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This invention relates to a process for recover 
ing volatile aromatic hydrocarbons from hydro 
carbon mixtures containing them together with 
like-boiling, non-aromatic hydrocarbons. 
More particularly, it relates to the separation 

from admixture with volatile aromatic hydrocar 
bons of like-boiling, non-aromatic hydrocarbons. 
by a two-step azeotropic distillation, in the first 
step of which a highly effective but difficulty re 
coverable azeotropic agent is provided, and in the 
Second step of which a less effective but more 
easily recoverable azeotropic agent is provided. 
Numerous hydrocarbon oils are known which 

contain volatile aromatic hydrocarbons, such as 
benzene, toluene and the xylenes, singly or mixed, 
together with like-boiling, non-aromatic hydro 
Carbons. For example, catalytic treatment of a 
suitable petroleum fraction in the presence of hy. 
drogen gives an oil consisting chiefly of hydro 
carbons of both aromatic and non-aromatic char- : 
acter. For example, by such a process one may 
obtain an oil containing about 20% toluene, 20% 
other aromatic hydrocarbons (including benzene 
and xylenes) and the remainder substantially 
paraffin and naphthene hydrocarbons. Gasoline 
fractions obtained by the distillation of certain 
types of petroleum frequently contain substantial 
proportions of benzene, toluene or xylene, depend 
ing upon the boiling range of the gasoline frac 
tion, together with non-aromatic hydrocarbons. 
Oils of petroleum origin having a considerable 
Content of aromatics may be treated by well 
known selective solvent processes to produce 
fractions rich in aromatics; for example, extrac 
tion of Suitable fractions of such petroleum oils 
with sulfur dioxide may yield fractions of high 
toluene content. In such cases the toluene is ac 
companied by non-aromatic oils which may be 
largely paraffinic, naphthenic or olefinic in char 
acter. A considerable portion of these oils can 
not be completely separated from the toluene by 
direct fractional distillation because of the close 
ness of their boiling points to that of toluene or 
because they form Constant boiling mixtures with 
toluene. Furthermore, while ordinarily benzene, 
toluene or xylenes are readily separable by di 
rect fractional distillation from light oils pro 
duced by the gasification of coal, in some cases 
the aromatic hydrocarbons are accompanied by 
difficulty, separable non-aromatic oils of the same 
general character as described, Owing to carboni 
zation conditions, type of coal used or other spe 
cial circumstances. Also synthetic hydrocarbon 
gas mixtures produced by various catalytic proc 
esses may contain toluene or ther aromatic hy 
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drocarbons which, when recovered, are accom 
panied by similar difficulty separable constituents. 
By fractional distillation of these oils. Contain 

ing aromatic hydrocarbons, fractions relatively 
high in aromatic content may be obtained. These 
aromatic fractions, however, will still contain 
Substantial amounts of the other constituents of 
the oil having boiling points in the neighborhood 
of the boiling point of aromatic hydrocarbons or 
forming mixtures of constant boiling point in 
the range of temperatures at which the aromatic 
hydrocarbon distills from the oil. The separa 
tion of aromatic hydrocarbons from materials 
distilling from the oil fraction at temperatures 
substantially higher or lower than the aromatic 
hydrocarbon does not present any great technical 
difficulties. The recovery of a pure aromatic hy 
drocarbon from an oil fraction containing it, such 
as those referred to above, involves the problem 
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of separating the aromatic from the like-boiling, 
non-aromatic hydrocarbons; i.e., from those hy 
drocarbons which by direct fractional distillation 
processes as commonly operated for the fractional 
distillation of oils, distill from the aromatic oil 
fraction within the same temperature range as 
the aromatic hydrocarbon distills therefrom. 

Processes have been developed whereby an aro 
matic hydrocarbon of any desired purity up to 
substantially 100% may be successfully recovered 
from oils separate from the like-boiling, non 
aromatic hydrocarbons. These processes involve 
azeotropic distillation of the aromatic oil frac 
tion with fractionation of the vapors of aromatic 
hydrocarbon and other hydrocarbons in the pres 
ence of a material forming low-boiling azeotropes. 
with the like-boiling, non-aromatic hydrocarbons. 
Although the aromatic and like-boiling, non-aro 
matic hydrocarbons distill from mixtures con 
taining the same in the same temperature ranges 
in the absence of an added azeotropic agent, 
when distilled with materials such as methanol, 
ethanol, the propanols, butanols and amyl alco 
hols, acetic acid, pyridine, acetone, and the nu 
merous other materials which form low-boiling 
azeotropes with the non-aromatic hydrocarbons, 
even though they also form low-boiling azeotropes 
with the aromatic hydrocarbons, the azeotropes 
of the non-aromatic and aromatic hydrocarbons 
have sufficiently different boiling temperatures to 
permit them to be separated by fractionation. 
Accordingly, by azeotropic distillation of an aro 
matic oil fraction in the presence of azeotropic 
agents such as those mentioned, the aromatic hy 
drocarbons may be separated from like-boiling, 
non-aromatic hydrocarbons, the latter being dis 



tilled Off as azeotropes. Since materials Con 
tained in the oil fractions distilling therefrom be 
low or above the aromatic hydrocarbon distilla 
tion range may be readily separated from the aro 
matic hydrocarbon by ordinary fractional dis 
tillation, this process employing azeotropic dis 
tillation provides a method whereby the difficulty 
separable like-boiling, non-aromatic hydrocar 
bons may be separated from the aromatic hydro 
carbon and an aromatic product of desired purity 
obtained. w 

It is an object of this invention to provide a 
particularly effective process for azeotropically 
separating volatile aromatic hydrocarbons from 

i like-boiling, non-aromatic hydrocarbons; it is . 
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especially applicable to the separation and re 
covery of aromatic hydrocarbons boiling below 
150° C., and particularly hydrocarbons of the 
benzene series such as benzene, toluene and 
xylene. The economical commercial use of an 
azeotropic distillation process for the treatment 
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of aromatic hydrocarbon fractions depends upon 
numerous factors. Of great importance are: (1) 
the sharpness with which the aromatic hydro 
carbon is separated from the non-aromatic hy 5 
drocarbons and the proportion of aromatic hy 
drocarbon contained in the oil fraction subjected 
to the azeotropic distillation which is recoverable 
as an aromatic product of the desired purity, 
and (2) the provision of suitable methods for to 
separating the azeotropic agent from the hydro 
carbon distillate. Usually it is important also to 
recover the azeotropic agent from the distillate 
for reuse in the treatment of additional aromatic ; 
fraction. Azeotropic agents are known which ac 
complish a reasonably good separation of the 
relatively, volatile aromatic hydrocarbons from 
like-boiling, non-aromatic hydrocarbons and 
which may be recovered from the distillate for 
reuse in the process. I have discovered, how 
ever, that in distilling an aromatic oil fraction, 
by using two azeotropic agents which are suitably 
related to each other, the yield of aromatic hy 
drocarbon from an oil fraction may be improved 
while still operating under conditions which per 
mit the economic and effective separation of 
azeotropic agent from the distillate and also re 
covery of the azeotropic agent for reuse. The present invention is, accordingly, directed to a 
process giving improved results by employing 
suitable pairs of azeotropic agents in the distilla 
tion of aromatic hydrocarbon fractions as com 
pared with the results obtained using but a single 
azeotropic agent. The invention permits of using 
an azeotropic agent which is relatively effective 
for the separation of the aromatic and non 
aromatic hydrocarbons and thus obtaining a 
high recovery of the aromatic hydrocarbon puri 
fied from the non-aromatic hydrocarbons. The 
use of this highly effective azeotropic agent per 
mits of carrying Out the azeotropic distillation in 
columns of relatively simple construction or per 
mits of rapidly carrying out the distillation, etc. 
The invention further provides for use in con 
junction with this azeotropic agent, which is ef 
fective for separating the aromatic and non 
aromatic hydrocarbons but is difficulty separable, 
from the distilled hydrocarbons, of a less effective 
azeotropic agent which separates the former 
agent from the hydrocarbons and returns it for 
reuse, while being itself readily separable from 
the hydrocarbon distillate, 

agent for the separation of the aromatic and 
non-aromatic hydrocarbons in addition to the 
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benefits of readily separating the distilled hy 
drocarbons from both azeotropic agents. - 
My invention comprises azeotropically distill 

ling in two steps an oil fraction containing aro 
matic hydrocarbons and like-boiling, non-aro 
matic hydrocarbons, employing two different 
azeotropic agents, one in each step of the distill 
lation. The two azeotropic agents, which I will 
refer to as agent A and agent B, have the fol 
lowing characteristics: 
Agent A (used in the second step of the distilla 

tion) 
() Forms with the like-boiling non-aroo 

matic hydrocarbons of the aromatic fraction aze 
otropes having lower boiling points than the aze 
otropes formed by agent B with those hydro 
carbons. 

(2) Is readily separable from the distillate. 
Preferably it is separable by forming with the 
like-boiling, non-aromatic hydrocarbons of the 
aromatic oil fraction azeotropes which separate 
into two liquid phases on cooling: a hydrocarbon 
oil phase which is low in content of or substan 
tially free from agent A and a second phase low 
in hydrocarbons and rich in agent A. 

Agent B (used in the first step of the distillation) 
(1) More effectively than agent. A separates 

the non-aromatic hydrocarbons of the aromatic 
frection from the aromatic hydrocarbon in dis 
tilling the aromatic fraction, . By this I mean 
that when a given oil containing aromatic and 
like-boiling, non-aromatic hydrocarbons is dis 
tilled under comparable conditions with agent B 
and also with agent A until substantially all the 
like-boiling, non-aromatic hydrocarbons have 
been distilled over, when agent B is used the 
distillate contains a lower ratio of aromatic to 
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I thus obtain the . 
benefits derived from using the more effective 
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non-aromatic hydrocarbons than when agent A 
is used. 

(2) Is not readily separable from the dis 
tillate; e. g., it forms azeotropes with the like 
boiling, non-aromatic hydrocarbons to be dis 
tilled from the aromatic fraction which On COOl 
ing do not separate into two phases containing 
respectively a high and a low proportion of agent 
B, as compared with the proportions of agent A 
in the respective phases formed by cooling the 
azeotropes of agent A and those non-aromatic 
hydrocarbons. 

(3) Agent B and any azeotropes it may form 
with A alone and with A together with hydro 
carbons in the aromatic oil fraction have higher 
boiling points than agent A and than the azeo 
tropes of agent A with the hydrocarbons in the 
aromatic oil fraction. 

Azeotropic agents differ among themselves in 
carrying capacity for non-aromatic hydrocabons, 
i. e., the ratio of non-aromatic hydrocarbons to 
agent in their azeotropes. Agents forming azeo 
tropes in which this ratio is high are preferably 
used. For agents with a reasonable carrying 
capacity for the non-aromatic hydrocarbons, the 
important factor controlling the effectiveness 
with which aromatic and like-boiling, non-aro 
matic hydrocarbons are separated, is the differ 
ence between the boiling points of the azeotrope 
of the aromatic hydrocarbon, if such an azeo 
trope is formed, and the azeotropes of the like 
boiling, non-aromatic hydrocarbons. If rho aro 
matic azeotrope is formed, the difference between 
the boiling points of the aromatic hydrocarbon 
itself and of the non-aromatic azeotropes is cone 
trolling. The wider the spread between these 
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boiling points, the more effectively the aromatic 
and like-boiling, non-aromatic hydrocarbons are 
separable by distilling with the azeotropic agent. 
The aromatic fraction is first fractionally dis 

tilled in the presence of agent B to take over as 
distillate the like-boiling, non-aromatic hydrocar 
bons in the form of their azeotropes with agent 
B, leaving behind an aromatic hydrocarbon residue 
relatively free of these non-aromatic hydrocar 
bons. The distillate thus obtained is fractionally 
distilled in the presence of agent A. Agent A 
displaces agent B from the distillate and carries 
over as distillate, in the form of lower boiling 
azeotropes with agent A, the hydrocarbons in the 
distillate of the first step. Agent B is left as the 
residue of the Second distillation step and is re 
turned for reuse in the first step. Agent A is 
recovered from the second distillate for reuse, 
preferably by cooling the condensed distillate to 
separate it into two liquid phases, a hydrocarbon 
phase low in or substantially free from agent A 
and a second phase low in hydrocarbons and high 
in agent A. The latter phase is returned to the 
second distillation step for reuse therein of its 
content of agent A. The other phase, the hydro 
carbon phase, is withdrawn from the process. 
If desired, this phase may be further treated to 
recover therefrom any of agent Ait may contain. 
Moreover, it is sometimes of advantage to sepa 
rate agent. A from the oils accompanying it as it 
leaves the column by other than the means just 
mentioned; e. g., by extraction of agent. A from 
such oil by a solvent; separation of agent. A from 
such solvent by any desired means, and return 
to the column of the recovered agent A with or 
without part of the accompanying oil. 
The two distillation steps of the process of my 

invention may be carried out either as batch or 
as continuously operating procedures. The two 
distillations may be carried out in series in Sep 
arate distillation columns or other suitable frac 
tional distillation apparatus, with the distillate 
from the first step being condensed before being 
introduced into the apparatus in which the sec 
ond distillation step is carried out. I have found, 
however, that the two distillation steps may be 
effectively carried out, for example, in a single dis 
tillation column, without intermediate condensa 
tion of the distillate from the first step, and this 
mode of Operation represents a particularly effi 
cient method of practicing my invention. In thus 
operating, the vapor distillate from the first dis 
tillation step passes directly, without condensa 
tion into the second distillation step and supplies 
the heat required for that distillation. The liq 
luid agent B, with associated non-aromatic hydro 
carbons, flows directly from the second distilla 
tion step to serve as reflux in the first step. This 
mode of combining the two steps gives impor 
tant economies in the apparatus and heating and 
cooling requirements as compared with operat 
ing the two distillation steps separately with in 
termediate condensation of the distillate from the 
first step. . 

In employing a single distillation column suffi 
cient of agent A is maintained in the column so 
that it is present only in the upper portion, e. g., 
one-fifth to one-tenth of the column, during the 
distillation of the oil fraction to separate the like 
boiling, non-aromatic from the aromatic hydro 
carbons. While the amount of agent A in the 
column at any given time is thus limited, in the 
course of distilling a given amount of aromatic oil 
fraction an amount of agent A is supplied to the 
column sufficient to carry over the hydrocarbons 
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to be distilled from the oil fraction. The amount 
of agent B present in a single distillation column 
used for both steps of the distilmlation is suffi. 
cient for agent B to be present only in a lower. 
portion of the column, e.g., the lower four-fifths 
or nine-tenths, during the separation of the aro 
matic hydrocarbon from like-boiling, non-aro 
matic hydrocarbons. Under these condition 
agent B in the lower portion of the column serve 
to effectively separate the aromatic from the like 
boiling, non-aromatic hydrocarbons and to carry 
the latter hydrocarbons upwardly in the column 
to a region or Zone where agent A is present. In 
the upper portion of the column agent. A sepa 
rates the hydrocarbons from agent B, the latter 
returning for reuse in the lower portion of the 
column and agent A carrying over the hydrocar 
bons from the top of the column as a distillate 
of the azeotropes of these hydrocarbons with 
agent A. 
The relationship between the portions of the 

column in which agents A and B are maintained 
is related to the work accomplished by these two 
agentS. Thus, the separation of an aromatic hy 
drocarbon from the like-boiling, non-aromatic 
hydrocarbons accomplished by agent B is rela 
tively difficult, since the spread between the boil 
ing points of the azeotropes of B with an aro- . 
matic hydrocarbon and with like-boiling, non 
aromatic hydrocarbons is usually relatively small. 
Accordingly, the tower or column space required 
for rectifying the vapors of the aromatic oil frac 
tion and agent B to effect a good separation be 
tween the aromatic and like-boiling, non-aro 
matic hydrocarbons is relatively large. On the . 

, other hand, by proper choice of pairs of agents 
A and B, an agent A may be used which forms 
azeotropes with the hydrocarbons to be distilled 
from the oil fraction having widely different boil 
ing points from the boiling point of the azeo-. 
tropes of agent B with those same hydrocarbons. 
Accordingly, a much smaller tower or column vol 
ume is required for adequate rectification of the 
vapors of the B azeotropes in the presence of 
agent A in order for B to be separated and the 
azeotropes of A and the hydrocarbons to be car 
Iried to and Out of the top of the column as dis 
tillate. 
While as pointed out above, agent B is present 

only in a lower portion of the column, it need 
not be present throughout the bottom of the col 
umn but only in a bottom portion of the col 
umn which provides adequate rectification of the 
vapors passing therethrough for the separation 
of the aromatic from the like-boiling, non-aro 
matic hydrocarbons in the presence of agent B. 
It is generally not desirable that agent B be pres 
ent in large excess over that required for this 
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separation of the aromatic and like-boiling, non 
aromatic hydrocarbons. On the other hand, my 
process may be carried out employing larger quan 
tities of agent B, so that the aromatic residue 
of the distillation contains substantial proportions 
of this agent. Such a mode of operation, how 
ever, requires removal of agent B from the re 
sidue before a pure aromatic product is obtained 
and is particularly undesirable in a continuous 
ly operating process where it is desired to con 
tinuously withdraw from the bottom of the dis 
tillation column a pure aromatic hydrocarbon 
either as liquid residue or as a vapor drawn from 
the column at a point where the vapors therein 
are the aromatic hydrocarbon from which the 
like-boiling, non-aromatic hydrocarbons and 
agent B have been separated. 
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The above description of the conditions in a 

distillation column operating to carry out the 
process of this invention is of the conditions 
which obtain during the time the column is oper 
ating to separate effectively the aromatic and 
the like-boiling, non-aromatic hydrocarbons in 
the distillation of an aromatic oil fraction. In 
starting and at the end of a distillation, as more 
particularly illustrated in connection with the 
specific examples to be described, these condi 
tions do not necessarily exist. in the column. 
Thus, in a batch procedure the materials (i.e., 
the aromatic oil fraction, agent A and agent B) 
all may be initially placed in a boiler attached to 
a rectification column. When distillation of such 
a mixture is started the vapors first passing up 
wardly through the column will consist largely 
of azeotropes of agent A accompanied by smaller 
proportions of azeotropes of agent B. Since, how 
ever, as pointed out above, the amount of azeo 
tropic agent A is sufficient to fill only an upper 
portion of the column at a given moment dur 
ing the distillation, a state of equilibrium will 
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quickly establish itself in which agent A is pres 
ent only in the upper portion of the column and 
agent B is present in the lower portion of the 
column. 

I have discovered that as agent B p-dioxane 
or crotonaldehyde is particularly efficacious is 
distilling toluene oils to separate the toluene from 
like-boiling, non-aromatic hydrocarbons. I have 
further discovered that with either p-dioxane 
or Crotonaldehyde, methanol is peculiarly suit 
able for use as agent A. Aqueous ethanol may 
be used as agent A with crotonaldehyde used 
as agent B. Methanol forms no azeotropes with 

| p-dioxane or crotonaldehyde, and aqueous etha 
nol forms no azeotropes with crotonaldehyde, 
with or without the non-aromatic hydrocarbons. 
The methanol and aqueous ethanol form azeo 
tropes with the non-aromatic hydrocarbons 
which, when cooled, separate into two phases; a 
hydrocarbon oil phase low in methanol or etha 

... nol and a second phase low in hydrocarbons and 
rich in methanol or ethanol which may be re 
turned to the azeotropic distillation step for re 
use therein of the methanol or ethanol. 
For the distillation of a xylene fraction water 

may be used as agent A with the methyl ether 
of ethylene glycol as agent B. The methyl ether 
of ethylene glycol accomplishes a separation of 
xylene (ortho-, meta- and para-xylenes) from 
like-boiling, non-aromatic hydrocarbons. The 
Water accomplishes a separation of the methyl 
ether of ethylene glycol from its azeotropes with 5: 
the non-aromatic hydrocarbons and carries over. 
the latter as azeotropes which, when cooled and 
condensed, separate into two layers; a water lay 
er and a hydrocarbon layer." 
My invention will be more particularly de 

Scribed and illustrated by the following exam 
ples for the azeotropic distillation of aromatic 
oil fractions. 

Eacample 1-A still and rectification appara 
tus of conventional construction may be used for 
carrying out the process of this example. The 
rectification column is provided with means such 
as bubble plates for effecting rectification of the 
Vapors passing therethrough: The still is provided 
with means for vaporizing the materials supplied 
thereto' and is connected for passage of vapors 
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nected to a decantation vessel into which the con 
densed liquid is passed and from which the top 
and bottom liquid phases separating out in the 
vessel may be separately withdrawn. Suitable 

- provision is made for returning part of the distill 
late to the column as reflux. Glass or chemical 
stoneware are suitable materials of construction 
for this apparatus. Any material which is inert 
towards the liquids being treated may be used. 
The toluene fraction treated by the process of 

this example was an oil fraction boiling between 
109.5° C. and 110.5° C. obtained from a product 
of catalytic reforming in the presence of hydro 
gen of a petroleum distillate. The toluene frac 
tion had a specific gravity of 0.826 at 20° C. and 
contained 75% toluene as determined by the 
specific dispersion method described in Industrial 
and Engineering Chemistry, Analytical edition, 
vol. il, page 614, November 15, 1939. ' ' . 
A mixture of 100 parts of this toluene frac 

tion, 50 parts of p-dioxane and 8 parts of anhy 
drous methanol (parts by volume) was introduced 
into the still of the apparatus described above. 
The liquid mixture was boiled and the vapors 
passed into the rectification column. The vapors 
from the top of the column were condensed in the 
cooler and the condensate passed to the decanta 
tion vessel in which the two liquid phases formed 
by the cool condensate were stratified. The bot 
tom layer and a portion of the top layer were 
introduced into the top of the rectification column 
to provide reflux for this column. Conditions 
were quickly established such that the upper por 
tion of the rectification column, the cooler and 
the decantation vessel contained methanol and 
its azeotropes with the hydrocarbons distilled 
over. The bottom portion of the rectification 
column and the still contained dioxane and its 
azeotropes with the hydrocarbons passing from 
the still into the rectification column. 
The azeotrope of dioxane and toluene boils at 

about 10.6. C. The azeotropes of the dioxane 
and like-boiling, non-aromatic hydrocarbons 
present in the toluene fraction boil in the range 
of about 96.6 to about 98.9°C. . There is thus a 
relatively narrow temperature spread between 
the boiling points of the toluene and non-aromatic 
azeotropes of 2.7 to 5° C. Accordingly, a rela 
tively high degree of fractionation of the vapors 
of these azeotropes in the first distillation step 
of my process is required for their separation. 

In the Second distillation step of the process of 
this example, the dioxane hydrocarbon azeo- . 
tropes taken off as distillate in the first step are 
distilled in the presence of methanol. Since the 
methanol azeotropes with the hydrocarbons pres 
ent boil at temperatures lower than the dioxane 
azeotropes, the hydrocarbons are carried over as 
distillate by the methanol leaving the dioxane 
behind as residue. This dioxane flowing down 
wardly in the rectification column is returned to 
and reused in the first distillation step. The di 
oxane azeotropes with the non-aromatic hydro 
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from the still to the bottom of the rectification 
column. A vapor line from the top of the rectifi 
cation column leads to a condenser for, cooling 
and liquefying the vapors. The condenser is con 75 

carbons removed from the toluene fraction boil, 
as pointed out above, at about 96.6 to about 
98.9 C. The methanol azeotropes with these 
hydrocarbons boil at about 61° C. to about 63° C. 
Due to this wide spread between these boiling 
points, a relatively small degree of fractionation 
of the vapors in the second distillation step of 
my process suffices to carry over the methanol 
hydrocarbon azeotropes and leave behind the di 
Oxane as a residue for return to the first distia 
tion step. 

Distilation of the above toluene fraction by 
f 
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the process of this example started with the tem 
perature of the vapors at the top of the frac 
tionation column at. Substantially 61° C. The 
condensed vapors separated into two liquid phases 
which were withdrawn from the decantation 
vessel. The bottom phase rich in methanol and 
a part of the top phase were continuously re 
turned as reflux to the top of the column while 
the remainder of the top hydrocarbon oil phase 
was withdrawn from the process. As the distilla 
tion proceeded the temperature of the vapors at 
the top of the column gradually increased to 
slightly above 63° C. At this temperature the 
condensate drawn from the vapor cooler ceased 
to separate into two phases. A part of the single 
phase condensate was continuously returned as 
reflux to the fractionation column while the re 
mainder was taken off and collected separately 
from the hydrocarbon oil phase obtained from 
the condensate during the initial stage of the 
distillation. As the distillation proceeded, the 
temperature of the vapors at the top of the 
column rose rapidly to 100° C. to 102. C. and 
remained there for a short time before again 
rising to 110.2° C. 
During the initial stage of the distillation, 

when the vapor temperatures were below 63° C., 
the amount of toluene in the oil phase with 
drawn from the decantation vessel remained low; 
i. e., this oil phase contained only about 3% , 
toluene. It contained some methanol but mainly 
consisted of the like-boiling, non-aromatic hy 
drocarbons, amounting to about 90% of the non 
aromatic hydrocarbons in the original toluene 
fraction. During the second stage of the distill 
lation, when the temperatures at the top of the 
rectification column rose to 100° to 102° C. and 
then to 110.2 C., the ratio of toluene to other 
hydrocarbons in the distillate rose until the hy 
drocarbons were all toluene; i. e., the oil layer 
which formed upon washing the distillate with 
water was substantially 100% toluene. During 
this stage of the distillation the methanol and 
dioxane were distilled over with the last 10% of 
the non-aromatic hydrocarbons of the toluene 
fraction, leaving in the still and rectification 
column a residue of the distillation which was 
Substantially 100% toluene and contained 80% 
of the toluene present in the toluene fraction ini 
tially supplied to the still. In addition, toluene of 
the same quality, amounting to 12% of the toluene 
present in the initial toluene fraction, was re 
covered from a portion of the distillates which 
contained pure toluene and dioxane by washing 
with water to remove the dioxane. Thus, a total 
of 92% of the toluene present in the initial toluene 
fraction was recovered as substantially 100% 
toluene. By discontinuing the distillation at this 
point the toluene residue may be withdrawn as 
the toluene product of the distillation process. 
It may be given a conventional purification treat 
ment to produce toluene of highest purity. In 
stead of stopping the distillation when the toluene 
residue has been substantially completely freed 
from the like-boiling, non-aromatic hydrocar 
bons. the distillation may be continued and the 
tolen taken off as distillate. 
The oil fraction withdrawn from the decanta 

tion vessel during the first stage of this distilla 
tion contains some methanol which may be re 
Covered for reuse if desired. The distillate taken 
off during the second stage of the distillation con 
Cains dioxane and particularly during the initial 
period of this second stage methanol may come 
Over in the distillate. The last distillates con 
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taining dioxane substantially consist of pure 
toluene-dioxane azeotrope. From these distill 
lates, as pointed Out in the preceding paragraph, 
an additional quantity of pure toluene may be 
isolated. In the fractionation herein described, 
a somewhat greater quantity of dioxane was em 
ployed than was required for effective removal of 
the non-aromatic hydrocarbons. A smaller 
quantity could be used, the amount largely de 
pending on the nature of the original oil fraction 
and on the capacity of the rectification column 
for holding liquid and vapors when operating 
under equilibrium conditions. The amount to be 
used is independent of the size of the charge. 
The single phase distillate may all or in part be 
added to a new batch of toluene fraction to be 
distilled by the process and the methanol and 
dioxane contained in this distillate thus reused 
in the subsequent distillation of additional 
toluene fraction. 

Eacample 2.-In place of p-dioxane, crotonal 
dehyde may be employed with methanol in dis 
tilling the toluene fraction by the process of Ex 
ample 2. A mixture of 100 parts of the toluene 
fraction of Example 1, 25 parts of commercial 
crotonaldehyde (a material having a boiling 
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range of 82° to 108° C. and containing 90% 
crotonaldehyde) and 8 parts methanol (parts by 
volume) is introduced into the still of the ap 
paratus used in carrying out the process of Ex 
ample 1 and distillation carried out as in that 
process. The distillation starts with the vapors 
at the top of the fractionation column at a tem 
perature of about 61° C. As in the case of the 
process of Example 1, the distillation takes place 
in two stages. During the first stage, with vapor 
temperatures up to about 62.5° C., the cooled 
distilate separates into two liquid layers, a bot 
tom layer rich in methanol which is returned as 
reflux from the decantation vessel to the recti 
fication column and a top oil layer which is in 
part returned as reflux and in part withdrawn 
from the process. This is followed by a stage 
of operation at higher temperatures up to about 
102.8 C., during which a distillate which does not 
separate into two liquid phases is obtained con 
taining first methanol-hydrocarbons and then 
crotonaldehyde-hydrocarbon mixtures. When 
the hydrocarbons coming Over as distillate are 
Substantially all toluene, i. e., when the distilla 
tion residue contains toluene substantially comi 
pletely separated from the like-boiling, non 
aromatic hydrocarbons which is indicated by the 
vapor temperature rising to 110° C. or slightly 
higher, the residue may be withdrawn from the 
apparatus either as liquid residue or as distillate 
therefrom and may be subjected to any desired 
conventional final purification treatment. 
Ecample 3.- The process of this example is 

used for recovery of toluene from an oil fraction 
boiling between 109.5° C. and 110.5 C. obtained as 
the product of a catalytic reforming process for 
treating a petroleum distillate in the presence of 

5 toluene. 
hydrogen. This oil fraction contained 74% 

A mixture of 100 parts of the toluene fraction, 
18 parts of crotonaldehyde (the material used in 
Example 2) and 5 parts of 94% aqueous ethanol 
(parts being given by volume) was introduced 
into a still communicating with a rectification 
column provided with a condenser for the vapors 
leaving the top of the column and a separator for 
Separating two liquid phases of the condensate. 
The liquid mixture was distilled and the vapors 
rectified in this apparatus. Distillation was 



started with the temperature of the vapors at the 
top of the still at substantially 73 C. and, as the 
distillation continued, the temperature mounted 
to 77.2 C. During this stage of the distilation 
the crotonaldehyde occupied the lower portion of 
the fractionation column and the aqueous ethanol 
the upper portion. Non-aromatic hydrocarbons 
contained in the oil fraction were carried over 
from the top of the fractionation column with a 
Small proportion of toluene as azeotropes with the 
aqueous ethanol which, when cooled and con 
densed, separated into two liquid layers. The 
bottom layer, rich in aqueous ethanol, was con 
tinuously returned as reflux to the top of the 
rectification column. The top hydrocarbon oil 
layer was in part returned as reflux to the recti 
fication column and in part withdrawn and 
washed with water to remove the ethanol con 
tained therein. - 
As the distillation was further continued with 

rising temperatures of the vapors leaving the top 
of the column, the condensed distillates formed 
a single liquid phase. 
distillate was continuously returned as reflux to 
the column and the remaining part taken off as 
Overhead product and washed with water to re 
COver the hydrocarbons contained therein sep- . 
arate from the azeotropic agents. As the dis 
tillation proceeded, the amount of toluene car 
ried over in the distillate increased. When the 
oil recovered by washing the distillate with water 
contained 99.3% toluene and all the ethanol and 
Crotonaldehyde had been carried over in the dis 
tillates, the distillation was discontinued. The 
residue left in the still was substantially 100% 
toluene and contained about 78% of the toluene 
content of the oil fraction initially supplied to 
the still. By recovering the ethanol and croton 
aldehyde carried over in the distillates, these ma-. 
terials may be reused for the distillation of an 
additional batch of toluene fraction. 

Eacample 4.-The process of this example was 
employed for the distillation of a petroleum frac 
tion boiling in the range 125° C. to 150° C. con 
taining about 60% xylenes. 

150 parts of this xylene oil fraction, 25 parts 
of ethylene glycol monomethyl ether (a commer 
dial product boiling in the range 118° C. to 126° C. 
and marketed under the name "Methyl Cello 
Solve') and i.5 parts of water (all parts given 
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carbons and carried those hydrocarbons over as 
azeotropes with the water which, upon cooling 
and condensation, separated into the two liquid 
phases. - 
As the distillation proceeded non-aromatic hy 

drocarbons became exhausted from the residue in 
the still. The distillation-temperature, measured 
at the top of the rectification column, rose and the 
condensed distillate, which at first formed two 
liquid phases, changed to a single phase liquid. 
When the temperature had risen to about 117° C. 
all of the water which had been supplied to the 
still had been taken over in the distillate and 
withdrawn. The temperature then continued to 
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A part of the condensed 
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rise to 129° C. with the xylene content of the hy 
drocarbon oil in the distillate increasing to sub 
stantially 100%. The distillation was continued 
until the vapor temperature rose to 140.2° C. Dur 
ing these latter stages of the distillation, when 
the condensed distillate formed a single phase 
liquid, this condensate was divided, a portion 
being returned as reflux to the rectification col 
umn and another portion withdrawn. During 
the last stage, when the distillation temperatures 
were rising from 129° C. to 140.2° C., the distillate 
taken off was recovered separate from the pre 
ceding distillate and was washed with water to 
recover its xylene content. The residue left in 
the still was also washed with water. The xylene 

30 recovered from the final distillate (with vapor 
temperatures in the range 129° C. to 140.2° C.) 
and that recovered as residue from the still was 
combined as a 99-100% xylene product contain 
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ing about 70% of the xylene content of the orig 
inal oil fraction introduced to the still. 

I have heretofore referred to a conventional 
final purification treatment of the toluene prod 
uct of the distillation process of this invention 
which contains toluene separated from like-boil 
ing, non-aromatic hydrocarbons. The art is 
familiar with Such final treatments which involve 
Washing toluene with concentrated sulfuric acid 

SO 

in parts by volume) were introduced into a still - 
communicating with a rectification column, a 
condenser for the distillate and a separator for 
Separating the two phases of the condensed dis 
tillate. The materials were distilled and the 
vapors rectified in this apparatus. Distillation 
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started with the vapor temperature at the top of . 
the still at about 91° C. and, as the distillation 
proceeded, this temperature gradually increased 
to 100 C. and finally to about 110° C. During 
this stage of the distillation the condensed distill 
lates separated into two liquid phases. The bot 
tom layer, principally consisting of water, was 

, continuously returned as reflux to the top of the 
column. The top hydrocarbon oil phase was in 
part returned as reflux and in part withdrawn. 
During this stage of the distillation the ethylene 
glycol methyl ether was in the lower portion of 

neutralization and a final distillation of the acid 
washed material. 
In this specification I have described the azeo 

tropic distillation of aromatic fractions as carried 
out under Substantially atmospheric pressure. 
The temperatures given herein are corrected tem 
peratures for one atmosphere pressure absolute 
(760 mm. of Hg). 
ried out urider pressures other than atmospheric, 
the temperatures will differ from those given cor 
responding to the change in boiling points of the 
materials due to the different pressure. 
The process of this invention is not limited to . 

the use as agent A of a material forming with the 
hydrocarbons distilled from the aromatic oil frac 
'tion a condensate which separates into two liquid 
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the fractionation column where it acted to sepa 
rate the xylenes from the like-boiling, non-aro 
matic hydrocarbons and carried the latter in the 
form of azeotropes into the upper portion of the 
column. The water in the upper portion of the 
column displaced most of the ethylene glycol 
methyl ether from its azeotropes with the hydro 
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layers, whereby agent A is readily separable from 
hydrocarbons distilled from the oil fraction in the 
form of their azeotropes. As pointed out above, 
the invention comprises employing as agent A a 
material which is more readily separable than 
agent B from the hydrocarbons of the distillate, 
Whatever the particular method for separating 
agent A from the hydrocarbons may be. For ex 
ample, methanol may be employed as agent A and 
the condensed single phase distillate treated with 
a small amount of water to separate the methanol 
as aqueous, methanol from the hydrocarbons in 
the distillate. Anhydrous methanol may be re 
covered from the aqueous methanol by distilla 
tion before returning the methanol for reuse as 
agent A. Such a process would be advantageous 
where the separation of agent B from hydrocar 

When the distillation is car- . 
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bons contained in the oil fraction cannot be ac 
complished by the addition to the oil of a small 
amount of water, as it can in the case of the 
methanol-hydrocarbon mixtures, or in a case 
where agent B might be thus separated from the 
hydrocarbons but its recovery in the anhydrous 
state for reuse in the process is relatively difficult 
as compared with the recovery of anhydrous 
methanol from aqueous methanol. 
The attached drawing illustrates diagramat 

ically the procedure of this invention when car 
ried out for the continuous distillation of an aro 
matic oil in a single rectification column pro 
vided with a heater. 

In the drawing, the numeral designates a 
rectification column containing a packing mate 
rial such as saddle packing. The bottom of the 
column is provided with a heater 2. A liquid in 
let pipe 3 serves for introducing liquid feed to 
the middle portion of the column. Withdrawal 
pipes 4 and 5 may be used for withdrawing liquid 
residue from the bottom of column or as a side 
stream from the bottom portion of the column. 
From the top of column a vapor draw-off pipe 
6 leads to a condenser . A pipe 8 leads fron 
condenser 7 to a decanter 9. Pipe O leads from 
the top of decanter 9 and pipe connects the 
decanter 9 with the top of column for passage 
to the column of a lower liquid layer formed in 
the decanter. A pipe 2 serves to introduce azeo 
tropic agent. A through pipe into the top of 
column . A pipe 3 is provided for returning. 
as desired, liquid from the top layer in decanter 
9 to pipe and thence into the top of column . 

In Starting Operations employing the appara 
tus described above for carrying out the process 
of this invention for the recovery of an aromatic 
hydrocarbon fron an oil containing it together 
with like-boiling, non-aromatic hydrocarbons, 
Specifically from a toluene fraction, tre aro 
natic oil together with azeotropic agent B is fed 
into column through pipe 3. Azeotropic agent 
A is fed into the column through pipes 2 and 

. The liquid flowing to the bottom of the col 
unn is heated and distilled and the vapors from 
the top of the column taken off to condenser T. 
Condensate flowing to decanter 9 is returned 
through pipes and 3 to the top of the col 

. 
Agent B which, in the case of a toluene frac 

tion may be p-dioxane, tends to be concentrated 
in the lower portion of rectification column . 
Agent A, which may be methanol in distilling 
a toluene fraction, tends to be concentrated in 
the top of column , in the vapors going over to 
condenser and in decanter 9, and in the liquid 
in the bottom layer in decanter 9 which is re 
turned to the top of column . The toluene 
tends to become concentrated in the bottom of 
rectification column f while the like-boiling, 
non-aromatic, hydrocarbons become concen 
trated in the top of rectification column and 
are carried over in the distillate from the top of 
the column. Owing to these tendencies, of the 
respective materials introduced into rectification 
Column , by controlling the amounts of agents. A 
and B introduced to the column an equilibrium 
condition of operation will quickly be established 
in the packed section of the rectification column. 
Agent B will be present in the lower portion of 
the rectification column indicated by the bracket 
designated agent B. This section will comprise 
the lower four-fifths or nine-tenths of the effec 
tive length of the rectification column (i.e., the 
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length of the column containing the packing ma 
terial). The feeding of agent B to the columnis so 
regulated as to maintain agent B in this lower 
section of the column but not to permit it to be 
present in the top of the column. The top sec 
tion of the column, e. g., the top one-fifth or 
One-tenth of the column (indicated in the draw 
ing by the bracket designated agent A) contains 
agent A. There will be a short section of the col 
unn in which both agents A and B will be pres 
ent as indicated in the figure by the overlap 
ping of the two brackets, 
The feed of agent A will be so regulated that 

this agent will always be present in the top 
portion of rectification column and the vapors 
distilled over from the top of the column will 
Contain the azeotropes of agent A with the non 
aromatic hydrocarbons in the oil fed to the col 
umn. In decanter 9 the mixture of agent A 
(c.g., methanol) and hydrocarbons distilled over, 
is separated into two liquid phases. The lower 
phase, rich in methanol, and any desired porticn 
of the top phase is returned to the top of rec 
tification column to provide a suitable volume 
Of leflux for the column and to reuse the metha 
nol as agent A in the distillation of the oil fed 
to the column. All or a portion of the top phase, 
rich in hydrocarbons ; and low in methanoi, is 
withdrawn through pipe O for treatment as de 
sired. 
As the distillation is continuously carried Out, 

cnce equilibrium conditions have been established 
as described above, the feed of fresh agent A 
(e. g., methanol) from pipe 2 to the top of rec 
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tification column Will Only be that required to 
nake up for losses of methanol in the oil with 
drawn through pipe to and other incidental 
losses from the System. Once Sufficient agent B 
(e.g., p-dioxane) has been introduced into the 
system in starting operations for this agent to be 
present in the lower portion of column f, as 
described above, any additional amount of agent 
B introduced into the rectification column is only 
that required to make up for incidental losses of 
agent B from the system. 
The presence in rectification column of both 

agents A, and B establishes in that column two 
zones in which selective separation of materials 
being distilled in the apparatus takes place. The 
zone occupied by agent B serves to allow the 
passage downwardly through the column of the 
aromatic, hydrocarbon, e. g., toluene, while pre 
venting the like-boiling, non-aromatic hydro 
carbons accompanying the toluene. These latter 
hydrocarbons are kept by agent B in the upper 
portion of the rectification column. The zone 
occupied by agent A serves to retain agent B in 
the lower portion of the column while the like 
boiling, non-aromatic hydrocarbons are picked . 
up by agent A and carried out in the distillate 
from the top of the column. Agent A is readily 
recoverable from this distillate for. reuse in the 
rectification column while agent B is retained in 
tre column where it operates to separate effec 
tively the like-boiling, non-aromatic hydrocar 
hons from the aromatic hydrocarbon. The lat 
ter flows to the bottom of rectification Column 
relatively free from like-boiling, non-aromatic 
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hydrocarbons and is withdrawn through pipe 
4 or pipe 5 as desired. m 
I claim: 
1. The process for the troatinent of an oil frac 

tion containing a volatile aromatic hydrocarbon 
and a mixture of like-boiling, non-Fromatic hy 
drocarbons which comprises fractionally dis 



S 
tilling said oil fraction in the presence of an 
azeotropic agent B and thereby taking off as dis 
tillate azeotropes of said like-boiling, non-aro-. 
matic hydrocarbons with agent B and leaving 
a residue enriched in said aromatic hydrocarbon, 
then fractionally distilling said distillate in the 
presence of an azeotropic agent A and thereby 
taking off as distillate said like-boiling, non-aro 
matic hydrocarbons as azeotropes with agent A 
and leaving agent B in a residue of the distilla 
tion, agent A being a polar Organic compound 
which forms with said like-boiling, non-aromatic 
hydrocarbons. azetropes having lower boiling 
points than the azeotropes of agent B with said 
like-boiling, non-aromatic hydrocarbons and 
forms with the hydrocarbons distilled with Afrom 
said oil fraction a mixture from which agent A 
is more readily separable than agent B from the 
hydrocarbons distilled from Said oil fraction with 
agent B, and said agent B being a material from 
the group consisting of water and polar organic 
compounds which form lower boiling azeotropes 
with said like-boiling, non-aromatic hydrocar 
bons, and said agent B being (1) more effective 
than agent. A for separating from the aromatic 
hydrocarbon the like-boiling, non-aromatic hy 
drocarbons of said oil fraction and (2) less read 
ily Separable than agent. A from the hydrocarbons 
distilled from said oil fraction with agents B and 
A respectively, and (3) agent B and any azeo 
tropes it may form with agent A alone and with 
A together with hydrocarbons in said oil frac 
tion have higher boiling points than agent A and 
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the azeotropes of A with the hydrocarbons in . 
said oil fraction. 

2. The process for the treatment of an oil frac 

2,876,870 
of agent A, and (3) agent B and any azeotropes 
it may form with agent A alone and with A to 
gether with hydrocarbons in said oil fraction 
have higher boiling points than agent A and the 
azeotropes of A with the hydrocarbons in said oil 
fraction, and in distilling said oil fraction return 
ing said residue containing agent B to the afore 
described disillation of said oil fraction in the 
presence of agent B, and returning the afore 
described liquid phase low in hydrocarbons and 
rich in agent A into contact With the distilate 
from said distillation of said oil fraction in the 
presence of agent B. 

3. The process for the treatment of an oil 
fraction containing toluene and a mixture of like 
boiling, non-aromatic hydrocarbons which con 
prises fractionally distilling said oil fraction in 
the presence of an azeotropic agent B and there 
by taking off as distillate azeotropes of said like 
boiling, non-aromatic hydrocarbons with agent B 
and leaving a residue enriched in toluene, then 
fractionally distilling said distillate in the pres-- 
ence of an azeotropic agent A and thereby taking 
off as distillate said like-boiling, non-aromatic 
hydrocarbons as azeotropes with agent A and 
leaving agent B in a residue of the distillation, 
both of said agents forming low boiling azeo 
tropes with said like-boiling, non-aromatic hy 
drocarbons, agent A being a material which 
forms with said like-boiling, non-aromatic hydro 
carbons azeotropes having lower boiling points 
than the azeotropes of agent B with said like 
boiling, non-aromatic hydrocarbons and forms 
with said like-boiling, non-aromatic hydrocar 
bons azeotropes which separate into two liquid 

' phases when the azeotropes are cooled, one phase 
tion containing a volatile aromatic hydrocarbon . 
boiling below 150. C. and a mixture of like-boil 
ing, non-aromatic hydrocarbons which comprises 
fractionally distilling said oil fraction in the pres 
ence of an azeotropic agent B and thereby tak 
ing Off as distillate azeotropes of Said like-boiling, 
non-aromatic hydrocarbons with agent B and 
leaving a residue enriched in said aromatic hy 
drocarbon, then fractionally distilling said dis 
tillate in the presence of an azeotropic agent A 
and thereby taking off as distillate said like-boil 
ing, non-aromatic hydrocarbons as azeotropes 
with agent A and leaving agent B in a residue of 
the distillation, both of said agents forming low 
boiling azeotropes with said like-boiling, non 
aromatic hydrocarbons, agent A being a mate 
rial which forms with said like-boiling, non-aro 
matic hydrocarbons azeotropes having lower 
boiling points than the azeotropes of agent B with 
said like-boiling, non-aromatic hydrocarbons and 
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forms with said like-boiling, non-aromatic hy 
drocarbons azeotropes which separate into two 
liquid phases when the azeotropes are cooled, one 
phase a hydrocarbon oil phase low in agent A and 
a second phase low in hydrocarbons and rich in 
agent A, and said agent B being a material 
which (l) is more effective than agent. A for sep 
arating from the aromatic hydrocarbon the like 
boiling, non-aromatic hydrocarbons of said oil 
fraction, (2) forms azeotropes with said non 
aromatic hydrocarbons which, when the azeo 
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otropes are cooled, form a liquid containing, the 
hydrocarbons and a high proportion of agent B 
as compared with the proportion of agent A in 
the aforesaid hydrocarbon oil phase and, if a. 
second phase is formed, such second phase Con 
tains a small proportion of agent B as compared 
with the proportion of agent A in the second 
phase formed by cooling the aforesaid azeotropes 
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a hydrocarbon oil phase low in agent A and a 
second phase low in hydrocarbons and rich in 
agent A, and said agent B being a material which 
(1) is more effective than agent. A for separat 
ing from the toluene and like-boiling, non-aro 
matic hydrocarbons of said toluene fraction, (2) 
forms azeotropes with said non-aromatic hydro 
carbons which, when the azeotropes are cooled, 

5 form a liquid, containing the hydrocarbons and a 
high proportion of agent B as compared with 
the proportion of agent A in the aforedescribed 
hydrocarbon oil phase and, if a Second phase is . 
formed, such second phase contains a small pro 
portion of agent B as compared with the propor 
tion of agent A in the second phase formed by 
cooling the aforesaid azeotropes of agent A, and 
(3) agent B and any azeotropes it may form 
with agent A alone and with A together with hy 
drocarbons in said oil fraction have higher boil 
ing points than agent A and the azeotropes of 
A with the hydrocarbons in said oil fraction, and 
in distiling said toluene fraction returning said 
residue containing agent B to the aforedescribed 
distillation of said oil fraction in the presence of 
agent B, and returning the aforedescribed liquid 
phase low in hydrocarbons and rich in agent A 
into contact with the distillate from said distilla 
tion of said oil fraction in the presence of 
agent B. . . 

4. The process for the treatment of an oil frac 
'tion containing toluene and a mixture of like 
boiling, non-aromatic hydrocarbons which con 
prises fractionally distilling said oil fraction in . 
the presence of p-dioxane and thereby taking of . 
as distillate azeotropes of said like-boiling, non 
aromatic hydrocarbons with p-dioxane and leav 
ing a residue enriched in toluene, then frac 
tionally distilling said distillate in the presence 
of sufficient methanol to carry over as distillate 
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said like-boiling, non-aromatic hydrocarbons as 
azeotropes with the methanol, thereby leaving p 
dioxane in a residue of the distillation and re 
turning said residue containing p-dioxane to the 
aforedescribed distillation of said oil fraction in 
the presence of p-dioxane. 

5. The process for the treatment of an oil frac 
tion containing toluene and a mixture of like 
boiling, non-aromatic hydrocarbons which com 
prises fractionally distilling said oil fraction in 
the presence of p-dioxane and thereby taking off 
as distillate vapors azeotropes of said like-boiling, 
non-aromatic hydrocarbons with p-dioxane and 
leaving a residue enriched in toluene, then frac 
tionally distilling said distillate vapors in the 
presence of methanol and thereby taking off as 
distillate Said like-boiling, non-aromatic hydro 
carbons as azeotropes with methanol and leav 
p-dioxane in a residue of the distillation, return 
ing Said residue containing p-dioxane to the 
aforedescribed distillation of said oil fraction in 
the presence of p-dioxane, cooling the distillate 
containing said like-boiling, non-aromatic hydro 
carbons as azeotropes with methanol and thereby 
separating the distillate into two liquid phases 
and returning the liquid phase thus obtained 
which is low in hydrocarbons and rich in metha 
nol into contact with the distillate from said dis 
tillation of said oil fraction in the presence of 
p-dioxane. 

6. The process for the treatment of an oil frac 
tion containing toluene and a mixture of like 
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boiling, non-aromatic hydrocarbons which con- . 
prises fractionally distilling said oil fraction in 
the presence of crotonaldehyde and thereby tak- :25 
ing cff as distillate azeotropes of said like-boil 
ing, non-aromatic hydrocarbons with crotonal 
dehyde and leaving a residue enriched in toluene, 
then fractionally distilling said distillate in the 
presence of methanol and thereby taking off as 
distillate said like-boiling, non-aromatic hydro 
carbons as azeotropes with methanol, and leav 
ing crotonaldehyde in a residue of the distilla 
tion and returning said residue containing 
crotonaldehyde to the aforedescribed distillation 
of said oil fraction in the presence of 
dehyde. 

7. The process for the treatment of an oil 
fraction containing toluene and a mixture of 
like-boiling, non-aromatic hydrocarbons which 
comprises fractionally distilling said oil fraction 
in the presence of crotonaldehyde and thereby 
taking off as distillate vapors azeotropes of said 
like-boiling, non-aromatic hydrocarbons with 
crotonaldehyde and leaving a residue enriched 
in toluene, then fractionally distilling said dis 
tillate vapors in the presence of methanol and 
thereby taking off as distillate said like-boiling, 
non-aromatic hydrocarbons as azeotropes. With 
methanol and leaving crotonaldehyde in a resi 
due of the distillation, returning said residue 
containing crotonaldehyde in the aforedescribed 
distillation of said oil fraction in the presence of 
crotonaldehyde, cooling the distillate containing 
said like-boiling, non-aromatic hydrocarbons as 
azeotropes with methanol and thereby separating 
the distillate into two liquid phases and returning 
the liquid phase thus obtained which is lowo in 
hydrocarbons and rich in methanol into contact 

oil fraction in the presence of crotonaldehyde. 
8. The process for the treatment of an oil 

fraction containing xylene and a mixture of like 
boiling, non-aromatic hydrocarbons which con 

Crotonal 

9 
the presence of ethylene glycol methyl ether, 
thereby taking off as distillate azeotropes of said 
like-boiling, non-aromatic hydrocarbons with 
ethylene glycol methyl ether and leaving a residue 
enriched in xylene, then fractionally distilling 
said distillate in the presence of water and there 
by taking off as distillate said like-boiling, non 
aromatic hydrocarbons as azeotropes with water 
and leaving ethylene glycol methyl ether in a resi 
due of the distillation and returning said residue 
containing ethylene glycol methyl ether to the 
afoedescribed distillation of said oil fraction in 
the presence of ethylene glycol methyl ether. 

9. The process for the treatment of an oil frac- w 
tion containing xylene and a mixture of like 
boiling, non-aromatic hydrocarbons which com 
prises fractionally distilling said oil fraction in 
the presence of ethylene glycol methyl ether, 
thereby taking off as distillate azeotropes of said 
like-boiling, 
ethylene glycol methyl ether. and leaving a resi 
due enriched in xylene, then fractionally distill 
ing Said distillate in the presence of water and 
thereby taking off as distillate said like-boiling, 
non-aromatic hydrocarbons as azeotropes with 
water and leaving ethylene glycol methyl ether in : 
a residue of the distillation, returning said residue 
containing ethylene glycol methyl ether to the 
aforedescribed distillation of said oil fraction in 
the presence of ethylene glycol methyl ether, 
cooling the distillate containing 'said like-boiling, 
non-aromatic hydrocarbons as azeotropes with 
water and thereby separating the distillate into 
two liquid phases and returning the liquid phase 
thus obtained which is low in hydrocarbons and 
rich in water into contact with the distillate from 
said distillation of said oil fraction in the presence 
of ethylene glycol methyl ether. f 

Lu. 'f'he piocess for the treatment of an oil frac 
tion containing toluene and a mixture of like 

non-aromatic hydrocarbons with 

- boiling, non-aromatic hydrocarbons which com 
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crotonaldehyde to the aforedescribed distillation 
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prises fractionally distilling said oil fraction in 
the presence of crotonaldehyde and thereby tak 
ing off as distillate azeotropes of said like-boiling, 
non-aromatic hydrocarbons with crotonaldehyde. 
and leaving a residue enriched in toluene, then 
fractionally distilling said distillate in the pres 
ence of aqueous ethanol and thereby taking off 
as distillate said like-boiling, non-aromatic hy 
drocarbons as azeotropes with ethanol and water. 
and leaving crotonaldehyde in a residue of the 
distillation, returning said residue containing 

of said oil fraction in the presence of crotonalde 
hyde, cooling the distillate containing, said like 
boiling, non-aromatic hydrocarbons as azeotropes 
with ethanol and water and thereby separating 
the distillate into two liquid phases and return 
ing the liquid phase thus, obtained which is low 
in hydrocarbons and rich in aqueous ethanol 
into contact with the distillate from said dis 
tillation of said oil fraction in the presence of . 
crotonaldehyde. ' . 

11. The process for the treatment, of an oil 
fraction containing a volatile, aromatic hydro 
carbon and a mixture of like-boiling, non-aro 
matic hydrocarbons which comprises vaporizing 
said like-boiling, non-aromatic hydrocarbons of 
said oil fraction and rectifying the vapors in a 

with the distillate from said distillation of said 70 rectification column bypassing them upward first 
through a Zone in which they contact a liquid 
reflux containing hydrocarbons of said oil frac 
tion and an azeotropic agent B then through 
a Zone in which they contact a liquid reflux con 

prises tractionally distilling said oil fraction in 75taining hydrocarbons of said oil fraction and an 
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azeotropic agent A, in said first zone heating said 
liquid reflux to a temperature at which agent B 
is vaporized therefrom and reflux liquid leaving 
the bottom of Said Zone is substantially free of 
agent B, in said second zone cooling the vapors 
to a temperature at which the vapor of agent 
B passing upward from said first zone is con 
densed and flows downwardly into said first zone 
but vapors of Said like-boiling, non-aromatic hy-, 
drocarbons entering said second zone pass there 
through and with vapors of agent A are with 

O 

drawn from said rectification column, said agents , 
being materials which form low-boiling azeo 
tropes with said like-boiling, non-aromatic hy 
drocarbons, agent. A forming azeotropes there 
with which have lower boiling points than the 
azeotropes of agent B therewith, and agent B 
being a material which (1) is more effective than 
agent A for separating from the aromatic hy 
drocarbon the like-boiling, non-aromatic hydro 
Carbons of Said oil fraction, (2) is less readily 
Separable than agent. A from its azeotropes with 
Said non-aromatic hydrocarbons, and (3) agent 
B and any azeotropes it may form with agent A 
alone and with A together with hydrocarbons in 
Said oil fraction have higher boiling points than 
agent A and the azeotropes of A with the hydro 
carbons in said oil fraction, whereby liquid is 
withdrawn from the bottom of said first zone en 
riched in said aromatic and substantially free of 
agents A and B, a distillate is produced contain 
ing said like-boiling, non-aromatic hydrocar 
bons and agent A, and agent B is largely retained 
in the rectification column. 

12. The process for the recovery of a volatile, 
arOnatic hydrocarbon from an oil fraction con 
taining the same and a mixture of like-boiling, 
On-aromatic hydrocarbons which comprises 

continuously introducing said oil fraction into a 
continuously operable fractional distillation col 
lumn in which the oil fraction passes downwardly 
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in the column, is heated to vaporize constituents 
of the oil fraction and the vapors thus gener 
ated pass upwardly in the column in contact 
with a liquid reflux containing hydrocarbons of 
Said oil fraction, maintaining in the liquid re 
flux in a lower zone in said column an azeotropic 
agent B, in said lower Zone heating said liquid 
reflux to a temperature at which the liquid re 
flux leaving the bottom of said zone is substan 
tially free of agent B, maintaining in an upper 
2One in Said column an azeotropic agent A, and 
maintaining at a point in said column above the 
point of introducing said oil fraction thereto a 
temperature below the boiling point of the azeo 
tropes of agent B and said like-boiling, non-aro 
matic hydrocarbons but high enough for vapors 
of azeotropes of agent A and said like-boiling, 
non-aromatic hydrocarbons to be carried out of 
the top of said column, said agents being mate 
rials which form low boiling azeotropes with said 
like-boiling, non-aromatic hydrocarbons, agent 
A forming azeotropes therewith which have 
lower boiling points than the azeotropes of agent 
B therewith, and agent B being a material which 
(1) is more effective than agent. A for separating 
from the aromatic hydrocarbon the like-boiling, 
non-aromatic hydrocarbons of said oil fraction, 
(2) is less readily separable than agent A. from 
its azeotropes with said non-aromatic hydrocar 
bons and (3) agent B and any azeotropes it may 
form with agent A alone and with A together 
with hydrocarbons in said oil fraction have 
higher boiling points than agent A and the azeo 
tropes of A with the hydrocarbons in said oil 
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2,376,870 
fraction, whereby said aromatic hydrocarbon in 
the oil fraction fed into Said column passes down 
wardly in the column into the liquid reflux leav 
ing the bottom of said lower zone and like-boil 
ing, non-aromatic hydrocarbons in the oil frac 
tion are carried out of the top of the fractiona 
tion column with agent A into the distillate. 

13. The process for the recovery of toluene 
from an oil fraction containing the same and a . 
mixture of like-boiling, non-aromatic hydrocar 
bons which comprises continuously introducing 
said oil fraction into a continuously operable 
frational distillation column in , which the oil 
fraction passes downwardly in the column, is 
heated to vaporize constituents of the oil frac 
tion and the vapors thus generated pass up 
wardly in the column in contact with a liquid re 
flux containing hydrocarbons of said oil fraction, 
maintaining p-dioxane in the liquid reflux in a 
lower zone in said column, in said lower zone 
heating said liquid reflux to a temperature at 
which the liquid reflux leaving the bottom of said 
zone is substantially free of Said p-dioxane, 
maintaining in an upper zone in Said column 
methanol, and maintaining at a point in said 
column above the point of introducing Said oil 
fraction thereto a temperature below the boiling 
point of the azeotropes of p-dioxane and said 
like-boiling, non-aromatic hydrocarbons but high 
enough for vapors of azeotropes of the methanol 
and said like-boiling, non-aromatic hydrocar 
bons to be carried out of the top of said column, 
whereby toluene in the oil fraction fed into Said 
column passes downwardly in the column into 
the liquid reflux leaving the bottom of said lower 
zone and like-boiling, non-aromatic hydrocar 
bons in the oil fraction are carried out of the 
top of the fractionation column with methanol 
into the distillate. 

4. The process for the treatment of an oil 
fraction containing a volatile, aromatic hydro 
carbon and a mixture of like-boiling, non-aro 
matic hydrocarbons which comprises vaporizing 
said like-boiling, non-aromatic hydrocarbons of 
said oil fraction, and rectifying the vapors in a 
rectification column by passing them upward first 
through a zone in which they contact a liquid 
reflux containing hydrocarbons of said oil frac 
tion and an azeotropic agent B, then through 
a zone in which they contact a liquid reflux cons, 
taining hydrocarbons of said oil fraetion and an 
azeotropic agent A, in said first Zone heating said 
liquid reflux to a temperature at which agent B 
is vaporized therefrom and reflux liquid leaving 
the bottom of said zone is substantially free of 
agent B, in said second zone cooling the vapors 
to a temperature at which the vapor of agent B 
passing upward from said first zone is condensed 
and flows downwardly into said first zone but 
vapors of said like-boiling, non-aromatic hydro 
carbons entering said second Zone pass there 
through and with vapors of agent A are with 
drawn from said rectification column, said agents 
being polar organic compounds having a boiling 
point such that they form lower-boiling azeor 
tropes with said like-boiling, non-aromatic hy 
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drocarbons, agent A forming azeotropes there 
with which have lower boiling points than the 
azeotropes of agent B therewith, and agent B be 
ing a material which (1) is more effective than 
agent. A for separating from the aromatic hydro 
carbon the like-boiling, non-aromatic hydrocar 
bons of said oil fraction, (2) is less readily sep 
arable than agent. A from its azeotropes with 
said non-aromatic hydrocarbons, and (3) agent 
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B and any azeotropes it may form with agent A 
alone and with A together with hydrocarbons in 
said oil fraction have higher boiling points than 
agent A and the azeotropes of A with the hydro 
carbons in said oil fraction, whereby liquid is 
withdrawn from the bottom of said first zone en 
riched in said aromatic and Substantially free 
of agents A and B, a distillate is produced con 
taining said like-boiling, non-aromatic hydro 
carbons and agent A, and agent B is largely re 
tained in the rectification column. 

15. The process for the treatment of an oil 
fraction containing a volatile aromatic hydrocar 
bon and a mixture of like-boiling, non-aromatic 
hydrocarbons which comprises distilling said oil 
fraction and rectifying the distilled oil vapors in 
the presence of an azeotropic agent B and there 
by taking off as distillate azeotropes of said like 
boiling, non-aromatic hydrocarbons with agent 
B and leaving a residue enriched in said aro 
matic hydrocarbon, rectifying vapors of said 
azeotropes in the presence of an azeotropic agent 
A and thereby taking off as distillate said like 
boiling, non-aromatic hydrocarbons as azeo 
tropes with agent A and leaving agent B sep 
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arated from said hydrocarbons, both of said 
agents being materials which form low boiling 
azeotropes with said like-boiling, non-aromatic 
hydrocarbons, said agent A further forming with 
said like-boiling, non-aromatic hydrocarbons 
azeotropes having lower boiling points than the 
azeotropes of agent B with said like-boiling, non 
aromatic hydrocarbons and forming with the hy- . 
drocarbons distilled with A. from said oil frac 
tion a mixture from which agent A is more read 
ily separable than agent B from the hydrocar 
bons distilled from said oil fraction with agent 
B, and said agent B being a material which (1) 
is more effective than agent. A for separating 
from the aromatic hydrocarbon the like-boiling, 
non-aromatic hydrocarbons of Said oil fraction 
and (2) is less readily separable than agent A 
from its azeotropes with said non-aromatic hy 
drocarbons, and (3) agent B and any azeotropes 
it may form with agent A alone and with Ato 
gether with hydrocarbons in said oil fraction 
have higher boiling points than agent A and the 
azeotropes of A with the hydrocarbons in said 
oil fraction. 
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