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The present invention relates to the treatment of hydro 
carbons and mixtures of hydrocarbons containing mer 
captains and/or mercaptides, in which these compounds 
are converted into disulfides. 

It is known that it is possible to effect sweetening of 
petroleum-type hydrocarbons, or of their distillation frac 
tions, by oxidation with oxygen or any gaseous mixture 
containing oxygen, of the mercaptains and/or mercaptides 
contained therein to disulfides, in the presence of chelate 
organo-metallic compounds, obtained by condensation of 
an iminophenol and a metal of group VIII of the periodic 
system, or of suitable compounds to form the chelate 
compound in situ. 

In United States patent specification No. 2,659,691 and 
in the applications Serial No. 340,918 of March 6, 1953, 
now U.S. Patent No. 2,823,173, Serial No. 385,274 of 
October 9, 1953, now abandoned, and Serial No. 411,256 
of February 18, 1954, there are described processes for 
sweetening petroleum fractions, and various preferred em 
bodiments of these processes. 

It has, however, been found by the applicants that the 
direct application of Such a process under general con 
ditions may lead to the occurrence of secondary reactions, 
which are inconvenient and limit the economic advantage 
of the process. In fact, on oxidation of the mercaptains 
and/or mercaptides, it is possible that the degree of oxida 
tion corresponding to the formation of the disulfides may 
be exceeded and other oxidation products may be formed; 
these products, although present in small quantities, never 
theless have the disadvantage of being sufficiently un 
stable to decompose, in turn, under normal storage con 
ditions, for example, into various products having an acid 
reaction and causing, inter alia, the formation of gums, 
reduction of the induction period of the petroleum frac 
tions, regeneration of small quantities of mercaptains and 
SO Ol. 

This invention relates to a method of oxidizing mer 
captains and/or mercaptides to disulfides, by the action 
of oxygen or any gaseous mixture consisting essentially 
of oxygen, in the presence of chelate organo-metallic 
compounds, obtained by condensation of an iminophenol 
and a metal of group VII-or of suitable compounds to 
form the chelate compound in situ-under determined 
conditions of temperature and pressure. 

Various manners of performance and improvements 
characteristic of the present invention will be explained 
in the following description. 

It has been found that it is possible to avoid the de 
velopment of secondary reactions during the oxidation 
of mercaptains and/or mercaptides to disulfides, and to 
limit, in fact prevent, in this way the formation of oxida 
tion products other than disulfides, by working at a 
temperature greater than the ambient temperature and 
of about 30° C. or more, and at atmospheric pressure. 

Moreover, the present invention permits a very con 
siderable increase of the speed of oxidation of the mer 
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2 
captains and/or mercaptides to disulfides, that is, a re 
duction in the time required for attaining sweetening of 
the “sour” petroleum fractions by the action of atmos 
pheric oxygen in the presence of chelate organo-metallic 
compounds or of compounds Suitable for forming them 
in Sitll. 

Another considerable advantage of the method ac 
cording to the invention is to effect substantial economies 
in the amounts used of the chelate organo-metallic com 
pounds, or of compounds suitable for forming them in 
situ, while enabling sweetening of the treated products 
to be effected at speeds of reaction that are satisfactory 
from the industrial viewpoint, 2. 

Specific embodiments of the invention will now be 
described by way of example. 

EXAMPLE 1. 
In this example, specially intended to show that the 

method according to the invention limits, or rather pre 
vents, the formation of compounds more oxidized than 
the disulfides, a known mercaptan-tert-butyl mercap 
tan-is oxidized in solution in a defined hydrocarbon, 
namely benzene. 
Four 1-litre samples of benzene, containing 0.410 g. 

of sulfur in the form of tert-butyl mercaptan, are treated 
at atmospheric pressure with pure oxygen in the presence 
of 0.49 ml. of a cresol solution containing 41 mg. of bis 
(disalicylal-ethylenediimine)-u-aquodicobalt and 41 mg. 
of lead, in the form of cresolate, at temperatures of 15 
C., 25° C., 35° C. and 45° C. 
The results, shown in Table I, indicate that, when the 

method is performed at a temperature greater than am 
bient temperature, the amount of oxygen consumed is 
hardly different from the theoretical, corresponding to 
the oxidation of mercaptains into disulfides: namely, two 
atoms of sulfur for one atom of oxygen (i.e. S: O=2). 
On the other hand, at low temperature, this consump 

tion becomes much more considerable and very consider 
ably exceeds the theoretical value. 

Table I 

Temperatures (C).-------------------------- 15 25 35 
SRSH (Ing. per 100 ml.) at 0 minutes----------'h 41 41 4. 
SRSH (mg. per 100 ml.) at 360 minutes--------- 14 6. 3 
Volume of O2-theoretical (ml).--------------- 4.5 6.1 6.65 
Volume of O-consumed (ml).--------------- 0.3 6.6 7.2 
Vco) heoreti S (mg.) eoretical--------------------------- 0.177 0.177 0.177 

Y9-consumed 0.345 0.188 0.190 
sing co-curv-------------------- - - - - - - - - - wo 

EXAMPLE 2. 
As stated hereinabove, one advantage of the method 

forming the subject of the invention is the avoidance of 
the formation of secondary reactions and, in particular, 
of those liable to lead to substantial reductions of the 
induction periods (stability to oxidation) of the fractions 
treated. 

Thus, for example, two samples (1) and (2) of petrols 
having the following characteristics: 
Petrol (1): 

Density at 15° C. ----------- 0.720. 
Boiling range --------------- 30 to 180° C. 
SRSH ---------------------- 0.010 g. per 100 ml. 
Induction period ------------ 419. 

Petrol (2): 
5 Density at 15 C. ------------ 0.715. 

Boiling range --------------- 34 to 148 C. 
SRSH---------------------- 0.004 g. per 100 ml. 
Induction period ------------ 320. 

70 made sweet by treatment with a cresol solution contain ing 7 percent by weight of the chelate compound-bis (disalicylal-ethylenediimine)-u-aquodicobalt-and 7 per 
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cent by weight of lead, in the form of cresolate, at 
temperatures of -10 C., --15 C. and --35 C., gave 
the induction periods indicated in Table 2. 

Table 2 

Induction Induction 
period for period for 
petrol (1) petrol (2) Temperature (C.) 

306 190 
396 10 
644 250 

Examples 3 and 4 hereinbelow, which are likewise non 
limitative, have the object of illustrating first the increase 
in the speed of oxidation of the mercaptains and/or mer- l8 
captides to disulfides; namely for given ratios of chelate 
organo-metallic compounds-or suitable compounds for 
forming the chelate compound in situ-to the quantity of 
sulfur, in the form of mercaptans, contained in the frac 
tions treated. They further illustrate that, by means of 20 
the process forming the subject of the invention, it is 
possible to obtain a determined result-for example, 
the sweetness of the fractions treated-in a definite time, 

4 
This table gives the sulfur contents, in the form of 

mercaptans and in g. per 100 ml., depending on the reac 
tion time, the reaction temperature and the ratio: 

chelate 
Sesh (1/5, /7 and 1/10) 

used. 
EXAMPLE 4 

To twelve samples of a paraffin originating from 
Kuwait and having the following characteristics: 
Density at 15° C. ---------------- 0.8025. 
Boiling range ------------------. 200 to 247° C. 
SRSH -------------------------- 0.008 g. per 100 mi. 
there is first added a benzene solution containing 1 g. 
of disalicylal-ethylenediimine per 100 ml, and then a 
second benzene solution containing 0.1 g of cobalt and 
0.55 g. of lead per 100 ml., in the form of naphthenates; 
the quantities of these solutions added are in the stoichi 
ometric ratio corresponding to bis(disalicylal-ethylenedi 
imine)-u-aquodicobalt, and the samples are then treated 
under the working conditions given in Table 4, in which 
the results are grouped. 

Table 4 

Time (hours).---------------------------- 2 

Temperature (C.)---------------------- 15 35 45 60 15 35 45 60 

0.036 0.0048 00016 0.0011 0.0012 0.0032 0.0003 0.0008 0.0008 
Ratio of chelate/SRSH---...----- 0,026 0.0056 0.0025 0.0016 0, 006 0.0047 0, 00080. 0010 0, 0012 

0.08 0, 0072 0, 0040 0.0032 0.0032 0.0053 0.0016 0.002 0.0024 
Racrescreece coSecce 

Time (hours)------------------------- 

Temperature (C.).----------------- 

- - - 6 22 

--- 15 35 45 60 15 35 45 60 

0.036 0.0024 0.0004 0.0004 0, 0006 0.0018 1 D.S. D.S. traces 
0.001 D.S. D.S. 0, 0008 

0.018 0.0043 0, 0012 0.0016 0.0020 0.006 0.0004 0, 0010 : 0.0016 
Ratio of chelate/SRSH----------- { 0.026 0.0089 0, 0004 0, 0008 0.000 

1D.S. as Doctor Sweet.' 

and with a considerable saving in the amounts of catalyst 
required. 46 

EXAMPLE 3 
Twelve identical samples of a light petrol originating 

from Iraq and having the following characteristics: 
Density at 15 C. --------------- 0.697. 
Boiling range ------------------- 34 to 147 C. 50 
SRSH-------------------------- 0.014 g. per 100 ml. 
are treated with a cresol solution containing 7 percent by 
weight of the chelate compound-bis(disalicylalethylene 
diimine)-u-aquodicobalt-and 7 percent by weight of 55 
lead, in the form of cresolate, as will be apparent from 
Table 3, in which the results obtained are grouped. 

This table gives the sulfur contents, in the form of 
mercaptains, and in g. per 100 ml., depending on the re 
action time, the reaction temperature and the ratio: 

cobalt 
Sesh (0.036, 0.026 and 0.018) 

used. 
The results in Tables 3 and 4 clearly show the favour 

able influence of an increase of temperature on the speed 
of oxidation of the mercaptains and/or mercaptides to 
disulfides. 

Moreover, taking into account the time within which 
it is desired to effect the operation and the rate of con 
version of mercaptains and/or mercaptides to disulfides 

Table 3 

Time (hours)---------------------------- 2 

Temperature (°C).----------------- 5 35. 45 60 5 35 45 60 

1/5 0, 005 0.002 0, 002 0.0015 0, 003 0.0005 0.0005 0.0005 
Ratio of chelatelSRSH--...------. 117 0.007 0.0025 0.0025 0.003 0.0065 0.0015 0.0015 0.002 

1/10 0.009 0.0035 0.003 0, 007 0.008 0.003 0.0025 0.006 
ereeeeee-ee-eeeeeee-Ee 

Time (hours).---------------------------- 6 24 

Temperature (C.)---------------------- 5 35 45 60 15 35 45 60 

115 0.002 D.S. D.S. D.S. 0.0015 D.S. D.S. D.S. 
Ratio of chelate/SRSH-...------- 117 0.006 0.001 0.00065 0.0005 0.0055 0.0005 D.S. D.S. 

1/10 0.007 0.002 0.001 0.004 0.006 0.001 D.S. 0.002 

D.S.s'Doctor Sweet.' 
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that it is desired to obtain, it is easy to choose the tem 
perature at which it is necessary to perform the process 
to use the minimum quantity of chelate; it will be seen 
that an increase in the temperature permits considerably 
smaller quantities of chelate to be used. 
While this invention has been described and exempli 

fied in terms of its preferred embodiments, those skilled 
in the art will appreciate that modifications can be made 
without departing from the scope of the invention as 
defined in the appended claims. 
We claim: 
1. A process for oxidizing a member of the group 

consisting of mercaptains and mercaptides to disulfides 
in which the oxidation is effected by the action of oxygen, 
at a temperature of about 30° C. at least and at atmos 
pheric pressure, in the presence of chelate organo-metallic 
compounds. 

2. A process for oxidizing a member of the group 
consisting of mercaptains and mercaptides to disulfides, 
in which the oxidation is effected by the action of a gas 
containing oxygen, at a temperature of about 30 C. at 
least and at atmospheric pressure, in the presence of 
chelate organo-metallic compounds. 

3. A process for oxidizing a member of the group 
consisting of mercaptains and mercaptides to disulfides, 
in which the oxidation is effected by the action of oxygen, 
at a temperature of about 30 C, at least and at atmos 
pheric pressure, in the absence of chelate organo-metallic 
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compounds, obtained by condensation of iminophenol and 
a metal of group VIII. 

4. A process for oxidizing a member of the group 
consisting of mercaptains and mercaptides to disulfides, 
in which the oxidation is effected by the action of a gas 
containing oxygen, at a temperature of about 30° C. at 
least and at atmospheric pressure, in the presence of 
chelate organo-metallic compounds, obtained by con 
densation of iminophenol and a metal of group VIII. 

5. A process for sweetening petroleum distillate hy 
drocarbons, in which they are treated with a gas consist 
ing essentially of oxygen, at a temperature of about 30 
C. at least and at atmospheric pressure, in the presence 
of chelate organo-metallic compounds. 

6. A process for sweetening petroleum distillate hy 
drocarbons, in which they are treated with a gas con 
sisting essentially of oxygen, at a temperature of about 
30 C. at least and at atmospheric pressure, in the pres 
ence of chelate organo-metallic compounds, obtained by 
condensation of an iminophenol and a metal of group 
VIII. 
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