
Jan. 7, 1947. 
TREATING PETROLEUM DISTILLATES 

????? ????? ?? ??e??? ??? ?? ????? . 
?42?? ???2 

  

  



Patiented Jan. 7, 1947 

UNITED STATES PATENT OFFICE 
John A. Rot, Chicago, Ill., assignor to 'Standard 

0 Company, Chicago, . ., III corporation of 
India as 

O 

Application March 9, 1944. serial No. 525,664 

This invention relates to a process of removing 
mercaptains from petroleum distillates and par 
ticularly from "sour' gasoline and napthas. 
More especially the invention relates to the ex 
traction of mercaptains from gasoline with caustic 
solutions containing organic substances having 
the property of increasing the solubility of mer 
captains in the caustic. 
generally known in the art as mercaptsin 
or 'soluttzerg' 
One object of the invention is to provide a 

process by, which gasoline, and napthas may be 
readily treated by the caustic extraction process 
to produce a product which is sweet or substan 
tislly sweet to the doctor test and of satisfactory 
maretable character. Another object of the in 
vention is to reduce the number of extraction 
stages by a combination extraction-oxidation 
process. Still another object of the invention is 
to reduce the cost of regenerating the caustic 
solution used in the extraction process and avoid 
losses of regeneration catalyst. Other objects of 
the invention will be description. 

any processes have been proposed for remov 
ing mercaptans from gasoline in order to improve 
the odor and the knocking characteristics. It has 
loag been the practice to convert the mercaptains 
to disulfides by treatment with alkaline lead 
oxide, akaline hypochlorite, and numerous other 
reagents to improve the odor. This process is 

solvents 

generally known as sweetening. More recently it 

apparent from the following 

6 Clairns, (c. 196-29) . 

These substances are 
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has been found that the disulfides have an un 
desirable effect on the knock rating of the gaso 
line and they particularly reduce the “lead sus 
ceptibility'-by which is meant that the response 
to treatment with lead tetraethyl is lessened by 
the presence of organic disulfides. Extraction of 
mercaptains with caustic solutions, generally 
caustic soda or caustic potash, has the advantage 
of actually removing the mercaptains from the 
gasoline instead of converting thern to disulfides, 
and the extraction is considerably improved by 
the presence of phenols, organic acids, annes, 
alcohols, etc. Naphthenic acids, isobutyric acid, 
cresols and those phenols inherently present in 
gasoline, particularly cracked gasoline, are espe 
cially effective and the presence of these so 
called solutizers is especially desirable in the ex 
traction of the mercaptains of higher molecular 
Weight. 
When employing these caustic solutions it has 

been the practice to regenerate them either by 
stearning out the mercaptains or by Oxidizing the 
nercaptains to disulfides by means of atmospheric 
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oxygen. This oxidation of mercaptans may be 
carried out either in the presence of the gasoline 
or in a separate step. In the former case the 
disulfides which result dissolve in the gasoline 
while in the latter case they may be separated 
and discarded from the process and thus pre 
vented from contaminating the treated gasoline. 
The oxidation may be accelerated by various 
Catalysts, particularly the polyphenols, tannic 
acid, hydroquinone, etc. Where an oxidation 
catalyst is used it is desirable to control the air 
blowing or oxidation of the caustic solution to 
avoid oxidizing the catalyst itself to a point where 
its effectiveness is destroyed. 

In practice, it has been found necessary in the 
regeneration of the caustic mercaptain solution to 
halt the oxidation short of complete mercaptain 
removal in order to prevent destruction of the 
regeneration catalyst. As a result appreciable 
amounts of mercaptains are left in the extracted 
gasoline owing to the inability of the partially re 
generated solution to remove all the mercaptains. 
Furthermore, in order to obtain an extracted 
gasoline of low mercaptain content, an extremely 
efficient extraction process is required. 
According to my invention, I control the air 

regeneration of the caustic Solution. So that the 
regenerated caustic solution retains a small but 
essential amount of mercaptains sufficient to pre 
went destruction of the regeneration catalyst, 
then contact the gasoline previously extracted to 
a low mercaptain content, for example to less than 
ten milligrams of mercaptan sulfur per hundred 
milliliters with the regenerated caustic solution, 
and introduce Sufficient air in the presence of the 
gasoline and regenerated caustic solution to 
oxidize the remaining mercaptans in the g8Soline 
at the point of air introduction in order to reader 
the gasoline sweet or substantially sweet to te 
doctor test. In carrying out the process in the 
above manner, the heavier mercaptains which are 
the nost difficult to extract and yet most readily 
oxidized are converted to disulfides in the pres 
ence of the regenerated Solution. Without nate 
rially reducing its mercaptain content. The 
caustic solution is then employed in the usuai Way 
to extract the gasoline after which it is recycled 
to the regeneration step of the process. 

Referring to the drawing, gasoline, either 
straight-run or cracked gasolie or a Rh88, 
fraction suitable for gasoline cleriding, is inte 
duced to the process by line leading to raer. 
captain extractor wherein it flows upwardy 
Countercurrent to a stream of castic Sox in 
troduced by line 2. Extractor is provided 
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with suitable contacting elements, baffle plates, 
ceramic packing, etc., or the extractor may be 
substituted by a series of extraction stages ar 
ranged for countercurrent operation in the man 
ner well known in the art. If the feed stock con 
tains a considerable amount of phenolic material 
or hydrogen sulfide, it is desirable to extract the 
hydrogen sulfide and part of the phenolic mate 
rial by a preliminary caustic washing treatment 
in pretreater 3 supplied by a caustic solution 
thru line 4 which may be withdrawn at inter 
vals or continuously by line 5. The amount of 
pretreating may be controlled by valves in lines 
8 and 7. If the feed stock has been properly 

stabilized, i. e. freed of propane, then it will be 
substantially free of hydrogen sulfide also and it 
will only be necessary to remove from it phenols 
and naphthenic acids which may be present in 
sufficient quantity to interfere with the subse 
quent operation of the caustic extractor where 
phenols and acids tend to accumulate by Solution 
in the caustic. 
The mercaptain extractor is suitably Sup 

plied with a caustic solution containing about 
10 to 30% of the anhydrous caustic, generally 
caustic soda, or caustic potash, along with 5 to 
30% of cresols, xylenols or other phenols, iso 
butyric acid, naphthenic acids or other suitable 
solvent for mercaptains. In Case of Cracked 
stocks and gasoline fron certain crudes, there is 
usually enough phenols present to supply solu 
tizer needed in the caustic Solution. These 
cresols, xylenols, etc., build up in the caustic 
owing to their weakly acidic nature. In addition 
to the Solutizer, the caustic Solution contains a 
catalyst for accelerating regeneration by oxida 
tion. Thus for example, about 0.1 to 2% of a 
polyphenol such as catechol, hydroquinone or 
tannic acid (tannin) may be used. Tanning is 
particularly desirable because of its relatively 
low cost. 
As the gasoline flows upwardly thru extractor 
the mercaptains are selectively dissolved in the 

caustic solution. The temperature is COnlimonly 
maintained at ordinary temperature although 
temperatures of 40 to 100 F. may be employed 
satisfactorily. Lower temperatures are favorable 
to extraction of mercaptains. 
The caustic solution with dissolved mercaptains 

is withdrawn by line f8 from the base of the 
extractor and flows thru heater 9 to caustic re 
generator 2 which is suitably a packed or baffled 
tower. Alternatively an agitated pressure vessel 
suitable for pressures of 100 to 500 pounds per 
square inch may be used. Sufficient heat is in 
troduced at 9 to provide a temperature in the 
regenerator of about 100 to i50 F., e. g. 30' F., 
although under some conditions, using especially 
active regeneration catalysts, the temperature in 
the regenerator may be the same as in the ex 
tractor fi. Air is injected into the tower 20 by 
line 2 and passes out by line 22 and as indi 
cated above, the air may be introduced under 
pressure. The amount of air introduced is con 
trolled by valve 23 to prevent excessive oxidation 
which would destroy the regeneration catalyst, 
for example tannin. The reaction in regenera 
tör. 20 consists essentially in converting mercap 
tans to organic disulfides which are oily sub 
stances insoluble in the caustic solution. The 
following equation in which "R" is a hydrocarbon 
radical represents the reaction: 

2RSH--AO2=RSSR.--HaO 
Disulfide 
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4. 
flows into separator 24 from which the disulfides 
are withdrawn continuously or periodically by 
line 25. The partially regenerated caustic solu 
tion should contain about 100 to 400 mgs. per 100 
ml. of residual mercaptain sulfur. If the mer 
captain sulfur is reduced to an amount appre 
Ciably lower than this, a substantial loss in re 
generation catalyst will result. If the mercaptain 
sulfur of the partially regenerated caustic is al 
lowed to appreciably exceed 400 mgs. per i00 ml., 
the Subsequent sweetening operation will not be 
Satisfactory and an excessive amount of disulfide 
may be introduced into the gasoline product. It 
is preferred to control the regeneration in 20 
to produce a partially regenerated caustic solu 
tion having a residual mercaptain sulfur content 
of 200 to 300 mgs. per 100 ml. 
From separator 24 the regenerated caustic 

Solution goes by line 2 and cooler 2a back to 
the top of the mercaptain extractor . In the 
upper Section of the mercaptain extractor the 
caustic solution comes in contact with the gaso 
line from which most of the mercaptains have 
been extracted. A strean of air is introduced 
by line 26 in the upper section of the mercaptain 
extractor just sufficient to convert the mercap 
tans remaining in the gasoline to disulfides with 
out appreciably lowering the mercaptain content 
of the caustic. When operating with a multi 
stage extraction unit the required amount of air 
may be introduced ahead of the last extraction 
stage. It is desirable to reduce the mercaptain 
sulfur content of the gasoline in extractor 
to less than 10 mgS. per 100 ml, and preferably 
to less than 5 mgs. per 100 ml. when the gasoline 
reaches the point where air is introduced into 
the extraction system. On conversion of these 
residual mercaptains to disulfides by air oxidan 
tion in contact with the caustic solution, a Sweet 
or substantially sweet gasoline is readily ob 
tained. 
The presence of the gasoline serves to speed 

the reaction between air and mercaptains dis 
Solved in the caustic-Solutizer Solution, possibly 
shifting the equilibrium in the direction of di 
sulfide formation and also perhaps by its action 
in supplying dissolved oxygen to the caustic solu 
tion. There are indications that the oxidation 
reaction may proceed largely in the oil phase. If 
the caustic solution Supplied to the extractor by 
line 2 has been heated it is usually desirable to 
cool it before passing it to the lower section of 
the extractor in order to obtain a more favorable 
equilibrium for mercaptain extraction. This may 
be accomplished by trapping Out the caustic 
solution on trapout plate 27, passing it by line 
28 to cooler 29 and thence back to the extractor 
by line 30. 
Gasoline is withdrawn from the top of extrac 

tor by line 3 leading to water wash tower 32 
where any entrained caustic solution is removed 
by a water spray introduced by line 33, the 
waste water being withdrawn by line 3. Any 
excess of caustic solution entrained in the treat 
ed gasoline may be coalesced by passing it thru 
metal wool or other porous material, then col 
lected and returned to the System, if desired, 
before the final washing step. The finished gaS0 
line is withdrawn to storage by line 8, and un 
dissolved air, principally nitrogen, which was in 
troduced by line 26 is vented from the wash 
tower by line 36. 

Fresh caustic for the process may be supplied 
from tank 37 and line 38. Additional regenera 

From the regenerator 20 the caustic solution 75 tion catalyst, for example a solution of tannin, 
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may be supplied by line 39 and additional cresol 
or other solutizer may be supplied by line 4 0 if 
necessary. 
In the operation of my process, it appears that 

the heavy mercaptains are selectively oxidized and 
removed in the regenerator so that the caustic 
Solution returned to the gasoline treater contains 
mainly mercaptains of low molecular weight which 
are resistant to oxidation but which are prefer 
entially soluble in the caustic, Consequently they 
are not redissolved in the gasoline nor are they 
removed readily by the air oxidation in extractor 

; thus they serve to protect the regeneration 
catalyst without interfering with the removal of 
mercaptains from the gasoline. ... Where the gas 
oline stock treated is deficient in mercaptains of 
low molecular weight, I may add them in small 

10. 

15. 

6 
4. The process of removing mercaptains from 

sour gasoline to provide a gasoline substantially 
sweet to the doctor test Which comprises ex 
tracting a major proportion of the mercaptains 
from said gasoline in an extraction stage, Oxidiz 
ing remaining mercaptains to disulfides in an oxi 
dation stage in the presence of a phenolic mer 
captain oxidation catalyst, conducting a strong 
caustic alkali solution containing a Solutizer thru 
said oxidizing stage and then thru said extraction 
stage in series, Countercurrent to the flow of 
gasoline, separating said caustic solution from . 
gasoline in said extraction stage, regenerating 
said caustic solution by oxidizing a major pro 
portion of dissolved mercaptains to disulfides in 
soluble in said caustic solution, separating disul 

amount for the purpose just described. Thus I 
may add, continuously or intermittently, methyl, 
ethyl, or, less desirably, propyl mercaptain to the 
caustic Solution flowing to the regenerator or, 
preferably by line 4 and line 2 leading to the 

20 

treater. Alternatively, I may regenerate caustic 
in two stages, adding the light mercaptains to the 
Second stage and oxidizing therein to convert 
substantially all the heavy mercaptains to disul 
fides which are removed before recycling to the 
gasoline treater. Where stage regeneration is 
practiced, the light mercaptains can be added to 
the last stage. Also, the stream of partially re 
generated caustic solution can be spilt and a por 
tion only sent to the sweetening zone with air 
blowing, the other portion being added to a lower 
stage of the fractionator f by line 82 shown 
dotted, 

is 

leum distillate wherein mercaptans are extracted 
from said distillate by contacting in an extraction 
2One with a caustic alkali solution containing a 
solutizer and a regeneration catalyst comprising 
a phenolic hydroxy compound, separating caustic 
solution from distillate and partially regenerating 
the caustic solution by oxidation with an oxygen 
containing gas, limiting the oxidation of said 
caustic solution to prevent destruction of said 
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35 Having thus described my process what I claim 
1. In the process of sweetening 8, sour petro 
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regeneration catalyst by allowing a substantial . . 
amount of residual mercaptains to remain unoxi 
dized in said caustic solution, separating organic so 
disulfides from partially regenerated caustic solu 
tion, and recycling the partially regenerated 
caustic solution from the regeneration zone to 
sald extraction zone, the improvement compris 
ing intimately contacting said partially regener 
ated caustic solution in a sweetening zone with 
distillate from said extraction zone, injecting air 
into said Sweetening Zone in an amount sufficient 
to complete the oxidation of mercaptains in the 
presence of said distillate and produce a sub 
stantially sweet distillate product, then conduct 
ing the caustic solution from said sweetening Zone 
to said extraction Zone. 

2. The process of claim 1 wherein said organic 
regeneration catalyst is a polyphenol. 

3. The process of claim 1 wherein said caustic 
regenerator is operated at a temperature of about 
100 to 150 F. and the caustic solution is cooled 
before returning to said extraction zone. 

fides from said caustic solution, returning said 
solution to said oxidation stage and Supplying an 
oxygen-containing gas to said oxidation stage to 
complete the conversion of residual mercaptains 
contained in said caustic Solution and said gas 
oline. s - 

5. The process of claim 4 wherein said solutizer 
is a mixture of phenolic substances present in 
small amounts in the gasoline being treated and 
which accumulate in the caustic solution recycled 
in the process. 

6. In the process of removing mercaptains from 
a sour petroleum distillate wherein said distillate 
is extracted countercurreitly in an extraction 
stage with a caustic alkali solution containing 
about 5 to 30% of a solutizer having the effect 
of increasing the solubility of mercaptains in said 
caustic solution sufficiently to extract substan 
tially all of the light mercaptains and a major 
part of the heavy mercaptains contained in said 
sour distillate leaving less than about 10 mg. 
mercaptain sulfur per 100 ml. of distillate, where 
in the said caustic alkali solution containing dis 
solved mercaptains is separated from the gasoline 
and regenerated by oxidation with an Oxygen 
containing gas at about 100 to 150 F. in the pres 
ence of about 0.1 to 2% of a regeneration catalyst 
comprising a polyphenol soluble in said caustic 
solution, substantially all the heavy mercaptans 
being converted to organic disulfides by the re 
generation reaction, leaving about 200 to 300 mg. 
of light mercaptan sulfur per 100 ml. unoxidized 
in said caustic solution to protect said regenera 
tion catalyst from oxidation, and wherein said 
organic disulfides are separated from said regen 
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erated caustic solution and the said solution is 
recycled for treating additional distillate, the in 
provement comprising intimately contacting with 
an oxygen-containing gas in an oxidation stage, 
said regenerated caustic solution and extracted 
distillate from said extraction stage thereby se 
lectively converting the residual heavy mercap 
tans in said extracted distillate to disulfides sub 
stantially without oxidizing said light mercape 
tans remaining in said regenerated caustic solu 
tion, and thereafter conducting the caustic solu 
tion from said oxidation stage to said extraction 
stage, where it is employed for the extraction of 
further quantities of sour petroleum distillate. 

JOHN A BOL. 

  


