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as some other widely used solvents for aromatics, e.g.,
initrobenzene or ethylene dicyanide were found to be rela
tively more selective for aromatic hydrocarbons.
In view of the above it will be seen that the broad ob
ject of this invention is to provide an improved method
for the separation and recovery of nitrogen-base com
pounds from hydrocarbon oils. .
.
.
A more specific object is to provide methods for the
removal of nitrogen bases by a process comprising ex
traction of mineral oil fractions with a nonacidic selec

tive solvent. The realization of this object results in the
elimination of the cost of chemicals consumed in the

non-reversible chemical removal processes, and at the

same time permits the use of less costly metals in the cons
struction of plant equipment.
A further object is to provide optimum ratios of sol
vent to oil, reflux ratios and temperatures whereby the ex
traction of aromatic hydrocarbons is repressed in favor of .

This invention relates to the refining of mineral oils
recovery of nitrogen-base compounds from hydrocarbon
feed mixtures containing the same. In accordance with
the present process mineral oils or treated fractions there
of such as would be obtained in the processing of petro

and is particularly concerned with the separation and

leum fractions, shale oils, or in the coking of soft coals
are treated by selective solvent extraction in order to
segregate the nitrogen-base compounds in a useful form,
This extraction process utilizes a particularly desirable
class of
solvents
which consists broadly of neutral, or
ganic
hydroxy
compounds.

It is well known that hydrocarbon oils of mineral ori
gin, e. g., petroleum oils, shale oils, coal tars and their
fractions or other distillates, as well as the products ob
tained by the pyrolysis of certain vegetable materials,
contain varying amounts of nitrogen-base compounds of

the nature of quinoline, methyl quinolines, pyridine,
picolines, lutidines, collidines, and the like. These ini
trogen compounds are often troublesome in the hydro
carbon distillates because of their gum-forming poten
tialities and other undesirable properties, and are hence

nitrogen-base extraction.

-

-

A further object is to provide extraction procedures

which
may be effected economically in a continuous man
tier.
A further object is to provide efficient means for re
25

solving the solvent-nitrogen base extracts into their com
A still further object is to provide means for recovering

ponent parts.

the nitrogen bases normally contained in mineral oil frac

tions
arts. in a form suitable for further use in the chemical
30

35

Other objects will be apparent from the following de
tailed description of the invention, and various advantages
not specifically referred to herein will occur to those
skilled in the art.
The above and related objects may be realized in the

practice of this invention, which consists essentially in
contacting a hydrocarbon oil containing nitrogen-base
compounds with certain organic hydroxy compounds,
whereby a solvent phase rich in nitrogen bases is formed,
and a rafiinate phase lean in nitrogen base is produced.

often removed therefrom. The conventional method for
removing these compounds involves the treating of the
hydrocarbon oil with a relatively strong aqueous acid
such as sulfuric acid, whereby an aqueous acid sludge is Although a number of nonacidic comparatively nonreac
'obtained in which the nitrogen bases are contained as tive compounds are operative in this process when a
salts. This sludge cannot be readily disposed of as such large nurnber of extraction stages are used, it has been
by reason of its high acid content and consequently it found that compounds containing one or more hydroxy
must be neutralized with an alkali before it can be dis 'groups per molecule are far superior in their selective. ac
carded. This procedure obviously involves the waste ition. Experimentation has shown that many: hydroxy
both of acid and basic materials, as well as the nitrogen compounds are capable of extracting nitrogen bases from
bases themselves, which are intrinsically valuable as hydrocarbons of a similar boiling range even under the
chemicals. The expense involved in recovering such nitro most unfavorable conditions, such as where the nitrogen
gen bases from the aqueous extracts has heretofore pre bases
are completely: Saturated with respects to hydro
hibited their commercial recovery. This acid treatment 50 gen, and the hydrocarbons from which the bases are to
"is hence carried out almost exclusively for the purpose be extracted are highly aromatic. Although many hy
of removing nitrogen bases from the desired hydrocarbon droxy organic compounds are of value in this type of
fractions in order to improve their stability, and also to extraction it is preferred to use pure compounds, or mix
render them more amenable to subsequent cracking op tures: which have the highestratio of hydroxy groups to
erations in which the presence of nitrogen compounds is -carbon atoms per molecule which is compatible with
known to be very deleterious. The present processac sufficient solvent power. Prime examples of such com
complishes all the objectives of the previous acid treat pcunds
are the glycols, and polyglycols.
ment, and in addition provides for the economical recov
ery of the nitrogen-bases.

The' materials employed herein as selective solvents
consist primarily of organic hydroxy compounds such as
ethylene glycol, ethyl alcohol, methyl alcohol and simi
lar materials which have been heretofore employed in

the refining of petroleum oils for extracting aromatic hy.
drocarbons therefrom. Inasmuch as the mineral oil frac
tions treated herein also generally contain appreciable

quantities of aromatic hydrocarbons, e.g., between 10

70%, it is necessary toirender the solvents as selective as

possible for nitrogen-base compounds as opposed to
aromatic hydrocarbons. It is a surprising discovery that
: thesei hydroxy compounds are more selective for the ex

fraction of initrogen-bases than for aromatics, inasmuch

The selection of a particular hydroxy compound or
60 solvent in any given case will depend on the hydrocarbon
fraction being treated, that is on its boiling range, gravity,
degree of saturation, aromatic content, and the like.
Other determining factors are the operating temperature,
amount of solvent, number of extraction stages, the ide
65. sired purity of the extracted nitrogen bases, and the com
pleteness of removal of nitrogen compounds from the

mixture of hydroxy compounds for use as a selective

hydrocarbon fraction.

Optimum solubility. relationships between sthe solvent
and solute may be attained by controlling the tempera

70 sture, of the extraction.

The solvents is employed herein
show-a decreasing. Solvent; capacity for aromatic hydro

carbons with decreasingsternperatures, but surprisingly
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3
aromatic
hydrocarbons,
and
a relatively high capacity.
they exhibit an increasing solvent power for nitrogen
Solvents such as methanol generally have a higher capacity

bases with decreasing temperatures. Theoretically, the
but a lower selectivity. In employing glycols for the
the greatest selectivity for nitrogen bases would be attained
extraction of nitrogen bases from mineral oil fractions
at the temperature where the ratio of the solubility of
containing between 10-70% aromatic hydrocarbons,
nitrogen bases to that of aromatic hydrocarbons in the
solvent-to-oil ratios of between 0.4-3.0 are preferable,
solvent is at a maximum. In the present case this maxi
assuming a reasonable number, e. g., 2-4, theoretical
mum selectivity may be reached at very low tempera
extraction stages and no reflux.
tures, e.g., -65 C.-0° C. Ethylene glycol, for example,
The extraction efficiency may be further increased by
is completely miscible with most nitrogen bases at
-64 C., while complete miscibility with toluene is not 0. suitable reflux procedures. For example, the extract may
be freed of solvent and partly recycled to the extraction
reached even at 120° C. However, at these low tempera
column, at a point below the feed inlet, in this manner
tures, the solvent viscosity is generally very high, and
the hydrocarbon content of the extract may be further
diffusion rates are low. It is therefore preferred to per
form the extraction at as low a temperature as may be 5 reduced.
One method for studying the type of separations pos
consistent with the rapid formation of equilibrium con
sible
with a given solvent is to prepare binary mixtures of
centrations in raffinate and extract, and economical separa
representative members of the two types of constituents
tion of the phases. This temperature range generally
being considered, and determine equilibrium relationships
varies between about -10° C. to about 50° C., depending
between the binary mixtures and the solvent. These
to some extent upon the viscosity of the solvent and feed 20 equilibrium
can then be plotted on triangular graphs,
mixture. For the glycol type solvents, the preferred tem from which data
calculations of the solvent-to-oil ratio and
perature range between about 0-50° C.
number of theoretical stages necessary for a given separa
The selectivity and capacity of the solvent may also
tion can be made. (The properties of triangular graphs
be varied to suit particular conditions by controlling
are covered thoroughly by Roozeboom, Die Heterogenen
its composition. For example, a composition can be
Gleichgewichte. They are summarized by Hunter and
obtained by mixing two or more compounds from a
Nash, J. Soc. Chem. Ind. 53, 95T (1934). The latter arti
group comprising ethylene glycol, polyethylene glycols,
cle and one by Varteressian and Fenske, Ind. Eng. Chem.
water, glycerol, and monohydroxy derivatives of paraffin
29, 270 (1937) summarize methods of calculations.)
hydrocarbons such as methanol, which will be suitable
for extracting any nitrogen compound-hydrocarbon mix 30 in the triangular graphs each apex of the triangle rep
resents a component of the mixture which components:
ture at hand. In this way a solvent may be composed
are the solvent and the two hydrocarbons involved. A
for the purpose of efficiently extracting nitrogen bases
perpendicular from each apex to the opposite side is
from naturally occurring mineral oils such as shale oil
divided into 100 equal parts. Lines which pass through
or petroleum and the various fractions thereof. As
points, parallel to the opposite side, represent lines
the degree of saturation or molecular weight of the nitro 35 these
of constant percentage of the particular component
gen bases to be extracted increases, hydroxy compounds
represented by the opposite vertex. Any liquid mixture
showing greater solvent power should be employed. The
of three components can be represented by a point on
following hydroxy compounds, for example, show increas
the graph. The perpendicular distance from this point
ing solvency for nitrogen bases in the order listed: water,
any side is proportional to the percentage of the
glycerol, ethylene glycol, diethylene glycol, methanol and 40 to
component represented by the opposite vertex. If two
ethanol.
liquid solutions are mixed, the compositions of the
The solvents which may be employed herein include
resultant solution will be represented by a point on a
monohydroxy and polyhydroxy derivatives of paraffinic, straight
line between the composition points of the two
olefinic, naphthenic, and aromatic hydrocarbons and mix
original
and the proportion of each original
tures thereof. The solvent may also consist of hydroxyl 45 solution solutions,
will be inversely proportional to the distance
derivatives of halogenated hydrocarbons or ethers and
thioethers. Any organic hydroxy compound may be of between its composition point and the final composition
use in this process provided its aqueous solution does point.
Referring specifically to Fig. 1 herein, this equilibrium
not redden blue litmus paper or have a pH less than
6.5, and would therefore not form salts with the nitro 50 diagram shows the solubility relationships at 25 C. of
mixtures of quinoline, tetralin and diethylene
gen bases. More specifically, solvents which may be ternary
glycol. This diagram is a representative illustration of
employed include the lower molecular weight mono the
solubility relationships of a typical nitrogen base and
hydroxy alcohols such as methanol, ethanol, and iso a typical
aromatic hydrocarbon when mixed with various
propanol, the polyhydroxy alcohols such as glycols, for proportions
of diethylene glycol. To construct such a
example, ethylene glycol, propylene glycol, butylene 55
various two-phase mixtures of the three com
glycol, and tetramethylene glycol, the diglycols, such diagram
are prepared, the phases of which are in equilib
as diethylene glycol, dipropylene glycol, and triethylene ponents
rium with each other. The composition of the solvent
gycol, the esters and ethers of the above compounds phase
the raffinate phase of each equilibrium system
which have one or more hydroxy groups unreacted, such is thenand
determined and plotted on the graph, and tie lines
as diethylene glycol, monomethyl ether and glycerol 60 are drawn
connecting each raffinate composition point
diacetate, the alkanol amines, such as diethanol amine with its respective
composition point. The ends
and tributanol amine, the halogenated alcohols, such as of the tie lines areextract
then connected to give a continuous
ethylene chlorohydrin, propylene chlorohydrin, and para binoidal curve A. Any
mixture whose composition falls
chlorophenyl carbinol, the hydroxy derivatives of ethers,
the binoidal curve will resolve into a two-phase
Such as furfuryl alcohol, and the hydrated aldehydes below
and by drawing a tie line through the composi
and ketones and derivatives thereof, such as an aqueous System,
point of the original mixture, which tie line is in
formaldehyde solution, methyl hemiacetal and ethyl tion
geometrically interpolated relationship to the other tie
hemiformal. If desired, any mixture of hydroxy com lines,
composition of extract and rafiinate will be indi
pounds may be employed to suit the particular require cated the
by the points where the tie line intersects the bi
ments of a given extraction problem. The selectivity

and capacity of such solvents may be varied by the addi.
tion of other materials such as water.
A particularly valuable group of solvents consists of
the water-soluble alkylene glycols, and especially the
polyalkylene glycols. These materials are found to have

the highest Selectivity for nitrogen bases as opposed to

70

5

noidal curve A. It will be noted that the composition
of raftinate and extract become more nearly identical as
each approaches the plait point P at the top of the curve.
A further characteristic of this diagram is that the rela
tive volumes of extract and raffinate in an equilibrium
System may also be determined by the length of the tie

s
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line on either side of the original composition point. For in equilibrium with the final extract phase will approach
the raw feed material in composition, thereby providing

example, an original mixture having a composition cor
'responding to point C on the diagram will form two
phases, an extract having a composition E and a raftinate
having a composition R. The proportion of raffinate
formed is proportional to the length of line CE, and the

proportion of extract is proportional to the length of the
line RC.

.

..

By applying the methods discussed at length in the
other significant information may be obtained from the
diagram. Such data include, for example, the selectivity
factor of diethylene glycol for quinoline-tetralin mixtures.
This selectivity factor, beta is analogous to the alpha factor

above cited references, e.g., Varteressian and Fenske,

2.

'a final equilibrium extract containing 65-85% of nitro
gen bases and only about 15-35% hydrocarbons. Since
the 65-85% nitrogen-bases in the extract represents only

about 4-4.5% of the original feed (the feed having been
reduced to about 0.5-1.0% nitrogen bases), the 15-35%.
hydrocarbons in the extract represents only about :-0.6%
to 13% of the feed.

It is clear therefore that in order to achieve relatively
complete removal of nitrogen bases, and at the same time.
attain high raffinate yields, it is necessary to balance the
interrelated factors, extraction temperature, solvent/oil
ratio,particular
extractioncase.
stages and solvent composition to . fit
employed in distillation and may be represented by the 15;each
following formula:
Aside from the intrinsic selectivity and capacity of a
solvent for a given feed mixture, the choice of a prac
Ea. Rt.
tical solvent may depend upon the type of recovery system
Beta= R.
to be employed. The usual nitrogen bases encountered
in which the terms E and R are used to denote concen in hydrocarbon fractions are of the high molecular weight,
trations in the extract and raffinate respectively, while a Water-insoluble types such as quinoline and quinaldine.
and b denote, respectively, the more soluble and less solu An extract containing such materials together with a
ble components of the material being extracted. Through water-soluble solvent may be separated by adding water
the beta concept the limiting conditions for any separa 25 to form a two-phase system, and removing the solvent in
tion can be determined as described by Varteressian and the Water phase and the nitrogen bases in the organic
JFenske above mentioned. Beta is a numerical measure
phase. For this type of separation substantially any of

of the solvent's selectivity, or its ability to dissolve prefer
the
hydroxy compounds heretofore listed may be em
ployed.
entially one particular type of constituent to the exclusion
Referring now more particularly to Figure 2, this dia
of other types of constituents. However, the selectivity
or beta factor of a solvent is not the only measure of its 30 gram illustrates a suitable extraction and recovery sys
utility in this process. Other factors must be considered
tem utilizing the above procedure. The solvent is passed
such as the solvent's capacity, its specific gravity and
through line into an extraction column 2, which is pref
the ease with which it may be separated from the extract
erably packed with glass beads or other supporting mate
components.
rial,
and flows downwardly in countercurrent relationship
The data contained in Fig.1 may also be employed to 35 to the feed haterial which enters through line 3. The
nitrogen base-depleted rafiinate is withdrawn from the top
determine the solvent-to-oil ratios, reflux ratios and mini
mum number of extraction stages necessary for a given
of extractor 2 through line 4, and is agitated with water
separation. Such data, however, would apply only to
mixer 5 to wash out traces of solvent. The raffinate
mixtures of quinoline, tetralin and diethylene glycol. In in
water mixture then passes through line 6 to decanter 7
asmuch as this invention is concerned primarily with the 40 wherein the lower solvent-water layer is removed through
extraction of more complex mixtures, the data derivable
line 8 and mixed with the extract in line 9 as will be
from Fig. 1 will not be strictly applicable. Fig. 1 should
Subsequently described. The purified raffinate from de
therefore be considered primarily as a graphical illustra
canter 7 is withdrawn through line 10.
tion showing the remarkable selectivity of hydroxy.com
The extract from extraction column 2 is withdrawn as
pounds for nitrogen bases in preference to aromatic hydro 45 bottoms
through line 9 and is mixed with the solvent-water
carbons. If nitrobenzene, for example, were substituted layer from decanter 7. The mixture is passed into a mix
for diethylene glycol in Fig. 1 a curve would be obtained
ing vessel 11 to which a small proportion of a light
showing a greater selectivity for the tetralin and a lesser
naphtha is also admitted through line #2. The naphtha
selectivity for the quinoline.
serves the purpose of breaking the emulsions which are

Fig. 1 indicates that the highest concentration of quin

50

ustially formed when water, glycol and nitrogen bases are

agitated together. The mixture from mixer 1 is then
oline obtainable in the solvent-free extract is about 55%.
Even when the rafiinate phase contains only 5% quinoline
passed through line 3 to a decanter 14 wherein an upper
on a solvent-free basis the equilibrium extract phase will
organic phase and a lower aqueous phase are formed. The
contain about 49% quinoline on a solvent-free basis.
aqueous phase is withdrawn through line i5 and trans
When mineral oil fractions are substituted for the tetralin 55 ferred to a distillation colunia 6 where water is removed
of the diagram, a more favorable nitrogen-base content
overhead through line 17, and the dehydrated solvent,
in the extract is obtainable, e.g., between 65-85%, due
in the case of high boiling materials such as glycols, is
to the presence of the more insoluble paraffins and naph
removed through line 18 and recycled to the solvent feed
thenes in the feed. Considering that the feed materials
line . Obviously of course, in the event that low boiling
60
normally contain only about 3-6% nitrogen bases, it will Solvents are employed the solvent may form the overhead
be seen that very small amounts of hydrocarbons, relative
fraction and the water will form the bottoms. In some
to the total feed volume, e.g., between 1-2%, are lost
cases the overhead aqueous fraction removed through line
to
the extract phase. High rafiinate
yields are thus ob
7 may contain small quantities of water-soluble nitrogen
tained.
bases such as pyridine and picolines. These materials
in extracting a mineral oil fraction containing originally 65 may be separated by conventional methods if desired.
Say 5% of nitrogen bases, the equilibrium raffinate ob
The organic phase from decanter 14 is passed overhead
tained in a single stage may contain about 1% nitrogen through line 9 to a second distillation column 20. In
bases. The corresponding equilibrium extract phase will this column the light naphtha fraction is removed over
contain about 20-25% nitrogen bases on a solvent-free
head through line 2i and is recycled to the mixer 11. The
basis, the remainder thereof being hydrocarbons. In 70 bottoms fraction from distillation column 20 consists pri
order therefore to prevent excessive loss of aromatics and
marily of the nitrogen bases, which are removed through
other hydrocarbons to the extract phase, it is necessary line
22 and may be further purified by conventional- meth
as a practical matter to perform the extraction in a num
ods if desired.
ber of stages, preferably between 2-5 theoretical or actual
above separation scheme is relatively simple but
stages. In this manner the portion of raffinate which is 75 is The
applicable only in cases where the extracted nitrogen
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base fraction is predominantly insoluble in water. It also
has the disadvantage of emulsion difficulties encountered
in mixer 11. The recovery scheme illustrated in Fig.
3 avoids this difficulty, and is applicable to nitrogen-base
fractions which may be predominantly soluble in water.
In this procedure the solvent enters through line , the
feed material through line 2, and both are passed counter
currently through an extraction column 30, as previously
described. The extract is withdrawn near the bottom
through line 4 and is passed to an azeotropic distillation
column 5. In this column an azeotrope former is intro
duced through line 6 which is selected to form an azeo
trope with the solvent but not with the nitrogen bases.
Suitable azeotrope formers include, for example, toluene,
xylene, octane, 2,7-dimethyloctane, cymene, indene and
other hydrocarbons, esters, ethers, amines, halogenides,

ketones, alcohols, nitro compounds, etc. The practical
choice of an azeotroping agent is determined primarily
by the nature of the solvent employed, and the type of
nitrogen bases present. Advantage is taken of the fact
that the solvents employed herein are generally more
ready azeotrope formers than the nitrogen bases. The

glycols, for example, form azeotropes with hydrocarbons
which generally boil very close to the boiling point of
the hydrocarbon. If the solvent is a polyhydric alcohol

such as glycol the hydrocarbon azeotrope former should
be selected to boil within 100° C. of the boiling point of
the glycol. In the case of monohydric alcohols such as
butanol, the azeotrope forming hydrocarbon should boil
in the range of 40° C. below the boiling point of the sol
vent. Any azeotrope former may be employed which
forms an azeotrope with the solvent, which azeotrope

interpreted as limitative. .

EXAMPLE I

10

A shale oil gasoline fraction boiling between 300-400
F. and containing about 5% of total nitrogen bases is
passed upwardly through a glass bead packed extraction

coins countercurrently to a downflowing stream of di
ethyiene glycol. The extraction column is of a height
corresponding to 3.5 theoretical extraction stages, and

the solvent-to-oil ratio is 1.3. At an extraction tempera
15

20

25

30

boils at a temperature lower than the boiling point of the

ture of about 28° C., the rafiinate is found to contain only
about 0.3% nitrogen bases, and the extract contains 70%
nitrogen bases, on a solvent-free basis. The raffinate
yield is about 92% by volume.
The nitrogen bases are recovered by first mixing the
total extract with its own volume of water and about /s
its volume of a light naphtha fraction boiling between
90-150° C. and agitating the mixture. The naphtha acts
as an emulsion breaker, permitting the ready formation
of two liquid phases. The upper organic phase is re
moved by decantation, and is fractionally distilled to re
cover the naphtha overhead. The still bottoms consist
of mixed nitrogen bases together with about 25-30% of
heavier hydrocarbons, including aromatic and nonaro
matic constituents. It is generally not feasible to further
purify this mixture by solvent extraction inasmuch as its
total solubility is too high, and little selectivity is ob
tained. It is therefore further purified by fractional dis
tillation. The bases thus obtained are about 95% pure,
boiling between 220-250° C. The mixture may be fur

nitrogen bases, or of any azeotrope formed between the
nitrogen bases and the azeotrope former. Solvents boil

ing below 100° C. such as methanol or ethanol may some
times be distilled overhead without an azeotrope former.
The nitrogen bases are removed as bottoms from dis
tillation column 5 through line 7 and are transferred to a
second distillation column 8 wherein the residual entrainer
is stripped and taken overhead through line 9 to be re
cycled through line 1 to azeotroping column 5. The
bottoms from distillation column 8 are drawn off through
line 11, and consist of nitrogen bases, together with vary
ing proportions of hydrocarbons from the feed material.
If further purification of the nitrogen basis is desired, this
may be accomplished by conventional procedures, as frac
tional distillation or azeotropic distillation.
The azeotrope removed overhead from azeotroping col
umn 5 passes through line 12 to a mixer 3 to which water
is admitted through line 14. The mixture is agitated for
a short period of time and then transferred through line
15 to a decanter 16. The organic phase which separates,
consisting predominantly of the entrainer, is removed
through line 17 and recycled to azeotroping column 5.
The aqueous phase is removed through line 8 and is
passed to a solvent recovery system to be subsequently

8

from the primary inventive concept of extracting nitrogen
bases from hydrocarbon oils with organic hydroxy com
pounds. In order to further illustrate the invention the
following specific examples are cited, but should not be

ther resolved into its chemical constituents e. g., quinoline

40

and quinaldine by conventional methods.
The aqueous solvent phase from the above decantation
is distilled to obtain overhead a water phase, containing
a very small proportion of low-boiling, water-soluble ni
trogen bases including principally picolines and lutidines.
The still bottoms consists of the dehydrated solvent which
is recycled to the extraction column.
EXAMPLE

45

50

By employing methanol in the procedure of Example
i, and reducing the solvent/oil ratio to 0.5, the raffinate
contains about 0.5% nitrogen bases and the extract, on a
solvent-free basis contains about 40% nitrogen bases.
This latter figure reflects the higher capacity, but lower
selectivity of the lower alcohols for nitrogen bases, as
compared to the glycols. The raffinate yield is about
87%.
EXAMPLE III.

A petroleum gas oil fraction boiling from 250-600 F.
and containing 3.5% of total nitrogen bases is passed
through a packed extraction column countercurrently to
a downflowing stream of ethylene glycol. The extrac
described.
tion column is of a height corresponding to 3 theoretical
The raffinate from extractor 3 is removed through line 60 extraction stages and the solvent-to-oil ratio is 2.0. The
19 and transferred to a mixer 20 to which water is ad
extraction temperature is about 28 C. The rafiinate is
mitted through line 2. The mixture is agitated for a
found to contain about 0.2% nitrogen bases and the ex
sufficient period of time to remove residual solvent from
tract contains about 60% nitrogen bases on a solvent
the raffinate to the water phase, and the mixture is then
free basis. The raffinate yield is about 94% by volume.
transferred through line 22 to a decanter 23. The organic
The extract is then passed to an azeotroping column and
phase in decanter 23 consists of the purified raffinate and 65 distilled with added toluene. The overhead contains the
is removed through line 24. The aqueous phase in de
toluene-glycol azeotrope boiling at 110 C. and contain
canter 23 is removed through line 25 and is passed to dis
ing 6.5% glycol, and also small proportions of low-boil
tillation column 26, together with the aqueous phase in ing hydrocarbons contained in the extract. The overhead
line 8 from the previously described solvent-azeotrope is condensed, mixed with about 3 times its volume of
decanter 6. In this column the water is stripped from 70 water and run into a decanter. The toluene and other
the solvent and removed overhead through line 27. Sol
hydrocarbons form a top layer which is recycled to the
vent is removed as bottoms through line 28 and is recycled azeotroping column. The lower phase, consisting of
to extraction column 3.
glycol and water is distilled to drive off the water over
Various other recovery systems may be employed for 75 head, and recover the glycol as bottoms which is re
separating the solvent from the extract, without departing cycled to the extraction column.
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9
The bottoms from the azeotroping column are then
passed to a distillation column to recover as overhead re
sidual toluene. The bottoms consists of about 70% ni
trogen bases boiling between 250-300° C. and about 30%

10

EXAMPLE VII
Fifty ml. of a solvent consisting of 10 volumes per
cent water, 9 volumes per cent methanol, and 81 volumes.
percent ethanol was agitated with 50 ml. of a kerosene

of high boiling hydrocarbons. These materials may be
separated if desired by further fractionation, azeotroping,
or steam distillation into the component parts. About
75% of the nitrogen bases contained in the original gas

extract containing 20% by volume of nitrogen bases and
about 40% aromatics. The kerosene extract had a grav
ity of 15.7° A. P.I., and a boiling range of 400–550 F.
After the two phases had separated, a determination
0. showed the extract layer contained 47.6 volumes per

oil fraction are recovered.

EXAMPLE IV

cent nitrogen bases while the raffinate layer contained

By substituting triethylene glycol for the ethylene glycol
134 volumes percent nitrogen bases,
both on a solvent
.. .
of Example III, and substituting a mixture of C-9 aro free basis.
From the above description it will be seen that the
matic hydrocarbons boiling between 160-170° C. for the
toluene in the azeotroping column, an even more efficient 15 processes and solvents described herein provide remarka
bly effective means for separating and recovering nitrogen
separation is obtained. In this case the raffinate oil con
bases
from mineral oil fractions containing aromatic hy
tains about 0.2% nitrogen bases, while the extract con
drocarbons.
tains, on a solvent-free basis, about 72% nitrogen bases.
This latter figure shows that triethylene glycol has a 20 The foregoing disclosure is not to be considered as
higher selectivity for the particular fractions treated, than limiting since many variations may be made by those
any of the other solvents employed.
skilled in the art without departing from the scope or

spirit of the following claims.

The above examples are illustrative of suitable con
tinuous extraction procedures for commercial adaptation.
In order to further illustrate the invention the following
examples
operations.are given to illustrate the effect of batch type

claim:

-

-

1. A process for separating organic nitrogen bases from
25 a feed mixture comprising (1) a major proportion of
hydrocarbons (2) at least about 10% by volume of aro
matic hydrocarbons and (3), a minor proportion above
EXAMPLE V
about
0.2% by volume of organic nitrogen bases, which
A 100 ml. sample of a shale oil fraction containing 3.2
extracting said mixture with a quantity of
Volume per cent of nitrogen bases, and having a gravity 30 acomprises
substantially
neutral solvent comprising a major pro
of 44.6 A. P.I. and boiling from 250-600 F. was agi portion of an aliphatic
hydroxy compound, said quantity
tated for several minutes with 90 ml. diethylene glycol
of solvent being sufficient to extract an appreciable, sig
and 10 ml. triethanolamine. The phases were allowed to nificant proportion of said nitrogen bases but insufficient
separate, the lower phase withdrawn, and the upper raffi to extract more than a minor proportion of said aromatic
nate phase re-extracted in the same manner with a second 35 hydrocarbons, the proportion of original nitrogen bases
100 ml. portion of the same hydroxy compound mixture.

At the conclusion of the first extraction the nitrogen base
content of the oil fraction had been reduced to 1.8 volume
per cent, while the second extraction further reduced the

nitrogen base content to 0.9 volume per cent.
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EXAMPLEV

Three batchwise extractions A, B, and C were per
formed serially on a synthetic mixture comprising 10
grams quinoline and 90 grams tetralin (1,2,3,4-tetrahy
dronaphthalene). The solvent in each extraction was an
equal weight of anhydrous diethylene glycol. The sol
vent-free extract was readily recovered from each of the
three extracts by diluting them each with 100 ml. water, 50
shaking the emulsions with 20 ml. pentane, separating
the aqueous solvent phases from the oil phases by decan
tation, and distilling the pentane from the residual oil
phases. The three oil phases obtained were then ana
lyzed for tetralin and quinoline. The results of the ex 55

periment are summarized in the table.
Table

extracted being larger than the proportion of original aro
matic hydrocarbons extracted, thereby forming a nitro
gen-base-rich extract, and a raffinate having a reduced
nitrogen base content but still containing a major pro
portion of the original aromatic hydrocarbons, and re
covering nitrogen bases from said extract.
2. A process as defined in claim 1 wherein the volume

ratio
of said solvent to said feed mixture is between about
0.4 and 3.0.
3. A process as defined in claim 1 wherein said fee
mixture is a mineral oil distillate.

. .

.... .

. .. .

.4. A process according to claim 1 including the steps

of azeotropically distilling said extract with a relatively
mixture with said solvent, mixing the resulting azeotrope
with water, thereby forming a two-phase system, one of

water-insoluble entrainer which forms a constant boiling

said phases consisting esesntially of entrainer, the other
of said phases consisting essentially of solvent and water,
and separating said two phases by decantation,
5. A process, as defined in claim 1 wherein said solvent is a water-soluble compound, and including the steps of
treating said extract with Water to form a two-phase sys

tem, one phase consisting essentially of water and solvent,
the other of said phases consisting essentially of nitrogen
60 bases, and separating said two phases by decantation.
Weight of solvent, percent of weight of oil---100
100
100
6. A process for separating organic nitrogen bases from
Weight percent yield of solvent-free rafiinate90
96
98
a feed mixture comprising (1) a major proportion of
Weight percent nitrogen bases in solvent-free
raftinate-----------------------------------2.5 0.75
0.8
hydrocarbons (2) between about 10% and 70% by vol
Weight
percent nitrogen bases in solvent-free
ume of aromatic hydrocarbons and (3) a minor propor
extract------------------------------------44
18
5
65 tion above about 0.2% by volume of organic nitrogen
bases, which comprises extracting said mixture with a
This example shows the remarkable selectivity of the
quantity of a solvent comprising a major proportion of an
solvent for nitrogen bases as opposed to the aromatic hy aliphatic polyhydroxy compound, said quantity of solvent
drocarbon, tetralin, in that the three stage extraction re
being sufficient to extract a major proportion of said
moved over 98% of the quinoline and only 12.5% of the
nitrogen bases but insufficient to extract more than a
Extraction------------------------------------

A.

B

C

tetralin. It also shows that the amount of tetralin dis

solved by the solvent is a function of the amount of nitro

gen base in the feed mixture, for the third extraction C
reduces the rafiinate yield only 2% as compared to 10%
for extraction A.

75

minor proportion of said aromatic hydrocarbons, the pro
portion of original nitrogen bases extracted being larger
than the proportion of original aromatic hydrocarbons ex
tracted, thereby forming a nitrogen-base-rich extract, and

a raftinate having a reduced nitrogen base content but

2,741,578
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still containing a major proportion of the original aro
matic hydrocarbons, and recovering nitrogen bases from
said extract.

7. A process as defined in claim 6 wherein the volume
0.4 and 3.0, and said extraction is carried out at a ten
perature between about 0° and 50° C.
8. A process as defined in claim 6 wherein said feed
mixture is a mineral oil distillate.
9. A process as defined in claim 6 wherein said feed
mixture is a shale-oil distillate.
10. A process according to claim 6 wherein said solvent
ratio of said solvent to said feed mixture is between about

0.

12

soluble aliphatic polyhydroxy compound to form a solvent
extract of said nitrogen bases, the improved method of
separating nitrogen bases from said solvent which com
prises azeotropically distilling said solvent extract with a
relatively water-insoluble entrainer which forms a con
stant boiling mixture with said solvent, mixing the over
head azeotrope with water thereby forming a two-phase
system, one of said phases consisting essentially of en
trainer, the other of said phases consisting essentially of
a solvent-water phase, separating said two phases by de
cantation and recovering solvent from said solvent-water

phase, removing a bottoms product from said azeotrop
ing step consisting essentially of nitrogen compounds and
11. A process according to claim 6 wherein said solvent 5 said entrainer, and fractionating said bottoms product to
separate entrainer from said nitrogen compounds.
is diethylene glycol.
16. A process according to claim 15 wherein said en
12. A process according to claim 6 wherein said solvent
trainer is a hydrocarbon boiling between about 95 and
is triethylene glycol.
200° C.
13. A process according to claim 6 incuuding the steps
of azeotropically distilling said extract with a relatively 20 17. In a process for separating substantially water
insoluble organic nitrogen bases from a mineral oil dis
water-insoluble entrainer which forms a constant boiling
tilate containing an appreciable, extractable proportion
mixture with said solvent, mixing the resulting azeotrope
of nitrogen bases wherein said distillate is extracted with
with water, thereby forming a two-phase system, one of
a solvent comprising a water soluble aliphatic polyhy
said phases consisting essentially of entrainer, the other
of said phases consisting essentially of solvent and water, 25 droxy compound to form hydrocarbon raffinate having a
reduced nitrogen base content and a solvent extract of
and separating said two phases by decantation.
14. A process for separating organic nitrogen bases
said nitrogen base compound, the improved method of
recovering said solvent and said nitrogen bases from said
from a mineral oil distillate containing a substantial pro
portion of aromatic hydrocarbons and a lesser but appre extract which comprises washing said hydrocarbon raffi
ciable, extractable proportion of nitrogen base compounds
nate with water to form a water-solvent phase and a second
which comprises extracting said distillate at between about rafiinate phase, separating said water-solvent phase from
said second raftinate, agitating said water-solvent phase
0 and 50° C. with a solvent selected from the group con
sisting of lower alkylene glycols, dialkylene glycols and
with said solvent extract in the presence of an added minor
proportion of a light hydrocarbon emulsion breaker
trialkylene glycols, the volume of said solvent employed
thereby forming two liquid phases, one phase consisting
being between about 0.4 and 3.0 times the volume of said
essentially of nitrogen compounds and light hydrocarbon,
mineral oil distillate, thereby selectively dissolving said
the other of said phases consisting essentially of water and
nitrogen bases in preference to said aromatic hydrocar
solvent, separating said two phases by decantation, and
bons and forming an extract relatively rich in said nitro
gen base compounds and a hydrocarbon raftinate having a
separating each of said phases into its said two compo
reduced nitrogen base content but still containing most of 40 nents by distillation.
the original aromatic hydrocarbons, separating said ex
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