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This invention relates to the extraction of
weakly acidic substances from hydrocarbon solu-
tions and more particularly it relates to the ex-
traction of mercaptans from hydrocarbon oils
such as petroleum distiliates, naphtha, gasoline,
kerosene, etc. In the manufacture of gasoline
and other petroleum distillates known in re-
finery practice as “light oils,” it has long been a
problem to remove therefrom ill-smelling sulfur
compounds which are primarily mercaptans. Cer-

tain processes such as the doctor treating process’

have been employed to convert mercaptans into
other sulfur compounds such as disulfides which
are less objectionable from the standpoint of
odor. However, this conversion does not decrease
the sulfur content of the gasoline and it has
been found that the disulfides themselves are
quite objectionable from the standpoint of gaso-
line detonation characteristics.

Numerous processes have been devised for ex-
tracting the mercaptans completely, thus pro-
ducing a gasoline of higher knock rating and
higher susceptibility to knock rating improvement
resulting from the addition of tetraethyl lead.
in general, these processes have employed strong
-alkali solutions . in conjunction with certain
mercaptan solubilizing agents known as solu-
tizers. -~

One of the objects of this invention is to pro-
vide an improved solutizer for the extraction of
weakly acidic substances from petroleum distil-
lates. Another object of the invention is to pro-
vide a process of removing mercaptans more ef-
fectively from gasoline and other petrcleum dis-
tillates by means of a solution which can be
readily regenersted and recycled in the extrac-
tion operation. A further object of the inven-
tion is to provide a solutizer which is substan-
tially nonvolatile and which will not be lost from
the treating solution by dissociation and evapora-
tion. A still further object of the invention is to
provide a solutizer which is sufficiently effective
in removing mercaptans from napthas to pro-
duce a naptha which will pass the doctor test
without further treatment.

According to our invention, we employ for the
treatment of hydrocarbon distillates alkaline
solutions of solutizers having the following generic
formula:

RiX—(ReX) y—RsCOzH

in which R1 is an alkyl, substituted alkyl, or
hydrogen radical, Rz is an alkylene radical, Rs is
an alkylene or substituted alkylene radical, X is

either oxygen or sulfur, preferably oxygen, and
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¥ is a simple whole number. Examples are the
ethers of glycol- and polyglycol substituted ali-
phatic acids, and their corresponding thio and
thioxy derivatives. For convenience, these com-~
pounds are termed herein “polyether acids,” their
common characteristic being a chain of at least
two ether or thioether linkages in combination
with an organic acid radical. 'The simplest com-
pound of the class is methoxymethoxy-acetic acid
and its corresponding thio derivative, methio-
methio-acetic acid; likewise methiomethoxy-
acetic acid and methoxymethio-acetic acid may
be employed. Ethioethoxy-acetic acid and
ethoxyethoxy-acetic acid are both excellent solu-
tizers. 'These solutizers generally contain from
4 to 10 carbon atoms.

Polyethoxy acids may be conveniently prepared
from glycol and its derivatives. Thus, glycol
monomethyl ether (methylcellosolve) is readily
condensed with monochloracetic acid by first
treating with sodium methylate and driving oft
the methanol in a vacuum.

Besides the polyethers and thioethers of acetic
acid, we may also employ similar derivatives of
higher molecular weight acids, e. g. propionic and
butyric acids, as well as the dibasic acids such as
malonic and suceinic. 'We may also employ the
polysubstituted polyethers, the simplest of which
are bismethoxy succinic. acid and bismethoxy
acetic acid. Likewise we may employ the dibasic
acids wherein the polyether linkage joins the two
acid radicals as in glycol diacetic acid

CeH4(OCH2CO:2H) 2

which may be prepared by condensation of the
sodium derivative of glycol with sodium mono-
chloracetate followed by liberation of the acid
from its salt. Also we can use such compounds
as the following:

CO2H—CH0—CoH4-—0O-—CoH—O—CH2CO2H

the generic formula of which is
CO:H—RO—(R—O0) n——RCO2H

where R is an alkylene radical and n is a whole

number. .

In carrying out our process, the hydrocarbon
distillate containing mercaptans or other weakly
acidic material is contacted preferably in a
countercurrent extraction tower with a strong
alkaline solution of the polyether acid solutizer.
For this purpose, sodium or potassium hydroxide
may be used, preferably the latter, in a concen-
tration of about 2 to 6 normal free caustic above
that combined with the solutizer agent. 'The
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concentration of solutizer employed will usually
be within the range of about 5 to 40 per cent on
the basis of free polyether acid in the alkali solu-
tion. Usually the polyether concentration falls
within the range of 1.5 to 4 molar. The extrac-
tion step is preferably carried out at ordinary
temperature, for example 40 to 100° F., and the
solutizer solution containing dissolved mercap-
tans or other weakly acidic substance is with-
drawn from the extractor and separately re-
generated after which it is recycled to the ex-
traction step. The regeneration operation con-
sists in removing from the caustic soiutizer solu-
tion the dissolved mercaptans or other weakly
acidic substances, and is preferably carried out
by blowing with air, for example at a slightly
elevated temperature, e. g. 120 to 130° P. Tt is
desirable to avoid subjecting the solutizer solu.-
tion to a temperature sufficiently high to
accelerate materially hydrolysis of the carboxy
ether employed.

In the regeneration operation, part of the mer-
captans may be removed by dissociation and
evaporation and part by the oxidizing action
of the air converting them to disulfides which are
no longer soluble in the solutizer solution. These
disulfides may be removed as an upper oily layer
and, if desired, a hydrocarbon or other immiscible
solvent may be employed to assist in their re-
moval from the regenerated solutizer solution.
The solutizer solution is then recycled to the con-
tinuous extraction step of the process for the ac-
cumulation of more mercaptans.

The regeneration reaction may be accelerated
by employing catalysts which have the ability to
speed the oxidation of the mercaptans. For this
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with an alkali washing step to remove part of
the phenols, cresols, etec., thus preventing an ex-
cessive amount of such phenclic substances ac-
cumulating in the solutizer solution. In the
treatment of such phenol-containing stocks, how-
ever, there is a distinct advantage to permitting
a controlled amount of such phenols, cresols,
etc., accumulating in the solutizer solution, and
we have found that the combination of cresols
and our polyether acids provides a very effective
reagent for extracting mercaptans. We prefer
to control the amount of cresols in the range of
about 1 to 3 normal concentration. Inasmuch as
the distillate extracted by such a solution has
been found to carry away in solution a small
amount of cresols in the concentration which is
in equilibrium with that in the solutizer solu-
tion, and inasmuch as cresols exert a valuable
antioxidant effect on the treated gasoline, par-
ticularly in the case of cracked stocks, it is clear-
ly desirable to employ a solutizer solution con-
taining cresols. Other solutizers besides cresols
may be employed with our polyether acids and a
suitable proportion of polyether acids is a molar
ratio to the other solutizer of 0.2 to 4.

The following table gives the results obtained
in the extraction of a sour naptha containing
primarily butyl mercaptan as an example of a
weakly acidic substance. Removal of the butyl
mercaptan is indicated by the copper number of
the naptha. Extraction was carried out in the
ratio of one volume of solutizer solution to five
volumes of naptha in a single batch extraction
step. The particular solutizers employed are in-
dicated in the table. The copper number of the
naptha treated was 100 pefore extraction.

Cu No. of Buc?;)]té\ﬁel-
’Il;Tegt Composition of Solutizer Solution ﬁggt%i_ Distribution Comments
. traction Coeflicient,
Xq
1. 6N KOH, 3N CH30CH:COOK ... ... 8 58
2. ... 4N KOH, 2N CH3;0CH:CO0K, N K cresylate. 4 120
L . 6N KOH, 3N C;H;0CH:CH:0CH,CO0X..__.. 0.5 995 | Reuse: Cu No, 100 ~—— 1.5.
4. 4N XOH, 2N CoH;0CH:CH3;0CH,COOK, N K cresylate___ 1 495 | Reuse: Cu No. 100 —— 2.5,
[ S 3N KOH, 2N C:H;0CH:CH;0CH:COO0K, 1.5 N K cresylate__.___ 0.5 995 | 1% entrainment. Emulsion
f)roken with Tretolite. Reuse:
Cu No. 100 —— 2,
6N NaOH, 2N C;H;0CH;CH;QCH.COONa_________________ 2.5 195 | Reuse: Cu No. 100 —— 4.
4N NaOH, 2N C2H;0CH;CH,0CH3;COONa, N Na cresylate. 2 245 | Reuse: Cu No. 100 —— 3.5.
6N KOH, 2N C;H;SCH;CH;0CHCOOK .. 5.5 86
4N KOH, 2N C:HsSCH;CH;0CH;CO0K N K cresylate.. . - 10 495
3N KOH, 2N C:H;SCH:CH,0CH;CO00K 1.5 N K cresylate....__._ <0.5 >995

purpose certain alkali-soluble metal oxides may
be employed, such as the oxides of lead, tin, ete.
but we prefer to employ compounds of the char-
acter of phenols and polyphenols in accordance
with the teaching of the U. S, patent of Pevere
2,015,038 (September 17, 1935). According to this
method there is added to the solutizer solution
a small amount of & phenol or polyphenol such as
hydroquinone, catechol, pyrogallol, gallic acid,
tannic acid, etc., using a concentration of about
0.1 to 1 per cent, thereby greatly increasing the
rate of regeneration in the presence of air or
oxXygen. One very significant benefit resulting
from the use of these phenolic catalysts is that
they enable regeneration to be carried out at a
lower temperature, for example room tempera-
ture, thereby avoiding the cost of heating and
cooling large volumes of solution. Corrosion of
equipment is also reduced.

In the treatment of certain petroleum stocks,
particularly cracked gasoline containing small
amounts of phenolic compounds, especially
cresols, it is desirable to precede the extraction
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The efficiency of extraction is indicated by the
coeflicient, Kq which is the concentration of mer-
captans in the caustic solution divided by the
concentration remaining in the naptha.

The copper number referred to above is deter-
mined by titrating a 100 mil, sample of naptha
with standard ammoniacal copper solution, 1 ml.
of which is equivalent to 1 mg, mercaptan suifur
per 100 ml. (1 copper number). The end point
is observed when the blue color fails to be dis~
charged after shaking.

As a general rule when the concentration of
mercaptans in a naptha stock falls below about
one copper number it will exhibit a negative
doctor reaction and therefore may be technically
considered “sweet.” It will be noted that several
of the extractions described hereinabove effected
a reduction of copper number below one illustrat-
ing the high efficiency of our new solutizers and
their usefulness in producing acceptably sweet
stocks on extraction in only a single stage. In
general, however, multistage extraction is em-
ployed, for example, countercurrent tower ex-
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traction, in which case acceptably sweet stocks
are obtainable by the use of our new solutizer
over a wide range of conditions either alone or in
combination with other solutizers such as the
phenols exemplified by cresylic acid. It some-
times may be more economical practice to re-
move the major portion of the mercaptans from
the stock by solutizer extraction and then com-
plete the sweetening in a further separate sweet-
ening operation with lead plumbite doctor, hypo-
chlorite, or other well-known sweetening method
to produce a stock which will pass the doctor
test where that is desired.

Having thus described our invention what we
claim is:

1. The process of extracting weakly acidic sub-
stances from hydrocarbon. distillates which com-
prises contacting said distillates with a solution
of an alkali metal hydroxide and & solutizer com-
prising an alkali metal salt of a polyether acid.

2. The process of claim 1 wherein the polyether
acid is ethoxy-ethoxy-acetic acid.

3. The process of claim 1 wherein the polyether
acid is methoxymethoxy-acetic acid.

4, The process of extracting weakly acidic sub-
stances from hydrocarbon distillates which com-
prises contacting said distillates with a solution
of an alkali metal hydroxide and a solutizer
which is an alkali metal salt of an acid of the
following general formula:

Ri—X—(R2X) y—Rz-—CO2H

wherein Ri is an organic radical of the class
consisting of alkyl and substituted alkyl radicals,
Rz is an alkylene radical, Ra is an alkylene radical,
X is an element of group VI of the periodic sys-
tem with atomic number of 8 to 16 and Y is a
simple whole number,

5. The process of removing mercaptans from a
sour petroleum distillate which. comprises con-
tacting said distillate with a solution of an alkall
metal hydroxide and & solutizer comprising an
alkali metal salt of a polyether acid.

6. The process of claim 5 wherein said alkali
metal is potassium.

7. The process of removing mercaptans from
sour hydrocarbon distillates which = comprises
extracting said distillates with a solution of an
alkali metal hydroxide and a solutizer comprising
a mixture of an alkali metal cresylate and an
alkali metal salt of a polyether acid containing
from 4 to 10 carbon atoms.

8. The process of claim 7 wherein the concen-
tration of free alkali metal hydroxide in the said
solution is about 2 to 6 normal, the concentration
of alkali metal cresylate is about 0.5 to 3 normal,
and the concentration of said polyether acid is
about 1 to 3 normal. *

9. The process of removing mercaptans from a
sour hydrocarbon distillate which comprises ex-
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6
tracting said distillate countercurrently with a
solution of an alkali metal hydroxide containing
about 3 to 6 normal free alkali and about 1 to 3
normal polyether acid in the form of its alkali
metal salt.

10. The process of removing mercaptans from a
sour hydrocarbon distillate which comprises ex-
tracting said .distillate with a solution of an
alkali metal hydroxide containing glycol diacetic

‘geid in the form of its alkali metal salt in a

concentration of at least 0.5 normal.

11. In the process of removing mercaptans
from a sour petroleum distillate wherein said
distillate is contacted with a solution of an alkali
metal hydroxide in which the mercaptans are dis-
solved, the alkali solution is separated from the
distillate and regenerated by the action of an
oxygen-containing gas whereby the mercaptans
are converted to disulfides insoluble in the said
alkali solution, the said disulfides are separated
from the alkali solution and the resulting solu-
tion is returned to the contacting step for re-
moval of mercaptans from additional amounts of
petroleum distillate, the improvement comprising
increasing the solubility of mercaptans in said
alkali solution by adding thereto a solutizer mate-
rial comprising an alkali metal salt of a polyether
acid.

12. In the process of removing mercaptans
from s hydrocarbon distillate wherein said dis-
tillate is contacted with a solution of an alkali
metal hydroxide containing a small amount, of
the order of 1%, of a phenolic oxidation catalyst,
the alkali solution containing mercaptans and
said oxidation catalyst is separated from the hy-
drocarbon distillate, subjected to oxidation with
air in a regeneration zone whereby said mer-
captans are converted to disulfides insoluble in
said alkali solution, and the regenerated alkali
solution is recycled to the contacting operation
for the removal of mercaptans from additional
amounts of petroleum distillate, the improvement
comprising employing as a mercaptan solutizer

- in said alkali solution an alkali metal salt of a

polyether acid.
CHESTER E. ADAMS.
THEODORE B, TOM,
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