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This invention relates to an improved method 
of treating hydrocarbon oils and more particularly 
to a process of SWeetening petroleum distillates 
such as are obtained by the distillation and/or 
cracking of petroleum oils in which the treating 
agent can be continuously and easily reactivated, 
thereby enabling the treating agent to be re 
cycled or reused indefinitely. 

More specifically, this invention relates to a 
novel method of Sweetening gasoline and naphthas 
containing undesirable malodorous sulfur Com 
pounds Such as mercaptains, and to the recovery 
of the treating reagent wherein the untreated 
distillate is first freed of hydrogen Sulfide by 
any of a number of Well known methods, and is 
then contacted at suitable temperature in the 
vapor state with a salt of an organic acid and a 
polyvalent metal, preferably copper naphthenate, 
which is dissolved or suspended in a suitable ne 
dium such as a high boiling mineral oil. The Salt 
solution or suspension is then regenerated by 
oxidation at elevated temperature and recycled. 
Warious methods have been developed for the 

Sweetening of Sour petroleum distillates and a 
large number of materials have been used as 
Sweetening agents. Sweetening with sodium. 
plumbite is probably the best known and most 
commonly used. Other methods include the use 
of Sodium or Calcium hypochlorite and copper 
chloride. 

All of the methods mentioned are subject to 
certain disadvantages. For example, the control 
of the addition of sulfur in Sodium plumbite 
sweetening has long been a Source of difficulty 
and the degradation of the distillates being treat- : 
ed, due to the use of small excesses of Sulfur, is 
Well knoWI. 

It is an object of this invention to improve the 
odor of petroleum distillates by removal of mer 
captains by means of a treating reagent capable 
of being regenerated for reuse. 
A further object of this invention is to effect 

substantially complete separation of corrosive 
constituents from petroleum distillates without 
the use of oxidizing agents on the Stock being : 
treated. 

It is a further object to render sweet to the 
doctor test, various light petroleum distillates. 
Another object is to provide a proceSS Whereby 

With proper temperature control hydrocarbons 
may be Sweetened in the Vapor phase and the 
treating agent may be recovered and regenerated, 
all without substantial decomposition or loSS of 
treating reagent. 
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tillates in such manner as to provide a finished 
product which will pass the severe corrosion test 
frequently used in the paint and warnish indus 
try and to recover and reactivate the treating 
reagent in a simple, economical manner. 
Another object of the invention is to provide 

a treating agent which can be easily regenerated 
and reused in a continuous operation. 
Warious other objects and advantages of Our 

invention will be apparent from the following 
description of a method of operation of our 
process and from the drawing, the Single figure 
of which is a diagrammatic, elevational view of 
apparatus suitable for carrying out the proceSS 
embodying the invention. 

In accordance with our invention, petroleum 
distillates obtained by the distillation and/or 
cracking of petroleum hydrocarbons are first 
treated in a liquid or vapor state to remove hy 
drogen sulfide. This may be accomplished by the 
use of Soda line or any other of a number of 
methods. The hydrogen Sulfide free distillate is 
then contacted at elevated temperature in the 
vapor state with the treating reagent. This re 
agent is preferably prepared from naphthenic 
acids or other suitable acids, the initial boiling 
points of which are higher than the temperature 
which it is necessary to maintain during the 
course of the treating process. From such naph 
thenic acids are prepared suitable naphthenates 
of polyvalent metals for use in the process. Other 
stable organic acids of suitable boiling range can 
be used, Such as abietic acid and others. Among 
the metallic naphthenates which may be advan 
tageously used in this process are those of iron, 
lead and copper. The liquid in which the salt 
is dissolved or Suspended may be any liquid 
capable of dissolving or homogeneously dispers 
ing the metallic naphtheate or other metal salts 
of Organic acids referred to above, and which is 
inert and does not volatilize at temperatures re 
quired in the process. Throughout this discus 
Sion and in the claims the Word 'solution' is in 
tended to include not only true solution but homo 
geneous dispersion as well. Similarly, the use of 
the word "dissolve' is intended to include pass 
ing into a homogeneous dispersion as well as into 
true Solution. A suitable liquid for that pur 
pose is that fraction of petroleum oil commonly 
known as gas oil. Uncracked gas oil is preferable 
to cracked material. When the hydrogen sulfide 
free hydrocarbon vapors are contacted with the 
treating reagent at suitable temperature, the me 
tallic naphthenate apparently reacts with the 

A still further object is to treat petroleum dis- 55 mercaptans to form dialkyl disulfides and naph 
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thenic acid, the metal of the metallic naph 
thenate undergoing a reduction in Valence. The 
sweetening phase of the treating Operation may 
be represented by the following equation: 

where N represents naphthenic acid radical and 
R is any alkyl grOllp. 
The hydrocarbon vapors after contact with 

treating reagent, are fractionated in Suitable 
equipment and in a conventional manner. The 
heat requirement for the process is not greatly 
in excess of that required for the usual fractiona 
tion operation since the temperature of the treat 
ing reagent is sufficiently high that the hydro 
carbon vapors do not undergo appreciable cooling 
in passing through the treating reagent. The 
lower limit of the temperature at which the treat 
ing reaction may be carried out is largely a matter 
of completely vaporizing the distillate being treat 
ed, after contact with the treating reagent. In 
the case of butane, for example, the treating 
temperature might well be below 50° F. The 
upper limit is determined by the thermal stability 
of the metallic naphthenate, the vapors being 
treated and the liquid in which the naphthenate 
is dissolved or Suspended. The factor which gen 
erally is the limiting one is the thermal stability 
of the metallic naphthenate. If the treating 
temperatures are too high, decomposition of the 
naphthenate results and regeneration by means 
of the air blowing method becomes impossible. 
This temperature is preferably within the range 
of approximately 350 F. to 475 F. for most gaso 
lines and petroleum naphthas. 
treating reagent may be intermittently or con 
tinuously withdrawn from the treating stage of 
the process for regeneration. 
The regeneration or reactivation phase of the 

process may be illustrated by the following equa 
tion: 

The treating reagent may be regenerated within 
a rather wide range of temperature, satisfactory 
results being possible from 100 F. to 350 F. al 
though the preferred range is 150 F. to 350 F. 
Temperatures near or above the boiling point of 
Water are preferable in order to eliminate the 
Water formed in the oxidation reaction of the 
regeneration. The upper limit of temperature 
for regeneration is determined by the stability of 
the naphthenate salt and the liquid medium in 
Which it is dissolved or dispersed. Temperatures 
appreciably over 375 F. cause undesirable de 
terioration or decomposition of the salt and thus 
defeat the very purpose of the regeneration step 
which is to convert the used treating reagent to 
an active state suitable for Sweetening further 
hydrocarbon vapors. Oxygen or a suitable oxy 
gen-containing gas such as air, provides a very 
satisfactory means of converting the free naph 
thenic acid and the metal naphthenate in the 
lower valence form, to a higher Valence metal 
naphthenate and water. As previously indicated, 
the Water may be readily removed as water vapor 
by the gas required in the reactivation step. 
The regenerating step may be carried out at at 
mospheric or superatmospheric preSSure, as for 
example, at 50 lbs. per square inch. The re 
generated treating agent is preheated to the de 
sired temperature and returned to the treating 
step of the process. Hydrocarbon distillate 
treated by this method will be found to be doctor 
sweet and will pass a very severe copper strip 
corrosion test such as the test required in the 

After use, the 
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paint and varnish industry. This corrosion test 
is described in H. A. Gardner's book on "Physical 
and Chemical Examination of Paints, Warnishes, 
Lacquers and Colors,' page 801 and is hereinafter 
referred to as the warnish thinner corrosion test. 
In this test a polished copper strip is maintained 
in an Engler flask throughout the usual Engler 
distillation. To be satisfactory the strip must 
show not more than a slight discoloration after 
the liquid has completely distilled. 

If the concentration of high boiling disulfides 
in the regenerated treating reagent does become 
sufficiently high to eventually impair the efficacy 
of the treating solution, the reagent may be coin 
tacted with hydrochloric acid, copper being re 
coverable from the aqueous layer in the form of 
copper chloride. After Water Washing, the oil 
layer containing naphthenic acid may be treated 
with an alkali Solution containing 50% water and 
50% methanol which will extract the naphthenic 
acid as the alkali salt. The hydrocarbon Oil Con 
taining the disulfides may be utilized as cracking 
stock, fuel oil or other suitable disposition made. 

It will be seen that our process is readily adapt 
able to the usual distillation and/or cracking 
processes in use in the petroleum industry. Since 
the hydrocarbon is already brought to a vapor 
state in the aforementioned processes, very little 
additional heat is required to pass the vapors 
through Such a liquid treating reagent when that 
reagent is maintained at approximately the tem 
perature of the Vapors. 

Referring more particularly to the drawing, 
the numeral represents a pipe for conveying 
suitable hydrocarbon vapors to be treated, as 
for example, gasoline or naphtha, from a source 
of supply to the lower portion of treating tower 3. 
This tower contains suitable fractionating equip 
ment, for example, bubble plates 5, to facilitate 
contact of the hydrocarbon vapors with the treat 
ing reagent and to separate, by means of frac 
tionation, the material being treated, from the 
treating reagent. The treating reagent enters 
the upper portion of tower 3 through pipe 5 and 
flows down through the tower in intimate con 
tact With the ascending hydrocarbon vapors, 
The treated vapors pass on through the treating 
tower and are withdrawn at the top through pipe 
9 from whence they may pass to a condenser and 
be recovered as finished distillate or they may 
paSS directly to subsequent processing Operations, 
Whichever may be desired. 
The partially Spent treating reagent is with 

drawn from the bottom of tower 3 through pipe 
, cooled in heat exchanger 3 by means of heat 

interchange With treating reagent being charged 
to the treating tower, further cooled in cooling 
coil 15 and passed through pipe 7, valve f9 and 
pipe 2 to the upper portion of regenerating tower 
23. Spent treating reagent may be withdrawn 
from the System as desired through valve 25 and 
pipe 27. The regenerating tower is preferably 
Operated under Superatmospheric pressure and is 
partially filled With Suitable packing 29 to im 
prove the efficiency of contact between the treat 
ing reagent and the OXygen-containing gases 
necessary for regeneration which enter the tower 
at the lower portion through pipe 3 from a 
Suitable SQurce of Supply. The gas used for re 
generation is Withdrawn from the top of tower 23 
through pipe 33. The regenerated treating re 
agent is Withdrawn from the bottom of tower 23 
through valve 35 and pipe 37 which leads to 
pump 39. Fresh reagent may be added to the 

5 system from a suitable source as required, by 
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elevated temperatures below the decomposition 
temperature of said salt for removing Sulfur 
compounds from hydrocarbon Vapors, the Step 
which comprises passing oxygen-containing gaS 
through the solution at a temperature above 
100° F. and not substantially in excess of 375 F. 

5. The step in accordance with claim 4 in which 
the solution is maintained under appreciable Slu 
peratmospheric pressure While passing the OXy 
gen-containing gas therethrough. 

6. Process in accordance With claim 4 Where 
the vapors are treated at a temperature of ap 
proximately 350 F. to 4.75° F. and the vapors 
are of Such character that they remain in the 
vapor state at the temperatures Specified. 

7. Process in accordance With claim 4 Where 
the hydrocarbon oil solvent has an initial boil 
ing point which is appreciably higher than the 
temperature required to maintain the petroleum 
hydrocarbon vapors in the vapor State. 

8. In the process of regenerating a solution of 
a stable polyvalent metal Salt of an Organic acid 
dissolved in hydrocarbon oil which has been em 
ployed at elevated temperatures below the de– 
composition temperature of said salt for remov 
ing sulfur compounds from hydrocarbon Vapors, 
said organic acid being selected from the group 
consisting of naphthenic and abietic acids, the 
step comprising passing oxygen-containing gas 
through the solution at a temperature sufficiently 
high to effect regeneration but below the ten 
perature of decomposition of Said Salt. 

9. Process in accordance with claim 8 Where 
the regeneration temperature is between approxi 
mately 100 and 375 F. 

10. Process in accordance With claiin 8 Where 
the temperature at which the Vapors are treated 
is not substantially in excess of 475 F. and the 
temperature of regeneration is between approxi 
mately 100° and 375° F. 
1. In the process of regenerating a Solution 

of a stable polyvalent metal Salt of naphthenic 
acid dissolved in hydrocarbon oil which has been 
employed at elevated temperatures below the de 
composition temperature of Said Salt for remov 
ing sulfur compounds from hydrocarbon vapors, 
the step comprising passing OXygen-containing 
gas through the solution at a temperature suf 
ficiently high to effect regeneration but below 
the temperature of decomposition of said salt. 

2. Process in accordance with claim 11 Where 
the temperature at which the vapor is treated 
is not Substantially in excess of 475 F. 

13. Process in accordance With claim 11 in 
Which the oxygen-containing gaS is passed 
through the solution at a temperature of about 
100° F. to 875° ??. 

14. In the process of regenerating a solution 
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of copper naphthenate dissolved in an oil-mis 
cible liquid, which solution has been employed 
at elevated temperatures below the decomposi 
tion temperature of said Salt for removing Sul 
fur compounds from hydrocarbon fluids, the Step 
which comprises passing OXygen-containing gaS 
through the solution at a temperature Sufficiently 
high to effect regeneration but below the tem 
perature of decomposition of Said Salt. 

15. In the process of regenerating a Solution 
of iron naphthenate dissolved in an oil-miscible 
liquid, which Solution has been employed at ele 
vated temperatures below the decomposition tem 
perature of said salt for removing Sulfur Com 
pounds from hydrocarbon fluids, the step which 
comprises passing oxygen-containing gas through 
the solution at a temperature Sufficiently high 
to effect regeneration but below the temperature 
of decomposition of Said Salt. 

16. In the process of regenerating a Solution 
of lead naphthate dissolved in an oil-miscible 
liquid, which solution has been employed at ele 
vated temperatures below the decomposition tem 
perature of said salt for removing Sulfur Com 
pounds from hydrocarbon fluids, the step which 
comprises passing oxygen-containing gas through 
the Solution at a temperature Sufficiently high to 
effect regeneration but below the temperature 
of decomposition of said Salt. 

17. In a process of regenerating a Solution of 
copper naphthenate dissolved in hydrocarbon oil, 
which solution has been employed at elevated 
temperatures below decomposition temperature 
of said Salt for renowing Sulfur compounds from 
hydrocarbon vapors, the step which comprises 
passing OXygen-Containing gas through the Solu 
tion at a temperature above 100 F. and not sub 
stantially in excess of 375 F. 

18. In a process of regenerating a solution of 
lead naphthenate dissolved in hydrocarbon Oil, 
which Solution has been employed at elevated 
temperatures below decomposition temperature 
of said salt for removing Sulfur compounds from 
hydrocarbon vapors, the step Which comprises 
passing oxygen-containing gas through the Solu 
tion at a temperature above 100 F. and not sub 
stantially in excess of 375 F. 

19. In a process of regenerating a solution of 
iron naphthenate dissolved in hydrocarbon oil, 
which solution has been employed at elevated 
temperatures below decomposition temperature 
of said Salt for removing Sulfur compounds from 
hydrocarbon Vapors, the step Which comprises 
passing oxygen-containing gas through the solu 
tion at a temperature above 100 F. and not Sub 
stantially in excess of 375 F. 

TAWRENCE M. HENDERSON. 
ARTHUR SCHERODER. 


