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Art C. McKinnis, Long Beach, Calif., assignor to Unicn
Oil Company of California, Los Angeles, Calif,, a cor-
‘poration of California ‘

Application April 21, 1952, Serial No. 283,429
17 Claiins. (CL. 196—14.4)

This idveniion reldtes to -the refining of mineral oils
and is particularly “concerned with the separation -and
-Tecovery of mitrogen-base compounds from hydrocarbon
‘Teed ixtures containing the same. In accordance with
the present process mineral oils or treated fractions there-
‘of stich "as would ‘be obtained in the processing of petro-
leuin fractions, 'shale oils, or in the coking of -soft coals
are treated by seclective solvent extraction in order to
segregdte the nitrogen<base compounds.in a useful form,
This ‘extraction process “utilizes a particularly desirable
class "of solvents which comsists broadly. of neutral, or-
Bénic hydroxy comipounds.

Tt is ‘well known that hydrocarbon “oils- of mineral ori-
&in, e. g, petroleum oils, shale '¢ils, coal tars and their
‘Iractions 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 “ndture ‘of quinoline, methyl quinolines, . pyridine,
“picolines, lutidines, collidines, and the like. These ' ni=
‘trogen compounds are ‘often troublesome ‘in the ‘hydre-
carbon distillates because ‘of ‘their ‘eum=forming poten-
‘tialities ‘and other undesirable properties, and ‘are hence
often removed therefrom. The conventional method for
‘rEmoving these compounds involves the treating ‘of the
“hydrocarbon oil with ‘a relatively strong “aqueous “acid
‘siich as sylfuric acid, ‘whereby an aqueous acid sludge is
‘obtained ‘n ' which “the “nitrogen ‘bases ‘are ‘contained as
'salts. “This siudge cannot be readily ‘disposed ‘of -as such
by reason ‘of “its ‘high “acid ‘content and: consequently it
must be neutralized with an alkali before it can be 'dis-
‘tarded. “This' procédure - obviously “involves the ‘waste
“both of-acid and basic materials, as well -as the iitrogen
‘bases “themiselves, which -ate intrinsically valuable —as
chemiicals, 'The expense involved in Tecovering such ‘nitro-
"gén *bases' from' the aqueous -extracts has heretofore pro-
*Hibitéd ‘theéir-commercial ‘Tecovery. “This acid treatment
is herice carried out almost: exclusively for the purpose
of remioving ‘Hitrogen bases ‘from ‘the desired hydrocarbon
fractions ‘in* order to ‘improve’ their stability, and-also to
‘rénder them more amenable to subsequent cracking -op-
‘erations ‘in*which’the “preserice '6f ‘nitrogen* compounds'is
“kniown to"be-very ‘deleterious. “The presefit process: ac-
‘complishesall ‘the -objectives -of the previous iacid ‘treat-
‘mient;*and in addition ‘provides for ‘the economical ‘recov-
“¢fy of ‘the niffogen bases. :

The - materials “employéd *herein  as : sélective ' solvents
“consist pritnatily of ‘ofganic-hydroxy ‘cempounds- such as
ethylene glycol,-ethyl aleohol, methyl-alcohol -and- ‘simi-
‘tarmaterials 'Which -have -been heretcfore employed ‘in
“the ‘réfining of petroleum  oils for extracting-aromatic-hy-
“drocarbons therefrom. “Tnasmuch as-the mineral oil ‘frac-
“tions ‘treated herein- also -generally ‘contain-appreciable
‘quantitiesof ‘aromatic ‘hydrocarbons, e.:g., ‘between 10—
“70% ;-it'is necéssary toirender-the solvents as selective as
-pOssible - for “hitrogen-base ‘compounds “ds opposed  to
-aromaticihydrocarbons, dtlisia surprising:discovery ‘that
rtheéseihydroxy compounds are.more;selective :for:the: ex-
sfraction~of nitrogen- bases«than:for aromatics,:inasmuch
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Aure. of -the. extraction.
-show:.a :decreasing: sclvent: capacity for -aromaticshydro-
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as some other widely used solvents for aromatics, e. .g.,
nitrobenzene or ethylene dicyanide were found to be rela-
tively more selective ‘for aromatic hydrocarbons. .

In view of the .above it will be.seén that thé broad 0b-
ject of this invention is to .provide -an improved method
for the separation and recovery of nitrogen-base .com-
pounds from hydrocarbor 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 ini the cons
struction of plant -equipment. .

A further ‘object is to provide optimum ratios of sols
vent'to cil, reflux ratios and temperatures whereby the ex-
traction of aromatic hydrocarbons is repressed in favor of
nitrogen-base extraction.

A ‘further object is to provide extraction procedures
'which may be effected economically in a continuous man-
Ter.

A ‘further object is to-provide efficient means for. re-
solving the ‘solvent-nitrogen ‘base extracts into their com-
ponent parts.

A-still further ‘'object is to provide means for recovering
the nitrogen bases normally contained in mineral oil frac-
tions in ‘a Torm suitdable for further use in theé -¢hemical
arts.

Other cbjects will ‘be -apparent from the following de-
tailed description of the‘invention, and various advantages
not -specifically -referred :to “herein will “occur ‘1o those
skilled in-the art. :

The above ‘and. related objects ‘may be realized in the
practice - of ' this “invention, - which ' consists essentially “in

-centacting & -hydrocarbon ‘oil . containing nitrogen-base

compounds with - certain organic hydroxy compounds,
whereby a solvent phase rich in nitrogen bases-is formed,
and- 2 raffinate ‘phase’lean-in’ nitrogen base is-produced.
Although a number. of nionacidic comparatively nonreac-

.tive compounds -are ‘Operative -in this - process -when .a

large number of exiraction stages-are: used, it-hasibeen
found-that' compounds :containing one ‘or ‘more ‘hydroxy

-groups 'per molecule -are far superior in their selective: ac-

tion. Experimentation: has. shown that - many :hydroxy
compounds:ate capable .of extracting nitrogen bases from

‘hydrocarbons-of :azsimilarboiling range :even: under :the
-most unfavorable :conditions,  such :as where ithe nitrogen

bases - are  completely :saturated with respect: t6 -hydro-
gen, and ‘the hydrocarbons: from: which the bases are" to
Although many :hy-

extraction it-is preferred:to use pure compounds. or mix-
tures-which shave: the thighest-ratic-of hydroxy groups:to

carbon.:atoms - per »molecule - which : is compatible with

sufficieat: soivent power. Prime examples-of, such:com-
pcunds -are ‘the; glycols/and polyglycols. :
The selection: of a- particular’ hydroxy compound or
mixture of -hydroxy compounds for-use :as a -selective
solvent in any. given case will depend on-the: hydrocarbon
{raction being-treated,-that-is on its bsiling range; gravity,
degree. of saturation, -arematic- content, :and .the  like.
Other 'determining-factors are:the operating ternperature,
amount -ofsolvent,-nuymber -of extraction stages, the;ds-
sired purity -of the extracted-nitrogen bases; and.the, com-

‘pleteness ofr removalof  nitrogen -compounds  from <the
-hydrocarbon: fraction.

Optimum solubility.. relationships- betwéen -the selvent
and:solute may ‘be attained by conirolling the-tempera-
The.-solvents-employed: hetein

carbons ~with: decreasingtemperatures, . but ‘swiprisingly
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they exhibit an increasing solvent power for nitrogen
bases with decreasing temperatures. Theoretically, the
the greatest selectivity for nitrogen bases would be attained
at the temperature where the ratio of the solubility of
“npitrogen bases to that of aromatic hydrocarbons in the
solvent is at a maximum. In the present case this maxi-
mum selectivity may be reached at very low tempera-
tures, e. g., —65° C:—0° C. Ethylene glycol, for example,
is completely miscible with most nitrogen bases at
—64° C., while complete miscibility with tcluene is not
reached even at 120° C. However, at these low tempera-
tures, the solvent viscosity is gemerally very high, and
diffusion rates are low. It is therefore preferred to per-
form the extraction at as low a temperature as may be
consistent with the rapid formation of equilibrium con-
centrations in raffinate and extract, and economical separa-
tion of the phases. This temperature range generally
varies between about —10° C. to about 50° C., depending
to some extent upon the viscosity of the solvent and feed
mixture. For the glycol type solvents, the preferred tem-
perature range between about 0-50° C.

The selectivity and capacity of the solvent may also
be varied. to suit particular conditions by controlling
its composition. For example, a composition can be
obtained by mixing two or more compounds from a
group comprising ethylene glycol, polyethylene glycols,
water, glycerol, and monohydroxy derivatives of paraffin
hydrocarbons such as methanol, which will be suitable
for extracting any nitrogen compound-hydrocarbon mix-
ture at hand. In this way a solvent may be composed
for the purpose of efficiently extracting nitrogen bases
from naturally occurring mineral oils such as shale oil
or petroleum and the various fractions thereof. As
the degree of saturation. or molecular weight of the nitro-
gen bases to be extracted increases, hydroxy compounds
showing greater solvent power should be employed. The
following hydroxy compounds, for example, show increas-
ing solvency for nitrogen bases in the order listed: water,
glycerol, ethylene glycol, diethylene glycol, methanol and
ethanol.

The solvents which may be employed herein include
monohydroxy and polyhydroxy derivatives of paraffinic,
olefinic, naphthenic, and aromatic hydrocarbons and mix-
tures thereof. The solvent may also consist of hydroxyl
derivatives of halogenated hydrocarbons or ethers and

- thioethers. Amny organic hydroxy compound may be of

use in this process provided its agueous solution does
not redden blue litmus paper or have a pH less than
6.5, and would therefore not form salts with the nitro-
gen bases. More specifically, solvents which may be
employed include the lower molecular weight mono-
hydroxy alcohols such as methanol, ethanol, and iso-
propanol, the polyhydroxy alcohols such as glycols, for
example, ethylene glycol, propylene glycol, butylene
glycol, and tetramethylene glycol, the diglycols, such
as diethylene glycol, dipropylene glycol, and triethylene
gycol, the esters and ethers of the above compounds
which have one or more hydroxy groups unreacted, such
as diethylene glycol, monomethyl ether and glycerol
diacetate, the alkanol amines, such as diethanol amine
and tributanol amine, the halogenated alcohols, such as
ethylene chlorohydrin, propylene chlorohydrin, and para
chloro phenyl carbinol, the hydroxy derivatives of ethers,
such as furfuryl alcohol, and the hydrated aldehydes
and ketones and derivatives thereof, such as an aqueous
formaldehyde solution, methyl hemiacetal and ethyl
hemiformal.  If desired, any mixture of hydroxy com-
pounds may be employed to suit the particular require-
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
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aromatic hydrocarbons, and a relatively high capacity.
Solvents such as methanol generally have a higher capacity
but a lower selectivity. In employing glycols for the
extraction of nitrogen bases from mineral oil fractions
containing between 10-70% aromatic hydrocarbons,
solvent-to-oil ratios of between 0.4-3.0 are preferable,
assuming a reasonable number, e. g, 2-4, theoretical
extraction stages and no reflux. :

The extraction efficiency may be further increased by
suitable reflux procedures. . For example, the extract may
be freed of solvent and partly recycled to the extraction
column, at a point below the feed inlet. In this manner
the hydrocarbon content of the extract may be further
reduced. '

One method for studying the type of separations pos-
sible with a given solvent is to prepare binary mixtures of
representative members of the two types of constituents
being considered, and determine equilibrium relationships
between the binary mixtures and - the solvent. These
equilibrium data can then be plotted on triangular graphs,
from which calculations of the solvent-to-oil ratio and
number of theoretical stages necessary for a given separa-
tion can be made. (The properties of triangular graphs
are covered thoroughly by Roozeboom, Die Heterogenen
Gleichgewichte. They are summarized by Hunter and
Nash, J. Soc. Chem. Ind. 53, 95T (1934). The latter arti-
cle and one by Varteressian and Fenske, Ind. Eng. Chem.
29, 270 (1937) summarize methods of calculations.y
Tn the triangular graphs each apex of the triangle rep-
resents a component of the mixture which components:
are the solvent and the two hydrocarbons involved. A
perpendicular from each apex to the opposite side is
divided into 100 equal parts. Lines which pass through
these points, parallel to the opposite side, represent lines
of constant percentage of the particular component
represented by the opposite vertex. Any liquid mixture
of three components can be represented by a point on
the graph. The perpendicular. distance from this point
to any side is proportional to the percentage of the
component represented by the opposite vertex. If two
liquid solutions are mixed, the compositions of the
resultant solution will be represented by a point on a
straight line between the composition points of the two
original solutions, and the proportion of each original
solution will be inversely proportional to the distance
between its composition point and the final composition
point.

Referring specifically to Fig. 1 herein, this equilibrium
diagram shows the solubility relationships at 25° C. of
ternary mixtures of quinoline, tefralin and diethylene

. glycol. This diagram is a representative illustration of

the solubility relationships of a typical nitrogen base and
a typical aromatic hydrocarbon when mixed with various
proportions of diethylene glycol. To comstruct such a
diagram various two-phase mixtures of the three com-
ponents are prepared, the phases of which are in equilib-
rium with each other. The composition of the solvent
phase and the raffinate phase of each equilibrium system
is then determined and plotted on the graph, and tie lines
are drawn connecting each raffinate composition point
with its respective extract composition point. The ends
of the tie lines are then connected to give a continuous
binoidal curve A, Any mixture whose composition falls
below the binoidal curve will resolve into a two-phase
system, and by drawing a tie line through the composi-
tion point of the original mixture, which tie line is in
geometrically interpolated relationship to the other tie
lines, the composition of extract and raffinate will be indi-
cated by the points where the tie line intersects the bi-
noidal curve A. It will be noted that the composition
of raffinate 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
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liné on’either side of the originial coimposition:point. “For

example, ‘an ‘ofiginal ‘mixture ‘having 'a - composition “cor-

responding ‘'to ‘point - C “on “the “diagrar ‘will form ‘two

phases, ‘an-extraét having-a‘composition E-and a raffinate
having a composition R. The “proportion of raffinate
formed. is proportional ito the dength 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
above -cited -refererices, e, ‘g., Varteressian and Fenske,
other significant ‘information ‘may “be ‘obtained from . the
diagram. “Such data include, for example, the selectivity
factor -of diethylene glycol Tor quinoline:tetralin mixtures.

"This selectivity Tactor, beta is'analogous'to the alpha factor

employed ‘in -distillation "and ‘miay “be represented by the
following formula:
.“.Eu B Rb

Beta= be Z.
in which the terms E and R are used ito denote concen-
trations in the -extract and raffinate respectively, while a
and b denote, respectively, the more soluble and less solu-
ble components of the material being extracted. Through
the beta .concept the limiting conditions ‘for any separa-
tion can be determinéd .as described by Varteressian and
Fenske. dbove mentioned. Beta is a numerical measure
of the solvent’s selectivity, of its ability to dissolve prefer-
entially one particular type of constituent to the exclusion
of other ‘types.of constituents. ‘However, the selectivity
or beta factor .of a.solvent is not the only measure of its
utility in this process. Other factors must be considered
such as ‘the solvent’s capacity, its specific -gravity and
the ease with which it may be separated from the exfract
components,

The data contained in Fig. 1 may-also be employed to
determine the solvent-to-oil ratios, reflux ratios and mini-
nmum number of ‘éxtraction stages necessary for a. given
separation. ‘Such data, however, would apply only to
mixtures of guinoline, tetralin and diethylene glycol. In-
asmuch as this invention is concerned primarily with ‘the
extraction of more complex mixtures, the data derivable
from Fig. 1 will not bs strictly applicable, - Fig. 1 should
therefore be considered primarily as a graphical illustra-
tion showing the remarkable selectivity of hydroxy.com-
pounds for nitrogen bases in preference to aromatic hydro-
carbons. If nitrobenzene, for example, were substituted
for diethylene glycol.in Fig. 1 a curve would be obtained
showing a greater selectivity for the tetralin and a lesser
selectivity for the quinoline,

Fig. 1 indicates that the highest concentration of quin-
oline obtainable in the solvent-free extract is about 55%.
Even when the raffinate phase contains only 5% quinoline
on a solvent-free basis the equilibrium extract phase will
contain about 49% quinoline on 4 solvent-free "basis.
When mineral oil fractions are substituted for the tetralin
of the diagram, a more favorable ‘nitrogen-base content
in the extract is obtainable, e. 'g., between 65-85%,.due
to the presence of ‘the more insoluble paraffing and naph-
thenes in the feed. Considering ‘that the feed materidls
normally contain only .about 3-6% nitrogen bases, it will
be seen that very small amounts of hydrocarbons, relative
to the total feed volume, e g.. between 1-2%, .ate lost
to the extract phase. High raffinate vields are ‘thus ‘ob-
tained, i

in extracting:a minerai oil fraction containing originally
say-5% . of nitrogen ‘bases; the equilibrium ‘raffinate ‘ob-
tained in a single stage may contain about 1% nitrogen
bases. The corresponding equilibrivm extract phase will
contain about 20-25% nitrogen bases on a solvent-free
basis, the remainder théreof being “hydrocarbons. In
order therefore to prevent excessive loss of arematics and
other hydrocarbons to the .extract phase; it is necessary
as.a practical .matter to-perform the extraction ina num-
ber of stages, preferably -between 2-5-theoretical or actual
stages. In this manner the-portion of raffinate which is
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‘in‘equilibtini with ‘the final ‘extract-phése will spproach
the ‘raw 'feed ‘materidl in composition, ‘theréby providing
-a findl equilibrium éxtract 'k:aintainin'g_;GS—SS % -of 'nitro-
‘gén - bases ‘and -only ‘about 15-35% fhydroc"arbbns, “Since
the 65-85% nitrogen bases in 'the’extract Tepresents only
about 4-4.5% of 'the original feed: (the feed having béen
Tediced ‘to about 0:5-1.0% nitrogen ‘bases), ‘the 15-35%
Hydrocarbons in -the ‘extract represents only ‘about -0.6%
‘to 1:3%-of the'feed. : ) ,
It iis ‘cledr “therefore “that. in'erder to ‘achieve relatively
complete removal'of nitrogen ‘bases, and-at'the same tirme
attain ‘high raffinate yields, it is necessary to balarce’ the
intérrelated factors, “extraction témperatare, ‘solvenit/ oil
Tatio, ‘extrattion Stages Wnd Solvent composition “to it

“edch-particular dise.

Aside from “the-intfinsic sélectivity “and capacity ‘ofa
solvent for a given feed ‘mixtire, ‘the choice -of “a ‘prac-
tical solvent may ‘dépend upon the type of recovery system
to ‘be employed. The ‘Ustial ‘nitrégen bases ‘encouiitersd
in hydrocarbon fractions are of the high'molécular-weight,
‘water-insoluble types such as quinoline and quinaldine.
An extract contdining ‘such ‘materials together with a
water-soluble solvent ‘may be separated by ‘adding ‘water
to form a two-phase syster, ‘and removing the solvent ‘in
the “water ‘phase ‘and the fitrogen bases ‘in the ‘organic
Iphase.  For this type of ‘separation substantially any ‘of
‘the “hydroxy compounds heretofore Hsted may ‘be ‘€m-
ployed. )

Referring now moye particularly to ‘Figiire 2, his-dia-
-gram ‘illustrates & suitable extraction ‘and ‘TECOVEry sys-
tem utilizing the above procedure. The solvent. is passed
through line 1linto an‘extraction: colimn 2, which ispref-
erably packed with gldss beads or. other SUpporting mate-
rial, and flows downwardiy in countercurrent relationship
to the feed material ‘which enters _through ‘line 3. THe
nitrogen base-depleted raffinate is withdrawn from the top
of extractor ‘2 through lisie 4, and 'is agitated with Water
in ‘mixer 5 to ‘wash out traces of solvent. The affinate-
water ‘mixture then passes through line §to decanter 7
wherein ‘the lowerrsolvent-wat‘er layer is removed ‘through
line -8 and mixed with' the extract in line @ -as ‘will be
subsequently described.” The purified raffinate from de-
canter 7 is withdrawn through line 18,

‘The extract from ‘extraction column 2 'is ‘withdrawn ‘as
bottoms throtigh line 9 and is mixed with the solvent-ater
layer from decanter 7. The mixtiire'is ‘passed into a'mix-
ing ‘vessel 1% 'to ‘which a saiali proportion of a light
naphtha is also admiitted through ‘line 12. The naphtha
serves ‘the purpose of breaking the erulsions Wwhich ‘are
usually formed ‘when water, glycol and nitrogen bases-are
agitated together. The mixture Trom ihiker 41 is thén
paSsed through line 13 to a decanter 14 wherein an upper
organic phase and a lower aqueotis phase dre forimed.  The
aqueous phase is withdrawn through line 15 ‘and ‘trans:
ferred:to a distillation-column 16 where water is reraoved
overhead through line 17, and the dehydrated solvent,
in the- case -of high boiling mateiials siuch as glycols, is
removed through line 18 and recycled to the solvent feed
line 1. -Obviously of ‘course, in the ‘event that low boiling
solvents are employed the solvent may-form the overhead
fraction and the water will form the bottoms. ‘In some
cases-the overhead aqueous fraction removed through line
17 may contain small quantities of watersolnble nitrogen
bases such as pyridine and picolines. - These materials
may be:separated by conventional methods ‘if desired.

Thé organic phase from decanter 14 is passed overhéad
through line 19 to a second distillation ‘column 29, In
this column the light naphtha fraction is removed over-
head through line 21 and is recycled to the mixer 11, The
bottoms fraction from distillation column 29 consists pri-
marily of the nitiogen bases, which are removed through
line 22 and may be further purified by conventional meth-
ods if desired.

‘The above separation ‘schefe ‘s relatively siriple but
is applicable only in cases whefe the extractsd 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 i, 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 intre-
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, ectc. 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
glycels, for example, form azeotropes with hydrocarbons
which generally boil very close to the boiling poiat 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- 3

vent. Any azeotrope former may be employed which
forms an azeotrope with the solvent, which azeotrope
boils at a temperature lower than the boiling point of the
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 ¢ 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 distillaticn or azeotropic distillation.

The azeotrope removed overhead from azeotroping col-
umn 5 passes through line 12 to a mixer 13 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 crganic 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 18 and is
passed to a solvent recovery system to be subsequently
described.

The raffinate from extractor 3 is removed through line
19 and transferred to a mixer 28 to which water is ad-
mitted through line 21. The mixture is agitated for a
sufficient period of time to remove residual solvent from
the raffinate to the ‘water phase, and the mixture is then
transferred through line 22 to a decanter 23. The organic
phase in decanter 23 consists of the purified raffinate and
is removed through line 24, The aqueous phase in de-
canter 23 is removed through line 25 and is passed to dis-
tillation column 26, together with the aqueous phase in
line 8 from the previously described solvent-azeotrope
decanter 36. In this column the water is stripped from
the solvent and removed overhead through line 27. Sol-
vent is removed as bottoms through line 28 and is recycled
to extraction column 3.

Various other recovery systems may be employed for
separating the solvent from the extract, without departing
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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
interpreted as limitative. :

EXAMPLE 1

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
column countercurrently to a downflowing stream of di-
cthyiene glycol. The extraction column is of a heignt
corresponding to 3.5 theoretical extraction stages, and
the solvent-to-oil ratio is 1.3. At an extraction tempera-
ture of about 28° C., the raffinate is found to contain only
about 0.3% nitrogen bases, and the extract contains 70%
nitrogen bases, on a solvent-free basis. The raffinate
vield is about 92% by volume.

The nitrogen bases are recovered by first mixing the
total extract with its own volume of water and about ¥
its volume of a light naphtha fraction boiling between
90-150° C. and agitating the mixture. The naphtha acts
35 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-
ther resolved into its chemical constituents e. g., quinoline
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 Iutidines.
The still bottoms consists of the dehydrated solvent which
is recycled to the extraction column.

EXAMPLE I

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 IIL

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-
tion column is of a height corresponding to 3 theoretical
extraction stages and the solvent-to-oil ratio is 2.0. The
extraction temperature is about 28° C. The raffinate is
found to contain about 0.2% nitrogen bases and the ex-
tract contains about 60% nitrogen bases on a solvent-
free basis. The raffinate yield is about 94% by volume.

The extract is then passed to an azeotroping column and
distilled with added toluene. The overhead contains the
toluene-glycol azeotrope boiling at 110° C, and contain- -
ing 6.5% glycol, and also small propertions of low-boil-
ing hydrocarbons contained in the extract. The overhead
is condensed, mixed with about 3 times its volume of
water and run into a decanter. The tcluene and other
hydrocarbons form a top layer which is recycled to the
azeotroping column. The lower phase, consisting of
glycol and water is distilled to drive off the water over-
head, .and recover the glycol as bottoms which is re-
cycled to the extraction column. :
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The bottoms from the azeotroping column. are then
passed 'to a distillation column-to recover as-overhead Te-
sidual toluene. - The bottoms consists of about 70% ni-
trogen bases boiling between 250-<300° C. and about 30%
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
oil fraction 'are recovered. .

EXAMPLE 1V

By substituting triethylene glycol for the ethylene glycol
of Example 1M, and substituting’ a mixture of 'C=9 aro-
matic hydrocarbens boiling between 160-170°.C. for the
toluene in the azeotroping column, an even more efficient
separation is obtained. In this case the raffinate oil con-
tains -dbout 0.2% nitrogen bases, while the extract con-
tains, on a solvent-free basis, about 72% nitrogen bases.
This latter figure shows that triethylene -glycol has' a
higher selectivity for the particular ‘fractions treated, than
any -of the other solvents employed.

The dbove examples ‘are illustrative ‘of suitable con-
tinuoeus extraction procedures for commercial ‘adaptation;
In.order to further illustrate the invention the following
examples are given to illustrate the effect-of batch type
operations.

EBXAMPLE V

A 100:ml. sample of-a shale oil fraction containing 3.2
volume per cent of nitrogen bases, and having a_gravity
of 44.6° A. P. 1. and boiling from 250-600° F. was agi-
tated for several minutes with 90 ml. diethylene glycol
and 10.ml. triethanolamine. .The phases. were allowed to
separate, the lower phase withdrawn, and the upper raffi-
nate phase re-exiracted in the same manner with a -second
100 ml. portion of the same hydroxy compound mixture.
At the conclusion of the first extraction the nitrogen base
content of the cil 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,

EXAMPLE VI

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,
shaking the emulsions with 20 ml ‘pentane, separating
the aqueous solvent phases from ‘the ‘6jl phases by decan-
tation, and distilling the pentane -from the residual oil
phases. The three oil vhases .obtained -were then ana-
lyzed for tetralin and quinoline. The resulis of the.ex-
periment are summarized in the .table.

Table

Bxtraction ... A B C
Weight of solvent, percent of weight of oil__.._ 100 100 100
Weight percent yield of solvent-free raffinate. . 90 96 98
Weight percent nitrogen bases in solvent-free

I8 e e e el 2.5 0.75 0.18
Weight percent nitrogen bases in solvent-free

extract. ... . ... T 44 18 5

This example shows the remarkable selectivity of the
solvent for nitrogen bases as opposed to the aromatic hy-
drocarbon, tetralin, in that the three stage extraction re-
moved over 98% of the quinoline and only 12.5% of the
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 raffinate yield only 2% as compared to 10%
for extraction A.
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EXAMPLE VI

Fifty ml. of a solvent censisting of 10 volumes ‘per
cent water, 9 volumes per cent methanol, and 81 volumes
per cent -ethanel was agitated with 50 ml. of .a kerosene -
extract containing 20% by volume of nitrogen bases and
about 40% aromatics. The kerosene extract had a grav-
ity-of 15.7° A, P. L, and a boiling range of 400—5:50°- F.
After the ‘two phases had: separated, :a determination
showed the extract layer confained 47.6.volumes per

‘cent nitrogen bases while the raffinate layer contained

13.4 volumes-per .cent nitrogen bases, both on a solvent-
free basis. ‘

From the above description it will be seen that the
processes and solvents described herein »p(rovigle replarka-
bly effective means for separating and recovering nitrogen.
bases from mineral oil fractions containing aromatic hy-
drocarbons. .

The foregoing "disclosure ds not ‘to be considered as
limiting since ‘many -variations may ‘be made by those
skilled in the art without ‘departing from the scope or
spirit of the following claims.

{.claim:

1. .A process for separating:organic nitrogen bases.from
a feed mixture comprising (1) a :major proportion - of
hydrocarbons (2) at least-about 10% by volume of aro-
matic hydrecarbons and (3).a miner proportion above
about :0.2% by volume .of organic nitrogen bases, which .’
comprises \extracting .said--mixture with a quantity of
a substantially neutral .solvent comprising 2 major pro-
portion of an aliphatic hydroxy ¢empound, said quantity
of solvent being sufficient o extract an appreciable, sig-
nificant proportion of said nitrogen bases but insnfficient
to extract ;more than a minor proportion of :said aromatic
hydrocarbons, the proportion. ef -original :nitrogen - bases
extracted being larger ithan the proportion of original aro-
matic-hydrocarbons extracted, thereby forming a -mitro-
gen-base-rich -extract, and a raffinate having a reduced
nifrogen 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 inclaim. 1 wherein said feed
mixture.is a mineral,oil distillate.

4. ;A process according.to .claim 1.including the steps
of .azeotropically distilling - said extract with a relatively
water-inseluble .entrainer which forms a constant boiling
mixture. with said solvent, mixing the resulting azeotrope
with ‘water, thereby forming a two-phase system, -one.of
said phases consisting esesntially .of entrainer, the other
of 'said phases consisting essentially of solvent and water,
and sepatating 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
bases, and separating said two phases by decantation.

6. A process for separating organic nitrogen bases from
a-feed mixture comprising ( 1) a major proportion- of
hydrocarbons (2) between about 10% and 70% by vol-
ume of aromatic hydrocarbons and (3) a minor propor-
tion' above about.0.2% by volume of organic nitrogen
bases, which comprises extracting said’ mixture with a
quantity of a solvent comprising a major proportion-of an
aliphatic polyhydroxy compound, said quantity of solvent
being  sufficient to extract a major preportion of said
nitrogen bases but insufficient to extract more than a
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 raffinate having a reduced nitrogen base content but






