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This invention relates to a process of refining 
hydrocarbon oils and especially to a process of 
Sweetening petroleum distillates containing mer 
captains. The invention involves a process of 
the type disclosed in United States Patent No. 
2,049,423 granted to Brown et al. August 4, 1936 
and is more particularly concerned with main 
taining the lead sulfide catalyst utilized in Such 
a process in an active condition. 

Accordingly, an object of the invention is to 
provide an improved process for sweetening pe 
troleum hydrocarbonS. 
Another object of the invention is to provide 

an effective method for reactivating a lead Sul 
fide catalyst for use in Sweetening processes. 
A further object of the invention is to pro 

vide a process for reactivating or regenerating 
a lead sulfide treating agent in processes which 
require that the treating agent be maintained 
in a “balanced' condition, i.e. substantially free 
from either soluble sulfides or Soluble lead con 
pounds. 
The drawing is a diagrammatic illustration of 

an apparatus for carrying out the process and 
attaining the objects of the invention. 

In the type of process With which the in 
vention is primarily concerned, a petroleum dis 
tillate is intimately contacted With an aqueous 
caustic treating solution containing insoluble lead 
sulfide in suspension. The proportions of CauS 
tic soda and lead sulfide present in the treating 
agent may vary through a considerable range 
of proportions. The aqueous solution of alkali 
preferably comprises a 20 to 30 Bé. caustic Soda 
solution, although as low a concentration aS 1 
Bé... is operative. The more dilute caustic solu 
tions give a slower sweetening reaction rate. This 
slower rate is particularly noticeable and often 
objectionable when the hydrocarbons being 
treated have a relatively high mercaptan con 
tent. The amount of lead sulfide in Suspension 
in the caustic solution may vary from 0.1 to 2.0 
pounds of lead sulfide per gallon of reagant. 
The preferred proportions are from 0.5 to 1 
pound of lead sulfide per gallon. Alkalihyroxides 
other than sodium or potassium may be used in 
the aqueous portion of the treating agent. Ad 
ditional ingredients, such as agents which reduce 
the interfacial tension between oil and water, 
may also be present in the treating agent. The 
sodium salts of phenols or other acidic bodies 
present in petroleum are an example of Such 
interfacial tension reducing agentS. 
This treating agent alone will Sweeten large 

quantities of bydrocarbon distillates without the 

(CI. 196—30) 
addition of extraneous air or oxygen when the 
hydrocarbon distillates being treated contain less 
than approximately .02-03 percent of mercaptain 
Sulfur. When the distillate to be treated con 
tains greater amounts of mercaptain sulfur, the 
introduction of air or other oxygen containing 
gaS is generally required. However, the amount 
of air added in the treating zone should be care 
fully controlled so that the treating agent is 
maintained in a balanced condition. 
By the term "balanced' condition it is intended 

to signify a treating agent free from substantial 
amounts of either water-soluble metal sulfide 
compounds or Water soluble lead compounds. Al 
though a very small amount of water soluble 
lead compounds is desirable in some instances, 
for example approximately .003 pound of lead 
per gallon of reagent when the distillate being 
treated is relatively high in mercaptain content, 
the treating agent should generally be kept free 
from all, but traces of soluble lead. It should 
be understood that the treating agent is to be 
regarded as in an essentially balanced condition 
When it contains no more than approximately 
003 pound of soluble lead compounds per gallon. 
Similarly, only traces of soluble sulfides should 
be permitted in the balanced reagent to avoid 
the presence of free or corrosive sulfur in the 
treated gasolines. - 
Amounts of air required for sweetening gaso 

line distillates containing 0.1 to 0.12% of mer 
captain sulfur usually comprise about 0.8-10. 
cubic feet per gallon of oil treated. These pro 
portions illustrate the careful control of amounts 
of air, which is essential to maintaining the 
treating agent in a balanced condition. 

If an excess of air should be added by accident 
or if for Some other reason the reagent becomes 
unbalanced and contains either an excess of 
Soluble lead compounds Or an excess of Soluble 
Sulfides, the treating agent can be brought back 
into a balanced condition by addition of either 
a proper amount of doctor Solution to remove 
the Soluble Sulfides Or a proper amount of sodium 
sulfide, hydrogen Sulfide or other soluble sulfides 
to react with soluble lead and precipitate the 
same as in Soluble lead Sulfides. The technique 
of maintaining the treating agent in a balanced 
condition is disclosed in detail in United States 
Patent No. 2,049,423, previously mentioned. 

In operating the above type of process it has 
been found that the lead sulfide eventually loses 
its catalytic activity. This is particularly true 
when cracked gasolines are being treated. The 
present invention provides a method for main 
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2,208,591 
sirable where higher mercaptain content in the 
distillate being Sweetened is encountered. 

Even with very careful control of the quantities 
of air used and of the soluble lead or Soluble 
sulfide content of the treating agent, the lead 
sulfide catalyst eventually loses some of its ac 
tivity and if recirculated long enough Without 
any reactivation treatment the catalyst may be 
come entirely inactive. In order to maintain 
the catalyst in active form the treating agent 
may be passed through conduit 3 controlled by 
valve 32 to separator 33. Sufficient Sodium Sul 
fide is introduced through valve controlled line 34 
to provide a slight excess in the treating agent 
and precipitate all soluble lead compounds which 
may be present. The separator as illustrated is 
of the gravity type and is provided With three 
outlets. As has been previously mentioned, a 
certain amount of the lead sulfide becomes oil 
wetted and tends to float om the caustic Soda 
solution. For this reason it is necessary to pro 
vide a conduit 35 at the top level of the caustic 
solution to remove this floating lead sulfide Which 
passes to mixing tank 36. A portion of the lead 
sulfide also gravitates to the bottom of the Sep 
arator and is removed therefrom through lines 
3 and 31. Caustic soda solution with the lead 
sulfide removed therefrom may be. Withdrawn 
through valve controlled line 38. This caustic 
solution may be passed to tanks and again mixed 
with the lead sulfide after the latter has received 
its reactivation treatment. The caustic may also 
be given a purification and concentration treat 
ment When desired, as for example by heating 
and boiling off a substantial portion of the Water 
present therein, which will simultaneously remove 
certain organic materials dissolved in the re 
agent. 

Attention is directed to the fact that the ter; in 
“oil-wetted' lead sulfide is used herein to desig 
nate that form of lead sulfide which has the 
property of floating on the caustic soda Solution 
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rather than of remaining dispersed therein. The 
exact cause of this property has not been ascer 
tained, and it may be due to adsorption of Con 
stituents other than oil. In any event the lead 
sulfide in this form, though heavier than the 
caustic soda solution, will remain on the Surface 
by reason of some surface tension phenomenon. 
The lead sulfide from line 35 or line 3 or 

both is treated in mixing tank 36 to reactivate 
the same. The lead sulfide is first Washed With 
hot water or steam or both attemperatures. With 
in the range of approximately 180 to 240 F. 
After this washing treatment the lead sulfide may 
again be suspended in caustic soda Solution of the 
proper strength admitted through line 4f. This 
caustic soda solution may be either a fresh Sup 
ply or the caustic soda solution removed from 
separator 36 with or without a purification and 
concentration treatment is desired. 
This reactivated treating agent can be returned 

to the system through conduit 42. An interne 
diate storage tank 43 is provided in line 42 so that 
a supply of active lead sulfide may be kept on 
hand at all times. 
On those occasions where it is found that the 

lead sulfide catalyst is particularly resistant to 
reactivation, it is necessary to throw the reagent 
off balance by blowing with air Supplied through 
line 44. This air blowing operation is carried 
out at elevated temperatures, such as 120° F. or 
above, and preferably above 180° F. while the 
lead sulfide is suspended in strong caustic Soda 
solution. The lead sulfide-caustic Suspension 
should be blown with air until at least a substan 

3 
tial portion of the PbS has been oxidized and 
converted to soluble lead dissolved in the aqueous 
phase. Preferably, all of the lead sulfide is SO 
oxidized and dissolved. Before introducing the 
treating agent into the sweetening System after 
the air blowing step, the soluble lead is reprecipi 
tated in active form and the entire agent Con 
verted to a balanced condition by addition of So 
dium sulfide through conduit 45. The doctor 
solution supply conduit 46 is also provided in 
order that the reagent may be balanced by pre 
cipitation of the soluble sulfides as lead sulfide 
in the event that an excess of sodium sulfide 
should be accidentally introduced. 

It is apparent that the reactivation process can 
be operated concurrently With the SWeetening Op 
eration merely by Splitting the reagent into two 
portions, One foWing through Valve 29 and the 
recirculation conduit including flow meter 30 to 
the Sweetening Zone, and the other portion flow 
ing through valve 32 and line 3 to separator 33 
for reactivation treatment. In general, it is more 
desirable to shut off recirculation by closing valve 
29 entirely and removing the old treating agent 
from the system. While the old treating agent 
is being removed, fresh active lead sulfide sus 
pended in caustic may be Supplied from storage 
43 through valve controlled line A6 to the Sweet 
ening System. 

It should be noted that the drawing comprises 
merely a diagrammatic representation of the ap 
paratus to be used with no attempt to show ob 
Vious or Well known details. 
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Although certain specific proportions of in 
gredients and other Specific features have been 
disclosed herein, it is to be understood that all 
Such changes and modifications as come Within 
the scope of the appended claims are embraced 
within the spirit and teaching of this invention. 

I claim: 
1. In a proceSS of SWeetening petroleum distill 

lates. With lead Sulfide Suspended in a treating 
agent in a balanced condition, said agent con 
prising an aqueous solution of an alkali hydrox 
ide SUbstantially free of Water-souble lead com 
pounds, Whereby said, lead sulfide normally be 
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comes at least partially poisoned and loses some 
of its catalytic activity, a process of maintaining 
the lead sulfide in active condition which con 
priseS Separating lead Sulfide from the aqueous 
Solution, treating the lead sulfide with i2O at ele 
Wated temperatures above approximately 180° F., 
Suspending the lead sulfide in an aqueous solution 
of an alkali hydroxide, converting the last men 
tioned Solution of alkali hydroxide to an unbal 
anced condition by heating said solution to ele 
Vated temperatures and blowing with air while 
Said lead Sulfide is Suspended therein, balancing 
the treating agent by addition of a soluble sulfide 
to precipitate dissolved lead formed by the air 
blowing process and recirculating the balanced 
treating agent with the petroleum distillate to 
be SWeetened. 

2. In a process of Sweetening petroleum distill 
lates with lead sulfide suspended in a treating 
agent in a balanced condition, said agent Com 
prising an aqueous solution of an alkalihydroxide 
Substantially free of water-soluble lead com 
pounds, whereby said lead sulfide normally be 
Comes at least partially poisoned and loses. Some 
of its catalytic activity, a process of reactivating 
the lead sulfide which comprises adding a Soluble 
Sulfide to the aqueous Solution in an amount 
sufficient to produce an excess thereof, separating 
lead sulfide from said aqueous Solution, treating s 



the separated lead sulfide with Water and steam 
at elevated temperatures, suspending the lead 

. Sulfide in an aqueous Solution of an alkali hy 
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droxide, converting said treating agent to an 
unbalanced condition by heating to elevated 
temperatures and blowing With air in the pres 
ence of said suspended lead Sulfide, and balanc 
ing the treating agent by addition of a soluble 
Sulfide to precipitate dissolved lead formed by the 
air-blowing proceSS. 

3. In a process of Sweetening petroleum dis 
tillates with lead sulfide suspended in a treating 
agent in a balanced condition, said agent com 
prising an aqueous solution of an alkali hydrox 
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ide Substantially free of Water-SOluble lead COm 
pounds, whereby said lead sulfide normally be 
comes at least partially poisoned and loses some 
of its catalytic activity, the improvement of re 
activating the lead sulfide Which comprises blown 
ing the lead sulfide with air while out of con 
tact With said distillate and Suspended in hot 
caustic solution to throw the treating agent off 
balance and oxidize a substantial portion of lead 
sulfide to soluble lead compounds, and balancing 
the treating agent by adding sufficient Soluble . 
sulfide to precipitate the soluble lead compounds 
so formed. - 

4. In a process of Sweetening petroleum distill 
lates With lead sulfide Suspended in a treating 
agent in a balanced condition, said agent com 
prising an aqueous solution of an alkali hydroxide 
substantially free of Water-soluble lead com 
pounds, whereby said lead sulfide normally be 
comes at least partially poisoned and loses some 
of its catalytic activity, a process of reactivating 
the lead sulfide Which comprises separating lead 
sulfide contained in caustic suspension from the 
Sweetening Zone, Suspending the separated lead 
sulfide in strong alkali Solution, heating said SuS 
pension to an elevated temperature, blowing said 
suspension with an excess of air while at Said 
elevated temperature and While out of contact 
With the oil being SWeetened, and balancing the 
treating agent by adding sufficient sodium sulfide 
to precipitate the soluble lead compounds formed 
by the air-blowing operation. 

5. In a process of sweetening petroleum dis 
tillates with lead sulfide suspended in a treating 
agent comprising an aqueous Solution of an alkali 
hydroxide, the improvement of reactivating the 
lead sulfide which comprises passing the suspen 
sion through a separating Zone and allowing oil 
wetted lead sulfide to accumulate at the surface 
of the alkali solution and float thereon, removing 
the floating lead Sulfide from said surface, thor 
oughly washing said lead sulfide with H2O at ele 

6) 

vated temperatures above approximately 180° F., 
and again suspending the lead sulfide in an 
aqueous solution of an alkali hydroxide. 

6. In a process of Sweetening petroleum dis 
tillates with lead sulfide suspended in an aqueous 
solution of an alkali hydroxide, the improvement 
of reactivating the lead sulfide which comprises 

2,208,591 
converting at least a major portion of the lead 
Sulfide to soluble lead compounds While Suspended 
in hot caustic solution by blowing the suspension 
with air while out of contact with said distillate, 
and precipitating the Soluble lead compounds So 
formed by adding a soluble sulfide to the solution, 
prior to recirculating the treated agent to a 
petroleum SWeetening ZOne. 

7. A process of maintaining in active condition 
a treating agent for Sweetening petroleum dis 
tillates, said agent comprising lead sulfide sus 
pended in an aqueOUS Solution of an alkali hy 
droxide containing no more than approximately 
.003 pound of water-soluble lead compounds per 
gallon, said process comprising converting at 
least a major portion of the lead sulfide to soluble 
lead compounds While Suspended in hot caustic 
Solution by blowing With air while out of contact 
With the distillate to oxidize the insoluble lead 
Sulfide, precipitating the lead in the soluble lead 
compounds So formed by adding a Soluble sulfide 
to the Solution, and recirculating the treated 
agent to a petroleum SWeetening Zone. 

8. A process of treating petroleum distillates 
which comprises: intimately contacting a sour 
distillate in a sweetening Zone with a catalytic 
treating agent comprising lead sulfide suspended 
in an aqueous Solution of an alkali hydroxide; 
Separating the distillate from said treating agent; 
recycling Said treating agent to said Sweetening 
Zone; maintaining Said treating agent in a sub 
stantially balanced condition when in said Sweet 
ening Zone, Whereby said recycled treating agent 
does not cause color reversion in the distillate 
being processed but becomes poisoned to the ex 
tent that it loses at least some of its catalytic 
activity; restoring catalytic activity to said poi 
Soned treating agent, without causing color re 
Version in distillate to be treated, by blowing said 
lead Sulfide With air While Suspended in hot caus 
tic Solution to oxidize a substantial portion of 
Said lead sulfide to soluble lead compounds and 
balancing said air-blown suspension by adding 
soluble sulfide to precipitate the soluble lead com 
pounds; and returning said balanced treating 
agent to Said SWeetening Zone. 

9. A process of reactivating a lead sulfide cata 
lytic Sweetening agent which has accumulated 
catalyst poisons of the type produced by catalytic 
SWeetening of petroleum distillates with a bal 
anced treating agent comprising lead sulfide sus 
pended in an aqueous solution of an alkali hy 
droxide, said reactivating process comprising 
blowing said lead sulfide with air while suspended 
in hot caustic Solution, to oxidize a substantial 
portion of Said lead sulfide to soluble lead com 
pounds, and balancing the resulting solution by 
adding a soluble Sulfide in an amount not sub 
stantially greater than necessary to precipitate 
the soluble lead compounds as a reactivated lead 
sulfide Sweetening catalyst. 
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CERTIFICATE OF CORRECTION. 
Patent No. 2,208,591. July 25, 1940. 

ERNEST E. LYDER. 
It is hereby certified that error appears in the printed specification 

of the above numbered patent requiring correction as follows: Page l, sec 
ond column, line 32, for "O.8-lO" read --O8-10--; and that the said Let 
ters Patent should be read with this correction therein that the same may 
conform to the record of the case in the Patent Office. 

Signed and sealed this l9th day of November, A. D. 191?O. 

Henry Van Arsdale, 
(Seal) Acting Commissioner of Patents. 


