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This invention relates to a method and re-
agent for removing weakly acidic substances from
. water immiscible liquid and more particularly to
method. and reagent for removal of mercaptans
and other acidic organic sulfur compounds from
hydrocarbon oils. )

- It is common practice in the petroleum refin-
ing industry to treat petroleum distillate, par-
ticularly cracked distillate, with alkali solutions
in order to remove acid organic sulfur compounds
such as mercaptans.

- It is known that the efficacy of alkaline-react-
ing solutions in removing mercaptans from hy-
drocarbon liquids can be materially improved by
adding to such solutions various compounds such
as alkali salt of the moré volatile members of the
fatty acid series, for example, sodium or potas-
sium isobutyrate, The use of such salts com-
monly known as solutizers has proved beneficial
but the amount of mereaptans removed with:
these reagents is not as great as is frequently
desired. .

It has been found that excellent results may
be obtained by the use of aqueous alkali solutions
containing a cheap readily available material ob-
tained in the course of low temperature, by-
product, destructive distillation of carbonaceous
materials such as coal. - Such a material is high
boiling tar oil or tar acid which has been treated
in a particular manner as hereinafter set forth.,
The term “high boiling tar acid” as herein used
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It is an object of this invention to provide an
improved method of removing organic acidic
compounds, particularly sulfur compounds, from
water-immiscible liquids such .as hydrocarhon
oils, : ‘

It is another object of this invention to pro-
vide a composition of matter which is highly
usable in enhancing the ability of aqueous alkali
solutions for removing organic acidic compounds,
especially sulfur ‘compounds, from water-im-
miscible liquids such as hydrocarbon oils. -

When high boiling coal tar oil is treated with
aqueous alkali solution a, portion usually a pre-
dominant. amount, of the oil reacts to form prod-
ucts soluble in the aqueous solution. It has been
discovered that this portion of the high boiling
coal tar oil which reacts with alkali and which
is soluble in aqueous alkali solutions DoSsesses
superior properties for enhancing the ability of
aqueous alkali treating reagents to extract weak-
ly acidic organic compounds, for example, mer-
captans from water-immisecible liquid such as hy-
drocarbon oil. Furthermore, such portions of the
high boiling coal tar oil are greatly superior to
fractions: obtained by similar treatment of coal
tar oils boiling below 230° C..and particularly

. between about 175° C. and 225° C. .

refers to the heavy, oily liquid boiling above ap- -

proximately 230° C. remaining after distillation
of lower boiling components from the alkalj solu-
ble portion of coal tar light oils and coal tar -
middle oils. In the commercial destructive dis-
tillation of coal there is ordinarily obtained a
dark liquid known as.coa! tar and which upon
distillation produces oils of varying boiling ranges
and a residual pitch. Tt Is common practice to
fractionate the oils obtained from the distilla-
tion of coal tar into several fractions known as
light oil boiling up to about 200° C., middle oil
boiling from about 200 to 250° C., and heavy oil
boiling from about 300 to 350° C. In the course
of refining these fractions, acidic materials are
separated by treatment of the oils with agqueous
alkali solution and from which the acidic prod-
ucts may be sprung by acidification. These
acidic products are fractionated to obtain phenol
and phenolic compounds boiling up to about 230°
C. The remaining residual liquid boiling above
about 230° C; forms what is known as high boil-~
ing coal tar oil or high boiling coal tar acids.
The portion of this oil that reacts with agqueous
alkali solution has been found unusually effec-
tive in increasing the extraction power of aque-
ous alkali solutions for removing organic acidic
compounds. from neutral or alkaline . water-
immiscible liquids, .
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‘As an illustration of my invention, high boil-
ing coal tar acids obtained from the Reilly Tar
and Chemical Company and produced by con-

‘ventional commercial low temperature, by-prod-

uct destructive distillation of coal was mixed
with an equal volume of benzene and treated with

8 10% aqueous sodium hydroxide solution. The .
amount of aqueous solution used was about 5
to 10.times the volume of the tar agids. The
dilution of the tar acids with benzene prior to
treatment with alkali solution was for the pur-
pose of reducing the viscosity of the tar acids
and facilitating the subsequent éxtraction with o
the aqueous alkali solution. The aqueous alkali
solution containing alkali reaction products of
the tar acids could have been used directly for
the purpose of extracting mercaptans from pe-
troleum oils, but in order to more accurately de-
termine the amount of the reaction product being
used in the various treating operations, the aque-
ous solution was acidified and the tar acid frac-
tion sprung therefrom, ‘The springing operation
was accomplished in the presence of benzene to
facilitate separation of the sprung tar acids from
the acidified agueous phase. The benzene was
evaporated from the extracted portion of the tar
acid and the residual acids thus obtained were
added in carefully regulated portions to agueous
sodium hydroxide solutions of known concen-
tration. The resulting aqueous alkali treating
reagent was used in the amount of 1% by volume

in treating separate samples of the same gaso-
line. The gasoline was a mixture of straight
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" run and cracked gasolines. In each case the
treating reagent. and gasoline were contacted for
five minutes with vigorous shaking In a closed
container in an atmosphere of nitrogen. The
treated gasoline was subsequently separated from
the treating reagent and analyses made for mer-
captan sulfur content. The resuits of these tests
are shown in Table I. The data are in per cent
by weight.

Table I
Wt. per cent composition of Per cent RSH
treating solution sulfur in gaso. Purt
cent,
N T ” “I RSH
No. High . sulfur
NaOH bog;;‘ng Water |Cresols l\éf'&h Untrid.| Trerd. | 0% o
acids
| S 20 0 0 | None | None | 0.0184 [0.0110 40.2
b I 20 20 60 | None | None | 0.0200 [0. 0043 8.5
F: S 20 25 55 | None | None | 0.0200 |0.0036 82,0
4 ... 20 30 50 { None | None | 0.0200 [0.0031 84.5
[ - 20 | None 56 6.2 | 183 0.0200 0. 0046 7.0
H

It will be seen from the results in Table I that
the mercaptan extracting power of 20% aqueous
sodium hydroxide solution is greatly increased
by Incorporating therein from 20 to 30% Ly
welght of the high boiling coal tar acids. As a
result of an extensive amount of work, it has
been found that aqueous alkali solutions contain-
ing cresols and naphthenic acid are very efficient
mercaptan extracting reagents for extracting
mercaptans from petroleum oils. Reference-to
Table I, however, shows that 6.2% cresols and
18.8% naphthenic acid in 20% sodium hydroxide
solution is not as effective in extracting mercap-
tans as is 20% aqueous sodium hydroxide splution
containing either 20 or 25% of aqueous alkali
soluble fraction of high boiling coal tar oil. Al-
though the same large original sample of gasoline
was used as a source of gasoline for the various
individual treating operations carried out, the
work on sample number 1 was conducted at a
date appreciably after the work which was done
on the other samples and the aging of the gaso-
line with concomitant oxidation of mercaptans
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while either the high boiling or low boiling tar
acids enhance the ability of straight aqueous
sodium hydroxide solution to remove mercaptans
from gasoline, the high bolling tar acids are
much more effective than the lower boiling tar
acids boiling between 175 and 230° C

The amount of the aqueous alkali soluble frac-
tion of high boiling coal tar acids which may be
used in alkali treating reagent may be varied
between rather wide limits, depending upon such
factors as temperature, concentration of alkali
and the presence of other materials such as mer-
captan solubility promoters which enhance the
ability of agueous alkall solution for extracting
mercaptans from petroleum oils and which may
affect the solubility of the tar oil fraction. In
general, however, it is preferred to use not sub-
stantially less than 5% by weight of the high
boiling tar acid fraction. Larger amounts of the
tar acid fraction may be used ranging up to the
maximum solubility thereof in the particular
alkali treating reagent under consideration. The
tar acid fractions may be dissolved in various
aqueous alkali solutions. although solutions of
sodium or potassium hydroxide are preferred. In
general, the mercaptan extracting powers of
potassium hydroxide solution are greater than
those of comparable sodium hydroxide sclution
but the original cost of the solution is consider-
ably greater. The concentration of alkali in the
aqueous treating reagent preferably ranges from
approximately 5% by weight up to about 40% by
weight although best results have been obtained
when the concentration is above approximately
10% by weight. In referring to the concentration
of alkall throughout this specification and in the
appended claims it is Intended that this shall
refer to weight per cent of alkali in the reagent

- solution. The alkali content of the reagent as
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undoubtedly accounts for the difference in the

mercaptan sulfur content of the untreated gaso-
line of sample number 1 and the remaining
samples.

Anothe? series of tests were carried out to de-
termine the relative efficacy of the alkali soluble
portion of tar acids boiling between 175 and 230°
C. as compared to the alkali soluble residual tar
aclds remaining after the aforementioned frac-
tion had been removed by careful fractionation.
Separate samples of another gasoline were treat-
ed by the same procedure as described in con-
nection with the samples of Table I. The treating

- solutions all contained approximately the same
proportion by welght of sodium hydroxide. The
‘data obtained are shown in Table IL

Table 11
. Boiling RSH
Sample number range of NaOH sulfur
tar acids removed
°C. Per cent | Per cent
175-230 -20.1 64.1
Over 230 20.2 7.5
............ 20.0 46.8

“Sa,mples 1 and 2 each contained 20% by welght
of tar acids, Sample 3 is a straight sodium hy-
droxide solution, ~The data clearly show that
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thus defined may be readily determined in these
‘solutions by titration with standard acid solution
to a phenolphthalein end point.

It will be apparent that in preparing treating
reagents in accordance with this invention, the
desirable high boiling tar acid fraction may be
added as such or as the alkali compound thereof
since the tar acid forms alkali compounds when -
dissolved in aqueous alkali solutions.

The specific examples given are only by way
of illustration and are not intended to.limit the,
invention to the specific quantities or to the par-
ticular materials named. Mixtures of various
mercaptan solubility promoters may be used as
well as the tar acid fraction alone. Treating
solutions in accordance with this invention can
be regenerated in the same manner as aqueous
alkali solutions, namely, by boiling or by steam
stripping and reusing the regenerated solution
either with or without adjusting the alkali eon-
centration and with or without further addition
of tar acid and/or solutizers.

What 1s claimed Is:

1. In a method for removing organic acidic
substances from hydrocarbon fluids the -step
which comprises contacting said flulds with
alkali solution containing a product prepared by
separating from high bolling tar acids at least a
portion thereof which reacts with aqueous alkali
solution.

2. The step in accordance with claim 1 where
the said product is present in the solution in an
amount of approximately 20% to 30% by weight.

3. In a method for removing weakly acldic or-
ganic sulfur compounds.from hydrocarbon lig-
uids the step which comprises contacting said
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liquids with aqueous reagent containing alkall

metal hydroxide and a product prepared by re--

acting high boiling tar acids with sufficient aque-
ous alkali metal hydroxide solution to dissolve
at least a portion of the tar acids and employing
the dissolved portion as the said product.

4. In a method- for removing weakly acidic
organic sulfur compounds from hydrocarbon lig-
uids the step which comprises contacting said
liquids with aqueous reagent containing alkali
metal hydroxide and product prepared by react-
ing high boiling tar acids with sufficient aqueous
alkali metal hydroxide solution to dissolve at
least & portion of the tar acids, separating and
discarding the undissolved portion, acidifying
the remaining solution whereby to spring dis-
solved acids and separating the acids thus ob-
tained as said product.

5. The method for removing mercaptans from
hydrocarbon oils which comprises contacting
said oils with an aqueous alkali metal hydroxide
solution containing at least 5% by weight of
alkali and containing the reaction product of
alkali metal hydroxide and high boiling tar acids
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in an amount sufficient to enhance the ability of
sald alkali metal hydroxide solution to extract
acidic bodies from said fluids.

6. Method in accordance with claim 5 in which
said solution contains at least 5% by weight of
aqueous alkali-soluble, high boiling tar acids in
the form of their alkali metal hydroxide reac-

" tion products.
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7. Method in accordance with claim 5 in which
the solution contains from 5 to 40% by weight
of alkali and from 5% by weight up to the maxi-
mum amount soluble in the solution of aqueous
alkali-soluble high boiling tar acids in the form
of their alkali metal hydroxide reaction product.

8. The method of removing mercaptans from
low-boiling hydrocarbon oils which comprises
contacting said oils with an agqueous solution
prepared by adding together approximately 20%
by weight of sodium hydroxide, approximately
20-30% by weight of aqueous alkali-soluble high
boiling tar acids and the balance water.
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