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The- present invention relates to a process for
separating polar organic compounds. More par-
ticularly, it relates to a process wherein mixtures
of poly-substituted conjugated ring compounds
with themselves or other crgahic compounds are
separated by distillation under controlled pres-
sures.

It is the ohject of our invention to separate
certain organic compounds by-distillation, whose
separation by this method heretofore has been
considered impossible due to their similar vapor
pressures under normal circumstances.

Our invention comprises distilling mixtures of
associated polar eompounds differing in extent
to which the polar radicals are flanked by non-
polar radicals such as mixtures of poly-substi-
tuted conjugated ring compounds of the type de-
seribed below at a given pressure to produce a
fraction having narrew boiling range and then
further distilling the narrow fraction under sub-
stantially different pressures to produce at least
two fractions rich in-different components of the
mixture.

Our pirocess is applicable to the separation of
other crganic compounds from compounds of the
following type: derivatives of benzene, pyridine,
naphthalene, quinoline and iscguinolins, which
contain not more than one polar grouping se-
lected from —NHa, —=N—, -——COOH and —OH,
and which further contain in értho position to
the polar group at least one non-polar hydrocar-
bon radical such as methyl, ethyl, propyl,. iso-
propyl, primary, secondary and tertiary butyl,
amyl, hexyl, cyclohexyl, methyl cyclohexyl, phen-
y1, tolyl, xylyl, phenyl methyl, phenyl ethyl, naph-
thyl, tetryl, ete.

‘We have discovered that when mixtures of one
or several of these ortho conjugated ring com-
pounds with other organic compounds (the latter
including compounds which differ from  the
former only in that thé hydrocarbon radical is in
3 position other than ortho to the polar group)
are distilled under a given pressure to produce a
narrow boiling fraction, e. g. of less than 10° C.
boiling range and containing at least one orthe
and some other compound, it is necessary only
to redistill the fraction so produced under sub-
stantially different pressure to get a clean sep-
aration between the ortho-substituted compounds
and the other compounds present in this frac-
tion. Our process is based upon our discovery
that certain ortho-substituted derivatives of ben-
zene, naphthalene, pyridine, quinoline and iso-
quinoline, tend to have significantly lower heats
of vaporization than the corresponding meta or
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para derivatives or other derivatives of approxi-
mately the same molecular weight. Thus, due to
the lower heat of vaporization, orthe compounds
have a lower rate of change of vapor pressure
with temperature than non-ortho compounds,
and it follows that there will be a higher rate of
change of boiling point for ortho compounds with
pressure than with non-ortho compounds, This
abnormal decrease in vapor pressure exhibited by
mono-orthe compounds under reduced pressure
is even more pronounced when two hydrocarbon
radicals are ortho to the polar group, and thus
separations can be obtained between di-ortho and
mono-ortho compounds using the same principle.
For example, by our process we can readily sep-
arate 2-ethyl, 5-methyl phencl (mono-ortho)
from 2,4,6-trimethyl phenol (di-ortho) both' of
which boil under normal conditions at about 220°
C. by distilling at substantially atmospheric pres-
sures a mixture of acid oils containing them to
produce a fraction having a boiling range from
helow to above 220° C., for example, about 218-
222° ¢, and subsequently redistilling this fraction
at a reduced pressure of about 5 mm. Under
these conditions the 2,4,6-trimethyl phenol is
concentrated in the top product while the 2-eth-
yl, 5-methyl phenol is concentrated in the bot-
tom product. In the same manner meta cresol
can be separated from 2,6-dimethyl phenol, ete.

Exambples of other separations according to our
process follow: 2,4,6-triméthyl phenol may be
separated from mixtures with other phenols; 2,6-
dimethyl phenol .can be separated from cresols;
3,5~ and 3,4-dimethyl phenol cai be separated
from their mixtures; 3-methyl, 5-ethyl phenol
from mixtures of phenols; beta-gamma picoline
can be separated from 2,6-lutidine; meta- and
para-ethyl phenols from their mixtures, ete.

The separation may be carried out either batch-
wise or continuously. In the former process al
initial material generally having a wide boiling
range, e. g. more than 10° C. and containing or-
tho-substituted compounds and other compounds,
ig distilled to produce a fraction having a narrow
boiling range, usually not greater than about
10° C., and subsequently this narrow fraction is
redistilled at a substantially different pressure to
separate the ortho compounds from the non-
ortho compounds. .

In the continuous process the initial material
is continuously fed to a fractionating column,
from which is withdrawn continuously & frac-
tion of narrow boiling point containing ortho and
non-ortho compounds,; which fraction is fed to. a
second column operated under a different pres-
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sure from which is continuously withdrawn the
ortho compounds concentrated in one fraction
while the non-ortho compounds are concentrated
in the other. The continuous process is advan-
tageous when i} is desired to process large quan-
tities of material.

Still another way to carry out our process may
be termed batch-continuous. In this process a
broad fraction is charged to a batch still from
which is obtained an overhead product of narrow
but continuously changing boiling range. This
stream is introduced, as rapidly as i, is obtained,
into a continuous column operating at a different
pressure. The top and bottom products from the
continuous column are predominantly di-ortho
and non-ortho substituted compounds, respec-
tively, if the pressure is diminished for the sec-
ond distillation, and non-ortho and di-ortho sub-
stituted compounds, respectively, if the pressure
is increased for the second distillation. The
mono-ortho compounds may be obtained in either
the top or bottom product by adjusting the re-
flux and reboiling ratios in the continuous col-
umn.

Although we may carry out our initial distil-
lation at any suitable pressure below or above
atmospheric and our subsequent distillation at
another pressure either above or below atmos-
pheric, it is generally most convenient to make
the initial distillation at pressures at or near
atmospheric, and carry out the subsequent dis-
tillation at reduced pressure, although sometimes
we may prefer to carry out the initial distillation
at reduced pressure and the subsequent distilla-
tion at increased pressures.

The maximum pressure which we apply de-
pends upon the thermal stability of the mixture
being separated. In general, we prefer to use
pressures below those associated with tempera-~
tures at which decomposition occurs. The mini-
Imum pressure is limited solely by the apparatus
at hand, but in general we prefer to carry out
the low pressure distillation af pressures less than
10 mm.  Since the ease of separation depends
upon the difference between the pressure used
in the different distillations, it is therefore gen-
erally desirable that this difference be made 2s
large as is convenient ang economical, always
considering the pressure at the decomposition
temperature as the upper limit.

Whether the ortho or non-~ortho compound
accumulates in the top or the bottom fraction
depends upon the pressure relationship. In gen-
eral, the lower the bressure, the more enhanced
is the relative volatility according to the follow-
ing series:

Di-ortho compounds>mono-ortho compounds>
other compounds. Thus, when the initia] distilla-
tion is made at higher pressures and the subse-
quent distillation at lower Pressure, the di-ortho
or ortho compounds appear in the top fraction
while the other compounds appear in the bottom
product.

This relationship is reversed when the initial
distillation is made at lower pressure and the
subsequent distillation at higher pressure. In
this case the non-ortho compounds are concen-
trated in the top fraction while the ortho or
di-ortho compounds are concentrated in the bot-
tom fraction,

The present invention may be better under-
stood from a consideration of the figure, which
is a flow diagram representing one embodiment
thereof, wherein a relatively wide boiling phe-
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nolic mixture containing ortho-substituted phe-
nols and non-ortho-substituted phenols is con-
tinuously fed via line I to fractionating column
2 equipped with reboiler 3. The heat input to
column 2 is so regulated that a portion of the
lower boiling components of the mixture passes
overhead via line 4, condenses in condenser §
and collects in accumulator 6, whence a portion
is returned as reflux to column 2 via line 1, while
the remaining low boiling components are with-
drawn via line 8, passing to storage not shown.
The bottom product containing a major portion
of the ortho-substituted phenols along with other
non-ortho-substituted phenols and heavier boil-
ing constituents, passes via line 9 to column 10
equipped with reboiler I, The heat input to
column 18 is so regulated that the bulk of ortho-
substituted phenols passes overhead while the
bulk of the remaining higher boiling components
iIs withdrawn via line 2, passing to storage not
shown. The relatively narrow boiling ortho-sub-
stituted phenols, along with other quantities of
non-~ortho-substituted phenols, pass overhead via
line 13, condense in condenser 14 and collect in
accumulator 15, whence a portion is returned to
column {0 as reflux via line {5. The remainder
is treated as subsequently described. Both col-
umn 2 and column (0 are operated at substantial-
1y atmospheric pressure and thus exemplify high-
er pressure distillation for the primary purpose
of producing a relatively narrow fraction, which
latter passes via line 17 to low pressure frac-
tionation column (8 equipped with rehoiler 18.
In this distillation, the non-ortho-substituent
phenols are withdrawn as bottom product via,
line 20, while the ortho-substituted phenols pass
overhead via line 21 to condenser 22 and collect
in accumulator 23, whence a portion is returned
as reflux via line 24 to column (8. The remain-
ing ortho-substituted phenols are withdrawn via,
line 25, passing to storage not shown. Column
18 is maintained under vacuum by exhauster 26
connected to accumulator 23 vig line 21. Exhaust
gases pass from exhauster 26 via line 28 and may
be disposed of as desired.

For purposes of simplicity, by passes, heat ex-
changes, auxiliary bumps and control means, the
proper placement of which is evident to those
skilled in the art, have been omitted,

Ezample 1

A fraction of petroleum
ing about 30% o-cresol, 12% 2,6-dimethyl phenol,
27% meta~ and para-cresol and 31% higher boil-
ing xylenols was divided into two portions. The
first portion was fractionally distilled at atmos-
pheric pressure to give three fractions, the sec-
ond of which amounted to about 40% of the
charge and contained about 259, 2,6-dimethyl
phenol and about 509, of meta- and para-cresol
together with small amounts of o-cresol and the
higher boiling xylenols. Refractionation of this
cut at atmospheric bressure resulted only in some
further removal of the o-cresol and higher
xylenols. Upon fractionation at 19 mm. pres-
sure, however, the first fraction, amounting to
about 359 of the charge, contained 60% 2,6-di-
methyl phenol together with 30% o-cresol and
small amounts of the other phenols. This con-
centration of 2,6-dimethyl phenol was sufficient-~
substance
readily be

alkyl phenols contain-

crystallized out of solution and could
isolated.

The second portion of the original mixture wag
first fractionated at 10 mm. pressure to give g
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fraction amounting to 40% of the charge and
containing about 65% o-cresol and 25-30%. 2,6~
dimethyl phenol together with smaller amounts
of meta- and para-cresol. . Refractionation of
this cut at the same pressure resulted in a con-
siderable separation of the o-cresol and.2,6-di-
methyl phenol; a middle fraction consisting of
25%: of the low boiling fraction obtained in the
first stage and containing 35-40% of 2,6-dimethyl
phenol being obtainable. However, refractiona-
tion at atmospheric pressure gave a cutb, consist-
ing of the last 35% of the charge, which con-
tains about 55.9%. 2,6-dimethyl phenol.

Ezample IT

A fraction of petroleum alkyl phenels bolling
from about 210> C, to about 230° C. and consist-
ing mostly of methyl ethyl phenols containing
one ortho substituent and various polymethyl
phenols, including mesitol (2;4,6-trimethyl phe-
nol, boiling point 220° 'C.) and symmetrical
xylenol (3,5-dimethyl phenol, boiling point 219.5°
C.), was fractionally distilled through a column
equivalent to about ten theoretical plates. and
operating at about 20 mm. pressure and a reflux
ratio of 10:1, the distillate being recovered in ten
approximately equal fractions. One of the 10%
fractions obtained in the earlier part of the dis~
tillation had a boiling point of 216° C. while an-
other fraction obtained in a later stage had a
boiling point. of 224° €. Each of these was re-
fractionated again into 10% portions at atmos-
pheric pressure in a column equivalent to about
12-15- theoretical plates and operated at 10:1
reflux ratio. While this treatment was not suf-
ficient to result in the separation c¢f any pure
phenols, the highest boiling fractions of the 216°
C. cut contained sufficient mesitol so that its con-
centration exceeded ifs solubility in liquid alkyl
phenols (about 25% at 20° C.) and it erystallized
out of solution in. part. On the other hand the
lowest boiling fractions obtained from: the 224° C.
fraction contained symmetrical xylenol in suffi-
cient concentration (its solubility in liquid alkyl
phenols is' about 35% at 20° C.) so that it also
crystallized out of solution in part.

Thus, in the vacuum fractionation mesitol, a
di~ortho substituted: phenol, was segregated with
material normally boiling at 216° C. while sym-
metrical xylenol, a non=ortho substituted phenol,
was segregated with mateérial normally boiling at
294° C.; upon refractionation at ‘atmospheric
pressure the mesitol was separated from the 216°
C. material as. a higher boiling substance while
the symmetrical xylenol was separated from the
224° C. fraction as a lower boiling substance.

We claim-as our invention:

1. Tn g process for separating an ortho substi-
tuted conjugated ring compound from other sub-
stituted conjugated ring compounds in an associ-
ated mixture thereof having a relatively wide
boiling range, said ortho compound and at least
some of said other compounds having substan-
tially identical boiling points at a given pressure
and having a nucleus selected from the group
consisting of benzene, pyridine, naphthalene, and
quinoline and containing a single polar group
selected from the class consisting of —NHz,
—COOH, —OH, and =N—, the ortho positions
to said polar group in said ortho compound being
occupied by at least one non-polar hydrocarbon
radical, while said other compounds are differ-
ently substituted, the steps comprising: fraction-
ally distilling said mixture under said given pres-
sure to produce a fraction having a relatively nar-
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row boiling range at said given pressure, said
fraction containing at least a portion of said ortho
and said some of said other compounds of sub-
stantially identical boiling points at said given
pressure; and further fractionally distilling said
fraction under g pressure substantially increased
above. said given pressure to produce an over-
head and a bottom product, one of which is rich
in said ortho-substituted compound:.and the ether
is rich in said some of said other compounds.

2..In a process for separating an ortho phenol
from other phenols in a mixture thereof having
a relatively wide boiling range, said ortho phenol
and at least some of said other phenols having
substantially identical boiling peints at a given
pressure, the ortho position te the hydroxyl
group in said ortho phenol being occupied by at
least one non-polar hydrocarbon radical, while
the orthoe positions in said other phenols are dif-
ferently substituted, the steps eomprising: frac-
tionally distilling said mixture under said given
pressute to produce a fraction having a relatively
narrvow boiling range, said fraction containing st
least & portion of said ortho and said some of
said other phenols having substantially identical
boiling points at said given pressure; ahd further
fractionally distilling said fraction under a pres-
sure substantially increased above said given
pressure to- produce an overhead and a bottom
product, one-of whieh is rich in said ortho phenol
and the. other of which is rich in said some of
said other phenols.

3. In a process for separating an ortho phenol
from:. other phenols in a mixture thereof having a
relatively wide boiling range, said ortho phenol
and-at least some of said other phenols having
substantially identical boiling points under at-
mospheric pressure, the ortho positions to the
hydroxy group in said ortho phenol being occu-
pied by at least one non-polar hydrocarbon radi-
cal, while the ortho positions in said other phenols
are differently substituted, the steps comprising:
fractionally distilling said mixture under substan-
tially atmospheric pressure to produce a fraction
having a relatively narrow boiling range under
atmospheric pressure, said fraction containing at
least a portion of said ortho phenols and said
some of said other phenols; and further ifrac-
tionaliy distilling  said fraction under a pressure
substantially above atmospheric pressure to pro-
duce a bottom product rich in said ortho phenol
and an overhead fraction rich in said some of said
other phenols.

4. In a process for separating 2,4,6-trimethyl
phenol from a mixture of phenols having a rela-
tively wide boiling range, at least a portion of the
other phenols in said mixture having a boiling
point substantially identical with that of 2,4,6-
trimethyl phenol at a given pressure, the steps
comprising: fractionally distilling said mixture
under said given pressure to produce a fraction
having a relatively narrow boiling range, said
fraction containing at least a portion of said 2,4,6-
trimethyl phenol and of said portion of the other
phenols having the substantially identical boiling
temperature at said given pressure; and further
fractionally distilling said fraction under a pres-
sure substantially different from said given pres-
sure to produce an overhead and a bottom prod-
uct, one of which is rich in 2,4,6-trimethyl phenol,
and the other of which is rich in the phenols of
said portion of said phenols.

5. In a process for separating 2,6-dimethyl
phenol from other alkyl phenols in a mixture
thereof having a relatively wide boiling range, at
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least a portion of said alkyl phenols havihg a
boiling point substantially identical with that of
2,6-dimethyl phenol under a given Dressure, the
steps comprising: fractionally distilling said mix-
ture under said given pressure to produce a frac-
tion having a relatively narrow boiling range,
said fraction containing at least a bportion of said
2,6-dimethyl phenol and of said other alkyl
phenols having the substantially identical boiling
point at said given pressure; and further frac-
tionally distilling said fraction under a pressure
substantially different from said given pressure
to produce an overhead and a bottom product, one
of which is rich in 2,6-dimethyl phenol and the
other of which is rich in other alkyl phenols.

6. In a process for separating an ortho substi-
tuted conjugated ring compound from other sub-
stituted conjugated ring compounds in an asso-
ciated mixture thereof having a relatively wide
boiling range, said ortho compound and at least
some of said other compounds having substan-
tially identical boiling points at a given subatmos-
bheric pressure and having a nucleus selected
from the group consisting of benzene, pyridine,
naphthalene, and quinoline and containing a sin-
gle polar group selected from the class consisting
of —NHz, —COOH, —OH, and =N—, the ortho
positions to said polar group in said ortho com-
pound being occupied by at least one non-polar
hydrocarbon radical, while said other compounds
are differently substituted, the steps comprising:
fractionally distilling said mixture under said
given subatmospheric pressure to produce a frac-
tion having a relatively narrow boiling range at
said subatmospheric pressure, said fraction con-
taining at least a portion of said ortho and said
some of said other compounds of substantially
identical boiling points at said given subatmos-
pheric pressure; and further fractionally_ dis-
tilling said fraction under substantially atmos-
pheric pressure to produce an overhead and g
bottom product, one of which is rich in said ortho-
substituted compound and the other is rich in
said some of said other compounds.

7. In a process for separating an ortho substi-

tuted conjugated ring compound from other sub-
stituted conjugated ring compounds in an asso-
ciated mixture thereof having a relatively wide
boiling range, said compounds having a nucleus
selected from the group consisting of benzene,
pyridine, naphthalene and quinoline and contain-
ing a single polar group selected from the class
consisting of —NH2, —COOH, —OH, and =N—,
said ortho compound containing at least one hy-
drocarbon radical in ortho position to said polar
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group while said other compounds are differently
substituted, said ortho compound and one of said
other compounds having substantially identical
boiling points at some given bressure, the steps
comprising: batch distilling said mixture under
said given pressure to produce an overhead stream
having a relatively narrow but continuously
changing boiling range, which, over a period of
time, includes the boiling temperature at said
given pressure of said ortho compound, thereby
producing a fraction containing at least a por-
tion of said ortho compound snd of said other
compound of substantially identical boiling point
at said given pressure; and continuously feeding
said fraction in the form of said stream to a con-
tinuous distillation column wherein it is refrac-
tionated at a pressure substantially increased
above said given pressure to produce an overhead
and a bottom product, one of which is rich in
said ortho compound and the other is rich in
said one of said other compounds.

8. In a process for separating an ortho sub-
stituted conjugated ring compound from other
substituted conjugated ring compounds in an as-
sociated mixture thereof having a relatively wide
boiling range, said compounds having a nucleus
selected from the group consisting of benzene,
pyridine, naphthalene and quinoline and contain-
ing a single polar group selected from the class
consisting of —NHz, —COOH, —OH, and =N-—,
sald ortho compound containing at least one hy-
drocarbon radical in ortho position to said polar
group while said other compounds are differently
substituted, said ortho compound and one of said
other compounds having substantially identical
boiling points at some given pressure, the steps
comprising: batch distilling said mixture under
said given pressure to produce an overhead stream
having a relatively narrow but continuously
changing boiling range, which, over a period of
time, includes the boiling temperature at said
given pressure of said ortho compound, thereby
producing a, fraction containing at least a por-
tion of said ortho compound and of said other
compound of substantially identical boiling point
at said given pressure; and continuously feeding
said fraction in the form of said stream to a con-
tinuous distillation column wherein it is refrac-
tionated at a pressure substantially different from
said given pressure t0 produce an overhead and a
bottom product, one of which is rich in said ortho
compound and the other is rich in said one of
said other compounds.

DANIEL B. LUTEN, Jx.
ALDO DE BENEDICTIS.



