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The present invention is directed to a method 
for treating Sour petroleum distillates. More par 
ticularly, the invention is directed to the Sweet 
ening Of Sour petroleum distillates in the pres 
ence of an alkali metal hydroxide and a mild oxi 
dizing agent. 
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Prior to the present invention, it has been 
known to treat sour petroleum distillates with 
aqueous alkaline Solutions, such as Solutions of 
alkali metal hydroxide, to remove hydrogen sul 
fide and other acidic bodies, following which the 
Sour distillates Were treated with sodium plum 
bite solution to convert deleterious sulfur con 
pounds to compounds which are largely innocu 
Ous. This and other prior art processes relied on 
the addition of Sulfur to cause the conversion of 
the Sulfur compounds from mercaptains to disul 
fides. Other processes convert the undesirable 
Compounds by means of lead Sulfide, Which is 
then Separated from the gasoline. Frequently, 
the separation of lead Sulfide from the gasoline 
was not complete, and, consequently, some Was 
carried over into storage, which was disadvanta 
geous. Furthermore, the addition of sulfur to 
gasoline frequently impaired the Octane number 
level of the gasoline since it is well known that 
sulfur and its compounds affect gasoline detri 
mentaly. 

Efforts have been made in the prior art to rem 
edy this situation, and the workers in the field 
have turned to adding certain compounds, such 
as phenols and amines, to alkaline solutions, such 
as Sodium hydroxide, to cause conversion, through 
an oxidation mechanism, of the deleterious con 
pounds in the Sour naphtha. Frequently such ex 
pedients are unsatisfactory in not completely 
SWeetening the product, and an after-treatment, 
by one of the Well known Sweetening procedures, 
becomes neceSSary. 
From the foregoing discussion of the prior art, 

it will be seen that the petroleum refining indus 
try has been faced with a problem of converting 
deleterious sulfur compounds present in petro 
leum distilates to those which do not detrinen 
tally affect the quality of the product. 

It is, therefore, the main object of the present 
invention to provide a treating process in which 
improved results are obtained in converting ob 
jectionable Sulfur compounds to harnleSS bodies. 
Another object of the present invention is to 

provide an improved sweetening process in which 
an active material is added to the petroleum dis 
tillate being Sweetened to catalyze the conversion 
of deleterious Sulfur compounds. 
Another object of the present invention is to 
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2 
provide an improved sweetening proceSS in which 
small amounts of catalytic reagents are employed. 
In the foregoing discussion of the prior art, it 

will be seen that the prior workers in this field 
have added compounds such as phenols, amines 
and alcohols to Sweetening processes in which al 
kaline solutions were employed to treat sour dis 
tillates. We have now found that in distinction 
to the prior art, workers improved resultS may be 
obtained in an Oxidative Sweetening proceSS in 
which an alkali metal hydroxide is employed by 
adding catalytic amounts of amides Such as an 
aliphatic or aromatic amide to the sour distillate 
to be sweetened in the oxidative sweetening proc 
ess. Thus, in accordance with the present in 
vention the foregoing objects may be achieved by 
adding to a sour petroleum distillate a catalytic 
amount of an amide; the petroleum distillate to 
which the amide has been added is then Con 
tacted with a small, catalytic amount of a Solu 
tion of an alkali metal hydroxide while main 
taining the mixture of the petroleum distill 
late containing the amide and the Solution of 
alkali metal hydroxide in contact with a mild OXi 
dizing agent. 

Accordingly, the present invention may be de 
scribed briefly as involving contacting a sour pe 
troleum distillate having a boiling range of about 
50° to 750 F. With a solution of an alkali metal 
hydroxide in the presence of a catalytic amount 
of an amide which has previously been added to 
the sour petroleum distillate and adding to the 
mixture undergoing contacting with the alkali 
metal hydroxide a mild oxidizing agent in an 
amount sufficient to Sweeten said distillate, fol 
lowing which the alkali metal hydroxide is sepa 
rated from the contacted distillate. 
The amides finding employment in the pres 

ent invention may be an aliphatic or an aromatic 
amide. As examples of the aliphatic amides may 
be mentioned formamide, normal butyramide, 
propionamide, acetamide, isovaleramide and the 
secondary and tertiary amides. As examples of 
the aromatic amides may be mentioned benza 
mide, N-butylbenzamide, N-isopropylbenzamide, 
N - ethylbenzamide and N - methylbenzamide. 
Other aliphatic and aromatic amides may be en 
ployed in the practice of the present invention 
and the foregoing members are to be understood 
to be illustrations. As a general statement it 
may be mentioned that the low molecular weight 
aliphatic amides are to be preferred since they 
are the more effective of the aliphatic amides em 
ployed in the practice of the present invention. 
of the aromatic amides it will be preferred to 
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employ the aromatic amides having aliphatic 
substituents on the nitrogen atom since it ap 
pears that the substituent groupings on the ni 
trogen atcra increase the effectiveness With in 
creasing molecular weight of the compound. 
The amides may be employed in amounts based 

on the sour distillate or naphtha varying from 
0.1 to 5% by volume with a preferred range from 
about 0.5 to 1.0% by volume. It is to be empha 
sized that the specified amount of amides may 
be added to the petroleum distiliate or to the 
mixture of petroleum distillate and alkali metal 
hydroxide While in contact therewith. It is pre 
ferred, however, to add the amide to the petro 
leum distillate since the amides are largely in 
soluble in the alkali metal hydroxide Solutions. 
The alkali metal hydroxide employed in the 

present invention preferably should be a Solu 
tion of an alkali metal hydroxide and the Solu 
tion should preferably be an aqueous Solution : 
having a Baumé gravity in the range from about 
30° to 50° Baumé, but solutions of lower strengths 
may be used under some conditions. An aqueous 
solution of sodium hydroxide from 40 to 50 
Baumé has been found to give Satisfactory re- : 
Sults in the practice of the present invention. 
Other alkali metal hydroxides besides Sodium 
hydroxide may be used. For example, lithium 
and potassium hydroxides may be used in lieu 
of sodium hydroxide, but the latter is to be pre- : 
ferred. 
The temperature at which the treating oper 

ation is conducted will usually be atmospheric 
temperature and may be in the range from 
about 60° up to about 200° F. Under some Con 
ditions higher temperatures may be employed de 
pending on the boiling range and type of feed 
stock being treated. Of course, it will be under 
stood that pressure may be Superimposed on the 
vessel in which the treating is taking place to 
maintain the hydrocarbon in the liquid phase 
and to prevent evaporation of Water from the So 
lution of alkali metal hydroxide. A preferred 
temperature range may be from about 70° to 
about 95° F. Satisfactory results have been ob 
tained at atmospheric temperatures encountered 
in the Texas Gulf Coast area, 
The process of the present invention may be 

conducted in various types of equipments. For 
example, the Contacting Operation may be con 
ducted in incorporators, mixing devices, pumps, 
jet mixers and the like. It may be desirable to 
CauSe Contact of the mixture of a petroleum dis 
tillate, alkali metal hydroxide and mild oxidizing 
agent in a Suitable tower containing packing : 
equipment to cause contact between the reagents 
and the distilate being SWeetened. The skilled 
Workina. Will find numerous contacting and mix 
ing devices. On the market and available in the 
modern petroleum refinery in which the process 
of our invention may be carried out. It is to be 
eXpreSSy understood that we do not wish to be 
limited to any Specific apparatus for conducting 
the operation. 
The present invention Will be further illustrated 

by the following examples: 

Eacample I 

A Sour petroleum distillate which had been 
freed of hydrogen sulfide and which boiled in 
the 350 to 54.0° F. boiling range was divided into 
two portions. One portion was contacted with 
an aqueous Solution of 50° Baumé sodium hydrox 
ide in the presence of 300% by volume of the 
theoretical amount of Oxygen required to sweeten, 
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4. 
The second portion was also contacted with 50 
Baumé sodium hydroxide solution but the distill 
late had added to it, prior to contact with the 
sodium hydroxide, 0.5% of formamide based. On 
the distillate. Similarly, it was contacted in the 
presence of 300% by volume of the theoretical 
amount of oxygen required to Sweeten. In each 
instance the sodium hydroxide Solution WaS Sep 
arated from the treated distillate and the treated 
distillate was then tested for copper number. 
The following table presents the results of 

the foregoing runs with column 1 presenting the 
data on the distillate treated with Sodium hy 
droxide in the absence of formamide, Whereas 
column 2 presents the results obtained when 
0.5% by volume of formamide was present. 

TABLE 

Treatment: 
50° Bé. Sodium hydroxide, 
percent ------------------ .0 1.0 

Oxygen, percent of theoretical- 300 300 
Formamide, volume percent -- - - 0.5 

Copper No. before treat --------- 40 40 
Copper after treat: 

Immediately after ----------- 35 36 
1 hour after ---------------- 25 30 
3 hours after --------------- 
5 hours after -------------- 25 
20 hours after -------------- 20 5 

It will be seen from the data, in the foregoing 
table that the addition of formanide to the Sour 
distilate exerted a beneficial effect in promoting 
the Sweetening. In the case where formamide 
was absent, the copper number of the treated 
product had been reduced from 40 to 20 after 20 
hours after the treating operation had been con 
ducted, whereas in the practice of the present 
invention the copper number was 5 after 20 hours 
of Settling tine, a four-four decrease it copper 
number over that obtained Where the formanide 
WaS absent. 

In each instance the copper number was de 
termined innediately after the treat and after 
1, 3, 5, and 20 hours settling time. 

Eacample II 
In this example a 40 copper nuin be high Sull 

fur refined oil fraction which had been freed of 
hydrogen Sulfide was divided into nine portionS. 
One portion Was treated as is, While the relia.in 
ing other portions had added to then different 
aliphatic and aromatic annides. The treats Were 
conducted by contacting the high Sulfur refined 
oil with 19% by volume of 50° Baumé Sodium hy 
droxide solution in the presence of 300% by 
volune of the theoretical amount of oxygen re 
quired to Sweeten. The amide was added to the 
hydrocarbon prior to contact in the anourt of 
0.5%. The conditions for the treats are Sun 
marized in Table II. 

TABLE 

Caustic: 1.0 vol. 9% 50° Bé. NaOH 
Oxygen: 300%. Theoretical 
Promoter: 0.5 vol. 9% 
Hydrocarbon: A 40 copper number high Sulfur 

refined oil 

Following the treatment described the Sodium hy 
droxide Solution was separated from the co 
tacted refined oil and tested for copper number 
after 0, 3, and 20 hours settling time. Tale I 
which follows lists the promoters added and 
shows the copper number of the contacted oil 
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after the aforesaid settling times after the treat 
ing operation had been conducted. 

TABLE III 

Copper Number After Settling 
Pronotor 

- - - O Hours 3 Hours 20 Hours 

3: 5 3 38 
24 
38 
37 
38 
38 

:-- 40 
- - 39 

38 

None.---------- n-Butyramide: 
Propionamide 
Acetanide.--. 
Isovaleramide--...------------- 
N-Butylbenzamide. --- 
N-Isopropylbenzamide 
N-Ethylbenzamide--- 
N-Methylbenzamide-------------...- 

0. 

It will be apparent that contacting the 40 cop 
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ample, a hydrogen peroxide solution may be en 
ployed as the mild oxidizing agent. 

In practicing the present invention, it is to be 
understood that the petroleum distillate may be 
subjected to a preliminary treatment for removal 
of hydrogen sulfide if the distillate contains hy 
drogen sulfide. Such preliminary treatment may 
include Washing with a dilute alkali metal hy 
droxide solution or blowing with a free-oxygen 

() 

per number refined oil with 50 Baumé sodium 
hydroxide in the presence of 300% of theoretical 
oxygen required to sweeten resulted in a very 
slight reduction of copper number immediately 
after treatment and a total reduction after 20 
hours of settling of only 7 copper numbers where 
as n-butyramide and acetamide showed a re 
duction respectively from 24 to 0.5 and from 37 
to 5. The reduction obtained when using the aro 
matic amides was not as great, reductions from 
40 to 10, 12, and 19 being obtained respectively for 
N-butylbenzamide, N-isopropylbenzamide, and 
N-ethylbenzamide. These reductions, however, 
are appreciable and allow the obtaining of bene 
ficial resultS. 
In the foregoing example, the improvement 

obtained by the practice of the present inven 
tion has been illustrated by the copper number 
test. This is a well known analytical procedure 
in the petroleum industry. A description of the 
method of test may be found in ''U. O. P. Lab 
oratory Test Methods for Petroleum and Its Prod 
ucts,' third edition, page H-61, Universal Oil 
Products Co., Chicago, 1947. This test is a meas 
ure of the mercaptain sulfur content of the oil 
being tested. 
Although not illustrated by the Several ex 

amples, one of the particular advantages of the 
present invention resides in the catalytic effect 
of the alkali metal hydroxide Solution. The al 
kali metal hydroxide appears to function as a 
true catalyst Since the Small amount used may be : 
recycled to treat large quantities of the sour 
petroleum distillate. A small amount of the al 
kali metal hydroxide Solution may be entrained 
in the treated naphtha, and, therefore, it may 
be necessary to replace the entrained amount 
with fresh solution. In short, it is contemplated 
in the practice of the present invention that the 
alkali metal hydroxide Solution Will be reused over 
and over again since it is not necessary to re 
generate the alkali neta hydroxide Solution. 
Although not described in the foregoing ex 

amples, it will be understood that the petroleum 
distillate, after treating in accordance with the 
present invention and Separation from the alkali 
metal hydroxide Solution, may be Washed with 
Water or aqueous Solutions to remove any alkali 
metal hydroxide Which may be entrained there 
With. 
The invention has been described and illus 

trated by employment of a mild oxidizing agent 
Such as Oxygen. It is contemplated that mix 
tures of OXygen With other gases, such as air may 
be employed. It is also contemplated that other 
Inild oxidizing agentS Such as peroxides, per 
manganates, and the like may be used. For ex 
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containing gas such as air. If hydrogen Sulfide 
or other acidic compounds are present and not 
removed, the alkali metal hydroxide solution em 
ployed as the catalyst may very quickly become 
Seriously depleted in activity. . . . . 

In the practice of the invention, it will be de 
Sirable to use an amount of oxygen in excess of 
the theoretical required to Sweeten the sourpe 
troleum distillate. Ordinarily, an amount of 
about 300% of the theoretical amount to Sweeten 
may be employed. However, sweetening in ac 
cordance with the present invention may be ob 
tained with considerably lesser quantities of oxy 
gen. In other instances as much as 500% of the 
theoretical amount required to Sweeten may be 
employed. In fact, sweetening may be obtained 
in some cases by contact with the oxygen pres 
ent in the treating vessel. It will be desirable 
to employ an amount of oxidizing agent at least 
equivalent to the theoretical amount required 
to Sweeten. 
The invention has been described and exempli 

fied by employment of 0.5 to 1% by volume of 
the catalytic alkali metal hydroxide solution. It 
is contemplated that as little as 0.1 and as much 
as 5% by volume, or more, of the alkali metal 
hydroxide Solution, based on the sour naphtha, 
may be employed. Very good results, however, 
are obtained with 1% by volume and this amount 
Will be preferred. 
The nature and objects of the present inven 

tion having been completely described and illus 
trated, what we wish to claim as new and useful 
and to secure by Letters Patent is: 

1. A method for Sweetening a sour petroleum 
distillate containing mercaptains and having a 
final boiling point no greater than 750°F, which 
Comprises adding to said distillate a small but 
effective catalytic amount of an amide and then 
contacting the sour distillate containing the 
amide With a Solution of an alkali metal hydrox 
ide While adding a sufficient amount of a mild 
Oxidizing agent to convert the mercaptains to di 
Sulfides and to obtain a sweetened distillate. 

2. A method in accordance with claim 1 in 
which the amide is an aliphatic amide. 

3. A method in accordance with claim 2 in 
Which the aliphatic amide is normal butyramide. 

4. A method in accordance with claim 2 in 
which the aliphatic amide is propyl amide. 

5. A method in accordance with claim 2 in 
which the aliphatic amide is acetamide. 

6. A method in accordance with claim 1 in 
which the amide is an aromatic amide. 

7. A method in accordance with claim 6 in 
which the aromatic amide is N-butylbenzamide. 

8. A method in accordance with claim 6 in 
which the aromatic amide is N-isopropylbenz 
amide. 

9. A method for sweetening a sour petroleum 
distiliate containing mercaptains and boiling be 
low 750 F. Which comprises adding to said dis 
tillate an amide in an amount in the range from 
0.1 to 5% by volume based on said distillate and 
then contacting said sour petroleum distillate to 
which amide has been added with an aqueous 
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solution of an alkali metal hydroxide while add 
ing a sufficient amount of a mild oxidizing agent 
to convert the mercaptains to disulfides and to 
obtain a Sweetened distillate. 

10. A method in accordance With claim 9. in 
which the amide is an aliphatic amide. 

11. A method in accordance With claim 9 in 
which the amide is an aromatic amide. 

12. A method for Sweetening a Sour petroleum 
distillate containing mercaptains and boiling 
below 750°F, which comprises adding to said sour 
petroleum distillate an amount of an aliphatic 
amide in the range from 0.1 to 5% by Volume 
based on Said distillate and then contacting the 
Sour petroleum distiate to Which amide haS 
been added with a catalytic - amount no more 
than 5% by Volume based on said distillate of an 
aqueous solution of sodium hydroxide while add 
ing a Sufficient amount of a mild oxidizing agent 
to convert the mercaptains to disulfides and to 
obtain a Sweetened distillate. 

13. A method for SWeetening a Sour petroleum 
distillate containing mercaptains and boiling be 
OW 750 F. Which comprises adding to said dis 
tillate an aliphatic amide in an amount in the 
range from 0.1 to 5% by volume based on said 
distillate, then agitating said sour petroleum dis 
tillate to which amide has been added with a 
catalytic amount in the range of 0.1 to 5% by 
volume based on said distillate of an aqueous 

O 

5 

20 

2 5 

30 

S 
Solution of Sodium hydroxide while adding a 
sufficient amount of air to convert the mercap 
tans to disulfides and to cause Sweetening of said 
distillate, separating sodium hydroxide solution 
from Said distillate, and recovering said con 
tacted distillate. 

14. A method in accordance with claim 3 
in which the aliphatic amide is normal butyr 
amide. 

i5. A method in accordance with claim 13 in 
Which the aliphatic amide is propyl amide. 

16. A method in accordance With claim 13 in 
Which the aliphatic amide is acetamide. 

JOHN G. BROWDER. 
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