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This invention relates to the refining of hydro-
carbon distillates and more particularly to the
refining of heavy naphthas, kerosene, heater oil
and furnace oils derived from straight-run crude
distillation or from ecracking processes, either
thermal or catalytic. Still more particularly the
invention relates to a method of treating such
stocks with concentrated caustic alkali solutions
to remove mercaptans therefrom while avoiding
undesirable color degradation or formation of oil~
soluble color bodies.

It has heretofore been the practice to treat
sour mercaptan-containing hydrocarbon distil-
lates with alkaline solutions of various sorts to
remove the mercaptans. Where low molecular
weight mercaptans are involved as in the case
of low-boiling distillates such as light naphthas,
removal of mercaptans can be effected by simply
washing with caustic alkali, e. g. caustic soda or
caustic potash. For this purpose it is usually
the practice to employ a caustic soda solution of
about 10 to 20 per cent concentration. The caus-
tic solution can be regenerated by steaming or
air blowing to distil-off the mercaptans or con-
vert them to insoluble disulfides which can he
separated from the caustic solution..

In the case of higher boiling stocks, partic-
ularly kerosene and heater oils, the removal of
the mercaptans is much more difficult because
of their increased oil solubility or higher oil-
water partition coefficient due to their higher
molecular weight. Numerous methods have been
proposed and practiced for removing heavy mer-
captans of the type found in these higher boil-
ing distillates. Alkaline solutions containing or-
ganic solvents or so-called “solutizers” have been
employed. Caustic-methanol solutions have a
similar action. Chemical reagents which oxidize
the mercaptans to disulfides in the presence of
the oil have also been extensively employed.
Among these are the familiar alkaline sodium
plumbite or doctor solution, alkaline hypochlorite
solutions, ete. Some attempts have been made
to remove mercaptans from petroleum distillates
by treating with anhydrous caustic in the form
of a dry powder or in solution or suspension in
an organic solvent such as methanol. When
operating in this way, however, serious color
formation has resulted especially where the treat-
ment was conducted at elevated temperature,
for example 150° F. and upwards. It has been
found that to prevent color formation under
these conditions it has been necessary to care-
fully exclude oxygen or air.

We have now discovered that mercaptans can
be removed from sour hydrocarbon .distillates,
even of the heater oil distillate boiling range,
without serious color formation by treating with
a controlled amount of air or oxygen in the
presence of an aqueous potasslum hydroxide
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‘solution having a concentration in the range

of about 50 to 60 per cent by weight at a tem-
perature of about 80 to 125° F. (but high enough
to prevent ‘solidification of caustic), at atmos-
pheric or superatmospheric pressure and in the
presence of a particular type of copper catalyst.
Under these conditicns we have discovered that
the mercaptans are converted to odorless di-
sulfides without the formation of objectionable
color bodies. The cil refined in this manner
has also been found to be satisfactory from the
standpoint of its burning characteristics when
employed in sleeve-type burners. The amount
of oxygen employed either as air or commercial
oxygen is preferably about one and one-half
to two and one-half times that theoretically re-
quired for converting the mercaptans present to
disulfides.

We have found that the treating reaction is
greatly facilitated by the presence of a small
amount of copper, e. g. about .004 to 0.1 per cent
by weight based on the potassium hydroxide solu-
tion in the form of a catalytically active copper
compound or copper complex such as colloidal
copper oxide, This corresponds to about 0.01 to
0.3 per cent of copper chloride, CuClz.2Hz0.
With some catalysts larger amounts of copper
may be used, e. g. up to .5 per cent by weight
based on KOH, but usually it is not necessary
to exceed .1 per cent. It is preferred to add the
copper in the form of an aqueous solution of a
copper salt such as copper chloride, sulfate,
nitrate or acetate. The copper salt solution may
be ‘added directly to the potassium hydroxide
solution if the latter is hot enough to avoid for-
mation of a black precipitate. When added in
this way, for example to boiling potassium
hydroxide solution, a blue complex forms which
appears to be a colloidal copper compound; in
this form and concentration the copper remains
in active condition and does not precipitate from
the potassium hydroxide treating reagent.

The copper catalyst can also be added to an
intimate reaction mixture of KOH solution and
oil, the oil in this case forming the continuous
phase of an emulsion so that when the copper
salt is introduced it is also dispersed and resulfs
in the formation of active catalyst instead of
inactive black precipitate. When operating in
this way the solution of KOH is mixed with the
oil, for example in a continuous mixer, during or
after which a solution of a water-soluble copper
salt is introduced. The oil and treating agent
is then passed to another mixer into which air
or oxygen is introduced. If desired, however,
air may be introduced into the oil and KOH
before adding the copper catalyst, the air, oil,
KOH and catalyst being all maintained in inti-
mate contact until mercaptans are substantlally
eliminated.
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The invention .is illustrated by .the drawings

which form-a 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 .

captan 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

16

of about 17 Saybolt Universal and a mercaptan

number of 69. The treats were carried out at

about 80° F. with air and 1% by volume of an-

aqueous KOH solution .of “55% concentration.

The data follow: -

. Color -
Saybolt :
Universal.-

Contact. .
Time- -
Minutes -

Mereaptan

CuCl:2H:0° " Numbet
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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-

40

Referring to the drawing, the -
sour oil is introduced by -line 10 and-the tem- -

more complete removal -of ‘caustic from-the oil
and E is a settler for removing wash water from'
the treated oil.

perature is adjusted by heater -1i to a satis~

factory point, e. g.” 90°“F.- After flowing thru -
meter 12 the oil passes thru mixer- 13 which is-
indicated to be of the orifice type.” Air intro--
duced by line 14 flows thru meter 15 and is mixed -
with the oil in mixer- i3, a suitable .residence -
time being about 35 seconds.” If HS'is present -
in the oil charged by line.10, it may be given

a preliminary wash with "an~alkaline solution,"

e. g. sodiim hydroxide or carbonate, to remove -

H.S.

stream of air and oil entering mixer 3. The

An aqueous KOH soluition of 55 per cent con= ‘
centration is introduced by line .16 'into. the
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resulting mixture flows by line.. T to reactor A .

where partial separation of KOH solution takes-

place.

60

Oil and unused air pass by line (8 to air sep- -

arator 19 from which the air is discharged by -
It is preferred to maintain the reac- -

line 20.

tor. A under pressure,” for example about:.100:.

p. s. i..g., reducing the pressure by valve:2{ to -g;

about 15 p. s. i. g. to facilitate separation of

air in separator (8. - The use of pressure; with:
air increases the rate of oxidation, and- pres- -

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

76
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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 com-
plete removal of KOH, the coalescer serves to
arrest the development of color in the presence
of the KOH solution..

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 28, water being intro-
ducedinto 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
31, the finished oil being discharged from the
system by line 32. 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 KOH is withdrawn by line 36 and pump

-31 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 KOH flows

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 16.. 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 KaS which.is undesirable. because. -
it separates and.clogs. the system. It also rep-
resents a.loss of KOH.. . .

From the coalescers C.and D, separated KOH
solution is conducted by line 50 to separator 35.
The cresylate layer. from separator 35 is con-
ducted by line 51 to separator .52 which may
be a storage. tank.providing an.extended -time
for settling out agqueous 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 ¢f 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-
diaminopropanse.

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 ke obtained. Higher temperatures
have been found to increase color formation. We
have found that use of the copper catalyst tends
to prevent color formation, apparently by direct-
ing the cxidation reaction toward the conversion
of mercaptans to disulfides. The cause of color

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 sour
west Texas heater oil with 1% by volume of KO

10

20

25

solution at 120° F. 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 mercaptan num-
ber of the oil is reduced when treated with air
and regenerated 55 percent KOH. The lower
curve illustrates the improved results obtained

with the same KO solution containing 0.1 per-

cent by weight of CuCla.2H20.

It is to be noted that the maximum ox1dat10n
rate occurred with a copper concentration of
about 0.1 to 0.2 percent CuCl.2H20. 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 tem-
perature on the reaction, particularly with re-
spect to mercaptan number and color. The treats
were made by using straight-run west Texas
heater oil having a +15 Saybolt color and s
mercaptan number of 65. The treating reagent
was a 55 percent aqueous KOH solution contain-
ing 0.1 percent CuCls.2H:0, 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:

o Mercaptan| Color, Time.

o i

Tomp. ° T. No. Saybolt | Minutes
B0, e e e 3.2 +9 15
100 3.8 -+9 15
1200 .. 3.5 +9 5
150 ... 0 —~16 8
1501 3 0 3

1 Data interpolated.

It is desirable to separate the oil from the
caustic solution after a contact time of about 25
10 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 sufiicient, depending largely
on the temperature,

The ratio of caustic solution to cil may be
varied over a range from 1 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

30
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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-0il ratios as will
‘be observed from the following table:

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

Color—=Saybolt Universal
Untreated olle oo 17
Settled to remove spent KOH solution...____ 9
Coalesced oo 13
Coalesced and washed with watero . 16

When recharging a coalescer with fresh glass
wool or cther packing material, it has been found
that maximum efficiency in removal 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 NaOII 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 KOHE
in comparison with NaOH solutions. Note that
the aeration time for reduction in mercaptan
number is considerably greater for NaOX solu-
tion of the same concentration. Thus the aera-
tion time required to reduce the mercaptan num-
ber from 80 to 60 was approximately 48 minutes
with 25 percent NaOH and only 24 minutes with
KO solution of the same concentration,

Figure 3 also shows the effect of concentration
on rate of mercaptan oxidation and it will be
noted that there is a tendency for the oxidation
to cease entirely or level off at a given mercaptan
number depending on the concentration. Thus
40 per cent. KOH leveled off at a mercaptan
number of about 22, whereas 50 per cent KOH
permitted the mercaptan number to be reduced
to about 7. These data were obtained with a
West Texas heater oil having a mercaptan num-
ber of 80, contacted with air and 1 per cent by

-volume of the caustic solution containing 0.1 per
cent CuCla.2H20. The temperature of contact-
ing was 85° F'. and the rate of air input was 4.85
cubic feet per hour.

The 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 mercaptan 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-
vloying 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-
captan numbers have been reduced to about 1
or practically zero and treated products of good
odor have been obtained with a Saybolt color of
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15 t0.17 and with ‘good ecolor stability and excel~: -

lent-burning qualities. .

While a particular system for using the inven-.

tionn ~has. been -described .in -considerable . detail,

many: modifications:and . 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 36c 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 s blue. .color; such catalyst is

preferably prepared in the manners herein de-.

7]

10

scribed using, for example, copper sulfate, which -
has been found to give oulstandingly good re-. -

sults:

Weclaim:-

1. The process of removing mercaptans iron 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 agueous
solution of KXOH having a concentration of about
50-to 60: per cent, said soluticn containing about
.004-to 0.1 per cent by weight of copper in the
form-of --an- active copper compound which is
active -as an. oxidation - catalyst, introducing a

30

free oxygen containing gas-in an amount about -

stoichiometrically equivalent to the amount of

mercaptans - present in said- distillate -into - the

mixture of distiliate and KOH, maintaining the
temperature of contacting at about 80 to 125° F.
and -separating spent KOH solution and asso-
ciated-reaction products from - the treated oil.
2. The process of sweetening a sour hydroear-
bon fuel-oil distillate without fcrination of ex-
cessive color therein which comprises intimately
contacting said distillate with about 5 to 10 per
cent by volume of an agueous-sclution of KOH
having a concentration of about 56 {c 60 per cent
and containing about .0¢4 to 0.1 per cent of cop-
per in the form of an active copper compound
which is active as an oxidation catalyst, intro-
ducing into  the reactiocn mixture air containing
an amount -of- oxygen -stocichiometrically equiv~

alent; to about one -and one-haif to two and one- 5

half times the amount of mercaptans present in

said -distillate, maintaining -szid reaction -mix-

ture -highly agitated and at a temperature of
about 80 to 125° F. until the mercaptan 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 cf claim 2 wherein said cil'is
washed by intimately contacting with water im-
mediately after separation frem said O solu-
tion.-

4. The process of claim 2 wherein-the time of

40

45

60

contaet- between- said- distillater and said KCH -

soluticn is aboutd to 60 minutes: -
5. The process of -claim- 2 wherein- the spent
KOH solution separated from-the freated distil-

late is regenerated by subjecting to distiliation at

subatmospheric pressure-and a temperature not
exceeding about 300° F., and the resulting regen-
erated KCH solution is employed for the treat-
ment of additicnal quantities of socur fuel oil
distillate.

6. In a process for treating a sour hydrocarbon

distilate -which - is. higher boiling - than gasoline -
and-which contains:a large amount of mercaptan-

63 -
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sulfur; in which -process-the hydrocarbon distil-.

late is intimately:.contacted with an amount of
oxygen stoichiometrically -equivalent to about

one and one-half to two and one-half times the-

amount of mercaptans present in the distillate
and in which process the contacting is effected in
the presence of concentrated agueous potassium

hydroxide of about 50 to 60 per cent concentra-- -

tion ab 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-

droxide present in the contacting step; caid active -
copper -catalyst being in the form of a copper.
compoungd: ang not in the forin of metallic cop- -

oer.

7. The: precess _of clzim § wherein the copper -

compound. is a blue colloidal copper oxide.
8. The process. of claim 6 wherein the copper

ecompound is formegd by adding a copper salt to a .
sclution -of conecentrated potassium -hydroxide:
under conditions. for avoiding the fermation of -

appreciable: amounts of kblack precipitate.

9. The method of claim 8 wherein the copper:

compound is formed by adding copper sulfate to
concentrated aqueous. potassium hydroxide. at. a

temperature sufficiently high to avoid appreci-.

able formation of black precipitate.

10. The process of treating a sour virgin heater
oil distillate containing a large amount of merx-
captan sulfur, which process comprises intimate-
ly ccantacting said distillate with about b per cent
by volume of a concentrated potassium hydroxide
solution of about 50 to 60 per cent concentration
in the presence of g catalytic amount of an active
copper compound which is active as an oxidation
catalyst and with added oxygen in an amount

stoichiometrically equivaient to. about one and. .

one-half to two and one-hzlf 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 time sufficient to obtain a low mercap-

tan 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 potassiuin cresyl-
ates from the withdrawn solution, then subject-

- ing the solution to distillation at low pressure and:
at a temperature: not exceeding about 300° I for.

removing  water therefrom, cooling the concen-
irated caustic solution and returning said cooled

solution for contacting with additional amounts .

of said distillate.
JACK H. KRAURE.
THEODORE B. TOM.
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