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This invention relates to & process for recover-
ing toluene from mixtures containing it and other
organic liquids. .

Numerous hydrocarbon oils are known which
contain toluene in varying proportions. For ex-
ample, catalytic treatment of a suitable petroleum
fraction in the presence of hydrogen, gives an oil

“consisting chiefly of hydrocarbons of both aro-
matic and non-aromatic character, and contain-
ing about 20% toluene. Gasoline fractions ob-
tained by the distillation of certain types of pe-
treleum frequently contain substantial propor-
tions of toluene, although mainly consisting of
other hydrocarbons. Oils eof petroleum origin
having a considerable content of aromatics, in-
cluding toluene, may be treated by well known
selective-solvent processes to produce fractions
rich in aromatics; for example, extraction of suit-
able fractions of such petroleum oils with sulfur
dioxide may yield fractions of high toluene con-
tent. In such cases toluene is accompanied by

10

tillation. Accordingly, recovery of toluene of a

relatively high purity from these sources presents
a difficult problem of great industrial importance.

. For many purposes to which toluene is put, it is
desirable to use as pure a material as may be
economically available, For example, toluene is
largely used for the production of TNT, for which
burpose a so-called “nitration grade” of toluene

1s now preferred. While toluene products con-

taining substantial proportions of certain hydro-
carbon oils other than toluene can be nitrated,

the mono-nitro compound made from them must

" be purified prior to complete nitration. This ma-
- terlally increases the cost and ‘complexity of the
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non-aromatic oils which may be largely par- ,

affinic; naphthenic or olefinic in chardcter. A
considerable portion of these oils cannot be com-
pletely separated from the toiuene by direct frac-

25

tional distillation because of the closeness of their |

bolling points to that of toluene or because they

form constant boiling mixtures with toluene. :

Furthermore, while ordinarily toluene is readily
separable by direct fractional distillation from
light oils produced by the gasification of coal, in

some cases the toluene is accompanied by diffi--

cultly separable non-aromatic oils of the same
general character as described, owing to carbon-
ization conditions, type of coal used or other
special circumstances. Also synthetic hydrocar-
bon gas mixtures produced by varfous catalytic
processes may contain toluene which, when re-
covered, is accompanied: by similar difficultly sep-
arable constituents. '

By fractional distillation of these oils contain-
ing toluene, fractions relatively high in toluene
content may be obtained. These toluene frac-
tions, however; will still contain large amounts of
the other constituents of the oil having boiling
points in the neighborhood of the hoiling point
of toluene or forming mixtures of constant boil-

Ing points in the range of temperatures at which
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toluene distills from the oll. For example, by dis-

tillation of the above deseribed types

of olls con-.
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taining toluene under the most efficlent condi- .

tions practicable for rectifying the vapors, a frac-
tion containing about 82% to 85% toluene ap-
“pears to represent a product of maxXimum toluene
concentration obtainable by direct fractional dis-

55

process for making TNT. Purthermore, even
though toluene containing substantial quantities
of certain other materials is sometimes used for
nitration, this is only because the difficulties of
preparing a pure toluene have otitwelghed the dis-
advantages of using the impure toluene for the
production of explosives. Direct fractional distil-
lation, because of the difficulties pointed out
above, will not effect a recovery of pure toluene
from oils such as enumerated and in many cases
will not give fractions of suitably high toluene
content or free from materials which even in
small concentrations adversely affect the nitra-
tion of the toluene or the nitrated product..

The separation of the toluene from materials
distilling from the toluene oil fraction at tem-
peratures substantially higher or lower than the
toluene does not present any great technical dif-

, ficulties. The difficulty in recovering pure toluene

from an oil fraction containing it, such as those
referred to ahove, is presented by the problem of
separating the toluene from the like~beiling, non-
aromatic hydrocarbons; 1. e., from those hydro-
carbons which by direct fractional distillation
processes as commonly operated for the fractional
distillation of oils, distill from the toluene frac-
tion within the same temperature range as the
toluene distills therefrom. )

It is an object of my invention to provide a
process whereby toluene of any desired degree of
purity may be recovered from oils containing it
and other hydrocarbons which distill out over the
same temperature range as the toluene.

I have now discovered a relatively pure toluene,
e. g. toluene accompanied by no more than 5% of
the hydrocarbon impurities of similar boiling
range to that of the toluene, can be recovered
from many oils containing toluene and other hy-
drocarbons by an azeotropic distillation of the oil
under the conditions hereinafter described.

In using my invention for the treatment of an |
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oil such as has been described above, containing -
toluene and other hydrocarbons, particularly

when the toluene concentration of: the oil is low

or the oil is one containing materials of wide -

boiling range, I prefer first to fractionally distill
the oil to recover therefrom an enriched toluene
fraction which contains, in addition to toluene,
other hydrocarbons which distill at the same tem-
peratures as the toluene.
fractions having an end boiling point substan-
tially above the bolling point of toluene (e. g. &

boiling point up to 118° C.) may be ageotropically

Although toluene
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fractional distillation. In addition, the ratio of

p-dioxane to hydrocarbons in the distillates is

unusually favorable. The ratio of p-dioxane to

- non-toluene hydrocarbons varies from about 55

to 45 at the start of a distillation of toluene frac-
tion with p-dioxane to about 65 to 35 when the

. non-toluene hydrocarbons have been practically
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distilled in the manner hereinafter described, I -
prefer the toluene fraction recovered in the pre-

liminary distillation step be one having a maxi-

15

mum boiling point substantially corresponding to .

the boiling point of pure toluene; i. e, 111° C.
Further, for the reasons which will be more spe-
cifically pointed out below, I prefer that the
toluene fraction recovered by the preliminary

exhausted from the material being  distilled.

“These ratios are reasonably economical, entail-

ing handling of not too great a volume of azeo-

.tropic distillates. - The ratio of p-dioxane to tolu-

ene vaporized in the distillation is far higher, 1. e.
close to 93 to 7. Such & mixture is highly effec-
tive as a serubbing medium for the toluene vapors.
vet such a mixture, which would be more uneco-
nomical to distill, does not go over as distillate
until the objective of the process of this invention .
is accomplished; i, e, until the non-toluene hy-

. drocarbons have been distilled over and separated

20

distillation of the crude toluene oil be so cut as .

to exclude therefrom the forerunnings which do
not contain substantial proportions of toluene,
for example, to exclude any materials distilling
below 100° C, : .
A toluene fraction such as may be obtained by
" this preliminary distillation, which may contain
paraffins, naphthenes, or olefins, is ‘subjected to
5 second distillation in the presence of an azeofro-
pic agent. Animportant factor in this azeotropic
- distillation of the toluene fractions is the provi-
sion of an azeotropic agent which sharply sep-
. arates the tolueneiand the like-boiling, non-aro-
matic hydrocarbons so that a high yield of toluene
_of & desired purity may be obtained in distilling
the toluene fraction. It is highly desirable, from
an economic standpoint, that the azeotropic agent,

25

from the toluene which remains in the residue at'
this point in the distillation. These character-
istics of the p-dioxane contribute materially to
its effectiveness as an azeotropic agent in the
distillation of toluene oil fractions. :

In its more specific aspects my invention com--
prises azeotropically distilling & toluene fraction
containing like-boiling, non-aromatic hydrocar-

" hons with rectification of the evolved vapors in

30
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in addition to its ability to sepdrate the toluene

and like-boiling hydrocarbons sharply, also should
have a high capacity for carrying over as distillate
the non-aromatic hydrocarbons; i. e., an agent
which forms' with these hydrocarbons azeotropes

40

having a high ratio of hydrocarbons to azeotropic -

- agent. According; it is an object of this invention
to provide a process for azeotropically distilling a

toluene oil in the presence of an azeotropic agent .

which is particularly effective for separating the
toluene from like-boiling, non-aromatic hydro-
carbons contained in the toluene oil.

I have discovered that p-dioxane (para-di-
oxane) is particularly effective when used for the
azeotropic distillation of toluene fractions to sep-

50

arate the toluene from the like-boiling, non-aro- .

matic hydrocarbons, Accordingly, my invention
broadly comprises fractionally distilling a toluene
il containing like-boiling, non-aromatic hydro-
carbous in the presence of p-dioxane. .

* 1 have found- that commercial dioxane now’

available, consisting almost entirely of p-dioxane,
is a suitable azeotropic agent. While this mate-
rial is sold with a wide boiling range specifica-
tion, e. g. 95° to 103° C., actually its boiling range
is usually much less, e. g, within 4° C,, the major
_ portion distilling over within 1°. C. It appears
p-dioxane forms a low boiling azeotrope with tolu-
ene. I have discovered, however, p-dioxane forms
with the non-aromatic hydrocarbons low boiling
azeotropes which may be separated by fractional
‘distillation from the toluene or any azeotropes
which may be formed by the toluene and p-di-
oxane. There is & relatively wide spread between

the boiling points of the azeotropes of the like-’

boiling, non-aromatic hydrocarbons and of tolu-
ene or any azeotrope of toluene and dioxane which
facilitates the separation of these materials by
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the presence of p-dioxane while maintaining at
a point in the rectification of the vapors a fem-
perature not above substantially 102° C.-under
substantially anhydrous conditions and not above
substantially 85° C. in the presence of water until
the unvaporized residue contains afleast 95 parts
by weight toluene for every 5 parts by weight of-
said like-boiling hydrocarbons. These tempera-
tures are hereinafter referred to as a “control
temperature.” = - . :
'Regulation of the temperature in the rectifica-
tion of the vapors t6 meet the conditions set forth
above is accomplished by maintaining an ade-

. quate quantity of the azeotropic agent present

in the still and/or rectification column during the
distillation of the toluene fraction to selectively
carry over through the rectification treatment the
vapors of the hydrocarbons to be removed from
the toluene. Some of the toluene may also be
carried over, but so long as the control tempera-
ture is not exceeded, the undistilled residue will
be enriched in toluene and by continuing the
distillation, separation of the toluene from the
hydrocarbons of similar boiling range will be ac-:
complished. . .

After the distillation has been carried to the
point at which the residue containing toluene has

_ the. desired purity with respect to hydrocarbons

60
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of similar boiling range to toluene, the distilla-
tion may be stopped and the residue withdrawn
from the still. 'This residue ordinarily will con-
tain toluene and other hydrocarbons in the pro-
portion of 95 or more parts toluene to 5 or less
parts of total hydrocarbons other than toluene.
It may be purified further, as desired, to-remove

any azeotropic agent it contains and to remove.

any other impurities present. When the distilla-
tion has been carried to the point at which the
hydrocarbon portion of the residue has a toluene
content of 99% or more, the residue, after re-
moval of residual azeotropic agent (if any), and
if necessary after a conventional refining treat-:
ment such as a sulfuric acid treatment followed
by redistillation, is suitable for marketing as a

_ nitration grade toluene of- particularly high

75

purity.

Instead of withdrawing the foluene residue




from the still, the distillation may be continued
and the toluene distilled over and separately col-
lected from the distillate containing the hydro-
carbons from which the toluene residue previously
has been separated by azeotropic distillation. If
p-dioxane is present during the distillation and
collection of the toluene, an azeotrope of p-
dioxane and toluene may be distilled out, ‘The
- toluene may be Separated from the distillate in
any suitable manner, for example by extraction

containing the toluene and the other containing
the dioxane. ‘Water is a suitable liquid for effect-
ing this separation, In the absence of the diox-
ane, in distilling-out the toluene the temperature
in the rectification column may rise to the boiling
point of toluene under the conditions prevailing
as to pressure, etec.

The. toluene fraction treated in accordance
with my invention preferably will contain little,
if any, hydrocarhons distilling from the hydro-
carbon-toluene fraction at temperatures mate-
rially above those at which toluene distills thefe~
from. On the other hand, high boiling materials
may be left with the toluene residue at the con-
clusion of the azeotropic distillation of the toluene

fraction under the conditions set forth above to-

separate the toluene from the hydrocarbons of
similar boiling range. Once this separation has
been effected, the toluene may be separated-from
the high boiling hydrocarbons by fractional dis-
tillation in the absence of an azeotropic agent.
Whether or not high boiling constituents should
be left in the toluene fraction to be azeotropically
distilled or whether, if left in the toluene fraction,
they will remain in the residue after azeotropic
distillation, depends upon a number of factors,
among which their boiling range and chemiecal
characteristics are important. If the constituents
form azeotropes with the dioxane which have
boiling points close to the above control tempera-
tures of 102° C. and 85° C. for anhydrous condi-
tions and in the presence of water, respectively,
it is preferable to separate them by g direct frac-
tional distillation before azeotropically distilling
the toluene fraction, If they do not form azeo-
tropes having boiling points elose to the foregoing
temperatures or if their amount is small, this
procedure is not so important. o

It is preferred that the toluene fraction sub-
jected to azeotropic distillation in accordance
with my invention be a fraction boilling in the
range of 100° C. to 111°.C, Such a fraction may
be azeotropically distilled by my process and pure

toluene obtained with a relatively smali quantity

of azeotropic agent present during the distilla-
tion. Pure toluene may be obtained by distilling
with p-dioxane a toluene fraction boiling, for

example, from 95° C, to 118° C. but the quantity -

of the dioxane present in the distillation of the
toluene fraction of wider boiling range must be
substantially increased as compared with the

quantity which suffices for distilling the fraction .

of the narrower boiling range.

My invention will be more particularly illus- 65
trated ahd described in conjunction with the fol- .

lowing examples.

The accompanying drawing diagrammatically
illustrates an apparatus suitable for carrying out
the processes of these examples.

The apparatus of the drawing comprises a still
I provided with a heater 2 and connected with
a rectification column 3 and a condenser 4 for
the vapors leaving the top of the column: By

30 the presence of hydrogen,
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condenser 4 is divided in controlled proportions.
One part of the condensate is returned through
pipe 7 to the top of column 3 and refluxed in con-
tact with the vapors rising in the column. The

s other portion of the condensate is withdrawn

through pipe 8. Two receivers 9 and 10 are con-
nected to pipe 8 through valve-controlled branch
-pipes 11 and 12 so that the condensate drawn off
through pipe 8 may be divided and distributed

10 as described below to the two receivers.
with a liquid which will form separate layers, one -

" Receiver 10 is connected by & pipe I8 controlled
by valve {4 with a second still 15. Still 15, like
still 1, is provided with a heater 16, a rectifica-
tion column {7, a condenser {8 and pipes 19 and

15 20 controlied by valves 21 and 22 for return of

determined proportions of condensate from con-
denser 18 to the top of column 17 and withdrawal

" of another portion of the condensate through

‘pipe 20. Pipe 20 leads to a separator 23 into

90 Wwhich water may be introduced from s pipe 24,

Ezample I.—In carrying out one embodiment
of my invention in the apparatus described above,
a liquid hydrocarbon mixture containing about
20% toluene by volume, the remainder substan-

o5 tially consisting of other aromatic hydrocarbons

and aliphatic and naphthenic hydrocarbons with
only traces of olefines, was introduced into still f.
This crude toluene material was produced by
catalytic treatment of a petroleum distillate in
It had a specific
gravity of 0.757 at 15.5° C. and distilled over g
range of from 53° C, to 156° C.

The charge of this hydroecarbon mixture intro-
duced into still | was boiled in the still and the

35 evolved vapors were countercurrently contacted

in column 8 with reflux from condenser 4, in
which the vapors leaving the top of the column
were substantially entirely condensed. Most of
the condensate from condenser # was returned

40 through valve § and pipe 7 to the top of the

column to furnish the reflux for the column, the
remaining small portion of the condensate being
continuously withdrawn through valve 6 and pipe
8 and passed into collecting vessel 9. The distil- -

45 "lation was conducted under substantially atmos-

pheric pressure; 1. e., the pressure-in condenser
4 and at the top of column 3 was substantially
atmospheric. and the pressure in still { was only

- enough higher to force the vapor through the
50 rectification column to the condenser. ‘

When the vapor temperature in the top of col-

- umn 3 reaches 109.5° C., the condensate passing

through pipe 8 is diverted to vessel 18. The cut
-taken in vessel 10 includes the distillate com-

55 ing over up to and at a temperature of 110.5° C.

at the top of the column. With efficient rectifi- _
cation of the vapors in column 3 during the frac-
tional distillation of the crude toluene oil, the cut
collected in vessel 10 contains about 76% by vol-

60 ume of toluene, as determined by the specific

dispersion method for analyzing hydrocarbon oils,
described in Industrial & Engineering Chemistry,
Analytical edition, vol. 11, page 614, November
15, 1939, :

The toluene fraction collected in vessel 10 is
subjected to .azeotropic distillation, which rep-
resents the second stage of this example. For
this purpose the toluene fraction containing 76 %
toluene was introduced into still 15 together with

70 p-dioxane in the proportions of 150 volumes of

p-dioxane for every 100 volumes of the toluene
fraction. The p-dioxane used was a commercial
product having g boiling. range of 97.5-103.2° C. .
and a freezing point of 10.1° C.  Ninety per cent

means of valves § and §, condensate flowing from 78 of this material distilled between 100° and 102°

I3
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C. The quantity of p-dioxane used in this ex-
ample is a liberal excess OVer that required for
complete removal of non-toluene hydrocarbons
from the toluene fraction. In general at least
1.5 volume parts of p-dicxahe are required for
the removal of one part of non-toluene hydro-
carbons present in the still charge. A larger
ratio of p-dioxane to non-toluene hydrocarbons
should be used, the ratio depending on the effec-
. tiveness of the fractionating column, and its me-
chanical construction, which determine the
quantity of p-dioxane required to provide vapor-
liquid equilibria throughout the column under
actual operating conditions. The mixture of

p-dioxane and toluene fraction was distilled with'

rectification of the vapors in column 17 and con-
densation of the vapors leaving the top of the
column in condenser 8. Most of the cpndensate
was returned through pipe 18 to the top of col-
umn {7 while the remainder was withdrawn
through pipe 20 to separator 23.
) With adequate p-dioxane present to effect the
desired separation, the major part of the non-

toluene hydrocarbons appears in the early dis-

tillate fractions accompanied by very little tol-
uene; in this stage the vapor temperature at the
top of the column is below 100° C. The toluene
content of the distillate then gradually increases
and the vapor temperature. rises and finally,
when nearly pure toluene distills over with the
p-dioxane, the vapor temperature stands at ap-

proximately 102° C. Azeotropes formed with the.

p-dioxane by the hydrocarbons other than tol-
. uene present in the toluene fraction introduced

10
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to 1009%. At this point the disiillation was Gis-
continued. The residue left in still 15 may be
washed with water to remove p-dioxane. The
oil layer which separates from a water-p-dioxane
layer contains 100% toluene. The quantity of
1009, toluene isolated in this manner represent-
ed 92% of the toluene originally present in the
still charge. ' ' ) -

. Almost all of the remaining 8% may be vecov-
ered in subsequent operations by collecting: sepa-

. rately the last distillate fracticns, relatively rich

1

20

25
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into still 15 have boiling points sufficiently below 55

that at which the toluene distills for them to be
preferentially vaporized and by rectification in
column #7 to be largely separated from the tol-
uene and any toluene-p-dioxane azeotrope which

is vaporized in still 15 and enters column iT

so long as there is sufficient p-dioxane present
in the vapor and liquid phases in the rectification
column. As pointed out above, the requisite
quantity of p-dioxane to be supplied is that which
will meintain the temperature at a point in the
rectification column, preferably at the top of the
column, not above substantially 102° C. under the
- substantially anhydrous conditions of this exam-

40

in toluene, and re-using this material directly
in a subsequent azeotropic fractionation of a tol-
uene fraction, the p-dioxane serving as a source
of azeotropic component in the fractionation. -
By agitating the distillate collected in sepa-
rator 23 with water and allowing the liquic to

‘remain quiescent for a short time, it will sepa-

rate into two layers. The upper layer is an oil
containing the non-toluene constituents of the
toluene fraction originally supplied to still 5
and the portion of the toluene carried over in
the distillation. This oil may be treated or used
as desired. ‘The aqueous p-dioxane layer sepa-
rated in treating the distillate with water may
be treated in any of the well known manners to
recover p-dioxane therefrom for use in distilling
a subsequent batch of toluene fraction.

Ezample II.—The procedure of Example I may
be modified to use p-dioxane in the azeotropic
distillation of a toluene fraction obtained by dis-
tilling in still 1 and column 3 an oil containing
about 20% toluene, 20% of other aromatic hydro-
carbons and the remainder substantially consist-
of aliphatic and naphthenic hydrocarbons and
traces of olefines. This crude toluene material
was produced by catalytic treatment of a petro-
leum distillate in the presence of hydrogen. It
had a specific gravity of 0.760 at 15.5 C. and dis-
tilled over a range ‘of from 56° C.to 161° C. In
distilling this crude toluene material a cut boiling
over the range of 109.5° C. to 110.8° C. was taken

. off in vessel 0 of the apparatus of the drawing.

' This cut or toluene fraction may contain 76% by

volume of toluene. A mixture of 200-volumes of

- p-dioxane for every 100 volumes of this toluene

ple. p-Dioxane is vaporized from the still, en-

ters the rectification column as vapor and in part
is returned to the.column as liquid in the con-
_ densate from condenser 8. If insufficient p-di-
oxane is initially introduced in the charge to

the still, additional p-dioxane, sufficient to main-

tain the requisite temperature in the rectification
column, may be supplied as the distillation pro-
gresses. This p-dioxane may be introduced either
into the still or into the rectification column it-
self. The toluene is in large part returned down
the rectification column and retained in the still,

while the azeotropes of the p-dioxane with the

other hydrocarbons are distilled out and are col-

lected in separator 23. The loss of toluene from

the still to the condensate drawn off through
pipe 28 will depend upon the efficiency with which
the vapors are rectified. Efficient rectification
js employed in order to keep down this loss of
toluene. o

- ' Tn carrying out the process of this example, as
the distillation continued the temperature of the

60

65

60

85

70

wvapors ‘at the top of column 17 rose from about

98° C. to 101.6° C. The toluene content of the

oil obtained from the condensate withdrawn

through pipe 20 by washing the condensate with
water to free it of p-dioxane increased from 3%

‘about 98% toluene.

fraction is distilled in still 15 and rectification
column {7 as described in Example I, above. A
temperature not above 102° C. is maintained at
a point in the rectification of the vapors from the
still. As the distillation proceeds the tempera- .
ture at the top of the rectification column rises to
102° C. from an initial temperature of about 98°
C. and the hydrocarbon oil in the distillate com-
ing over from the top of the column contains
After washing the residue
which remains in the still with water, a hydro-

_carbon oil containing about 98% toluene is ob-

taired. . The distillate may be extracted with
water to separately recover the oil and p-dioxane
it contains. ) ' L
Numerous changes and modifications may be
made in the above described processes without
departing from my invention. While in the first
distillation step of the crude toluene oil it is pre-
ferred to take off a toluene fraction having an end

‘boiling point of substantially 111° C. and-frac-

tions with a higher end boiling point, such as 118°
C., may be successfully distilled azeotropically to
obtain pure toluene, even a larger leeway is per-
mitted in the temperature at which the toluene

" fraction starts to be taken off; i. e., in the initial

75

boiling point of the toluene fraction. Nevérthe-
less, it is preferred the toluene fraction subjected
to azeotropic distillation be one boiling in the
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range of 100° C. to 111° C. Such a fraction may
be distilled in the azeotropic distillation step of
my process and pure toluene obtained with a rela-

tively small quantity of azeotropic agent present

during the distillation. Pure toluene may be ob-
tained by distilling with the azeotropic agent a
toluene fraction boiling, for example, from 95° C.
to 118° C., but the quantity of azeotropic agent
- present in the distillation of the toluene fraction
of wider boiling range must be substantially in-
creased as compared with the quantity which

suffices for distilling the fraction of the na.rrOWer

boiling range.

While I have described my process in conjunc-.

tion with examples in which the two distillation

steps are batch procedures, either or both of these:

distillations advantageously may be carried out
continutously by well known continuous distilla-
tion procedures suitable for the fractional distil-
lation of mixtures of two or more Hquids.

The minimum ratio of azeotropic agent to the
toluene fraction which is suitable for carrying

5

tion by the process of this mvéntion reduces the

effectiveness with which the toluene is separated .-
-from the like-boiling, non-aromatic hydrocar-

" bons and reduces the yield of toluene recovered.

6

10

The complex azeotropes contalning water have
lower boiling points than the simple azeotropes
not containing water. Thus, in distilling a mix-
ture containing 100 volumes cf the 76% toluene

" fraction and 30 volumes of the p-dioxane of Ex-

ample I, and also containing 10 volumes of water,

- the non-toluene hydrocarbons started distilling

15

20

ou* my invention will vary with the amount and -

nature of the hydrocarbon impurities in the tolu-
ene fraction, the purity desired in the toluene
residue from the distillstion, the proportion of
toluene in the original toluene fraction which is
to be recovered in the residue from the distillation,
and the procedure used for the azeotropic distil-
lation. The ratios of the above examples are suit-
able for a batch process carried out according to
the procedures of the examples. Irrespective of
- the particular batch or continuous procedure used,
the quantity of p-dioxane used in the distiliation
. of hydrocarbons from a given quantity of toluene
fraction should be in excess of that which will
form azeotropic mixtures with the non-toluene
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hydrocarbons which are to be vaporized and taken -

over into the distillate. This quantity of azeo-
tropic agent includes fresh agent introduced into
the material being distilled and also any of the
azeotropic agent which may be separated from the
_ distillate ard returned continuously or periodi-
cally to the still or rectification column while the
distillation of the toluene fraction is progressing.
Temperature readings are taken of the vapor at
the top of the rectification column and, by sup-
plying additional p-dioxane when required to pre-
vent this temperature from rising above the above
described control temperatures, an adequate
amount of p-dioxane will be present during the

separation of the non-toluene hydrocarbons from

the toluene fraction. It is not necessary that this
point of control temperature be at the top of the
column, although this is a satisfactory point for
determining this temperature in the equipment
used for fractionating the vapors and condensing
the fractionated vapors in the above examples for
effective use of the rectification column. One
skilled in the distillation art will recognize suit-
able points for maintaining this control tempera-
ture in any other specific apparatus according to
well known distillation principles.

Water appears to form complex azeotropes
with p-dioxane and toluene and like-boiling,
non-aromatic hydrocarbons. The spread be-
tween the boiling points of the complex azeo-
tropes of water-dioxane-toluene and water-diox-
ane like-boiling, non-aromatic hydrocarbons is
smaller than the spread between the simple azeo-
tropes of the dioxane with like-boiling, non-aro-
matic hydrocarbons and toluene or its azeotrope
with p-dioxane. Accordingly, the presence of
water in azeotropically distilling a toluene frac-
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over below 83° C. and when the temperature had .
risen to 84.5° C., the hydrocarbons in the distil-
late were 99% toluene. Although pure toluene
may be recovered with sufficient water present in
the distillation to form complex azeotropes with
the hydrocarhons taken off as distillate, in order .
to obtain high yields of toluene without having
to fractionate the vapors being distilled to an
unduly high degree, water is preferably excluded
from the materials in the azeotropic distillation
of the toluene fraction with p-dioxane.

It is, of course, obvious that preliminary dis-
tillation of a crude toluene oil to obtain a toluene
fraction suitable for recovery of toluene there-
from by the azeotropic distillation need not be
cerried out in immediate conjunction with the
azeotropic distillation. The toluene fraction may
be produced in one plant, transported to and sub-
mitted to azeotropic distillation in another plant,
Nor is my invention limited to any particular pro-
cedure for the production of the toluene fraction.
My invention contemplates distilling with p-di-
oxane any oil containing toluene together with
other hydrocarbons which, when the oil is dis-
tilled, vaporize therefrom in the same tempera-

-ture range as the toluene and, therefore, are not

separable from the toluene by direct fractional
distillation. . As used in this specification and
the appended claims, the term “toluene fraction”
refers to all such toluene-containing oils,

whether produced by fractional distillation of tol-
uene- containing materials or by any other
means,

In this speclﬁcation I have described the azeo-
tropic distillation of toluene fractions as carried
out under substantially atmospheric pressure. It
is, of course, possible to azeotropically distill the
toluene fraction under pressures above or be-
low atmeospheric. In that case the particular
temperatures used as a control for the amount of
azeotropic agent present in the distillation will
correspond to the change in the boiling points
of the p-dioxane and hydrocarbon mixtures with -
change in pressure. The temperatures as given
in this specification and in the appended claims
are corrected temperatures for one atmosphere
pressure (760 mm. of Hg).

This application is a continuation-in-part of
my copending application Serial No. 343,499, filed
July 1, 1940, and the process disclosed herein of

- fractionally distilling an oil mixture containing
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toluene, collecting a fraction of said. oil contain-
ing not more than 83-85% toluene and, specifical-
ly, collecting a toluene fraction distilling over a
range of distillation temperatures of more than
10 centigrade degrees extending from below to
at least as high as the boiling point of toluene,
and azeotropically distilling the toluene fraction
in the presence of a material forming a low boil-
ing azeotrope with toluene, is claimed in said co-
pending application Serial No. 343,499,

In my copending application Serial No. 347,993
I disclose and specifically claim processes for dis-
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para-dioxane and of water.
Iclaim: : :
1. The process for the recovery of toluene from
‘g toluene fraction containing the same and con-

tilling s toluene fraction in the prés‘eime both of
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- gistillate with p-dioxane hydrocarbons present

taining like-boiling, non-aromatic hydrocarbons -

which comprises distilling said toluene fraction
. and rectifying the distilled vapors in the presence
of p-dioxane in an amount which selectively car-
ries over as distiliate with p-dioxane said like-
boiling, non-aromatic hydrocarbons and leaves &
hydrocarben residue of the distiliation enriched
" in toluene, .

2. The process for the recovery of {oluene from
o toluene fraction contsining the same and-con-
taining like-boiling, non-aromatic hydrocarbons
which comprises distilling sald toluene fraction
and rectifying the distilled vapors in the presence
of substantially water-free p-dioxsne in an
amount which selectively carries over as distillate
with p-dioxane said like-bolling, non-aromstic
hydrocarbons and leaves g hydrocarbon residue
of the distillation enriched in toluene, .

3. The process for the recovery of toluene
which. comprises distilling an oil fraction con-
taining toluene and like-bolling non-aromatic

hydrocarbons which boils within the range.

g5° C. to 118° C. end rectifying the distilied vapors
in the presence of a quantity of p-dioxane which
selectively carries over as distillate with p-di-
oxane said like-boiling, non-aromatic hydrocar-
bons and leaves & hydrocarbon residue of the
distillation enriched in toluene.

‘&, 'The process for the treatment of a toluené

fraction to separate the toluene from other hy- !

drocarbons contained therein which distill from

the toluene fraction in the same temperature

range ‘as the toluene. distills therefrom, which
comprises distilling saiq toluene fraction and
rectifying the vapors evolved therefrom in the
presence of p-diozane in amount such thet at a

_point in the rectificotion of the vapors a tempera--

ture not above substantially 102° C. is maintained
until the unvaporized residue of the distillation
contains at least 95 parts by weight of toluene to
every 5 parts by weight of other hydrocarbons
which distill from a mixture consisting of the
" toluene and hydrocarbons in the same tempera-
ture range as the toluene, and thereby vaporiz-
ing end removing from said toluene fraction, as

therein which distill therefrom, in the absence
of said p-dioxane, in the same temperature range
&8 toluene contained therein.

5. The process for the treatment of a toluene
fraction having sn end boiling point not above
118° C, and conteining parafiinic hydrocarbons,

- and which may also contain naphthenic and ole-

1@

finic hydrocarbons, the aforesald hydrocarbons
distilling from the toluene fraction in the same
temperature range as the toluene boils there-
from, which comprises distilling said toluene frac-

. tion and rectifying the vapors evolved therefrom
in the presence of p-dioxane in amount such that
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gt o poinl in the rectification of the vapors a
tempergture not above substantially 102° C. is
meainteined until the unvaporized residue of the
distillation contains al least 95 parts by weight
of foluene o every 5 parts by weight of other
hydrecarhons, and thereby vaporizing and remov-
ing from sald ioluene fraction .as disfillate with
p-diozane hydrocarbons present which -distill
therefrom, in the absence of sald p-dioxane, in
the same temperature range as toluene con-
tained therein., .
6. The process for the recovery of toluene from
a crude toluene oil produced by cabalysis of a
petroleum fraction in the presence of hydrogen
which comprises recovering from sald crude oil
o toluene fraction having an end boiling point of
111° C, containing parafiinic and naphthenic hy-
drocarbons, and which may also contain olefinic
hydrocarbons, which hydrocarbons distill irom
said foluene fraction in the same temperature
range as the toluene distills therefrom, distilling
said toluene fraction and rectifying the vapors
evolved therefrom in the presence of p-dioxane
in amount such that & point in the rectification
of the vapors & {emperaiure not above substan-

40 tially 102° C, is maintained until the unvaporized
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residue of the distillation contains toluene sub-
stantially completely separated from the paraf-
finic and naphthenc and from any olefinic hy- -

‘drocarbons which were present in said toluene

fraction, said last mentioned hydrocarbons being
carried over as & distillate with p-dioxane and
thus separated - from said residue containing
toluene. C ’ :
CHARLES R. CLARK.
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