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232,067 

Claim. (CI. 23-276) 
This application is a division of copending application 

Serial No. 127,527, filed July 28, 1961. 
The present invention relates to the reconcentration and 

regeneration of solutions of alkali metal hydroxides which 
have been used to remove organic acids and mercaptains 
from flowing hydrocarbon streams. More particularly, 
the present invention relates to a method and means for 
concurrently concentrating the caustic solution while uti 
lizing the steam evolved during concentration to strip 
mercaptains from the solution. In its more specific aspect, 
the present invention relates to a means and method of 
regenerating a sodium hydroxide solution which contains 
dissolved organic acids by concentrating and removing 
mercaptans from said solution in a first stage and recover 
ing organic acids from said Solution in a second stage. 

Hydrocarbon streams boiling between about 100 F. 
and about 800 F. and containing mercaptains and organic 
acids (including phenols and carboxylic acids) are un 
suitable for commercial use because of the corrosivity 
of the dissolved contaminants. As a consequence of this 
corrosivity, the product streams must be treated either 
to remove or to neutralize the effect of these contaminants. 
One method of removing the contaminants is by contact 
ing the hydrocarbon stream with a concentrated solution 
of the hydroxide of an alkali metal hydroxide such as 
sodium, potassium or lithium. The use of these hy 
droxides is effective in removing the mercaptains, phenols, 
carboxylic acids and other acidic contaminants from the 
flowing stream, but are expensive both in the cost of the 
treating solution as well as in the costs of disposing of 
the waste liquid after the caustic solution has become 
spent. By the practice of the present invention, the effec 
tive life of such a caustic solution may be extended to a 
period of several times that experienced in the manner 
hitherto utilized. Further, by the practice of the present 
invention, it has been found that although the caustic 
solutions which are used in the practice of the present 
invention are highly viscous, concentrations of the caustic 
to the desired gravity may be accomplished at atmospheric 
pressure. Hitherto it has been considered necessary in 
reconstituting these highly viscous solutions to use a 
vacuum evaporation system in order to minimize effects 
of slugging and bubbling within the evaporator. It has 
further been found by the practice of the present inven 
tion, that the steam evolved during the reconcentration 
or evaporation step may be utilized to strip mercaptains 
from the solution, thereby obviating the preliminary re 
moval of mercaptains before reconstitution. 

During the contacting of the flowing hydrocarbon 
stream with the caustic solution, the water which nor 
mally occurs in the flowing hydrocarbon stream is 
also removed along with the contaminants sought 
to be absorbed by the caustic scrubbing solution. 
The natural result of the absorbing of this moisture is 
a constant dilution of the scrubbing caustic. If the caustic 
Solution is maintained at a gravity above 42 Baumé, the 
organic acids extracted from the hydrocarbon stream may 
be separated into a Supernatant layer by cooling the caustic 
to a temperature of about 100 F. to 150 F., but when 
the caustic strength falls below 42 Baumé, particularly 

10 

20 

30 

40 

45 

50 

55 

60 

65 

70 

2 
where the caustic strength is below 40 Baume', the 
organic acids are completely soluble in the caustic and 
will not form the separate layer. Therefore, they can 
not be decanted from the caustic tank and an organic 
acid buildup occurs which causes the caustic to become 
unusable and spent in a relatively short time. They 
caustic strength is therefore preferably maintained with 
in a range of about 42 to 50 Baumé. 
The present invention prevents the buildup of organic 

acids by reconstituting the caustic solution to the desired 
gravity. Moreover, the practice of the present invention 
prevents a buildup of mercaptans within the caustic solu 
tion which also would result in an untimely deactivation 
of the caustic solution. 
The practice of the present invention may be more 

particularly understood by a reference to the appended 
drawings wherein: 

FIG. 1 is a general schematic diagram of the scrubbing 
system; - 

FIG. 2 is a representation of a particular feed nozzle 
into the evaporator; 

FIG. 3 is a plan view of the nozzle taken on lines 3-3 
of FIG. 2; and 

FIG. 4 is a sectional elevation of the nozzle taken on 
line 4-4 of FIG. 3. 

Referring more particularly to FIG. 1, the practice of 
the present invention relates to the treatment of catalytic 
heating oil, for example, which is introduced into a 
scrubber 100 by way of line 102 and is discharged after 
contacting with the caustic solution by way of line 104. 
A scrubbing caustic solution, such as sodium hydroxide, 
is introduced into the scrubbing tower by way of line 
106 and is passed downwardly through the tower in con 
tact with the flowing hydrocarbon stream to be dis 
charged at the bottom of the tower by way of line 108. 
During the passage through the scrubbing tower, the 
caustic solution absorbs the mercaptans, phenols, car 
boxylic acids, other aromatic and paraffinic acids, and 
water, which are present in the catalytic heating oil feed 
stock. Therefore, the caustic solution passed by way of 
line 108 is contaminated with the absorbed acidic and 
Sulfur-containing compounds as well as being diluted to 
a gravity somewhat below the optimum. 
The solution is then charged by way of line 108 into 

an evaporator 110 and is passed into the shell 112 of 
the evaporator in a distributed form by means of a 
baffle 114 which is arranged above the inlet so that the 
material charged into the evaporator impinges upon the 
baffle and is well distributed. The distributed caustic 
feed is then passed through a series of tubes 116 and is 
discharged by way of line 118. During passage through 
tubes 116, the caustic is heated to a temperature of 
215 F. to 300 F. by means of steam which is introduced 
by way of line 120 controlled by valve 122 and passes 
through the steam jacket within the shell 12 to be dis 
charged by way of line 124 as condensate. The caustic 
Soda is maintained within the evaporator at a tempera 
ture of about 215 F. to 300 F. for a time period suffi 
cient to evaporate enough water to concentrate the solu 
tion from the operating gravity of about 40° to 43 
Baumé to a gravity of about 45 Baumé or higher, prefer 
ably about 44 to 48 Baumé. Also, the time period 
should be sufficient to allow the mercaptains to be stripped 
from the caustic solution and carried into the vapor phase 
With the evolved steam. 
The total effluent, liquid, gas and vapor, from the 

evaporator 110 is passed by way of line 18 into a first 
Separator 126 wherein the vaporous steam and gaseous 
mercaptains are allowed to pass overhead by way of vapor 
outlet 128 through condenser 130 for disposal. The 
liquid is passed from the separator by way of standpipe 
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132 and line 134 into pump 136, and is discharged from 
pump 136 by way of line 138, valve 140, and cooler 142 
into a second separator 144, from whence an organic acid 
supernatant layer is withdrawn by way of upper liquid 
phase outlet 146 and a reconstituted and regenerated 
caustic soda solution is discharged by way of lower liquid 
phase outlet 148 for recycle by way of line 150 into line 
106 and into the scrubber 100. The caustic may be dis 
charged intermittently or continuously by way of the 
caustic bleed line 152, while makeup caustic of 45 to 50 
Baumé or higher is introduced in offsetting amounts 
through line 154. 

Returning now to the evaporator system proper, it is 
seen that a line 156 interconnects the discharge line 134 
from the first separator and the evaporator 110. This 
line 256 recirculates a portion of the caustic to the evap 
orator to assure a complete concentration of the caustic 
and removal of the mercaptan. The evaporator 110 is 
provided with an inlet 158 for this recycle stream, and the 
inlet 158 is further provided with an orifice plate or choke 
plate 160 which provides sufficient pressure drop to 
prevent the passage of a portion of the feed which is in 
troduced by way of line 108 into the line 156 to bypass 
the evaporation system. The orifice should be about 1% 
to 5% of the area of the return conduit. It should be 
understood that the recycle stream being recharged into 
the evaporator 110 may be provided with suitable pump 
ing means if necessary to provide sufficient head for the 
recirculation rate desired. Preferably, however, the re 
cycle is accomplished by relying on the pressure head 
differential which may be obtained by mounting the sep 
arator 126 at a slightly higher elevation than the evapora 
tor 10, and allowing the evolved steam within the tubes 
116 to provide a vapor lift for the solution into the 
separator 126. Thus, the evaporation system can be seen 
to comprise in combination a vertical-tube heat exchanger 
having a shell with an upper head and a lower head, and 
a plurality of vertically disposed tubes enclosed within 
the shell which communicate with the upper head and 
lower head. Outlet means are provided in the upper 
head, and inlet means for the feed are provided in the 
bottom of the lower head, with baffle means within and 
depending from the lower head positioned in confronting 
relationship with the feed inlet means. A recirculation 
inlet is provided in the side of the lower head. Separat 
ing means are provided for separating vapor and liquid 
which are discharged from the exchanger, having a vapor 
outlet and a standpipe, with overhead conduit means 
being employed to connect the outlet means with the 
separating means, and with return conduit means being 
employed for connecting the standpipe with the recircula 
tion inlet means. A choke orifice is provided in the 
recirculation inlet means having a cross-sectional area 
1% to 5% of the area of the return conduit, and means 
communicating with the standpipe are also provided for 
withdrawing a portion of the liquid from the separator. 

Referring now to FIG. 2, a particular form of injec 
tion nozzle is disclosed which obviates the necessity of 
using a choke plate such as the plate 160 shown in FIG. 
1. In the modification of FIG. 2, a feed nozzle 200 is 
shown within an evaporator 210 which is generally simi 
lar to that shown in FIG. 1. The recycle inlet 220 shown 
in FIG. 2 is free of obstruction, and need not be pro 
vided with a choke plate. This is accomplished by mount 
ing the feed nozzle 200 at a position at least as high as 
the bottom of the recycle inlet pipe, but preferably above 
this position, and in forming the feed nozzle with a gen 
erally hemispherical upper surface with discharge pas 
sages extending radially therethrough so that the feed 
stream will be directed above the inlet 220. 
The structure of the nozzle 200 may better be under 

stood by referring to FIGS. 3 and 4 wherein there is dis 
closed a plan view and a sectional elevational view of the 
nozzle. In particular, referring to FIG. 4, the nozzle 200 
is seen to communicate with the feed pipe 240 which con 
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4. 
tains the charge stream. Radial passages 250 are formed 
in the head of the nozzle for directing the feed stream 
in a direction above the horizontal plane defined by the 
lower portion of the nozzle indicated by the numeral 
260. Therefore, with the nozzle mounted above the re 
cycle pipe, the vector forces imparted to the feed stream 
will prevent the fresh feed stock from entering the re 
cycle nozzle. 
By the practice of the present invention, caustic con 

sumption has been reduced over 50%. In the practice 
of caustic scrubbing of a catalytic heating oil stream with 
out regeneration, an average life span of a caustic solu 
tion charged had been established at about five days. 
By utilizing the present invention, the life span of the 
caustic has been extended to about 21 days. This in 
crease in life of over four times that previously experi 
enced indicates the importance and the effectiveness of 
the present invention. As a further description of the 
benefits of the present invention, the following examples 
are set forth. 

Example I 

Catalytic heating oil (30,000 bbls./day) was passed 
through a caustic scrubber in contact with a total charge 
of 1,000,000 lbs. of 50 Baumé sodium hydroxide solu 
tion (circulated at a rate of 2% to 5% by volume-dilu 
tion from water in feed decreasing the Baumé gravity). 
The caustic was recirculated until the specific gravity 
reached 40 Baumé, at which time the caustic was dis 
carded and a new caustic charge of 50 Baumé specific 
gravity was injected into the system. Under these condi 
tions, the caustic consumption of 50 Baumé sodium hy 
droxide was about 2,000 bbls, or 520,000 lbs./month. 

Example II 
Utilizing the evaporator system as described in FIG. 1, 

the catalytic heating oil (30,000 bbls./day) was passed 
in contact with a total charge of 1,000,000 lbs. of caustic 
soda which was circulated at 2% to 5% by volume. The 
caustic soda solution was reconstituted as set forth in the 
discussion of the aforesaid figure with mercaptains and 
organic acids being removed in accordance with the in 
vention. 
By utilizing the practice of the present invention, the 

caustic consumption is about 800 to 900 bbls./month of 
50 Baumé caustic or slightly less than 235,000 lbs./ 
month, less than 50% of the caustic consumption here 
tofore experienced. Also, during the operation of the 
evaporator system, 95,000 lbs. of marketable organic 
acids were recovered in a month's operation. 
As may be seen by comparison of Examples I and II 

above, besides the recovery of marketable byproduct or 
ganic acids, the caustic consumption has been reduced 
over 50%. In the practice of the present invention, the 
steam consumption on a monthly basis is about 7,000 to 
12,000 lbs./hr. (estimated average is 8,000 lbs./hr.) of 
steam, which results in a high, attractive economic ad 
vantage based on the saving of caustic solution. An 
added advantage is the lessening of spent caustic solution 
which must be disposed of. 
The nature and practice of the present invention hav 

ing been set forth in detail, including a preferred man 
ner and best mode of practicing the invention, what is 
desired to be protected by Letters Patent should be deter 
mined only by the appended claim and should not be 
limited by the specific examples hereinabove given. 
We claim: 
An evaporation system comprising, in combination, 
a vertical-tube heat exchanger comprising a shell, 
means for circulating a heating fluid through said 
shell, an upper head, a lower head, a plurality of 
vertically disposed tubes enclosed within said shell 
and communicating with said upper head and said 
lower head, outlet means in said upper head, feed 
inlet means in the bottom of said lower head, baffle 
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