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CAUSTIC TREATING PROCESS 

Charles 0. Cole, Jackson Eng, Charles B. Rupar, and 
Norman L. Shipley, Sarnia, Ontario, Canada, and 
Georges G. Lukk, West?eld, N.J., assignors to Esso Re 
search and Engineering Company, a corporation of 
Delaware 

Filed Feb. 12, 1959, Ser. No. 792,895 
3 Claims. (Cl. 208-230) 

The present invention deals with the caustic treating 
of petroleum fractions. More particularly, it concerns a 
method for removal of mercaptans and thiophenols in a 
manner making maximum use of caustic while reducing 
problems of waste caustic disposal. 
The treatment of various hydrocarbon streams with 

alkaline solutions so as to reduce their mercaptan and 
thiophenol contents is well known in the art. Mercaptans 
are undesired due to their noxious smell. Sulfur'con 
taining compounds are in general undesirable since the 
presence of sulfur adversely affects stability and combus 
tion characteristics of fuels. In addition to removing 
mercaptans and thiophenols, the alkali extraction will also 
remove phenolic compounds such as phenol, the cresols, 
and higher phenolics, normally present in the petroleum 
fraction to be treated. In treating a typical cracked 
naphtha, for example, these phenolics will comprise up 
to 1 wt. percent of the hydrocarbon oil While the total 
quantity of mercaptans and thiophenols may be about 
0.1 wt. percent or less. In the conventional method of 
caustic washing such a naphtha fraction, up to 90 wt. 
percent or more (based ‘on phenolics present in the 

'naphtha) will be extracted along with mercaptans and 
thiophenols. 
The extraction of phenolics presents several signi?cant 

problems. It has been ditlicult'to dispose of the spent 
caustic containing phenols which continuously pass into 
the. alkali solution during extraction. Lange amounts of 
a high phenolic content, caustic stream cannot be 
tolerated in rivers, streams, etc., due to their harmful 
effect on aquatic life. Thus, heretofore it was required 
to treat such caustic in order that their phenolic con 
tent be considerably reduced. Additionally, the extrac 
tion of phenols is not of particular value and the alkali 
consumed thereby is essentially wasted with regard to 
its availability for the removal of mercaptans and thio 
phenols. ' 

In accordance with the present invention, means are 
taught whereby optimum use is made of available alkali, 
and minimum di?ioulties in disposal of alkaline solu 
tion are incurred. More particularly, a suf?cient quan 
tity of phenolics is added to the alkaline solution to be 
used for extraction of hydrocarbon oil so that the concen 
tration of phenolics in solution is in equilibrium with the 
phenolic compounds present in the hydrocarbon oil to 
be treated. The vfree alkali content of the alkaline solu 
tion is maintained at a very low value, i.e. less than 2 Wt. 
percent. When the alkaline solution containing an 
equilibrium concentration of phenolics is contacted with 
the hydrocarbon oil, thiophenols and mercaptans are ex 
tracted Whereas the solution does not extract phenolics 
from the oil. Since thiophenols and mercaptans are 
more acid than phenolics, the equilibrium relationships 
are such that the available small quantity of free alkali 
will essentially only be utilized for removal of undesired 
sulfur-containing compounds as opposed to the extraction 
of phenolics. 

In a preferred embodiment, spent alkaline solution, i.e. 
solution rich in extracted mercaptans ‘and thiophenols, is 
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2 
regenerated by oxidizing the mercaptans and thiophe 
nols to disul?des, separating out the disul?de, and recycl 
ing alkaline solution containing equilibrium quantities of 
phenolics to the hydrocarbon extraction zone. 
The present invention is generally applicable to the 

alkaline treatment of oils containing mercaptans and 
phenolics. Among fractions suitable for treatment are 
catalytically cracked naphtha, heavy virgin naphtha, 
kerosene, and the various middle distillates. 
The bene?ts of the present process are as follows: 
(l) Maximum use of alkali to remove undesirable 

compounds such as mercaptans and thiophenols. 
(2) Increased product yields since phenolics remain 

in the hydrocarbon oil treated. 
(3) Spent caustic disposal problems are markedly re 

duced since the quantity of phenolic-containing, spent 
alkaline solution ultimately to be withdrawn from the 

. system is considerably less than in conventional processes. 
(4) Data has shown that the presence of phenolics 

in gasoline, etc. are not detrimental. In ‘fact, certain 
phenolics are natural inhibitors. Thus, the oil treated 
in the present process would normally require less anti 
oxidant inhibitor addition since “natural” inhibitors have 
not been removed. 

It is to be clearly noted that the present invention is 
clearly ‘distinguishable ‘from the conventional use of 
“solutizers,” as for example shown in U.S. Patent 2,351, 
467. Although it has previously been suggested to add 
limited quantities of various materials to alkaline washes, 
e.g. amines, phenols, etc., the preservation of an equilibri 
um concentration of phenolics in said alkaline solution 
so as to prevent substantially any extraction of phenolics 
from the hydrocarbon to be treated was not heretofore 
contemplated. In the prior art systems, the phenolic con 
’centration in said wash solution was substantially below 
equilibrium requirements and/ or the relatively large quan 
tity of free alkali employed resulted in substantial phenol 
extraction from the hydrocarbon oil treated. The ‘greater 
the amount of free alkali, the greater will be the degree 
of phenolics extraction from the hydrocarbon oil. 
By way of nomenclature, the term “alkaline solution” 

denotes the basic (as opposed to acidic) solution formed 
by dissolving alkali-metal compounds in water. Though 
hydroxides of sodium and potassium are preferred, vari 
ous salts such as carbonates may also be employed. The 
term “free alkali” is used to denote the quantity of un 
reacted alkali present in solution, i.e. the quality of alkali 
available for interaction with mercaptans, thiophenols and 
phenolics. 
The various aspects and modi?cations of the present 

invention will be made more clearly apparent by refer 
ence to the following description, examples and accom 
panying drawings. 
FIGURE 1 depicts a preferred mode of operation 

whereby extracted mercaptans are removed while re 
generating alkaline solution for further extraction. 
FIGURE 2 illustrates experimental results derived 

from the study of alkaline extraction of a hydrocarbon 
oil containing mercaptans, thiophenols and phenolics. 

Turning to FIGURE 1, the system shown therein 
basically comprises extraction tower 10, oxidation or re 
generation vessel l1, and akaline recovery tower 12. 

It is desired to extract a light, catalytically cracked 
naphtha, boiling in the range of 100 to 330° F. The 
hydrocarbon contains about 0.02 wt. percent thiophenols, 
0.2 wt. percent phenolics and has a mercaptan content 
of 0.01 wt. percent. It is desired to reduce the thiophe 
1101 and mercaptan contents to less than about 0.002 wt. 
percent and 0.002 wt. percent respectively. 
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In accordance with the present invention, the hydrocar 
bon oil is introduced into tower 10 by line 13 wherein it is 
contacted with alkaline solution introduced through line 
14. The alkaline solution is 20 Be’, sodium hydroxide. 
It contains 35 wt. percent phenolics of the same type 
present in the hydrocarbon oil, and contains less than 2 
wt. percent free caustic. The quantity of phenolics present 
in the caustic is suf?ciently great so as to be in equilibriurn' 
with the phenolics, such as phenol and cresols, present in 
the hydrocarbon oil to be treated. Normally about 10 
volumes of hydrocarbons are treated per volume of caustic 
introduced by line 14, but each volume of fresh caustic 
pheno-lics solution can be used to treat up to 1000 volumes 
of oil before regeneration in unit 11, as will be later de 
scribed. 'I'he alkaline solution of line 14 can be derived 
in large part from recycle caustic withdrawn by lines 16 
and :17. , ' 

Tower 10 can be any conventional extraction apparatus. 
It preferably is a multi-contactingstaged unit, the staging 
and nature of the caustic solution introduced thereto being 
such thatthe treated oil removed through line 15 con 
tains at most the concentration of mercaptans and thi 
ophenols indicated previously. The Washed oil will con 
tain substantially the same quantity of phenolics, is. 0.2 
wt. percent, as the initial oil feed. 

Alkaline solution containing extracted mercaptans and 
thiophenols is withdrawn by line 16. About 90% of the 
extract can be recycled by line 17 for further contact with 
the oil to ‘be washed. Continuously, or periodically if so 
desired, mercaptans and thiophenols must be removed 
from the caustic treat solution in order to 'allow for fur 
ther extraction of sulfur-containing compounds. This is 
preferably done by means of oxidation unit 11, although 
in the broadest aspects of the present invention, any regen 
eration process e?fecting such a result is applicable. 
The “spent” caustic is thus sent to unit 11 wherein air 

or ‘other oxygen-containing gas introduced through line 
19 serves to convert the metallic salts of the extracted 
mereaptans and thiophenols to their disul?de forms, thus 
freeing sodium hydroxide for further extraction, i.e. for 
further interaction with the ‘sulfur compounds present in 
the hydrocarbon oil. Air regeneration of caustic, per se, 
is Well known in the art. Very brie?y described, unit 11 
operates at a temperature of 50 to 200° F. e.g. 100° F., 
approximately 5 to 10rnoles of oxygen being employed 
for each mole of mercaptans and thiophenols. Though 
not shown, for the sake of simplicity a number of con 
tacting passes between the caustic and the air are generally 
employed. Gases are vented through line 20. 
Though mercaptides are converted by oxidation, there 

is no substantial eifect on the concentration of phenols 
(and carboxylic acids) present in the alkaline solution. 
Thus thealkaline solution withdrawn by line 21 will com 
prise substantially the same concentration of phenolics as 
the solution in line 18, as well as containing disul?des. It 
has a free caustic content of about 0.01 to 1 wt. percent. 
Since it is desired to have, a low concentration of free 
caustic in the extraction tower, a relatively simple regen 
eration step is readily employe . ' 

Disul?des are removed from the alkaline solution in 
tower, 12. A wash oil substantially free of thiophenols 
and mercaptans is introduced into tower '12 by inlet 22, 
thereafter countercurrently contacting the regenerated 
alkali solution and extracting disul?des therefrom. The 
wash oil is normally a virgin or crackedlnaphtha fraction 
and is preferably a stock which is to be hydro?ned sub 
sequently. Tower '12 operates at ambient temperature, 
about 0.1 to 10 volumes of wash oil being employed per 
volume of regenerated alkaline solution. The spent wash . 
oil containing disul?des is Withdrawn by line 23 and may 

. be sent to hydro?ning, where the disul?des are split into 
hydrocarbons and hydrogen sul?de. 

. The regenerated alkaline solution is thereafter recycled 
to extraction tower 10 by line 24. ' 
Though not normally necessary or desired (from the 
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standpoint of easily maintaining phenolics equilibrium), 
a very small quantity of fresh alkali may be added to the 
system, thus supplementing the regeneration step. Since 
ultimately the concentration of carboxylic acids will tend 
to limit the life of the alkaline solution, the fresh caustic 
addition preferably will operate in conjunction with the 
purging of spent, high acid oil content solution, periodical 
ly done through line 25. Such a high acid all solution, 
which represents the alkaline solution to be disposed of, is 
readily saleable for the recovery of the acid oils While 
dilute solutions of acid oils are not. Thus, none or very 
little solution ultimately need be discharged into streams 
or the like. 

Various modi?cations may be made to the system de-0 
scribed above. Generally, when starting up the process, 
an equilibrium concentration of phenolics in the caustic 
‘will be secured by washing a minor portion of the overall 
oil feed with caustic until the phenolics build up to an 
equilibrium value. The resulting alkaline is then used for 
the practice of the present invention. Of course, extrane 
ous phenolics may be added to the caustic if desired. 
Though it is theoretically desired to prevent any extrac 
tion of phenolics from the oil during the alkaline wash, it 
is realized that practical ine?iciencies may result in some 
change of phenolics concentration. The term “substan 
tially constant” as applied to phenolics concentration de 
notes this small degree of inherent departure from desired 
results. 

Table 1 presents a compilation of data applicable to 
the system heretofore described. 

TABLE 1' 

Preferred 
range 

Broad range 

Hydrocarbon Oil Extraction Zone: 
Total volume of oil treated/volume of 
all/raline solution, prior to regeneration, 
v. v ___________________________________ _ 

Temperature, ° F _____________________ -_ 

Free alkali concentration, wt. percent 
(based on alkaline solution) ___________ __ 

Oxidation-Regeneration Zone: 
Moles of Oz/mole of mercaptaus and 
thiophenols in spent solution, M/M___-_ 
Temperature, ‘’ F _____________________ ._ 

5 to 1,000.--. 5 to 20. 
50 to 200...“ 80 to 120. 

0.01 to 2.0--- 0.02 to 1.0. 

0.25 170 10-.-. 5 to 10. 
50 to 150____- 80 to 120. 

Various experiments illustrating the practicality of the 
present invention will now be described. ‘ 

' With speci?c reference to FIGURE 2, an experiment 
was conducted with respect to illustrating that there exists 
a range of conditions. within which an ‘alkaline solution 
will effectively remove thiophenols and mercaptans from 
a hydrocarbon without extracting phenolic materials there— 
from. ' 

A catalytically cracked naphtha containing 0.134 wt. 
percent phenolics, 0.011 wt. percent thiophenols and 
having a mercaptan no. of 5.4 (equivalent to a 0.007 
wt. percent mercaptan sulfur'concentratiou) was treated 
with an 18 Bé. solution of caustic. The caustic had 
previously been used in plant operation to contact about 
1000 volumes of naphtha before being employed in the 
present experiment. Thus, it contained 31 vol. percent 
acid oils and had approximately 2% free caustic soda. 
The acid oil test (neutralizing of caustic'with'sulfuric 
acid) was a direct measure of the'phenolic content since 
the naphtha did not contain carboxylic acids. ' 
The naphtha and caustic solution were then contacted 

in a series of runs. Approximately 10 volumes of un 
treated naphtha per volume of caustic was employed, 
the caustic then being used to contact the next batch of 
naphtha. ' 

The degree of mercaptan and thiophenol reduction, as’ 
well as the degree of phenols extraction and buildup of 
acid oil concentration, is depicted in FIGURE 2. 
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With the initial treats, the caustic reduced the mic 
phenol content of the naphtha by 100 percent and the 
mercaptan content by 80, while extracting 40% of the 
phenolics in the naphtha. With additional treats, the 
thiophenols and mercaptans were preferentially extracted. 
The degree of extraction of phenols continuously de 
creased (with a consequent buildup of acid oils in the 
caustic), until when each volume of initial caustic had 
treated 200 volumes of naphtha, equilibrium was reached 
between the phenolics in the caustic and in the naphtha, 
and thus no further phenolics were extracted. How 
ever, it is seen that during the interval of 200 to 250 
volumes of naphtha/volume of caustic, the percentage 
of thiophenol and mercaptan reduction remained fairly 
constant. Ultimately, the caustic became saturated with 
these materials and their degree of removal decreased 
with continued use of the caustic. 

It is therefore evident that there ‘exists an interval 
(indicated as the cross-hatched area of FIGURE 2) 
wherein caustic did not extract phenolics from the oil 
but yet satisfactorily removes thiophenols and mercaptans. 
Thus by operating in this interval, maximum utilization 
of free caustic is possible. In the present example, about 
0.4 wt. percent free caustic was present during this range. 
By controlling the addition of regenerated caustic, these 
treating conditions, i.e. 40 volume percent phenolics in 
caustic and about 0.4 wt. percent free caustic, may be 
maintained and caustic will be expended for extraction 
of mercaptans and thiophenols only. 

It is to be noted that the use of a conventional phenol 
solutizer would result in conditions corresponding to 
those of less than 200 volumes of naphtha per volume 
of caustic as shown in FIGURE 2. 

Table 2 illustrates the oxidative regeneration of a 
caustic solution employed to treat a light catalytic 
naphtha feed oil. 

TABLE 2 

Air Regeneration of Spent Caustic From Treating of 
Light Cat. Naphthzz Mercaptan Number Reduction 

Conditions: 
Charge _________________ __ 1500 ml. 

Air rate _________________ _- 0.15 s.c.f.m. 

Temperature _____________ _. 150° F. 

Agitation _______________ __ Mechanical agitation 
and air blowing. 

Sampling _______________ __ Hourly check on 
mercaptan no. 

Regeneration Data: 
Time (hrs.)—- Mercaptan no. of 

‘ caustic 1? 

0 _________________________ __ 1630 (1728) 

1 _________________________ __ 1485 

2 _________________________ __ 1335 

3 _________________________ __ 1170 

4 1020 
S ________________________ __ 802 (986) 

6 _____________________________ __ 

7 _________________________ __ 483 

8 _________________________ __- 408 

9 _________________________ __ 278 

10 ________________________ __ 81 (140) 

1 Caustic sample was ‘acidi?ed in presence of n-heptane of 
zero mercuptan no. Aliquot of n~heptane was titrated poten 
tiometrically for mercaptan content. Bracketed ?gures were 
obtained by direct poteutiornetric titration of Caustic. 

As seen above, the mercaptan no. of the caustic was 
markedly decreased, thus freeing caustic which had been 
chemically held by the mercaptides. The free caustic 
content was increased approximately 2.6 fold. The acid 
oil content of the caustic was not materially affected by 
the oxidative regeneration step. Although it was re 
duced from about 37 to 32 vol. percent, the relatively 
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6 
small quantity of regenerated caustic per volume of re 
cycled caustic employed in the extraction zone ensures. 
that substantial phenolic equilibrium is maintained. 

Having described the present invention, that which is 
sought to be protected is set forth in the following claims. 
What is claimed is: 
1. In the process of removing mercaptans and thic 

phenols from a hydrocarbon oil additionally containing 
phenolic compounds, wherein said hydrocarbons are 
washed with an alkaline solution, the improved method 
of conserving alkali ‘which comprises utilizing an alkaline 
solution containing less than 1.0 wt. percent free alkali, 
maintaining a su?icient concentration of phenolics in said 
alkaline solution so as to be in equilibrium with the 
phenolic compounds in said hydrocarbon oil, said alkaline 
solution extracting said mercaptans and thiophenols while 
preserving the amount of phenolic compounds in said 
hydrocarbon oil at substantially the same amount con 
tained therein prior to washing with said alkaline solu 
tion, and directly recycling at least a portion of said 
alkaline extracting solution for further contact with said 
hydrocarbon oil. 

2. The improved method of claim 1 wherein said 
hydrocarbon oil is a catalytically cracked naphtha, and 
said alkaline solution is regenerated by an oxidation 
reaction. 

3. The improved method of claim 1 wherein said 
alkaline solution is contacted at total of 5 to 1000 volumes 
of oil per volume of solution prior ‘to being subjected to 
regeneration. 

4. An improved process for removing mercaptans from 
a hydrocarbon oil which also contains phenolic materials 
which comprises: contacting said hydrocarbon oil with 
an alkaline solution containing a su?icient quantity of 
phenolics so as to be in equilibrium with the concentra 
tion of phenolic materials in said hydrocarbon oil, said 
alkaline solution further containing less than 1.0 wt. 
percent free alkali, mercaptans thus being extracted by 
said alkaline solution while preserving the amount of 
phenolic materials in said oil at substantially the same 
amount contained therein prior to contacting with said 
alkaline solution recycling at least a portion of said 
alkaline solution for further contact with said hydro 
carbon oil; passing alkaline solution containing said ex 
tracted mercaptans to an oxidation zone where 7 said 
mercaptans are converted to disul?des; separating said 
disul?des from the eilluent of said oxidation zone, and 
recycling the remaining e?luent comprising alkaline solu 
tion containing phenolics for further contact with hydro 
carbon oil. 

5. The process of claim 4 wherein said hydrocarbon 
oil is a naphtha fraction and said alkaline solution is a 
solution of sodium hydroxide. 

6. The process of claim 4 wherein air is employed as 
the oxidizing agent in said oxidation zone. 

7. A process for removing mercaptans and thiophenols 
from a cracked naphtha containing about 0.134 wt. per 
cent phenolics, about 0.011 wt. percent thiophenols and 
about 0.007 wt. percent mercaptans which comprises 
contacting a volume of caustic solution containing about 
31 vol. percent acid oils and about 2 wt. percent free 
caustic with about 10 volumes of said naphtha, segre 
gating said caustic solution and said treated naphtha, 
repeating the contacting and segregating steps with said 
recovered caustic solution and additional amounts of 
said untreated naphtha until said caustic solution has 
contacted about 200 volumes of said naphtha and its 
free caustic content substantially reduced, and contacting 
said resulting caustic solution with additional amounts 
of said untreated naphtha whereby mercaptans and thio 
phenols are extracted from said untreated naphtha while 
the amount of phenolics in said naphtha remains sub 
stantially the same as contained therein prior to contact 
with said caustic solution. 

8. The process as in claim 7 wherein said volume of 
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caustic solution is regenerated after oontacting about 
250 volumes of said naphtha. 
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