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This invention relates to the treatment of hy-
drocarbons to remove mecraptans therefrom.
The processing of hydroearbons, more particu-
larly petroleum distillates such as gasoline and
kerosene, in order to remove mercaptans there-
from is commonly practiced in view of the ob-
jectionable character of the mercaptans in the
hydrocarbons, especially from the standpoint of
odor. It has long been known that mercaptans
(RSH) can be removed from hydrocarbons by
treatment with an agueous solution of an alkaline
compound such as caustic soda. The extent and
facility with which the mercaptans can be re-
moved with a caustic solution depends upon a
number of factors, some of which are apparent
after a consideration of the following equation:

+NaOH

RSH = RSH — RSNa+ Hi0 D
disolved in disolved
hydrocarbon in caustic

One of the principal factors is the solubility of
the respective compounds in the different phases
and another factor is the concentration of the
compounds in the different phases. The amount
of the mercaptan which will be removed from
the hydrocarbon phase and dissolved in the alkali
phase depends in part upon the molecular weight
of the mercaptan which affects solubility, and the
concentration of the mercaptan in the phases.
The presence of certain compounds in the caustic
improve solubility of the mercaptans in it, but
as the alkali is used to treat more mercaptan-
containing hydrocarbon, the concentration of the
mercaptan in the alkali shifts the equilibrium in
the first part of the Equation I to the left. Simi-
larly, as the concentration of the sodium mer-
captide builds up in the alkali, the equilibrium in
the latter part of the equation is also shifted to
the left. Thus it can be seen: that in treating
mercaptan-containing hydrocarbons with a fresh
caustic solution excellent. results can be obtained
initially in removing mercaptans. These results
quickly diminish as additional quantities of hy-
drocarbons are treated with the same caustic.
Because of the economics: invelved, it is not pos-
sible to continuously use fresh caustic solutions
for treating hydrocarbons and discard the used
caustic, and an attempt, therefore, has bheen
made to treat the caustic so as to remove the mer-
captan compounds and regenerate the caustic.

It will be apparent from the above Equation T
that if the concentration of mercaptides dissolved
in the caustic can be kept at a desirable low level,
the equilibrium will be shifted ta the right in each
fnstance, and better removal of the mercaptans
#yom the hydrocarbon will result.
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In order to accomplish this it has been pro-
posed to regenerate the caustic solution by means
of oxidation in accordance with the following
general formula:

4NaSR-+03+2H:0-2R—5—S—R+-4NaOH
(In

This oxidation.is not a simple process to oper-
ate an a commercial scale. The uncatalyzed re-
generation of the spent caustic solutions by air
under conditions heretofore proposed has not re-
sulted in a. sufficient regeneration unless high
temperatures are used, and this causes extensive
damage to operating eguipment. This factor has
led- to. the commercial practice of regeneration
with the assistance of & catalyst. This, however,
involves preeise elements of control in order that
the catalyst may be protected properly, which. is
often difficult to csrry out. in commercial prao-
tice and generally is carried out short of complete
regeneration so that the caustie. does not have
the full mercaptan absorbing capacity when re-
used. A further disadvantage of such processes
is oeccasioned by the disulfides (R—S8—S8—R)
which are formed during the regeneration, and
which are often difficult to separate from the re-
generated caustic solution before it is recycled.
Any disuifides present in the caustic upon recy-
cling are absorbed in the hydrocarbons to be
treated, which adds to the sulfur content of the
finished product and reduces the susceptibility
of the product to octane rating improvement by
means of tetraethyl lead.

The need still exists for a simple method of
more efficient removal of mercaptans from hy-
drocarbons.

In accordmnce with my invention I overcome
the disadvanteges of prior processes by treating
the mercaptan-containing hydrocarbon with a
solid adsorbent, during which process the mer-
captans are seleetively removed from the hydro-
carbon by the adsorbent.

My process has the advantage over known
processes: in that it increases the utilization of
the: caustic tenfold, and is capable of producing
distillates having much lower mercaptan con-
tent, as compared with conventional agueous
caustic contacting, processes.

The solid adsorbent used in agcordance with
my invention comprises charcoal which has been
treated with an agueous solution of caustic soda.
The charcoal, preferably in relatively small
pleces, having a range of 4 to 80 mesh, and pref-
erahly within the range of 10 to 20 mesh, may be
treated In any way and preferably saturated
with an aqueous solution of caustic soda. The
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concentration of the caustic soda solution used
for treating the charcoal may vary, but a concen-
tration of the order of 209% has been found de-
sirable. Concentrations of less than 59% are SO
weak as not to place sufficient caustic in contact
with the charenal to instifv use, and concentra-
tions ahove 309 present viscosity and other simi-
lar problems. The preferable concentration is
10 to 20%.

The charcoal may be treated with the caustic
at anv temnerature at which the caustic solution
is in the liouid rhase, and this is not eritical. Tt
is an advantase that room and ambient temvera-
tures may he emoloved. The charcoal is kevt in
contact with the caustic solution for a sufficient
time to become saturated, which takes place
readily. The caustic solution can be drained from
the charcoal and is ready for use. The caustic
treated charcoal is used while the charcoal is
wet with the aqueous caustic solution.

In carryving out the process, the charcoal-
caustic adsorbent is contacted with the mercap-
tan-containing hydrocarbon In accordance with
any of the known solid-liquid contact procedures.
A continuous method is usually used and a sim-
ple procedure is to employ columns packed with
the charcoal-caustic adsorbent through which
the liquid hydrocarbon is passed at an appro-
priate rate. The rate depends primarily unon
the extent of mercaptan removal desired, which
is in turn devendent upon the amount and na-
ture of the mercaptans in the feed stock, and the
amount of mercaptans which can be present in
the final product while still meeting required
specifications. Preferably this is at a rate of 1
to 10 volumes of hydrocarbon per volume of
charcoal-caustic adsorbent per hour (V. V. H.).
The uprer rate is usually limited by operating
requirements. particularly the pressure drop
through the bed.

If desired, caustic solution may also be present
in the column in which event the process may
be viewed as a liquid extraction process with the
charcoal as an adsorbent in the ligquid eaustic
phase. However, it will be apparent from the
explanation hereinafter that the charcoal func-
tions as an adsorbent for the mercaptides and
this action Is independent of any amount of
caustie solution in addition to that which is ab-
sorbed in the charcoal itself.

The hydrocarbon treating process has the ad-
vantage of being carried out at relatively low tem-
peratures and may be above the freezing point of
the caustic solution and below the boiling point

of the hydrocarbon at the pressure employed. In .

other words, all materials should be in the Hquid
phase. A temperature of 50 to 225° F. will gen-
erally be emploved, and the process has the ad-
vantaege of operating at temperatures of gasoline
normally encountered in a refinery at the time
of mercaptan removal, such as 70 to 120° P.

The following examples are indicative of re-
sults that may be obtained In accordance with
the invention, but are not intended as other than

{llustrative.
EXAMPLE I

A commercial gasoline which has been treated
In the course of manufacture to remove mercap-
tans, has 0.025% n-propyl mercaptan added
thereto in order to evaluate the removal of a
known amount of a known mercaptan. The
gasoline at a temperature of 75° F. ig passed at
a rate of 3 V. V. H. through a bed of adsorbent
1.2 cm. In diameter, 25 em. long. The adsorbent
consisted of 40 cc. of 10 to 20 mesh charcoal pieces
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saturated with 209% aqueous caustic soda solu-
tion, plus 12 cc. of unabsorbed 20% agqueous caus-
tic solution. The treated product met specifica-
tions for a doctor sweet gasoline and the product
continued to be sweet until 220 volumes of hy-
drocarbon per volume of charcoal caustic ad-
sorbent had been passed through the bed.

EXAMPLE I1

A commercial gasoline stock which had not
been treated for mercaptan removal and which
contained 0.0159% total mercaptan sulfur (not
identified as to individual mercaptans) was
treated as in Example I except that the amount
of unabsorbed 20% caustic solution in the ad-
sorbent was 1 volume per 3 volumes of charcoal.
The treated gasoline had a mercaptan content of
002% and maintained this low mercaptan con-
tent until 150 volumes of hydrocarbon per vol-
ume of adsorbent had been treated, following
which the mercaptan content of the finished
product gradually rose upon passing additional
stock through the adsorbent.

EXAMPLE 111

In order to compare the charcoal-caustic ad-
sorbent treatment with the conventional use of
an aqueous solution of caustic, a hydrocarbon
was prepared for comparison, consisting of iso-
octane to which was added 0.05% mercaptan sul-
fur as propyl mercaptan.

In accordance with the invention, this stock
was passed over 100 ce. of charcoal saturated
with 371% ce. of 20% aqueous caustic soda (with-
out excess caustic solution) at a temperature
of 75° F., and at a rate of 3 V. V. H. i. e., 300
cc. of the stock is passed through the 100 cc. of
charceoal during 1 hour.

The aquecus caustic extraction that would be
obtained in accordance with the prior art is
calculated using the data of Yabroff (Industrial
and Engineering Chemistry, vol. 32, page 257,
1940). The calculation is based on the use of
10% caustic solution, which is an optimum con-
centration for aqueous alkaline extraction, and
a three-stage counter-current non-regenerative
extraction, as is conventional, using one volume
of caustic for 8 volumes of the hydrocarbon,
which is the same as in the charcoal-caustic
adsorbent. An extraction coefficient of 40 has
been used, although this could be increased by
the use of solutizer. The results are shown in
the following table:

Table 1
Volume of Percent Mercaptan in
Feed per Finished Product
Volume of
A'iicdsogbe}zt (zr
quivalen Aqueous
Aqueous Adsorbent gueot
Caustio Caustie
3 Doctor 8weet | Doctor Sweet
[} Doctor Bweet 0.009
"9 Doctor Sweet 0.016
12 Doctor Sweet 0. 023
15 Doctor Sweet 0.027
21 Doctor Sweet 0.035
100 Daoctor Sweet [}
160 Doctor Sweet Q]
180 0. 004 (U]

! Not run beeause the per cent mercaptan was
50 excessive at the preceding rate,

From the above table it will be seen that
with the charcoal-caustic adsorbent the mer-
captan content of the product was maintained
uniformly low until 160 volumes of hydrocarbon
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“were {reated, after which there-wes a sharp in-
.erease, showing that the caustic approached
exhaustion. In contrast, the use of aqueous caus-
tic ‘permitted the treatment of only .3 volumes
before the mercaptan content of the finished
product rose above the upper permissible limit.
The ten-fold improvement is readily apparent
since the caustic on the charcoal is utilized to
80% as contrasted with abeut 9% of the aqueous
caustic.

EXAMPLE IV

The process was repeated with .iso-octane
containing 0.26% sulfur as butyl mercaptan.
This is & much greater amount of mercapten
than in the previous example and the butyl
mercaptan is more difficult to extract than the
propyl mercaptan. The results -are as -follows:

Table II
Volume of | Per'CentMereaptan in Finisbed
Feed per Produet
Volume of I
AEdsorhe{Lt or - ' i
Bquivalent )
Aquepus Adsorbent %%“‘:'ﬁ:f -
Caunstic it :
2 Doctor Bweet. 0.08
4 Doctor Sweet 0.20
[} Doctor Sweet 0.25

In this case the aqueous caustic only reduces
the mercaptan to an amount ten times greater
ther an upper permissible limit, whereas the
use of the charcoal-caustic adsorbent epproaches
the acceptable amount. The utilization of the
caustic on the charcoal is 25%, and is 3% in
the ‘case of the aqueous caustic.

While the invention is -not limited to any
theory of operation, evidence has been obtained
-which supports the conclusion that the mer-
captides-are selectively adsorbed by the charcoal.
If this explanation of the results Is correct,
it will be seen that the equilibrium of Equation
I is shifted to the right because of the elimina-
tion of the mercaptides from the caustic through
their adsorption by the charcoal. In other words,
the mercaptides may be formed in situ on the
charcoal. This explanation is particularly inter-
esting since the evidence indicates that the caus-
tic is not adsorbed and that water is adsorbed
in preference to caustic. Other evidence in
support of this conclusion is that charcoal not
containing caustic removes far less mercaptan
from gasoline than does the charcoal-caustic
adsorbent. It is not believed necessary to in-
clude details of the evidence in support of this
explanation since the invention is not limited to
any theory.

This theory may seem Inconsistent with the
differences between the extent of the extraction
of propyl and butyl mercaptans, especially since
there has been no difference observed in this re-
gard in a single stage equilibrium extraction of
propyl and butyl mercaptan by charcoal not
containing caustic. The difference by a factor of
about 10 between the extraction of the propyl
and butyl mercaptan by the charcoal-caustic
adsorbent is about the same as the difference
between their extraction coefficients between
caustic and iso-octane. This suggests that the
greater insolubility of butyl mercaptan in the
caustic ilm on the charcoal is accountable for
the result. In other words, the left-hand por-
tion of the Equation I involving the equilibrium
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‘petween the mercaptan in the oil phase and the
_aqueous -phase is controlling. Since the remowal
of mereaptides from the caustic by the charcoal
.does not greatly alter the equilibrium of the
Jeft-hand portion of the equation, it is to he
expected that the use of compounds to shift
this equilibrium in favor of the solubility of cer-
tain mercaptans in the aqueous phase, such s
solutizers, may be used in connection with the
charcosl-caustic adsorbent.

It has been mentioned previously that the
charcoal-caustic adsorbent may be used in con-
junction with excess caustic solution, that is,
more caustic solution than would be absorbed in
charcoal. In order that the effect of the ex-
.eess caustic may be considered, two runs were
made using a commercial gasoline stock which
had not been treated for mercaptan removal
snd whieh contained 0.014% mercaptan sulfur.
This was treated in a cclumn containing the
charcoal-caustic adsorbent described previousty,
without excess caustic, and a similar column
which in addition was three-quarters full of
a 20% aqueous caustic solution. The results
are shown in the following table:

Table IIT
Per Cent Mercaptan in
Finished Product
Volume of
Feed per
Volume of | without with
Adsorbent excess excess
caustie caustic
20 0. 0005 0. 0022
40 0.001 0. 0024
80 0. 0024 0. 0028
| 80 0. 0048 0. 0038

Without the excess caustic the mercaptan re-
moval is superior when the adsorbent is first
-used, but after longer periods of use the use
of excess caustic is slightly superior, The dif-
ference, however, is not of great significance as
would be expected if the charcoal is function-
ing to absorb the mercaptides from the caustic
irrespective of the amount of the latter.

After the charcoal-caustic adsorbent has lost
its mercaptan removing capacity, it may be dis-
carded or it may be regenerated by any of the
means known for caustic regeneration, such as
blowing with steam, treatment with oxygen, ete.,
including the use of catalysts in this regenera-
tion. This invention is not concerned with any
particular method of regeneration but rather
with the more efficient and complete removal
of mercaptans in terms of the amount of caustic
required, which it is believed is attributable to
the selective removal of mercaptides through ad-
sorption by the charcoal.

The charcoal used in accordance with the in-
vention may be charcoal from any source, such
as bone charcoal, wood charcoal, etc. A ma-
terial found particularly suitable is “Columbia”
brand carbon obtained from Carbide & Carbon
Chemicals Company. Charcoal is not the equiv-
alent of other adsorptive agents, such as ad-
sorptive magnesia, basic ion exchange resins,
spent cracking catalyst, ete.

It will be obvious that other strong alkaline
materials are the equivalent of caustic soda,
however, such as potassium hydroxide and the
strong organic bases such as tetra methyl am-
monium hydroxide.

I am aware that it has been proposed in the
prior art to use carbon as a catalyst for the
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vapor phase treatment of hydrocarbons with
steam or water vapor at temperatures of 500
to 600° C., with a resulting hydrogenation of
sulfur compounds. I am aware, also, that it
has been proposed to use alkaline carbon in a
similar process in which the hydrocarbons are
treated in the vapor phase, such as temperatures
of 572 to 875° F. in which process the mer-
captans are converted to hydrogen sulfide so
that the product after caustic washing is doctor
sweet.

My invention is to be distinguished from these
processes in that the action is not primarily one
of converting mercaptans to hydrogen sulfide,
It is distinguished further in that my invention
has the advantage of employing ordinary tem-
peratures in which the gasoline is in the liquid
phase.

Having described the principle of my inven-
tion and the best mode of applying this prin-
ciple, I particularly point out the following
which T regard as my invention or discovery.

I claim:

1. The process of treating mercaptan-con-
taining hydrocarbons to remove mercaptan sul-
fur therefrom, which comprises contacting said
hydrocarbons in the liquid phase with charcoal
impregnated with an aqueous solution of a
strongly alkaline base, said mercaptans being
adsorbed on said charcoal in the form of mer-
captides, and separating sald hydrocarbons of
reduced sulfur content from the mercaptide-
containing charcoal.

2, The process of treating mercaptan-con-
taining hydrocarbons to remove mercaptan sul-
fur therefrom, which comprises contacting said
hydrocarbons in the liquid phase with charcoal
impregnated with an aqueous solution of caustic
soda, said mercaptans being adsorbed in the
form of mercaptides, and separating the hydro-
carbons of reduced sulfur content from the mer-
captide-containing charcoal.
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3. The process of treating mercaptan-con-
taining hydrocarbon distillate to remove mer-
captan sulfur therefrom, which comprises con-
tacting said distillate in the liquid phase with
a solid adsorbent comprising charcoal impreg-
nated with an aqueous solution of caustic soda
on which the mercaptans are adsorbed in the
form of mercaptides, and separating the hydro-
carbon distillate or reduced sulfur content from
the mercaptide-containing charcoal.

4. The process of treating mercaptan-con-
taining gasoline to remove mercaptan sulfur
therefrom, which comprises contacting said gas-
oline in the liquid phase at a temperature not
over 225° F. with charcoal impregnated with
an aqueous solution of caustic soda, said mer-
captans being adsorbed in the form of mercap-
tides, and separating the gasoline of reduced sul-
fur content from the mercaptide-containing
charcoal.

5. The process of treating mercaptan-con-
taining gasoline to remove mercaptan sulfur
therefrom, which comprises passing said gasoline
in the liquid phase at a temperature of about
70 to 120° F, through a bed of charcoal impreg-
nated with an aqueous solution of caustic soda,
said mercaptans being adsorbed in the form of
mercaptides, and separating the gasoline of re-
duced sulfur confent from the mercaptide-con-
taining charcoal.

HARRISON M. STINE.
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