are dissolved in a concentrated form 
can be separated or recovered in a distillation 
tower or the extract phase can be separated into oil 
layer and solvent layer by adding therein water. 
Water can be separated from the water-containing 
solvent by means of distillation in solvent 
purificiation step. 

(2) In case hydrocarbons other than aromatic hydro 
carbons such as ole?nic hydrocarbons are to be 
concentrated by means of extraction from various 
hydrocarbon mixtures including cracked petro 
leum oils and aromatic hydrocarbons, the aromatic 
hydrocarbons become undesirable contaminant in 
the extraction operation and they are to be re 
moved. In such a case N-acetyl-2-pyrrolidone 
(used alone but not in the form of mixture) is very 
effective as extracting agent for pretreatment. Uti~ 
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12 
lizing selective dissolving power of N-acetyl~2 
pyrrolidone for aromatic hydrocarbons in a hydro 
carbon mixture, extraction residue remaining not 
dissolved can be regarded to be hydrocarbon mix 
ture hardly containing aromatic hydrocarbon com 
pounds and the hydrocarbon mixture can be re 
garded to be compounds from which industrially 
valuable hydrocarbons such as monoole?nic hy 
drocarbons can be extracted. 

In view of the above steps, it is understood that 
N-acetyl-Z-pyrrolidone in the present invention can be 
used effectively for manner aromatic hydrocarbons. 
Solvent systems mainly composed of N-acetyl-2 

pyrrolidone are capable of extracting naphthenic hy 
drocarbons contained in hydrocarbon mixtures in the 
same manner as in the case of extracting olefinic hydro 
carbons. 
Example 8 - 

Into 38.0 g (about 50 ml) of mixture of 18.8 wt. per 
cent of heptene-l and 81.2 wt. percent of n-heptane, 
1 16.0 g (about 100 ml) of mixed solvent of N-acetyl-2 
pyrrolidone containing 5 wt. percent of dimethyl sulf 
oxide are added at 25° C. After thorough agitation for 
about 5 minutes, the solution is allowed to stand 
whereby the solution is separated into two layers. The 
two layers are separated from each other. Thereafter, 
n-octane is added as internal standard into both upper 
layer (extraction residue) and lower layer (extract) and 
both layers are analyzed according to gas chromatogra 
phy. The results are shown in the following table. 

Composition 
of hydrocarbons 

Proportion Composition (wt.%) (wt. %) 
by weight hep- n- 501- Hep- n 
(‘%>) tene hep- vent tene hep— 

-l tane -l tane 
Upper 
layer 19.4 14.3 79.8 5.9 l5.2 84.8 
Lower 
layer 80.6 2.2 5.3 92.5 29.3 70.7 
Example 9 

Into 38.1 g (about 50 ml) of mixture of 25.0 wt. per 
cent of octene-l and 75.0 wt. percent of n-octane, 115 
g (about 100 ml) of N-acetyI-Z-pyrrolidone are added 
at 25° C. After thorough agitation for about 5 minutes, 
the solution is allowed to stand whereby the solution is 
separated into two layers. The two layers are separated 
from each other. Thereafter, n-decane is added as in 
ternal standard into boty upper both (extraction resi 
due) and lower layer (extract) and the layers are ana 
lyzed according to gas chromatography. The results are 
shown in the following table. 

Composition of 
hydrocarbons 

Proportion Composition (wt. %) (wt.%) 
béweight oc- n- sol~ Oc- n 
( ) tene oc- vent tene Oc 

-] -l tane 
Upper 
layer 20.4 2L7 72.0 6.3 23.1 76.9 
Lower 
layer 79.6 2.4 4.8 92.8 33.3 66.7 

Example 10 
Into 38.0 g (about 50 ml) of the same hydrocarbon 

mixture as in Example 8, 117 g (about 100 ml) of 
mixed solvent of N-acetyl-Z-pyrrolidone containing 1 
wt. percent of water are added at 25° C. After thorough 
agitation for about 5 minutes, the solution is allowed to 
stand whereby the solution‘ is separated into two layers. 
The two layers are separated from each other. Thereaf 
ter, n-octane is added as internal standard into both 
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upper layer (extraction residue) and lower layer (ex 
tract) and both layers are analyzed according to gas 
chromatography. The results are shown in the follow 
ing table. 

'14 
Example 13 

into 1 1.5 g of mixture of 24.4 wt. percent of durene, 
51.7 wt. percent of n-decane and 21.1 wt. percent of 

_ _ _ 5 decene-l , 35.8 g of N-acetyl-Z-pyrrolidone were added 

at 245° C. After thorough agitation'for about 5 minutes, 
Proportion Composition (wt.%)‘ (wt. %) the solution is allowed to stand whereby the solution is 
by welsh‘ he? "' 5°" hep‘ "'Hq" separated into two layers. The two layers are separated‘ 
(9b) tene hep— vent tene hep— . . i 

-1 me _|- We . from each other. The upper layer (extraction residue) 
:Jpper l9 5 4 I 8 3 10 and the lower layer (extract) are analyzed according to 
83$; ' l ' 0'6 5' ‘5'0 85'0 gas chromatography. The results are shown in the fol 

layer 80.5 2.2 4.6 93.2 32.4’ 67.6 lowing table. 

Composition of 
hydrocarbons 

Iéroppf- Composition (weight percent) (weight percent) 
on Y 

weight Dur- n-Dec- Dec- 801- Dur- n-Dec- Dec 
(percent) ene ane ene-1 vent ene ane ene-1 

Upper layer ......... _. 10.1 14.3 60.4 21.2 4.1 15.0 63.0 22.0 
Lower layer ......... .. 83.9 4.5 3.8 2.2 89.5 42.8 36.1 21.1 

Example 11 Example 14 
into 38.5 g (about 50 ml)‘ of hydrocarbon mixture 

obtained by collecting straight chain hydrocarbons 
having 10 — 15 carbon atoms from cracked petroleum 
oil composed of 14.7 wt. percent of ole?ns, and 85.3 
wt. percent of paraf?ns, 119 g (about 100 ml) of 
N-acetyLZ-pyrrolidone are added at temperatures 
given below. After thorough agitation for about 5 min 
utes, the solution is separated into two layers. The two 
layers are separated from each other. The upper and 
lower layers (extraction residue and extract, respec 
tively) are analyzed according to gas chromatography. 
The results are shown in the following table. 

30 

Extraction on various mixture of n-para?'in and aro 
matic hydrocarbon is effected once in the same manner 
as in Examples 8 and 9 by using mixed solution of 
N-acetyl-2-pyrrolidone and diethylene glycol. The re 
sults are as shown in the following table, wherein NAP 
shows N-acetyl-2-pyrrolidone and DEG shows diethyl 
ene glycol. 
Example 15 

into 50 ml of hydrocarbon mixture (cracked petro 
leum oil) having boiling point range of 76° - 144° C 
composed of 11.3 vol. percent of aromatic hydrocar 
bons, 29.3 vol. percent of ole?nic hydrocarbons and 35 

Composition of 
hydrocarbons 

Composition (weight 
Propor- (weight percent) percent) 
tion by 
weight Ole- Paral- Sol~ Ole~ Paraf 

Temperature, ° 0. Layer (percent) ?n ?n vent ?n ?n 

50 ................. -. Upper layer... 23.4 13.0 79.7 7.3 14.0 80.0 
Lower layer-.- 76. 6 1.0 4. 1 94. 9 19. 6 80. 4 

00 ................. .. Upper layer... 22.8 12.3 80.5 7.2 13.3 86.7 
Lower layer... 77. 2 1. 3 4. 7 04. 0 21. 7 78. 3 

70 ................. ._ Upper layer.-- 21. 2 12.3 79.0 8. 7 13.5 86.5 
Lower layer... 78. 8 1. 4 5. 3 93. 3 20. 9 79. 1 

Example 12 59.4 vol. percent of paraf?nic hydrocarbons, 100 ml of 
Into 14.5 g of mixture of 29.8 wt. percent of toluene 

and 70.2 wt. percent of n-heptane, 45.4 g of N-acetyl 
2-pyrrolidone are added at 25° C. After thorough agita 
tion for about 5 minutes, the solution is separated into 
two layers. The two layers are separated from each 
other. The upper layer (extraction residue) and the 
lower layer (extract) are analyzed according to gas 
chromatography. The results are shown in the follow 
ing table. 

Composition of 
hydrocarbons 

Composition (wt. %) (wt. %) 
Proportion 
by weight Td- n- sol- tol- n 
(%) uene hep- vent uene hep 

tane tane 
Upper 
layer 24.9 16.6 77.8 5.6 17.6 82.4 
Lower 
layer 75.] 4.7 1.1 94.2 81.0 19.0 

55 

65 

N-acetyl-Z-pyrrolidone containing 1 wt. percent of 
water are added at 40° C. After thorough agitation for 
about 5 minutes, the solution is allowed to stand 
whereby the solution is separated into two layers. The 
two layers are separated from each other. The upper 
layer (extraction residue) and the lower layer (extract) 
are analyzed according to gas chromatography and HA 
(according to .11S-K-2536). The results are as shown in 
the following table. 

Corn ition of 
hy rocarbons 

Proportion Composition (wt.%) (vol. %) 
b weight hy- ' paraf 
(é) dro- sol aro- ole- ?nic 

car- vent matic tin 
bons ic 

Upper 
layer 14.8 87.0 13.0 0.9 33.7 65.4 
Lower 
layer 85.2 13.4 86.6 20.6 25.4 54.0 
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Composition of 
Solvent hydrocarbons 
(g.) or Propor- Composition (weight percent) (weight percent) 
raw tion by 

Composition of raw material mate- weight Sol- n-Hep 
(weight percent) Solvent riel (g.) Layers (percent) Toluene n-Heptane vent Toluene tene 

Toluene, 70.5_ ............................. .. NAP 90 34. 5 Upper, layer.. 17. 9 57. 2 38.3 4.5 60.0 40. 0 
n-Hept'ane, 29.6 ___________________________ __ DEG 10 11.9 Lower layer..- 82.1 9. 6 0.9 89. 6 91. 4 8. 6 

n-Hep- Sol- n-Hep 
Benzene tane vent Benzene tane 

Benzene, 43.4.v ............................ __ NAP 70 32.2 Upper layer... 13. 2 15.3- 80.0 4. 7 16. 1 83.9 
n-Heptane, 66.6 ___________________________ _ _ DEG 30 ll. 8 Lower layer... 86. 8 11. 0 5. 4 83.6 67. 0 33. 0 

Oe~ 801- Oe 
Xylene tene-l vent Xylene tene-l 

Xylene, 44.0 .............................. .. NAP 70 32.8 Upper layer... 13.0 23.1 60.5 16.4 27.6 72.4 
Octene-l, 56.0 _____________________________ __ DEG 30 12.6 Lower layer... 87. 0 10.4 8. 8 80.8 64. 2 45.8 

Naphtha- n-Do- Sol- Nephtha- n-Do 
lene decene vent lene decane 

Naphthalene, 31.4___.__._ _______________ .. NAP 70 34.0 Upper layer... 18.4 11. 1 87.1 1.8 11.3 ' 88.7 
n-Dodecane, 68.6 ........ ._ 12. 1 Lower layer.. . 81. 6 7. 6 2. 2 90. 2 77. 6 22. 4 

Example 16 20 We claim: 
into 50 ml of hydrocarbon mixture having 10 — 15 

carbon atoms (cracked petroleum oil) composed of 
17.0 vol. percent of aromatic hydrocarbons, 30.2 vol. 
percent of ole?nic hydrocarbons and 52.8 vol. percent 
of para?inic hydrocarbons, 100 ml of N-acetyl-2 
pyrrolidone are added at 60° C. After thorough agita 
tion for about 5 minutes, the solution is allowed to 
stand whereby the solution is separated into two layers. 
The two layers are separated from each other. The 
upper layer (extraction residue) and the lower layer 
(extract) are analyzed according to gas chromatogra 
phy and HA (according to JIS-K-2536). The results are 
as shown in the following table. 

Composition of 
hydrocarbons 

Proportion Composition (wt.%) (vol. %) 
by weight hy- aro- ole- paraf 
(%) sol- dro- matic ?n- ?nic 

car vent ic 
bons 

Upper 
layer 15.0 87.2 l2.8 9.5 29.6 60.9 
Lower 
layer 85.0 16.6 83.4 23.2 30.6 46.2 

Example 17 
into 50 ml of the same cracked petroleum oil as in 

Example 16, 100 ml of N-acetyl-2-pyrrolidone contain 
ing 1 wt. percent of water are added at 60° C. After 
thorough agitation for about 5 minutes, the solution is 
allowed to stand whereby the solution is separated into 
two layers. The two layers are separated from each 
other. The upper layer (extraction residue) and the 
lower layer (exrract) are analyzed according to gas 
chromatography and FIA (according to JlS-K-2536). 
The results are as shown in the following table. 

Composition of 
hydrocarbons 

Proportion Composition (wt.%) (vol. %) 
by weight hy- Sol- aro- ole~ paraf 
(%) dro- vent matic ?- ?nic 

car- l'llC 

bons 
Upper 
layer 17.4 87.0 [3.0 32.0 25.7 42.3 
Lower 
layer 82.6 13.4 86.6 0 35.4 64.6 
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l. A process for separating at least one component of 
aromatics, ole?ns, naphthenes and paraf?ns from a 
mixed hydrocarbon stock containing the same, com 
prising extracting at least an aromatic or ole?n compo 
nent with a mixed solvent of N-acetyl-2-pyrrolidone 
and dimethyl sulfoxide. 

2. A process according to claim 1 in which a mixture 
of N-acetyl-pyrrolidone and from l.0% to 5.0% by 
weight of dimethyl sulfoxide based on the mixture is 
used. 

3. A process according to claim 2 wherein the aro 
matics and the olefins are extracted successively in sep 
arate extractors comprising, 

a. feeding the mixed solvent and hydrocarbon stock 
into a continuous countercurrent multistage aro 
matic extractor, 
separating the aromatic containing extract from an 

effluent from the aromatics extractor and recov 
ering the aromatics from said extract by distilla 
tion water washing, 

recycling the separated solvent to the aromatic ex 
tractor, 

recycling solvent which does not contain water to 
the ole?n extractor, 

washing the effluent from the aromatic extractor 
not containing aromatics with water, 

b. passing the water washed effluent from the aro 
matic extractor not containing aromatics into the 
continuous countercurrent multistage ole?n ex 
tractor, 
separating the ole?n containing extract and recov 

ering the ole?ns from the solvent by distillation 
or water washing, 

recycling the recovered solvent to either the aro 
matic extractor or the ole?n extractor, and 

recycling as additive water for the solvent employed 
in the aromatic extractor the water used in washing 
the effluent from the aromatic extractor and the 

water used when the extract from the aromatic ex 

tractor is washed. 
* 1C II! it! It! 


