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The invention is illustrated by the drawings 
which forma part of this specification and which 
show diagrammatically in Figure 1 an apparatus . 
suitable for carrying out the process. 
2 and 3 are graphs of data, illustrating the re 
Sults obtained in the proceSS. 
The following data illustrate the effect of Con 

centration of copper catalyst on the rate of mer 

Figures . 
5 

captain oxidation reactions and the color of the . 
oil. The oil used in these experimentS Was a 
straight-run west Texas heater oil having a color 
of about 17 Saybolt Universal and a mercaptain 
number of 69. The treats were carried out at 
about 80° F. With air and 1% by volume of an 

C 
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aqueous KOH solution of 55% concentration. 
The data, follow: 

Co?tact. Color r “ Mercaptan ?? 
CuCl2O: Te'. z YYh kY r*. Saybolt : Miles. Number Uisal, 

6 3.1, --13; 
8 0, 6 12 

0.3--------------- ????? ???? --- ? - - ???? ????- 10 9.0 
15 6, 4. 8 

?| ? ? 8 
.2 .7.4 O ?. - - - - - - - - ?? - - - - - - - - - - - - ?. ?. -----0.2 

5. 4.5 9 

?| ?| ? 8 : 10.3. 
2 8,3 O - - - - - ?? ?-------------------? ??----0.1 

5 3.2 9 
8 17.3 2. 

3.5 10 --?|---- ?? ?---------? ?? ?----------------0.05 
5 10,3 . 9 
8 23. 10 

0.01---------?? - ----- ? - - ???? -- - - - { 10 19.6 
5 13, 7 

A fuller understanding of the treating proceSS 
will be obtained from Figure 1 of the drawing 
in which the principal reaction vessel is indi 
cated by A and the used KOH reconcentrator 
by B. Coalescers C and D are provided for 
more complete removal of caustic from the oil 
and E is a settler for removing wash water from 

Referring to the drawing, the 
sour oil is introduced by line 0 and the ten 
the treated oil. 

perature is adjusted by heater it to a Satis 
factory point, e. g. 90°F. After flowing thru 
meter 2 the oil passes thru mixer 3 which is 
indicated to be of the orifice type. Air intro 
duced by line 4 flows thru meter 5 and is mixed 
with the oil in mixer 3, a Suitable residence. 
time being about 35 seconds. If H2S is present 
in the oil charged by line. O, it may be given 
a preliminary wash with an alkaline Solution, 
e.g. sodium hydroxide or carbonate, to remove 

stream of air and oil entering mixer 3. The 

Anaqueous KOH solution of 55 per cent con s 
centration is introduced by line , 6 into. the . 

35 

40 

45 

50 

55 

resulting mixture flows by line. 7 to reactor. A . 
Where partial separation of KOH solution takes 
place. 

Oil and unused air pass by line 8 to air Sep - . 
arator 9 from which the air is discharged by 

It is preferred to maintain the reacs. . . line 2. 

60 

tor. A under pressure, for example about:100 
p.s. i.g., reducing the pressure by valve 2 to 6; 
about 15 p. S. i. g. to facilitate. Separation of 
air in separator 9. The use of pressure. With 
air...increases, the rate. Of Oxidation, and press r 
sures in the range of 25 to 200 p. S. i. g. are: 
satisfactory. Where oxygen is used, pressure is 
not ordinarily required. From 9 the Oil flows 
by line 22 to coalescer C which is packed. With. 
a fibrous or finely granular material Such as 
glass Wool, rock wool, sand, etc., providing an 
extensive Surface for the removal of colloidally 75 

4. 
suspended KOH solution from the oil. The 
coalescer may be a horizontal drum packed with 
glass wool, as indicated, connected with Settling 
chamber 23, or it may be a packed vertical drum, 
preferably arranged for downflow of oil thru 
the packing with a separating chamber at the 
bottom. By effecting a more rapid and COn 
plete removal of KOH, the coalescer serves to 
arrest the development of color in the presence 
of the. KOHSolution. 
From coalescer C the oil flows by line 24 to 

a second stage coalescer D. The residence time 
of the oil in the coalescers is suitably about 5 
to 10 minutes. From coalescer D the oil flows by 
line 25 to Water mixer 26, water being intro 
duced into the oil stream by line: 27. Mixer 
26 of the orifice type is shown, altho any suit- - 
able efficient - mechanical mixer may be Sub- - 
stituted therefor. The amount of Water-intro - 
duced may suitably be about 5 to 10 per cent 
of the volume of the oil. The Water-oil mixture - 
is conducted by line 28 to Water settler E from 
which waste water is withdrawn by line 29. 
Washed oil flows by line 30 to water coalescer 
3f, the finished oil being discharged from the 
System by line S2. Waste Water from the COa 
lescer is discharged by line 33. If desired, a 
preliminary water wash may be given the oil 
in advance of contactor 26 for the purpose of 
recovering, KOH entrained in the oil. 
From reactor A, spent KOH is withdrawn by . 

line. 34 to settler 35 where potassium cresylates 
are allowed to collect" as an upper layer. The 
separated KOHis withdrawn by line 36 and pump 
37 and thence flows by line 38 to reconcentra 
tor B where it is heated by submerged steam. 
coil 39 to drive off water which tends to ac 
cumulate in the System, particularly as a by 
product of the Sweetening reaction. In usual 
practice, the concentration may be increased 
in B from about 51 per cent to 55 per cent. 
Water eliminated as Vapor is passed by line 40 
to condenser 4 and is discharged from the Sys 
tem by line 42. The reconcentrated EKOH fows 
by line 43 to cooler 44, and thence by line 45 
to KOH solution filters, 46 which remove potas 
sium carbonate and any other insoluble prod 
ducts which may collect in the reagent. The 
KOH solution then flows by line 47 and pump 
48 back to mixer 3 by line. 6. Makeup KOH. 
is Supplied to the System from time to time by 
line. 49 as needed. By... operating concentrator . 
B under reduced pressure, e.g. 5 p.s. i.g., the . 
temperature can be held below about 280° F. 
thereby largely avoiding decomposition of mer 
captides to K2S, which is undesirable. because . 
it separates and clogs, the system. It also rep 
resents a loss of KOH. 
From the coalescers C. and ID, separated KOH 

Solution is conducted by line 50 to separator 35. 
The CreSylate layer, from separator 35 is con 
ducted by line 5 to separator. 52 which may 
be a Storage., tank providing an extended time 
for Settling out aqueous KOH, - . This recovered 
KOH is conducted periodically by line, 53 to the 
KOH. line 36. If desired, separator. 52 can be 
provided with Suitable means for raising the 
temperature of the cresylates, thereby facilitat 
ing the Separation of KOH. . The settled potas 
sium CreSylates are discharged from the system 
by line 54. 
Copper solution is introduced by line 55 and 

pump 56. For this purpose. We may use a 10 
per cent Solution of copper chloride Or. Sulfate, 
The Copper catalyst Solution can be introduced at 
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various points in the system but we prefer to add 
it directly to the hot KOH in concentrator B. 
Some of the added copper is precipitated from 
the caustic solution as insoluble copper Sulfide, 
CuS. The treated oil contains a trace of copper 
but not more than 1 part per million. The ef 
fect of this minute amount of copper On color 
Stability of the oil can be readily Offset by addi 
tion of a Small amount of a metal deactivator, 
e. g. .001 to .01 percent N,N'-disalicylidine-1,2- 
diaminOprOpane. 

In the operation of our process, it is important 
to control the temperature within the range of 
about 80 to 125 F. if a product of satisfactory 
color is to be obtained. Higher temperatures 
have been found to increase color formation. We 
have found that use of the copper catalyst tends 
to prevent color fortination, apparently by direct 
ing the oxidation reaction toward the conversion 
of mercaptains to disulfides. The cause of cool 
formation is not fully understood but it is thought , 
to be due in part to the oxidation of phenolic 
Substances contained in high sulfur oils. This 
effect is apparent from the data shown graphi 
cally in Figure 2 obtained by treating a Sout 
West Texas heater oil. With 1% by volune of KOH 

O 

20 

25 

Solution at 120° E. and air at the rate of 4.85 - 
cubic feet per hour. The upper curve shows 
rapid formation of color, i. e. decrease in Say 
bolt Universal color values as the mercaptam num 
ber of the oil is reduced when treated With air 
and regenerated 55 percent KOEI. The OWe 
curve illustrates the improved results obtained 
with the same KOH solution containing 0.1 per 
cent by Weight of CuCl2.2H2O. & 

It is to be noted that the maxinuin oxidation 
rate occurred. With a copper concentration of 
about 0.1 to 0.2 percent CuCl2.2H2O. It is also 
to be noted that the oil obtained under these con 
ditions ShoWed an improved color. 
The following data show the effect of ten 

perature on the reaction, particularly with re 
Spect to mercaptain number and color. The treats 
Were made by using straight-run West Texas 
heater oil having a -15 Saybolt color and a 
mercaptain number of 65. The treating reagent 
Was a 55 percent aqueous KOH. Solution contains 
ing 0.1 percent CuCl2.2H2O, the ratio of solution 
to oil being 1 percent by volume. The oil and 
Solution were Vigorously agitated in the presence 
of air. The following results were obtained: 

Mercaptan || Color, Time, Temp. o F. No. Saybolt | Minutes 

5 9-- 3.2 ? ? ? ? ? ? ? ------- ? ? ?-- ? ? ? --????? 80 
00 3.8 --9 5 
120 3.5 --9 5 

8 16 ???? O -???? ------------------------? ? ? ? ? ? ? - 150 
3 O 3 ---------------------------------? 150 

Data interpolated. 

It is desirable to separate the oil from the 
caustic Solution after a contact time of about 25 
to 40 minutes in Order to avoid color formation 
and a contact time greater than. One hour has 
been found to decrease the Saybolt color value 
from 16 to 5 or lower. Usually a contact time of 
5 to 30 minutes is Sufficient, depending largely 
On the temperature. 
The ratio of caustic solution to oil may be 

varied over a range from percent by volume 
to 10 or 15 percent by volume, altho about 5 per 
cent by Volume has been found to give best re 
Sults in the case of heater oil from West Texas 
Crude. When employing only 1 per cent KOH 
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6 
solution, the problem of separating the spent 
KOH solution from the oil is more difficult than 
when larger volumes of Solution are used. The 
effect of coalescing the treated oil is particularly 
valuable in the case of low KOH-oil ratios as will 
be observed from the following table: 

Heater oil treated with 55% KOH and air in presence of copper catalyst 

Color-Saybolt Universal 
Untreated oil------------------------------ 17 
Settled to remove Spent KOH solution.-------. 9 
Coalesced --------------------------------- 13 
Coalesced and washed With Water----------- 16 

When recharging a coalescer with fresh glass 
wool or other packing material, it has been found 
that maximum efficiency in renoval of color is 
not obtained until after operating for Several 
hours. This initial operating period of low ef 
ficiency can be shortened by pre-wetting the 
coalescer packing with the strong KOH solution. 
When two coalescers are employed in Series they 
can be renewed alternately thereby largely miti 
gating this unfavorable action at starting. 
Attempts to use the cheaper caustic Soda, in 

stead of KOH for Sweetening fuel oil distillates 
were unsuccessful. In comparison with NaOH 
solution, KOH gave a faster reaction and a sweet 
product before color formation developed. The 
KOH solution also separates from the oil more 
readily whereas the NaOH becomes emulsified 
or dissolved in the heavy oil and is difficult to 
remove, even in the subsequent Water washing 
operation, 

Figure 3 illustrates the Superior action of KOH 
in comparison with NaOH solutions. Note that 
the aeration time for reduction in mercaptain 
number is considerably greater for NaOH solu 
tion of the Same concentration. ThUS the aera 
tion time required to reduce the mercaptan ntm 
ber from 80 to 60 was approximately 48 minutes 
with 25 percent NaOH and only 24 minutes with 
KOH solution of the same concentration. . 
Figure 3 also shows the effect of concentration 

on rate of mercaptain Oxidation and it will be 
noted that there is a tendency for the oxidation 
to cease entirely or level off at a given mercaptain 
number depending om the concentration. Thus 
40 per cent . KOH leveled off at a mercaptan 
number of about 22, whereas 50 per cent KOH 
permitted the mercaptain number to be reduced 
to about 7. These data, Were obtained With a 
West Texas heater oil having a mercaptam num 
ber of 80, contacted with air and 1 per cent by 
volume of the caustic solution containing 0.1 per 
cent CuCl2.2H2O. The temperature of contact 
ing was 85 F. and the rate of air input was 4.85 
cubic feet per hour. 

he odor of the oil treated by our KOH-air 
oxidation process has been found to be satisfac 
tory for marketing requirements if the oxidation 
is carried to a point where the mercaptan num 
ber is below 5. (The mercaptain number is the 
number of milligrams of mercaptan Sulfur per 
100 cc. of oil, usually determined by titration 
with a standardized copper solution.) By em 
ploying about 5 volume per cent of caustic solu 
tion (55% concentration and containing about 
.02 weight per cent of copper in the form of active 
colloidal copper complex but introduced as aque 
ous copper sulfate) based on oil treated, mer 
captain numbers have been reduced to about 1. 
or practically Zero and treated products of good 
odor have been obtained with a Saybolt color of 

  



15 to 17 and with good color stability and excel . 
lent burning qualities. . 
While a particular system for using the inven 

tion has been described in considerable detail, 
many, modifications and i alternative procedures. 
and conditions will be apparent from the above 
description to those skilled in the art. For ex 
ample, the used caustic may be withdrawn thru 
line 36a and only fresh make-up caustic intro 
duced into heater B; this will avoid precipitation 
of a part of the copper by materials contained 
in the used caustic. The amounts of catalyst 
specified in the accompanying claims refer to 
copper in the form of an active compound or 
complex believed to be colloidal oxide and usually 
characterized by a blue color; Such catalyst is 

0. 

15 

preferably prepared in the manners herein de 
scribed using, for example, copper sulfate, which 
has been found to give outstandingly, good re 
Sults. 
We claim: 
1. The process of removing in 3rcaptains from a 

Sour hydrocarbon fuel, oil distillate without for 

20 

mation of excessive color therein, which com- . 
prises intimately contacting said distillate with 
about 1 to 15 percent by volume of an aqueous 
solution of KOH having a concentration of about 
50 to 60 per cent, said solution containing about 
.004 to 0.1 per cent by weight of copper in the 
form - of- an active copper compound. Which is 
actives as an oxidation catalyst, introducing a 

25 

30 

free oxygen containing gas in an amount about 
stoichiometrically equivalent to the amount of 
mercaptains present in Said distillate into the 
mixture of distillate and KOH, maintaining the 
temperature of contacting at about 80 to 125° F. 
and - Sepalating , SpeInt : KOH SOlution and aSSC 
ciated reaction products from the treated oil. 

2. The process of Sweetening a sour hydrocai'- 
bon fuel oil distillate Without forination of ex 
cessive color therein. Which coin prises intimately 
contacting Said distillate with about 5 to 10 per 
cent by volume of an aqueous-Solution of KOH 
having a concentration of about 50 to 60 per cent 
and containing about .004 to 0.1 per cent of cop 
per in the form of an active copper coinpound 
which is active as an oxidation catalyst, intro 
ducing...into the reaction mixture air containing 
an amount of Oxygen stoichiometrically equiv 
alent to about one and one-half to two and one 
half times the aimount of mercaptains present in 

4:5 

Said distillate, maintaining said reaction mix 
ture highly agitated and at a temperature of 
about 80 to 125 F. until the mercaptain number 
of Said distillate is reduced below about 5, then 
Separating spent KOH solution and associated 
reaction productS from the treated oil. 

3. The proceSS of claim 2 winerein said oil is 
Washed by intimately contacting with water in 
mediately after separation froln said KOE solu 
tion. 

4. The process of claim 2 wherein the time of 

80 

contact between Said distillate and said KCE - 
Solution is about 5 to 60 minutes: - 

5. The process of claim 2 wherein the spent 
KOH Solution Separated from the treated distill 

65 

late is regenerated by subjecting to distiliation at 
Subatmospheric pressure and a temperature not 
exceeding about 300 F., and the resulting regen 
erated KCi Soiution is enployed for the treat 
ment of additional quantities of sour fuel oi 
distillate. 

6. In a process for treating a sour hydrocarbon 
distillate which is higher boiling than gasoline 
and Which contains a large amount of mercaptain 

70 

8 
sulfur, in which process the hydrocarbon distill 
late is intimately contacted with an amount of 
oxygen Stoichiometrically equivalent to about 
One and one-half to two and one-half times the 
ainollint of inercaptans present in the distillate 
and in Which process the contacting is effected in 
the presence of concentrated aqueous potassium 
hydroxide of about 50 to 60 per cent concentra- . 
tion at a temperature in the range of about 80 to 
125 F. and under a pressure in the range of 
about atmospheric to 200 pounds per Square inch 
for a time of contact in the range of about 5 to 
60 minutes, the improvement which comprises ef 
fecting. Said contacting also in the presence of 
an active Copper catalyst Which is active as an 
Oxidation promoter in an amount of .004 to .1 per 
cent by Weight of copper based on potassium hy 
dioxide present in the contacting step, said active - 
copper catalyst being in the form of a copper. 
COnpound and not in the for in of Yetallic cop- . 
psi'. 

7. The process of clain G wherein the copper . 
compound is a blue colloidai copper oxide. 

8. The process of claim 6 wherein the copper 
£Onpound is formed by adding a copper salt to a 
Solution of conceintrated potassium hydroxide: 
under conditions, for avoiding the formation of 
appreciable, amounts of black precipitate. 

9. The method of claim 8 wherein the copper 
coinpound is formed by adding copper sulfate to 
concentrated aqueous, potassium hydroxide at a 
temperature Sufficiently high to avoid appreci 
able fol'nation of black precipitate. 

i0. The process of treating a sour virgin heater 
oil distillate containing. a large amount of mer 
captain Sulfur, which process comprises intimate 
ly contacting Said distillate With about 5 per cent 
by Volume of a concentrated potassium hydroxide 
Solution of about 50 to 60 per cent concentration 
in the presence of a catalytic amount of an active 
copper Compound Which is active as an oxidation 
catalyst and with added oxygen in an amount 
Stoichiometrically equivalent to about one and 
One-half to two and one-half times the amount 
Of mercaptans present in Said distillate, continu 
ing Said contacting at a temperature in the range. 
of about 80 to 125 F. under a pressure in the 
range of atmospheric to 200 pounds, per square 
inch for a tine Suficient to obtain a low mercap 
tam number of Said distillate without materially 
impairing the color and color stability thereof, 
then Separating Spent potassium hydroxide solu 
tion with reaction products contained therein 
from the treated oil, separating potassium cresyl 
ates froin the withdrawn solution, then subject 
ing the Solution to distillation at low pressure and 
at a temperature: not exceeding about 300°F. for 
removing water therefrom, cooling the concen 
trated caustic Solution and returning said cooled 
Solution for contacting with additional amounts 
of Said distillate, 

JACK. H. KRAUSE. 
THEODORE B. TOM. 
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