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This invention relates particularly to the de 
sulphurization of hydrocarbons and more particu 
larly to the removal of acidic organic compounds 
from hydrocarbon oil by means of an alkaline 
solvent Solution. 

In the removal of mercaptains from gasoline 
by means of an alkaline-solvent solution, as at 
present being practiced commercially, the treated 
gasoline in many cases is not doctor sweet. The 
present invention is directed to an improvement 
in processes of this nature in Order to produce a 
treated gasoline which will be doctor sweet. 

In a broad aspect, the present invention relates 
to a process for removing acidic Organic Com 
pounds from hydrocarbons containing the same, 
which comprises treating said hydrocarbons with 
an alkaline-solvent solution, subsequently sep 
arating a solvent fraction containing a minute 
proportion of mercaptains, treating said solvent 
fraction to considerably Iover its mercaptan con 
tent, and Supplying the thus treated solvent to the 
first mentioned treating step. 

In one specific embodiment, the present inven 
tion relates to a process for removing mercaptains 
from gasoline containing the same, which com 
prises introducing said gasoline into the lower 
portion of an extraction zone and therein con 
tacting the gasoline with a caustic-methanol solu 
tion, Subsequently separating a methanol fraction 
containing a minute proportion of mercaptains, 
treating said methanol fraction with gasoline to 
absorb a considerable portion of the mercaptains 
in the gasoline and to thereby remove them from 
the methanol, returning the gasoline containing 
the absorbed mercaptains to the lower portion of 
said extraction Zone, and Supplying the methanol 
to said extraction zone at a point above that a 
which said gasoline is introduced. 
While any suitable alkaline reagent, including 

sodium hydroxide, potassium hydroxide, etc., and 
any suitable organic solvent which is more soluble 
in an aqueous solution of an alkaline reagent than 
in hydrocarbons, including methanol, ethanol, 
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propanol, acetone, ethylene glycol, glycol ethers, 
etc., may be used, the preferred treating reagent 
comprises an aqueous solution of sodium hydrox 
ide in methanol. 
According to the present process hydrocarbon 

fractions containing acidic organic compounds 
are treated with the alkaline-solvent solution at 
a temperature above the freezing point of the 

! solution, which temperature is generally within 
the range of 80 to 110F., although in some cases 
lower or higher temperatures may be used but 
the temperature usually will not be below 25 
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F. and not above 200°F. When treating gasoline, 
the pressure employed is usually within the range 
of 25 to 200 pounds although lower or higher pres 
sures may be used in some cases, 
As heretofore set forth, the preferred treating 

reagent comprises an aqueous solution of sodium 
hydroxide in methanol. The quantity of sodium 
hydroxide may range from about 0.5% to 10% or 
more by volume based on the hydrocarbons to 
be treated, while the sodium hydroxide may be 
between about 35° and 50° Bé.., and preferably be 
tween 45° and 50° Bé, The methanol employed 
may be anhydrous or it may contain varying 
amounts of water. However, as the water Con 
tent of the methanol fraction increases, the Con 
centration of the sodium hydroxide solution 
should be increased accordingly. 

In accordance with the invention, gasoline con 
taining mercaptans and usually phenols is conº 
tacted with the caustic-methanol solution under 
the conditions hereinbefore set forth. Sodium 
mercaptides and phenolates are formed and are 
dissolved in the caustic-methanol solution. This 
solution is then separated from the hydrocarbons, 
the caustic being regenerated, usually by strip 
ping with steam, to convert the mercaptides into 
sodium hydroxide and mercaptains. The mercap 
tans, methanol and water are separated from the 
caustic, and the latter is returned to the first step 
of the process. The mercaptains are separated 
from the water-alcohol mixture usually by set 
tling under carefully controlled conditions. which 
prevent turbulence. However, we have found that 
the aqueous methanol layer thus separated and 
removed from the mercaptan layer contains mer 
captains and, while the mercaptains are present 
in only minute quantities as, for example of the 
order of 0.6% by weight of the methanol-water 
fraction, the mercaptains remain in the methanol 
after separating from the water, and the mer- . 
captains may then be of the order of 3% by weight 
of the methanol. In accordance with the inven 
tion, the aqueous methanol fraction is treated to 
remove a considerable portion of the mercaptains 
contained therein prior to recycling of the meth 
anol for further use in the process. While any 
suitable method of removing the mercaptains may 
be employed, it is a particular feature of the pres 
ent invention that a portion of the gasoline, either 
before or after treatment in the process, is utilized 
for this purpose. The mercaptans are more solu 
ble in hydrocarbons than they are in an aqueous 
methanol solution and this fact is taken advan 
tage of by contacting the aqueous methanol frac 
tion with a portion of the gasoline to absorb the 
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mercaptains therein and to thereby purify the 
aqueous methanol solution. A particular advan 
tage of this method of treatment is that the gaso 
line containing the absorbed mercaptains may be 
returned to the first step of the process and the 
????aptains are therein removed from the gaso 
?ne. 
The invention is further illustrated in the ac 

companying diagrammatic flow drawing and the 
following description of one specific operation of 
the process. In the interest of simplicity the fol 
lowing description will be limited to the treat 
ment of gasoline by means of a caustic-methanol 
solution, although it is understood that other hy 
drocarbon fractions, either normally gaseous or 
normally liquid, may be treated in the process 
and that other suitable alkaline reagents and or 
ganic solvents may be employed but not neces 
sarily with equivalent results. 

Referring to the drawing, gasoline or other 
suitable charging stock is introduced to the proc 
ess through line and valve 2 to pump 3, by 
means of which it is supplied through line 4 and 
valve 5 into the lower portion of extraction zone 
6. Extraction zone 6 may comprise one or a plu 
rality of suitable extraction zones, preferably 
containing a suitable packing material. The 
packing material should not be detrimentally af 
fected by the caustic, methanol and hydrocar 
bons at the operating conditions prevailing in 
this zone. A particularly suitable packing com 
prises carbon Raschig rings. Sodium hydroxide 
is introduced to the process through line con 
taining valve 8 and is directed through line 9 in 
to the upper portion of zone 6, preferably through 
some sort of spray arrangement as indicated at 
O. Usually sufficient sodium hydroxide is re 

cycled within the process, in the manner to be 
hereinafter set forth in detail, and the sodium 
hydroxide introduced through line from an ex 
ternal source will comprise the makeup reagent 
to replace that lost or withdrawn from the proc 
ess. Similarly, methanol recycled from within 
the process is directed through line ff and valve 
2 into an intermediate portion of zone 6. Here 
again the methanol will comprise principally that 
recycled within the process and any makeup 
methanol introduced from an external source to 
replace that lost or withdrawn from the process. 
In zone 6 the gasoline flows upwardly in inti 

mate contact with the caustic-methanol Solution, 
and the acidic organic compounds, such as mer 
captains and phenols contained in the gasoline, 
are converted into sodium mercaptides and phe 
nolates. The mercaptains and phenolates are 
dissolved in the caustic-methanol solution and 
the rate of flow of the gasoline, caustic and meth 
anol, and the point of introduction of the meth 
anol are so adjusted that the treated gasoline, be 
ing withdrawn from the top of zone 6 through line 
f3 and removed from the process through line 
4 and valve 5, contains substantially less mer 

captains than the gasoline introduced through 
line and, in accordance with the present inven 
tion, the treated gasoline removed through line 4 
will be doctor Sweet. The treated gasoline may, 
if desired, be passed through a filter containing 
sand, pebbles or clay to remove traces of alka 
line reagent, or such gasoline may be subjected 
to water washing, if desired. 
Spent treating solution comprising an aqueous 
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4. 
through heat exchanger 24' and valve into 
stripping zone 8. Zone 8 preferably contains a 
suitable packing material which may conven 
ently comprise carbon Raschig rings. In Zone 
8 the treating solution is subjected to regenera 

tion by heating, which, in the case here illus 
trated, comprises stripping with steam intro 
duced through line 9 and waive 20 and is prefer 
ably directed through a suitable spray arrange 
ment indicated at 2 f. The temperature main 
tained in the lower portion of the stripping zone 
is substantially the boiling point of the treating 
solution which, with a 48° Bé. sodium hydroxide 
solution, will be of the order of about 285 F. 
The temperature at the top of the stripping zone 
may be of the order of 200° to 250 F., depending 
in part on the temperature of the spent treating 
solution introduced thereto through line 6. 

0. 

70 

alcoholic solution containing unreacted sodium 
hydroxide, sodium mercaptides, sodium phenol 
ates and methanol, is withdrawn from the bot 

As a result of the heating, the sodium mercap 
tides are decomposed to mercaptains, with the lib 
eration of an equivalent amount Of Sodium hy 
droxide. The sodium hydroxide is withdrawn 
from the lower portion of zone 18 through line 2' 
and may be removed from the process through 
valve 22, but preferably all or a portion of the 
sodium hydroxide is directed through line 23, 
valve 24 and heat exchanger 24 to pump 25, by 
means of which it is recycled through line 26, 
valve 27 and line 9 to zone 6 for further use 
therein. The mercaptains, methanol and water 
are vaporized in zone 8 and are directed there 
from through line 28 and valve 29, into and 
through condenser 30, line 3 f and valve 32, into 
separator 33. The condensate is permitted to 
settle and stratify in separator 33, whereby there 
is formed an upper mercaptain layer and a low 
er methanol-water layer. Traces of gasoline 
which may have been carried over will settle in 
the mercaptain layer, and this layer is removed 
from separator 33 through line 34 containing 
valve 35. Separator 33 is also provided with con 
ventional vent line 36 containing valve 37. 

In accordance with the present invention, the 
methanol-water fraction, comprising about 20% 
methanol and 80% water and containing a min 
ute quantity of mercaptains, is withdrawn from 
separator 33 through line 38 and valve 39 to pump 
40, by means of which it is directed through line 
4 and valve 42 into methanol purifying Zone 
43. Zone 43 may comprise any suitable contact 
ing zone, preferably containing a suitable packing 
material which advantageously comprises carbon 
Raschig rings, and the aqueous methanol frac 
tion passes downwardly therein countercurrent 
ly to an upwardly flowing stream of gasoline. 
While the case here illustrated comprises a COun 
tercurrent flow operation, it is understood that 
concurrent flow may be used. The gasoline may 
suitably comprise a portion of the untreated gas 
oline charging stock which may be diverted from 
line 4 through line 44 and is directed through 
valve 45 and line 46 into the lower portion of 
zone 43. As an alternative method of operation, 
a portion of the treated gasoline withdrawn from 
zone 6 may be utilized for this purpose and this 
may be accomplished by passing a portion of the 
treated gasoline from line 3 through line 4, 
valve 48 and line 46 to zone 43. 

It is a particular feature of the present inven 
tion that the aqueous methanol fraction is Sub 
jected to purification in a separate zone out of 
the presence of the total mercaptains separated in 
the process. By this method of treatment, the 
minute quantity of mercaptains in the aqueous 

tom of zone 6 through line 6 and is directed 75 methanol fraction is substantially transferred 
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from the methanol phase to the gasoline phase 
and the mercaptain content of the aqueous metha 
nol fraction is thereby considerably reduced. On 
the other hand, if the purification of the aqueous 
methanol fraction was endeavored in the presence 
of the total mercaptains separated from the proc 
ess, as for example, by so treating the composi 
tion prevailing in separator 33, the percentage of 
mercaptains removed from the aqueous methanol 
layer would be considerably less due to equilibrium 
considerations unless an excessively large quan 
tity of gasoline, which theoretically would be an 
infinite amount, was used. If such a large quan 
tity of gasoline was used, it would then become 
contaminated with the mercaptains and would 
have to be discarded from the process, at the same 
time discarding whatever methanol was also dis 
Solved in the gasoline. It could not be recycled 
to the extraction zone since this would then mean 
that the mercaptains removed at one place in the 
process were being returned back to the process, 
without any net removal of mercaptains. 
The gasoline containing absorbed mercaptains 

is removed from zone 43 through line 49 and valve 
50 to pump 5, by means of which it is directed 
through line 52 and valve 53 into line 4, to be 
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supplied therefrom into zone 6 for treatment. 
therein in the manner hereinbefore set forth. 
The purified aqueous methanol fraction is with 
drawn from i zone 43 through line 54 and is di 
rected through valve 55 into fractionating ZOne 
56. In zone 56 the aqueous methanol fraction is 
subjected to heating and distillation by any suit 
able means, such as steam introduced through line 
57 and valve 58 through a suitable spray device 
indicated at 59. In fractionator. 56 the methanol 
is separated from the water, and the latter is 
removed through line. 60 and valve 6 to disposal 
as desired. It is understood that the water so 
recovered may be reused within the process if de 
sirer. Methanol is removed from the upper por 
tion of zone 56 through line 62 and is directed 
through valve 63, condenser 64, line 65 and valve 
66 into receiver 67. When required makeup 
methanol, to replace methanol lost or removed 
from the system, may be introduced to the proc 
ess through line 68 and valve 69 into receiver 67. 
Receiver 67 is provided with conventional vent 
line TO containing valve . The condensate in 
receiver 67 is removed therefrom through line 2 
and valve 73 to pump 74, by means of which a 
portion thereof is directed through line 75, line 
6 and valve 77 to the upper portion of fraction 

ating zone 56 to serve as a cooling and recycling 
medium therein, while the remaining portion of 
the methanol is directed through line if and 
may be removed from the system through valve 
T8, but in accordance with the invention, at least 
a portion thereof is recycled by way of line 
and valve f2 to zone 6 for further use therein in 
the manner hereinbefore set forth. ..." 
The increased solubility of mercaptains in caus 

tic-methanol solutions as contrasted to a caustic 
water solution has been shown in the prior art. 
However, the caustic-methanol process is limited 
in its inability to produce a doctor sweet gaso 
line in many cases. The present invention af 
fords a ready and convenient improvement to the 
caustic-methanol process whereby the treated 
gasoline will be sweet to the doctor test. 
The following example is introduced for the 

purpose of further illustrating the novelty and 
utility of the present invention but not with the 
intention of unduly limiting the same. 
A cracked gasoline containing 0.065% of mer 
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6 
captain sulphur is introduced at a flow rate of 
20 gallons per minute into the lower portion of 
an extraction zone, to which 0.2 gallon perminute 
of methanol containing 0.03% by weight of mer 
captains is introduced at a mid-portion thereof 
and 0.5 gallon per minute of an aqueous solution 
of sodium hydroxdde of 48° Bé. is introduced to 
the upper portion thereof. The extraction zone 
is maintained at a temperature of about 100 F. 
and a pressure of 75 pounds per square inch. The 
spent treating solution is removed from the bot 
tom of the extraction zone, is heated to a tem 
perature of 210°F. by indirect heat exchange, and 
is introduced to the stripping zone wherein it is 
contacted with steam superheated to a tempera 
ture of 750 F. The bottom temperature of the 
stripping zone is 285 F. and the top tempera 
ture is 230 F. The regenerated caustic solution 
is recycled to the upper portion of the extraction 
Zone, while the vaporized mercaptains, methanol 
and water are removed from the top of the strip 
ping Zone, are cooled to a temperature of about 
100 F. and are allowed to settle and stratify 
in a separating Zone. The mercaptain layer is re 
moved from the separating zone, while the meth 
anol-water layer is withdrawn from the separa 
tor and is supplied to the upper portion of the 
methanol purifying zone. The methanol puri 
fying zone is operated at a pressure of about 15 
pounds per square inch. The aqueous methanol 
fraction is introduced to the purifying column at 
a flow rate of about one gallon per minute and 
contains about 0.6% of mercaptains. A portion of 
the untreated gasoline charging stock at a flow 
rate of two gallons per minute is supplied to the 
lower portion of the purifying Zone and therein 
passes countercurrently to the descending aque 
ous methanol fraction. By this method 98% or 
more of the mercaptains contained in the meth 
anol fraction will be absorbed by the gasoline frac 
tion, and the gasoline fraction containing the 
absorbed mercaptains is returned to the extrac 
tion zone for treatment therein. The methanol 
fraction is removed from the purifying zone and 
is subjected to fractionation, utilizing a bottom 
temperature of about 227 F. and a top tempera 
ture of about 165 F. and atmospheric pressure. 
A purifled and concentrated methanol fraction is 
withdrawn from the upper portion of the frac 
tionating zone and is subjected to cooling and 
condensation. The condensate will contain about 
0.03% by weight of mercaptains and is recycled 
to the extraction zone for use therein in the man 
ner heretofore set forth. . . . 
The treated gasoline from the process as here 

inbefore recited will contain less than 0.0004% 
of mercaptains and will be sweet to the doctor 
test. As compared to an operation not employ 
ing the features of the present invention, the 
methanol being recycled in the prior art proc 
esses may contain about 3% by weight of mer 
captains, and the treated gasoline may contain 
between about 0.001 and 0.0006% of mercaptain 
sulphur and will not be sweet to the doctor test. 
We claim as our invention: 
1. In the refining of hydrocarbon oil contain 

ing mercaptains by treatment thereof with a so 
lution comprising an alkali and an organic sol 
vent selected from the group consisting of meth 
anol, ethanol, propanol, acetone, ethylene glycol, 
and glycol ethers, the method which comprises 
separating said solution from the treated oil and 
distilling the same to vaporize mercaptains and 
organic solvent from the alkali, condensing the 
vapors to form a mercaptain layer and a solvent 
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layer containing a small amount of mercaptains, 
separating said solvent layer from the mercaptain 
layer, contacting the separated solvent layer in 
the absence of said mercaptain layer with hydro 
carbon liquid to reduce the mercaptain content 
of the solvent layer, and separating the solvent 
of reduced mercaptain content from said hydro 
carbon liquid. 

2. In the refining of gasoline containing mer 
captains by treatment thereof with caustic-meth 
anol solution, the method which comprises sepa 
rating said solution from the treated gasoline 
end distilling the same to vaporize mercaptains 
and methanol from the caustic, condensing the 
vapors to form a mercaptain layer and a meth 
anol layer containing a small amount of mer 
captains, separating said methanol layer from the 
mercaptain layer, contacting the Separated meth 
anol layer in the absence of said mercaptain layer 
with hydrocarbon liquid to reduce the mercaptain 
content of the methanol layer, and separating the 
methanol of reduced mercaptain COntent from 
said hydrocarbon liquid. 

3. The method as defined in claim 2 further 
characterized in that said hydrocarbon liquid 
comprises gasoline. 

4. The method as defined in claim 2 further 
characterized in that said hydrocarbon liquid 
comprises a portion of said treated gasoline. 

5. In the refining of hydrocarbon oil contain 
ing mercaptains by treatment thereof, with an 
aqueous solution comprising an alkali and an or 
ganic solvent selected from the group consisting 
of methanol, ethanol, propanol, acetone, ethylene 
glycol, and glycol ethers, the method which com 
prises separating said solution from the treated 
oil and distilling the same to vaporize mercap 
tanS, Water and Organic Solvent from the alkali, 
condensing the vapors to form a mercaptain layer 
and an aqueous layer containing a small amount 

8 
of mercaptains, separating said solvent layer from 
the mercaptain layer, contacting the separated 
solvent layer in the absence of said mercaptain 
layer with hydrocarbon liquid to reduce the mer 
captan content of the solvent layer, and separat 
ing the solvent of reduced mercaptain content 
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from said hydrocarbon liquid. 
6. In the refining of gasoline containing mer 

captains by treatment thereof with an aqueous 
caustic-methanol solution, the method which 
Comprises separating said solution from the 
treated gasoline and distilling the same to 
vaporize mercaptains, water and methanol from 
the caustic, condensing the vapors to form a 
mercaptain layer and an aqueous methanol layer 
containing a small amount of mercaptains, sepa 
rating said methanol layer from the mercaptan 
layer, contacting the separated methanol layer 
in the absence of said mercaptain layer with hy 
drocarbon liquid to reduce the mercaptan con 
tent of the methanol layer, and separating the 
methanol of reduced mercaptain content from 
Said hydrocarbon liquid. 

KENNETH. M. BROWN. 
CARENCE G. GERHOLD. 
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