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This invention pertains primarily to the re-
moval of elementary sulphur and to the removal
or rendering innocuous the mercaptans and sub-
stances of disagreeable odor occurring in hydro-
carbon products, such as cleaners’ naphthas, gas-
olines, kerosenes, etc., which  are commonly re-
fined to pass the “doctor” test and the copper
-corrosion test of the petroleum industry, de-
scribed in. United States Government specifica-

0 tion for Lubricants and liquid fuels, 1927, #323
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B, pages 96 and 97.

The use of plumbite solution is well known for
treatment of hydrocarbons containing elemen-
tary sulphur and/or mercaptans. The chemistry
of the process has been described by Wendt and
Diggs in the Journal of Industrial and Engineer-
ing Chemistry, (1924), and is the process which
has been generally in use. )

All methods thus far found practical for sweet-
ening sour gasoline with the aid of sulphur have
consisted in bringing about the reactions between
the sulphur and the mercaptans thru the
agency of a compound of lead, preferably sodium
plumbite, which is prepared by dissolving litharge
in an aqueous caustic soda solution. The lead
acts as an intermediate reagent or as a catalyst,
or both, to bring about complete reaction be-
tween equivalent quantities of sulphur and mer-
captans, Unless the lead compound is used, it
has thus far been impossible to sweeten sour
gasoline with sulphur except by adding a large
excess to the gasoline over the amount necessary
to react with the mercaptans, and under this con-
dition the excess sulphur remains dissolved in

5 the gasoline, rendering it extremely corrosive.

The U. S. Bureau of Mines, Technical Paper
323-B, page 97, has rigid tests which exclude
all corrcsive constituents from gasoline, No
reputable gasoline manufacturer will sell gaso-
line containing elementary sulphur.

The following two equations are representative
of the process by which sodium plumbite brings
about the reaction between mercaptans and
sulphur in gasoline and renders the gasoline

5 sweet and non-corrosive:

(1) 2RSH4Na2PbO2=(RS)2Pb-}2NaOH
(2) (RS)2PH4+S=R—S—S—R{|PbS

In the equations “R” represents an organic
radical. The product of the reaction, the alkyl
disulphide, R—S-—S—R, is innocuous and re-
mains dissolved in the gasoline. The lead sul-
phide, PbS, is insoluble in both the gasoline and
the agueous solution. After the sweetening, this
lead sulphide usually settles from the gasoline,
especially if the gasoline is washed with water;
but in any case the lead sulphide carries an ap-
preciable quantity of the gasoline as a very stable
emulsion into the agueous layer when it settles,
and this emulsion entails a loss. In addition tq

(CL 196—32)

this disadvantage of the plumbite treatment, the

original litharge is expensive, and a large amount
of caustic solution must be used as a vehicle to
carry the sodium plumbite.

The sodium plumbite solution is remarkable in
that it completely utilizes equivalent amounts of
sulphur and mercaptans, leaving no traces of
either in the gasoline and, moreover, if a 10 or
20% excess of sulphur is added to the gasoline
over the amount actually required, the plumbite
solution extracts the excess and leaves the gaso-
line free of sulphur. The need has long existed
for an inexpensive reagent possessing the valu-
able properties of the plumbite solution but one
which is cheaper and which will produce no
troublesome by-products, such as the lead sul-
phide.

It has been known for some time that mer-
captans in gasoline can be converted into the
innocuous alkyl disulphides by dissolving free sul-
‘phur in the gasoline in large excess over the
amount actually required for the reaction with
the mercaptans and then agitating the gasoline
with an aqueous caustic soda solution of 5 to
20% strength. This process, however, cannot be
used in practice, inasmuch as the excess sulphur
remains in the gasoline and renders it extremely
corrosive. If less sulphur is used, the mercap-
tans will not be eliminated.

I have discovered that if a predetermined quan-
tity of sulphur is added to sour gasoline (gasoline
containing mercaptans), the sulphur and mer-
captans can be made to react completely and
almost instantly so as to leave the gasoline en-
tirely free of elementary sulphur and mercaptans
by co-mingling the gasoline bearing these ingre-
dients with anhydrous or almost anhydrous caus-
tic alkalies. - Moreover, about 15% more sulphur
than the minimum amount required to complete
reaction can be added and yet all the excess is
removed, thus permitting about as much margin
in the proportion of sulphur added as in the
plumbite treatment. All the products of the re-
action which are to be removed from the gasoline
are completely soluble in water and can be washed
irom the gasoline by means of only a little water.

Inasmuch as this néw invention depends upon
the mutual reaction between sulphur and mer-
captans, elementary sulphur can also be instant-
ly removed from gasoline by adding the proper
proportions of mercaptans to the gasoline and
then co-mingling the gasoline solution with the
anhydrous caustic alkali. Thus two different
samples of gasoline, one corrosive from elemen-
tary sulphur, and the other sour from mercap-
tans, can be properly blended and made sweet and
non-corrosive with the anhydrous caustic alkali.

As llustrations of methods of applying the
anhydrous or almost anhydrous alkalies to the
gasoline which has already been prepared with
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the proper reacting proportions of sulphur and
mercaptans are the following:

(1) Finely divided anhydrous sodium or potas-
sium hydroxide can be co-mingled with the pre-

pared gasoline.

(2) Anhydrous caustic alkali can be dissolved
in almost anhydrous alcohol, as methyl or ethyl,
to make a solution containing any desired con-
centration, 10 or 15%, and a fraction of a per
cent of this solution, about 0.1 to 0.3%, added
to the prepared gasoline and agitated a few
seconds.

(3) A saturated solution of sodium or potas-
sium hydroxide in water (approximately 50%
concentration or higher) can be agitated in rela-
tively large volume (5%) for 15 minutes with
the prepared gasoline.

The chemical reactions involved in oxidizing
the mercaptans by means of the sulphur are
more complex than indicated in the simple equa~
tions:

(1) 2RSH-+2NaOH=2RSNa+H:0

(2) 2RSNa+4S=R—S—S—R+4Na:S,
inasmuch as more sulphur must be added to the
gasoline than indicated in the equations. How-

. ever, the amount required for any given sample

of gasoline, like that required in sweetening with
plumbite solution, can be varied by only a narrow
margin, about 15%, as stated above. A lesser
amount of sulphur will not sweeten, and a greater
amount will sweeten but will leave the gasoline
corrosive from the extra sulphur. ‘The elemen-
tary sulphur added is removed as water-soluble
compounds, and an analysis of the water extract
shows that a sulphide is present. The yellowing
color of the extract indicates the possible pres-
ence of a polysulphide, such as sodium tetra-
sulphide.

The greater amount of sulphur required than
in the corresponding plumbite treatment is prob-
ably involved in the actual sweetening operation
thru a release of energy rather than thru supply-
ing additional sulphur for two competing re-
actions; one the oxidation of the mercaptans
with formation of alkyl disulphides and sodium
sulphide, and the other the formation of poly-
sulphides with the sodium sulphide of the first
reaction. This assumption is made from the fact
that in a special test a large proportion of sodium
sulphide was added to the anhydrous alcoholic-
alkali solution used in sweetening, and practically
no more sulphur was required than when the

‘alcoholic-alkali solution alone was used.

That the extra sulphur is involved in supply-
ing chemical energy for the sweetening process
may also be inferred from the three facts that
(1) the polysulphides are not readily formed in
a dilute water solution from sulphur and sodium
sulphide, (2) that a sour gasoline cannot be
sweetened and made non-corrosive with sulphur
and an aqueous solution of caustic alkali when
the concentration is appreciably less than 50%,
and (3) that sour gasoline cannot be sweetened
with only sulphur and sodium sulphide in solu-
tion in water or in alcohol.

The chemistry of the polysulphides and their
formation is very intricate, and I desire my claims
of discovery to rest on the experimental facts
rather than on the theories advanced.

-A ‘practical method of adding the necessary
sulphur for sweetening is to add a determined

'_»proporti,o_'n,‘ e. g., 1 to 2%, of a like hydrocar-

~bon which has been more or-less. saturated with
.~the sulphur, which is usual in present refining
- practice, although the p_rOp’ortion cf sulphur may .

1,870,583

be different., The mercaptan required for the
necessary ratio to remove sulphur can be added
by adding a “sour” hydrocarbon or pure mer-
captan. The manner of contacting of the hydro-
carbon with solid caustic alkalies needs no special
discussion, and the examples given in the ta-
ble show the results of the treatment.

Another practical method consists in the use
of an active alkaline reagent dissolved in an or-
ganic solvent, which in turn is highly soluble
in liquid hydrocarbons, such as cleaners’ naph-
thas, gasolines, kerosenes, etc. Among such sol-
vents are the alcohols, acetone, commercial ethyl
ether, and equivalent solvents and among the
alkaline reagents suitable for use are the caustic
alkalies (sodium and potassium hydroxides),
alkali metal alcoholates (e. g. sodium ethylate),
oxides and hydroxides of the alkaline earth met-
als (e. g. calcium and barium). The table shows
examples of these solutions as used in my labora-
tory experiments in treating California cracked
gasoline as typical of hydrocarbons. The data
do not all pertain to the same sample of gaso-
line, although the different samples used did not
differ greatly among themselves.

The choice of solvent for the alkali will be deter-
mined mainly from its relative cost, efficiency,
and ease of recovery after use. Anhydrous
methyl alcohol is soluble to the extent of around
8% by volume in gasoline, while anhydrous ethyl
alcohol and all the higher molecular weight
monohydric alcohols of commercial importance
are soluble in all proportions.

More sodium or potassium hydroxide dissolves
in methyl alcohol than in the higher alcohols, but
as the solubility or miscibility of the resulting so-
lution in hydrocarbons is less than the alkali so-
lutions of the higher alcohols, a little more agita-
tion is required when the alkali-methyl alcohol
solution is used. However, by blending the methyl
alcohol solution with those of the higher alcohols,
such as ethyl, the propyls, ete., a solution is ob-
tained having a high percentage of alkali, and at
the same time having characteristics of high
miscibility with the hydrocarbons, and only a
little agitation is required for thorough commin-
gling. Examples 6 and 7 in the table are illus-
trations of such mixtures.

A mixturé of the caustic alkalies in alcohol
or alcohols is satisfactory and gives a little more
flexibility in the proportion of sulphur or mer-
captan which can be added so as toyield a prod-
uct both sweet and non-corrosive, .-

These alkalies remove hydrogen sulphide and
other acidic substances- from the hydrocarbons,
although hydrogen sulphide can be removed very
easily by simply washing- w1th a dllute aqueous
caustic soda solution.

As stated previously, sohd potassmm hydrox-
ide or solid sodium hydroxide or a concentrated
solution of aqueous sodium hydroxide in relative-
ly large quantities can be contacted with the hy-
drocarbon containing the proper amount of
added sulphur or of added mercaptan to make
the hydrocarbon sweet and non-corrosive. The
excess alkali can in all cases be utilized for treat-
ing additional quantltles -of hydrocarbons or for
other purposes in the refinery.- The actual con-
sumption of alkali ih -treating the hydrocarbons
is the same whether the alkah is applied as solid
or in solution.

.To. show speclﬁca.lly the 51gn1ﬁcance of my
dlscovery, I shall describe as ‘a. typxcal example

~the use of free sulphur and a cold saturated S0~

lution of sodium hydrox1de in- ethyl alcohol to
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sweeten a sour cracked gasoline, A measured
quantity of sulphur is added to the gasoline to
be treated. This quantity is determined by con-
trol tests on a sample of the gasoline in ques-
tion as is done in sweetening with plumbite so-
lution. The ethyl alcohol solution contains about
12 to 14% by weight of the alkali. When added
to the gasoline, even without agitation, the ethyl
alcoholic solution immediately disperses and for
an instant the whole has the appearance of com-
plete solution. The intimate contact produced
in this process is ideal for the chemical reac-
tion, and but little agitation is required except
as is needed to mix intimately any two mutual-
ly soluble liquids. The action of the propeller
blades of a centrifugal pump, or that of an ori-
fice plate, or the turbulent flow through a pipe
is ample. The sweetening reaction is almost in-
stantaneous. In a few seconds after the alcoholic
alkali reagent is added, a slight whitish cloud
develops which settles out combpletely in a few
hours if no water is added, leaving the gasoline
sweet and non-corrosive. The white material
can be filtered out at once without waiting for
the settling and the gasoline is sweet and non-
corrosive. A convenient method consists in im-
mediately washing the gasoline with a little wa-
ter. All the products involved before and after
the treatment are completely soluble either in the
.gasoline or in the water, although not in both.
The amount of water used for washing can be
controlled so as to remove practically all of the
added alcohol. If ten to twenty times as much
water is added as alcohol, the agueous solution on
separating from the gasoline has a content of
approximately 5 to 10% of alcohol and not over
about 0.1% of hydrocarbon. The alcchol can then
be recovered from the agueous solution by the nor-
mal processes of distillation. The water washing
alsc leaves the gasoline sweet and non-corrosive.

In the table, thez importance of the addition
of sulphur is seen. In Example 3, the proper
amount was added yielding a sweet and non-
corrosive product. In Example 3—A, too much
sulphur was added, producing a sweet, but cor-
rosive product. In Example 3—B, too little sul-
phur left the product sour, and in Example 3—C,
in which no sulphur at all was added, the product
was left sour, even though 60 times as much
alcoholic-alkali solution was used as in Example
3, which was satisfactory. The same observations
maintain in Examples 2 and 2—C, inclusive, in
Examples 13 and 14—1B, inclusive, and in Ex-
amples 15 and 15—B, inclusive. If appreciably
less alcoholic-alkali solution had been used in
Examples 2 and 3, the product would have been
both sour and corrosive. No harm results in
using an excess of alcoholic alkaline solution ex-
cept in the extra cost of the reagent. In the ex-
periments shown in the table, the time of agita-
tion was arbitrarily made five minutes, except in
15 and 15—B inclusive which was 15 minutes.

A hydrocarbon containing elementary sulphur
or an excess of sulphur over the mercaptan con-
tent can be fread of the sulphur by the addition
-of the proper amount of mercaptan or of sour hy-
drocarbon and then treating with any of the
above alkaline reagents. To verify this, the data
of Example 2 were used, and a sample of other-
wise sweet and non-corrosive gasoline, in which
had been dissolved free sulphur in the propor-
tion of 0.026 pound per barrel (42 gallon), was
blended with an equal volumz of the sour gas-
oline, and the whole treated with an equivalent
of 0.35 pound per barrel of alcoholic~-caustic soda

3

solution. The finished product was then free of
elementary sulphur and of mercaptans. A sim-
ilar sample of the gasoline bearing the same pro-
portion of elementary sulphur was rendered non-
corrosive and sweet by treatment with 0.05 pound
per barrel of heptyl mercaptan (Eastman Kodak
Company) and -0.35 pound per barrel of the
alcoholic-caustic soda solution.

For economical use of alcoholic alkali solutions,
the alcohol should not be weaker than about
94%, and as & rule, the less water it contains, the
better. If the alcohol contains more water, an
excessive -quantity of the alcoholic alkali re-

85

agent will be required. In the case of the sodium

or potassium alcoholates, the alcohol must be an-
hydrous. The alcchols should be more or less
concentrated with the alkali reagents, and the
solution used while reasonably fresh. The gaso-
line should contain no visible water, but does not
need to be anhydrous.

. ., Test on
Alkaline treating reagent treated hy-
drocarbon ¢
Alkaline | Sul-
No. of chefnical phur
example contained | 844ed 11, | Cop-
Lb. of reagent per bbl. | 3L | 1b./bbl) /0| per
of hydrocarbon reagent,. test .sm‘p
Percent by test
weight
Stock sour gasoline + -
1| 0.351h. NaOl-methyl .
alcohol solution_____ 210} 0.026 — -
2| 0.35 1b. NaOH-ethyl
qlcoh()l solution._..._ 12-14 | 0.026 | — —
2-A [omees do......_____ : 12-14 | 0.035 — +
2-B faaeeo do_ ... 12-14 | 0.020 | -+ -
2-C-} 14.00 1b. NaO1l-¢l
alcohol solution_ . 12-14 | 0.000 | 4 —
3 | 0.25 KOH-cthyl al
hol solution 281 0.025{ — —_
3~A |oo.ao doo... ... 281 0.035 [ — +
3-B ..o do. .o 281 0.020 [ 4 —
3-C | 15.00 KOH-ethylaleo-
hol solution. __...___ 281 0.000 | + -
41 2.4 NaOll-iso-propyl
alcohol solution__.__ 1.5 0.026 | — -
5 | 2.4 NaOH-butyl alco-
hol solution_._.._.__ L5| 0025 — -
6 | 0.35 NaOH in equal
volumesofethyland
methyl alcohol solu-
__________________ 20.00 7 0.025| — —_—
7 O'So NA.OH in oqual
volumes of methyl
and propy! aleohol
snlll\llti(())nl_l..._l_k.(.i__ . 1500 0.025 | — -
8 | 0.50 Na anc YH {}np, .
methyl’llcoholso]u- }7&{,21\%81111 YN bt e
9 ¢ 16. 0() KOH in acetone
solution_____________ 0.56 | 0.029 | — —_
10 | 0.28 sodium ethylate- s
ethyl alcohol solu-
tion (11b. Na in 16
1b.absethylalcohol). 6.0| 0.025) — -
10-A | 14.00 sodium ethylate-
ethyl aleohol solu-
tion (1 1b. Na in 16
1b.absethylaleohol). 6.0 | 0.000| 4+ —
11 | 65.00 denatured alco-
hol saturaied with
a(OH)g oo ... 0.03| 0.025 — —
12 { 65.00 denatured alco-
hol saturated with
Ba(OIl)e .. ___.__.__ 0.30 | 0.025 | — —
13 | 2.00 powdered NaOX - 100 | 0.028 | — -
13-A | do ................ 100 | 0.028 | + —_
13-B |oo_do__..o ... 00| 0.081 | — | 4
14| 2.00 powdered KOII._ . 100 0.028 | — —
14-A | ..do . 100 | 0.000 | - -
4-B .. _do.........._.__. 160| 0.033| — |
15 | 15. ONaOH-watersolu- :
................. 50 [-0.025 | — -
15-A | 10. ONaOH water solu-
................. 50 | 0.025 | + +
5-B | 50. ONaOH-watersolu-
tion_ ... 50§ 0.000 | + -
16 3.0 (60% alcohol, 40%,
water) —NaOZl I - 12-14 ] 0.028 | + -+
16-A | 4.5 (60% alcohol, 40%
water)—NaOH _____ 12-14 | 0.028 | — —

“The minus (~) sign in the next to the last column in-
dicates that the pmduct is sweet, and in the last column
the minus smn indicates that the produect is not corrosive.
Tlm plus (+) sign in the next to the last column indicates

that the ploduot is sour, and in the last column the plus
sign indicates that the product is corrosive,
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The stock (cracked gasoline) used was sour,
but not corrosive.

Having described my invention, I claim:

1. The process of treating hydrocarbons, in-
volving the reaction of objectionable sulphur
and mercaptan constituents in-the presence of
an alkali, that includes adding to a hydrocarbon
deficient in one of said constituents the deficient
constituent in such proportion as to react, in
the presence of alkali, with substantially all of
the other constituents, and adding a substantial-
ly anhydrous alkali to the hydrocarbon. :

2. The process of treating hydrocarbons, in-
volving the reaction .of objectionable sulphur
and mercaptan constituents in the presence of an
alkali, that includes adding to a hydrocarbon de-
ficient in one of said constituents the deficient
constituent in such proportion as to react, in the
presence of alkali, with substantially all of the
other constituents, and adding an anhydrous
solution of alkali in alcohol to the hydrocarbon.

3. The process of treating hydrocarbons, in-
volving the reaction between objectionable sul-
phur and mercaptan constituents in the presence
of an alkali, that includes adding to a sulphur-
deficient hydrocarbon containing mercaptans,
elementary sulphur in such proportions as to re-
act, in the presence of an alkali with all the
mercaptan constituents, and adding substantial-
ly anhydrous alkali to the hydrocarbon.

4. The process of treating hydrocarbons, in-
volving the reaction between objectionable sul-
phur and mercaptan constituents in the presence
of an alkali, that includes adding to a sulphur-
deficient hydrocarbon containing mercaptans,
elementary sulphur in such proportions as to
react, in the presence of an alkali with substan-
tially all of the mercaptan constituent, and add-
ing substantially anhydrous alcoholic solution of
alkali to the hydrocarbon.

5. The process of treating hydrocarbons, in-
volving the reaction of objectionable sulphur and
mercaptan constituents in the presence of an
alkali, that includes adding to a hydrocarbon
deficient in one of said constituents the deficient
constituent in such proportion as to react, in
the presence of alkali, with substantially all of
the other constituents, and adding to the hy-
drocarbon a solution of alkali in a lower aleohol,
which solution has comparatively low miscibility
with the hydrocarbon, mixed with a higher alco-

1,970,583

hol having comparatively greater miscibility
with the hydrocarbon.

-6. The process of- sweetenmg gasoline, involv-'

ing the reaction- between . objectionable sulphur
and mercaptan .constituents in the presence of
an alkali, that includes adding to the sulphur-

‘deficient gasoline :containing mercaptans, ele-

mentary sulphur in such proportion. as to re-
act, in the presence of an alkali, with substan-
tially all of the mercaptan constituent, but with
no- substantial amount of -elementary:sulphut re-
maining to render the gasoline corrosive, and
adding substantially anhydrous :alkali to the
gasoline. -

“ 1. .The process of rendermg gasoline non-cor-

‘rosive, involving the reaction between objection-

able elementary sulphur and. mercaptan con-
stituents in the presence of an alkali, that in-
cludes adding to a mercaptanfdeﬁcient gasoline
containing elementary sulphur, mercaptans in

such proportion as to react in the presence of

an alkali with substantially all of the elementary
sulphur, but with no substantial amount of the
mercaptans remaining as such to render the
gasoline sour, and adding substantially anhy-
drous alkali to the gasoline.

8. A process of sweetening gasoline compris-
ing adding an amount of elementary sulphur
sufficient to completely react with the mer-
captans present in said gasoline and adding to
the mixture substantially anhydrous’alkali.

9. A process of sweetening gasoline compris-
ing adding an amount of elementary sulphur
sufficient to completely react with the mercaptans
present in said gasoline, adding to the mixture
substantially anhydrous alkali, and washmg out
the water soluble substances.

10. A process of eliminating the corrosiveness
of gasoline containing elementary sulphur, com-
prising adding an amount of mercaptans to the
corrosive gasoline sufficient to react completely
with all of the elementary sulphur and adding to
the mixture substantially anhydrous alkali.

11. A process of eliminating the corrosiveness
of gasoline containing elementary sulphur, com-
prising adding an amount of mercaptans to the
corrosive gasoline sufficient to react completely
with all of the elementary sulphur, adding to the
mixture substantially anhydrous alkali, and
washing out the water soluble substances.

BERT A, STAGNER.
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