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(57) ABSTRACT 
A method for concentrating an aqueous caustic alkali pro 
duced by a membrane cell process by using a single or mul 
tiple effect evaporator system in which the vapor flows in a 
counter direction to the aqueous caustic alkali flow and the 
heat recovered from the catholyte circulation line is used as 
part of the concentration process. In one embodiment, a 
catholyte heat recovery heat exchanger and flash evaporation 
chamber are located after the last effect of a multiple effect 
evaporator system. In another embodiment, the catholyte heat 
recovery heat exchanger and flash evaporation chamber are 
located prior to the single or multiple effect evaporator sys 
tem. In yet another embodiment, the catholyte heat recovery 
process is used in conjunction with additional heat exchanger 
processes to further concentrate the final product as desired. 
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METHOD AND APPARATUS FOR MAKING 
AND CONCENTRATING AN AQUEOUS 

CAUSTICALKALI 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional of U.S. patent appli 
cation Ser. No. 13/650,932, filed Oct. 12, 2012, which is a 
Continuation of U.S. patent application Ser. No. 12/221,878, 
filed Aug. 7, 2008, now U.S. Pat. No. 8.317,994, issued Nov. 
27, 2012. Each patent application identified above is incor 
porated here by reference in its entirety to provide continuity 
of disclosure. 

FIELD OF THE INVENTION 

0002 The present invention relates to a method of recov 
ering heat created as a by-product of one process for use as a 
heat source in another process. One specific example of the 
present invention relates to a method of recovering heat from 
the catholyte circulation stream from a membrane cell pro 
cess to be used to reduce heating utility consumption in a 
multiple effect evaporation step. 

BACKGROUND OF THE INVENTION 

0003 Electrolytic cells and cell membrane technologies 
have existed for many years. The function of electrolytic cells 
is to create aqueous caustic alkali products. Such as caustic 
soda (NaOH). 
0004. The method by which the electrolytic cell creates 
aqueous caustic alkali products, specifically caustic soda, is 
as follows. Brine (or salt water) is used to create caustic soda, 
hydrogen gas, and chlorine gas. Referring to FIG. 1, electro 
lytic cell 5 has anode 15 and cathode 25 and cell membrane 30 
between anode 15 and cathode 25. The use of cell membrane 
30 creates anode chamber 10 and cathode chamber 20 within 
electrolytic cell 5. 
0005 Brine is fed into electrolytic cell 5 through line 50 
into anode chamber 10. Water is fed into electrolytic cell 5 
through line 35 into cathode chamber 20. When electric cur 
rent flows through electrolytic cell 5, the chlorine ions in the 
brine water collect around anode 15 in anode chamber 10 as 
chlorine gas. Sodium ions from the brine collect around cath 
ode 25 and reacts with the water to form caustic soda and 
hydrogen gas which collects in cathode chamber 20. 
0006. The chlorine gas and the depleted brine are removed 
from anode chamber 10 through line 42 and line 40, respec 
tively. 
0007. The aqueous caustic soda (or catholyte) and hydro 
gen gas is removed from cathode chamber 20 through line 45 
and line 44, respectively. 
0008. However, the concentration of the aqueous caustic 
alkali products created by the electrolytic cells is normally 
not high enough to meet customer demands or to be used 
efficiently in other processes. Therefore, the aqueous caustic 
alkali product must be concentrated to a concentration level 
greater than the catholyte concentration in order to be accept 
able to sell or use in other processes. For example, many 
customers require their aqueous caustic Soda (or NaOH) to 
have a concentration of approximately 50% NaOH, but the 
concentration of NaOH coming from the electrolytic cell is 
approximately 32% NaOH. 
0009. The electricity used in the electrolytic cells to create 
the aqueous caustic alkali products releases heat which is 
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absorbed by the materials within the cells, thereby raising its 
temperature. Thus, the temperature of the catholyte from the 
cathode chamber of the cell and the anolyte from the anode 
chamber of the cell have higher temperatures than the mate 
rial entering the cells. Traditionally, the catholyte removed 
from the cathode chamber is split into two streams, one that is 
circulated back to the cathode chamber along with water 
added for dilution, and one that is to be concentrated and sold 
as product or used in another process within the facility. 
However, before the circulated catholyte can be returned to 
the cell, the heat added due to the electrolysis must be 
removed and the temperature of the catholyte reduced. This is 
most often done by the use of cooling water through a heat 
exchanger. 
0010 Further, in order to concentrate the aqueous alkali 
stream, heat (typically from Steam) is used to cause evapora 
tion in order to remove the excess water. Boiling point rise is 
a physical property of every caustic alkali solution and 
increases with increased concentration and decreases with 
increased vacuum. Therefore, with the higher the concentra 
tion of caustic soda, the higher the temperature necessary in 
order to cause further evaporation of the excess water from 
the aqueous caustic solution. 
0011. The concentration of the aqueous caustic alkali has 
been done by several different methods including multiple 
effect evaporators, series of evaporators, or a single evapora 
tor. Most plants use steam as a heating source in a multiple 
effect evaporator. 
0012 U.S. Pat. No. 4,090,932 by Kazihara discloses a 
method of recovering heat from the catholyte circulation line 
and using that as a heat source for the concentration process. 
However, the method disclosed will not work as described 
and cannot be easily modified without undue experimenta 
tion. There are several reasons why the design disclosed by 
Kazihara is unworkable or impracticable. Specifically, the 
circulated catholyte flow rate is excessive, the barometric 
condenser is incorrectly designed, and the catholyte heat 
exchanger is marginally designed. 
0013 First, the recirculated catholyte flow rate is exces 
sive. In the disclosed process, the examples given require that 
the circulated catholyte flow is approximately 26 times 
greater than the catholyte flow to be concentrated. Current 
cell design requires that the circulated catholyte is less than 8 
times the catholyte to be concentrated. Thus, the circulation 
required by the Kazihara design is more than 3 times that 
permitted by current cell design. The high circulated 
catholyte rate specified by the Kazihara design is impracti 
cable since this flow is not acceptable for current cell tech 
nology. 
0014 Second, the barometric condenser is inadequately 
designed. Kazihara has either specified an incorrect Boiling 
Point Rise or has not allowed for a sufficient minimum tem 
perature driving force for heat transfer for the barometric 
condenser. Boiling Point Rise is a physical property of any 
boiling liquid. Under atmospheric pressure water boils at 
212° F and the boiling temperature for 50% NaOHis 290°F. 
therefore, the boiling point rise of 50% NaOH is 78° F (290° 
F-212°F). Furthermore, the water vapor evaporated under 
atmospheric pressure from the 50% NaOH can be condensed 
at 212 F. and this temperature is defined as the saturated 
vapor temperature (also referred to as dew point). Under high 
vacuum, where water boils at 95° F., the boiling temperature 
for 50% NaOH is 165° F and the boiling point rise of 50% 
NaOH is 70° F (165° F-95°F). The water vapor evaporated 
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under this high vacuum from the 50% NaOH can be con 
densed at 95° F (the saturated vapor temperature). 
00.15 Kazihara specifies a boiling temperature of 74° C. 
(165 F) for 50% NaOH in U.S. Pat. No. 4,090,932 FIG. 6 
with the cooling water entering the barometric condenser at 
30° C. (86°F) and exiting at 34° C. (93° F.). In order to 
condense water vaporina barometric condenser, the tempera 
ture difference between the exiting cooling water and the 
saturated vapor temperature must be at least 6°F. This indi 
cates that Kazihara chose a Boiling Point Rise for 50% NaOH 
of 66° F (165° F-93° F-6° F=66° F (37° C)) rather than 
70°F. which is supported by published data or that Kazihara 
selected a temperature difference between the exiting cooling 
water and the saturated vapor temperature of 2°F. that would 
use the correct Boiling Point Rise of 70° F (165° F-93°F-2° 
F=70° F (37° C.). Either the Boiling Point Rise has been 
incorrectly calculated or an inadequate temperature driving 
force has been specified. Regardless, the barometric con 
denser can not be designed as specified. 
0016. Third, the catholyte heat exchanger is marginally 
designed. Even if 50% NaOH is maintained at 165° F (74° 
C.), the design disclosed by Kazihara is unworkable in prac 
tice. In FIG. 6 Kazihara specifies a catholyte temperature of 
90°C. (194°F) and a temperature to the evaporator (from the 
catholyte heat exchanger (6)) of 86°C. (187°F). This means 
the temperature difference (AT) on that end of the exchanger 
is 1949 F-187° F=7° F. The given circulation rates indicate 
that indeed Kazihara expects to maintain the 7°F. AT on both 
ends of the heat exchanger. Industry standard is to maintain 
AT of at least 10° F. on each end of the catholyte heat 
exchanger. A catholyte heat exchanger designed with a AT 
smaller than 10° F. tends to be excessively large and also 
difficult to operate. 
0017. In summary, this is an unworkable design which 
Suffers from three major problems. Furthermore, any changes 
to fix one of these problems makes the other problems worse. 
All embodiments of the invention disclosed in Kazihara suf 
fer from similar problems because in all cases they are trying 
to transfer the heat from the circulated catholyte to 50% 
NaOH. 
0018 U.S. Pat. No. 4,105,515 by Ogawa discloses a pro 
cess for electrolysis of alkalihalide in which the electrolytic 
cell is maintained at higher than atmospheric pressures and 
includes a multi stage double effect evaporator to concentrate 
the catholyte. First, current state of the art electrolytic cells do 
not operate above atmospheric pressure. Second, the disclo 
sure only allows for the NaOH to be concentrated to 43% 
NaOH which is not economical to be sold as a product due to 
transportation and handling considerations. In most instances 
a higher concentration, of approximately 50% NaOH, is 
required. Third, the procedure disclosed will not function 
properly or give the desired results if the cell pressure is not 
higher than atmospheric pressure. 
0019. The present invention allows for decreasing the 
amount of steam to concentrate the catholyte generated from 
the electrolytic cell while recovering the heat generated by the 
electrolytic cell and maintaining a circulation rate of approxi 
mately 8 times the rate being concentrated. The first embodi 
ment of this invention further allows for increased production 
when using prior equipment. 

SUMMARY OF THE INVENTION 

0020 Sodium hydroxide (NaOH), also known as caustic 
Soda, is used in many industries, some of which include the 
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manufacture of pulp and paper, textiles, drinking water, 
Soaps, and detergents. It is also the most used base in chemical 
laboratories. Caustic soda can either be sold as an aqueous 
Solution or as a solid. Due to transportation and handling 
considerations, most caustic Soda is sold as an aqueous solu 
tion which is at least 50% NaOH. 
0021 One method of creating an aqueous solution is 
through the use of a membrane cell process in which a cation 
membrane is between a cathode and anode within the cell. 
Brine is fed into the cell in the anode chamber and water is fed 
into the cathode chamber. When electricity goes through the 
cell, the sodium chloride (NaCl) within the brine is separated 
and the chloride ions collect around the anode and the Sodium 
ions pass through the cation membrane and collect around the 
cathode. After passing through the membrane, the Sodium 
ions react with the water to form hydrogen gas and caustic 
Soda. The chloride ions at the anode form chlorine gas. 
0022. Current membrane cell technology has determined 
that effective cell operation results in catholyte of aqueous 
caustic soda of approximately 32% NaOH and an approxi 
mate temperature of 190° F. The exit temperature of the 
catholyte is higher than the entrance temperature of the brine 
and water because of the absorption of heat generated by the 
electricity through the cathode and anode. Further, effective 
membrane cell operation provides for a circulation line in 
which a portion of the catholyte removed from the cell is 
returned to the cell. This circulation rate should be less than 8 
times the rate removed for concentration. However, prior to 
reintroduction to the cell, the circulated catholyte must be 
cooled to remove the added heat. 
0023. While part of the catholyte is being circulated back 
to the cell, the rest will be concentrated by removing the 
excess water. The concentration process is accomplished 
through a single or multiple effect evaporator system and a 
catholyte heat recovery evaporator step. Current evaporator 
technology has determined that a maximum of three effects 
can be used to concentrate catholyte to approximately 50% 
NaOH. The catholyte heat recovery evaporator step includes 
one or more heat exchangers, one or more flash chambers, 
and/or one or more evaporator bodies along with a Surface 
condenser or barometric condenser. 
0024. In one embodiment, the catholyte to be concentrated 
flows through the third effect of the triple effect evaporator, 
through the catholyte heat recovery evaporator step, through 
the second effect evaporator, and then through the first effect 
evaporator. Through each effect and the catholyte heat recov 
ery evaporator, water is evaporated and the concentration of 
NaOH is increased. During each effect and the catholyte heat 
recovery evaporator Step, the catholyte is heated to evaporate 
the water. 
0025. In the first effect, the heat source is condensing 
steam. In the second effect, the heat source is the condensing 
water vapor released from the first effect. In the third effect, 
the heat Source is the condensing water vapor released from 
the second effect. In the catholyte heat recovery evaporator 
step, the heat source is the circulating catholyte. Therefore, 
the released vapors and the aqueous caustic soda are flowing 
in opposite directions to each other. 
0026. Further, the 50% NaOH from the first effect is used 
as a heat source for preheater heat exchangers of the aqueous 
caustic Soda going into the first effect and going into the 
second effect. The steam condensed from the first effect is 
used as a heat Source for preheater heat exchangers for the 
aqueous caustic soda going into the first effect and going into 
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the second effect. The water vapor that had been condensed 
from the second effect is used as a heat source for a preheater 
heat exchanger for the aqueous caustic soda going into the 
second effect. 

0027. By recovering heat from the circulation line of the 
catholyte back to the cell, and the condensate lines from the 
effects, heating costs for the entire process are reduced. Fur 
ther, by adding the catholyte heat recovery evaporation to an 
existing evaporator system, the amount of evaporation 
needed from each effect to reach the desired concentration is 
reduced, thereby increasing the potential to increase produc 
tion when compared to the system without the catholyte heat 
recovery evaporator step. 
0028. In another embodiment, the catholyte heat recovery 
evaporator step is prior to the third effect. The catholyte to be 
concentrated enters a flash chamber which reduces the boil 
ing temperature as the pressure is reduced allowing vapor to 
be removed and is further heated by a circulation line for the 
flash chamber that is heated by the catholyte circulating back 
to the membrane cell. With this configuration, the potential to 
increase production in an existing evaporator system is more 
difficult because additional heat transfer area must be added 
because of the increase in boiling point rise in all effects. This 
embodiment would be most beneficial if retrofitting an exist 
ing plant where the evaporation portion of the process is not 
located close to the cells. 

0029. In yet another embodiment, the catholyte heat 
recovery evaporator step is used as the initial step in conjunc 
tion with otherheat exchangerprocesses well known in the art 
to further concentrate the final product to the desired concen 
tration to produce concentrations greater than 50%, including 
both 70% and 100% commercial grades of caustic soda. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a flow sheet for a typical electrolytic cell as 
used in the invention. 

0031 FIG. 2A is a flow sheet for one embodiment of this 
invention. 

0032 FIG. 2B is a flow sheet for one embodiment of this 
invention. 

0033 FIG.3A is a mass balance for the embodiment of the 
invention shown in FIG. 2. 

0034 FIG.3B is a mass balance for the embodiment of the 
invention shown in FIG. 2. 

0035 FIG.3C is a mass balance for the embodiment of the 
invention shown in FIG. 2. 

0.036 FIG. 3D is a mass balance for the embodiment of the 
invention shown in FIG. 2. 

0037 FIG. 4A is a flow sheet for another embodiment of 
this invention. 

0038 FIG. 4B is a flow sheet for another embodiment of 
this invention. 

0039 FIG.5A is a mass balance for the embodiment of the 
invention shown in FIG. 4. 

0040 FIG.5B is a mass balance for the embodiment of the 
invention shown in FIG. 4. 

0041 FIG.5C is a mass balance for the embodiment of the 
invention shown in FIG. 4. 

0.042 FIG.5D is a mass balance for the embodiment of the 
invention shown in FIG. 4. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0043. One way that aqueous alkali and aqueous caustic 
alkali are produced is through the use of cell membranes. The 
preferred feed materials to electrolytic cells include KCl (po 
tassium chloride) producing KOH (also known as caustic 
potash) and NaCl (Sodium chloride) producing caustic soda. 
Since NaCl is the most preferred feed material, caustic soda 
will be used to describe the method of use for the invention; 
however, other alkalis and caustic alkalis may be substituted. 
Other alkali metals include: lithium, rubidium, cesium, and 
francium. 
0044) The creation of caustic soda through use of cell 
membranes is known in theart as discussed in relation to FIG. 
1. Due to the electric current passing through electrolytic cell 
5, the temperature of the contents in anode chamber 10 and 
cathode chamber 20 are elevated. 
0045. The catholyte removed from cathode chamber 20 is 
split into a concentration stream and circulation stream. The 
concentration stream flows through line L1. The circulation 
stream flows through line CATH1 and is eventually fed back 
into cathode chamber 20 through line CATH2. The circula 
tion stream flow rate through line CATH1 should equal to or 
less than eight times the concentration stream flow rate 
through line L1. During the circulation process, heat 
absorbed by the catholyte while in electrolytic cell 5 is 
released. 
0046 FIGS. 2A and 2B describe one embodiment of the 
invention by which the heat from the circulation stream is 
recovered and the aqueous caustic Soda in the concentration 
stream is concentrated. FIGS. 3A-3D are a table which illus 
trates an example of a mass balance for the embodiment 
illustrated in FIGS. 2A and 2B for the production of 1,000 
ECU (Electrochemical Units) (which amounts to approxi 
mately 1,000 short tons per day of chlorine and approxi 
mately 1,120 short tons per day of caustic soda). In this 
embodiment, the calculated values have been rounded off to 
approximate values. 
0047 Referring to FIGS. 2A and 2B, the catholyte 
removed from cathode chamber 20 in FIG. 1 is split and flows 
through line L1A and line CATH1A. The catholyte in line 
L1A will be concentrated while the catholyte in line 
CATH1A is circulated back to cathode chamber 20. Approxi 
mately 7 times the catholyte in line L1A is circulated through 
line CATH1A. 
0048. In this embodiment, the catholyte to be concentrated 
will go through a three effect evaporation system and a 
catholyte heat recovery evaporator Step; however, this inven 
tion could be practiced with either a double effect or single 
effect evaporation system. 
0049 Line L1A is connected to third effect vapor body 
485A, which is connected to third effect heating element 
480A. The aqueous caustic soda flowing in line L1A has a 
temperature of approximately 190°F., a flow rate of approxi 
mately 291.700 lbs/hr and a concentration of approximately 
32% caustic soda by weight. 
0050. Third effect heating element 480A and third effect 
vapor body 485A can be constructed of stainless steel. 
0051. The heat source for third effect heating element 
480A is the vapor produced from second effect vapor body 
495A which flows through vapor line V2A and vapor from 
process condensate receiver 90A which flows through vapor 
line V5A. Vapor lines V.5A and V2A combine to form line 
V6A which is connected to third effect heating element 480A. 
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The vapor in vapor line V2A has an approximate temperature 
of 220 F., an approximate pressure of 3.9 psia and an 
approximate flow rate of 21,800 lbs/hr. The vapor flowing 
through vapor line V5A is small in comparison to the vapors 
in vapor line V2A and is primarily intended to recover heat 
which was not recovered in the second effect condensate 
preheater 530A. The flow rate of the vapor in vapor line V5A 
is approximately 300 lbs/hr with a temperature of approxi 
mately 157° F. and an approximate pressure of 3.9 psia. 
Therefore, the approximate temperature, and flow rate of the 
vapor in vapor line V6A is approximately 22,100 lbs/hr with 
an approximate temperature of 219 F. and an approximate 
pressure of 3.9 psia. 
0052. The vapor from vapor line V6A, after being con 
densed, exits third effect heating element 480A through con 
densate line C6A, which is also connected to process conden 
sate receiver 90A. The condensate incondensateline C6A has 
an approximate temperature of 155° F. and an approximate 
flow rate of 22,100 lbs/hr. 
0053. The vapor released in third effect vapor body 485A 
due to concentration of the aqueous caustic soda exits through 
vapor line V3A. The vapor in vapor line V3A has an approxi 
mate temperature of 145° F., an approximate pressure of 1.13 
psia and an approximate flow rate of 30,100 lbs/hr. 
0054 The concentrated aqueous caustic soda exits third 
effect heating element 480A and third effect vapor body 485A 
through line L20A at an approximate flow rate of 2.368,900 
lbs/hr, an approximate temperature of 148 F., and an 
approximate concentration of 35.7% caustic soda by weight. 
0055 Line L20A splits into two lines L2A and L21A. Line 
L21A is a circulation line for third effect heating element 
480A. The aqueous caustic soda in line L21A is pumped 
through pump 10A at an approximate flow rate of 2,107.300 
lbs/hr and re-enters third effect heating element 480A creat 
ing a circulation stream. The concentrated aqueous caustic 
soda in line L2A has an approximate temperature of 148 F., 
an approximate flow rate of 261,600 lbs/hr, and an approxi 
mate concentration of 35.7% caustic soda by weight. 
0056 Line L2A joins with line L22A to create line L23A. 
The aqueous caustic Soda in line L2A is pumped through 
pump 20A. 
0057 The aqueous caustic soda in line L23A enters flash 
chamber 520A with an approximate concentration of 40% 
caustic soda, an approximate flow rate of 2,166,000 lbs/hr, 
and an approximate temperature of 176° F. The aqueous 
caustic soda that enters flash chamber 520A is concentrated 
as vapor is released. The released vapor leaves flash chamber 
520A through vapor line V4A. The concentrated caustic soda 
leaves flash chamber 520A through line L24A at an approxi 
mate concentration of 40.6% caustic soda, an approximate 
flow rate of 2,134.200 lbs/hr, and an approximate temperature 
of 157 F. The vapor in vapor line V4A has an approximate 
temperature of 157° F., an approximate pressure of 1.04 psia 
and an approximate flow rate of 31,800 lbs/hr. 
0058. The aqueous caustic soda in line L24A is pumped 
through pump 40A prior to splitting into line L31A and line 
L13A 
0059 Line L31A is connected to catholyte heat exchanger 
510A. The aqueous caustic soda inline L31A enters catholyte 
heat exchanger 510A at an approximate flow rate of 1,904, 
500 lbs/hr and an approximate temperature of 157° F. and 
exits through line L22A with an elevated temperature of 
approximately 180°F. Line L22A joins with line L2A to form 
line L23A which is connected to flash chamber 520A. 
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0060. The heat source for catholyte heat exchanger 510A 
is the catholyte being circulated hack to cathode chamber 20, 
shown in FIG. 1, at an approximate flow rate of 2,900 gal/min 
(or approximately 1896,700 lbs/hr). The catholyte enters 
catholyte heat exchanger 510A through line CATH1A with 
an approximate temperature of 190°F. and exits through line 
CATH2A with an approximate temperature of 167 F. The 
catholyte is cooled as it progresses through catholyte heat 
exchanger 520A. Line CATH2A transports the cooled 
catholyte back to electrolytic cell 5 and cathode chamber 20. 
0061. As stated previously, line L24A splits into lines 
L31A and L13A. The aqueous caustic soda to be further 
concentrated flows through line L13A. The aqueous caustic 
soda in line L13A has an approximate temperature of 157°F. 
an approximate flow rate of 229,800 lb/hr, and an approxi 
mate concentration of 40.6% NaOH. Line L13A splits into 
lines L25A and L26A. Line L25A is connected to second 
effect condensate preheater 530A and the flow rate of the 
aqueous caustic soda is approximately 50,000 lbs/hr. The 
concentrated aqueous caustic Soda flowing through line 
L25A is heated in second effect condensate preheater 530A 
and exits through line L3A. 
0062. The aqueous caustic soda in Line L3A has an 
approximate flow rate of 50,000 lbs/hr, an approximate tem 
perature of 194° F. and an approximate concentration of 
40.6% NaOH. Line L3A is connected to second steam con 
densate preheater 540A. Concentrated aqueous caustic soda 
which goes into second steam condensate preheater 540A is 
heated and exits through line L4A. The temperature of the 
aqueous caustic soda in line L4A is approximately 226° F. 
0063. The heat source for second effect condensate pre 
heater 530A is the condensed vapor from second effect heat 
ing element 490A which exits second effect heating element 
490A through condensate line C4A. The condensed vapor 
enters second effect condensate preheater 530A through con 
densate line C4A and exits through condensate line C5A. 
Condensate line C5A connects to process condensate receiver 
90A. The condensed vapor flowing through condensate lines 
C4A and C5A have an approximate flow rate of 21.300 lbs/hr 
of water. The approximate temperature of the condensed 
vapor in condensate line C4A is 237 F. which is cooled to 
approximately 167 F. when it reaches condensate line C5A. 
0064. The heat source for second steam condensate pre 
heater 540A is the condensed steam from first effect heating 
element 500A after it has proceeded through first steam con 
densate preheater 560A. The condensed steam enters second 
steam condensate preheater 540A through condensate line 
C2A and exits second steam condensate preheater 540A 
through condensate line C3A. The condensed steam enters 
second steam condensate preheater 540A with an approxi 
mate temperature of 250 F. and an approximate flow rate of 
35,200 lbs/hr and exits at an approximate temperature of 210° 
F 

0065. The concentrated aqueous caustic soda in line L26A 
flows through second product preheater 550A at a flow rate of 
approximately 179,800 lbs/hr. The temperature of the con 
centrated aqueous caustic soda in line L26A is elevated and 
exits second product preheater 550A through line L5A. The 
temperature of the aqueous caustic Soda in line L5A is 
approximately 229°F. and the flow rate of the aqueous caustic 
soda is approximately 179,800 lbs/hr. 
0066. The heat source for second product preheater 550A 

is the final product aqueous caustic soda. The final product 
aqueous caustic Soda has an elevated temperature due to the 
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concentration process. By using second product preheater 
550A, the heat used to create the final product aqueous caustic 
Soda is recovered to assist in the concentration of other aque 
ous caustic Soda. The final product aqueous caustic soda 
enters second product preheater 550A through line L10A and 
exits through line L11A. The approximate flow rate of the 
final product aqueous caustic soda (50% NaOH) is approxi 
mately 186,700 lbs/hr through lines L10A and L11A. The 
temperature of the final product aqueous caustic soda 
decreases from approximately 260° F. in line L10A to 
approximately 180° F. in line L11A. 
0067. Line L5A and L4A are joined into line L30A. Line 
L30A contains concentrated aqueous caustic Soda which will 
be concentrated further. The aqueous caustic soda in line 
L30A has an approximate temperature of 228°F., an approxi 
mate flow rate of 229,800 lbs/hr, and an approximate concen 
tration of 40.6% caustic soda by weight. Line L30Ajoins with 
line L18A, which is a circulation line for second effect heat 
ing element 490A, to form line L19A. The aqueous caustic 
soda in Line L18A has an approximate flow rate of 229.500 
lbs/hr, an approximate temperature of 215° F., and an 
approximate concentration of 44.9% caustic soda by weight. 
When line L18A joins with line L30A, the aqueous caustic 
soda flowing through line L19A has an approximate flow rate 
of 459.200 lbs/hr, an approximate temperature of 221°F., and 
an approximate concentration of 42.7% caustic soda by 
weight. 
0068 Line L19A is connected to second effect heating 
element 490A. Second effect heating element 490A is con 
nected to second effect vapor body 495A. In second effect 
heating element 490A, the aqueous caustic Soda is heated to 
increase its temperature and vaporize water contained 
therein. The water which is vaporized exits second effect 
vapor body 495A, through vapor line V2A. As a result of the 
vaporization, the aqueous caustic soda becomes more con 
centrated. 

0069. The heat source for second effect heating element 
490A is the vapor created from the concentration of the aque 
ous caustic soda and released from first effect vapor body 
505A. The vapor enters second effect heating element 490A 
through vapor line V1A and, after being condensed, exits 
through condensate line C4A. As Stated previously, the con 
densed vapor from second effect heating element 490A exits 
through condensate line C4A and flows through second effect 
condensate preheater 530A in order to heat a portion of the 
caustic flowing to second effect heating element 490A. The 
temperature of the water vapor in vapor line V1A is approxi 
mately 320°F. at an approximate pressure of 24.1 psia and the 
vapor has an approximate flow rate of 21.300 lbs/hr. 
0070 The vapor released from the concentration process 
exits second effect vapor body 495A through vapor line V2A. 
The vapor is used as the heat source for third effect heating 
element 480A and enters third effect heating element 480A 
through vapor line V6A. 
0071. The concentrated aqueous caustic soda leaves sec 
ond effect heating element 490A and second effect vapor 
body 495A through line L17A with an approximate flow rate 
of 437,400 lbs/hr, an approximate temperature of 215°F., and 
an approximate concentration of 44.9% caustic soda by 
weight. 
0072 Line L17A splits into line L6A and line L18A.. Line 
L18A connects with line L30A to circulate back to second 
effect heating element 490A. The aqueous caustic soda in line 
L18A is pumped through pump 70A. 
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0073 Line L6A contains aqueous caustic soda that is 
being further concentrated through the first effect. The aque 
ous caustic soda in line L6A has a flow rate of approximately 
208,000 lbs/hr and a temperature of approximately 215° F. 
The approximate concentration of caustic soda in the aqueous 
caustic soda in line L6A is 44.9%. Line L6A splits into two 
lines, line L27A and line L28A, and the aqueous caustic soda 
flowing through these lines is split into approximately 65,000 
lbs/hr in line L27A and approximately 143,000 lbs/hr in line 
L28A. The aqueous caustic soda flowing in line L6A is 
pumped by pump 60A. 
0074 Line L27A is connected to first steam condensate 
preheater 560A. The concentrated aqueous caustic soda flow 
ing through line L27A enters first steam condensate preheater 
560A and is heated. The concentrated aqueous caustic soda 
exits first steam condensate preheater 560A through line L7A 
at a flow rate of approximately 65,000 lbs/hr and a tempera 
ture of approximately 287 F. 
0075. The heat source for first steam condensate preheater 
560A is the condensed steam from first effect heating element 
500A. The condensed steam enters through condensate line 
C1A and exits through condensate line C2A. The flow rate of 
the condensed steam is approximately 35,200 lbs/hr and is 
reduced from approximately 362°F. to approximately 250°F. 
as it flows through first steam condensate preheater 560A. 
While the condensed steam is cooled as it proceeds through 
first steam condensate preheater 560A, the concentrated 
aqueous caustic soda is heated. 
0076 Line L28A connects to first product preheater 570A. 
The concentrated aqueous caustic soda enters first product 
preheater 570A through line L28A, is heated, and exits 
through line L8A with an approximate temperature of 285 F. 
The heat source for first product preheater 570A is the final 
product aqueous caustic soda from first effect heating ele 
ment 500A and first effect vapor body 505A which has com 
pleted the concentration process. The final product aqueous 
caustic soda enters first product preheater 570A through line 
L9A, is cooled, and exits through line L10A. The final prod 
uct aqueous caustic soda is pumped into first product pre 
heater by pump 50A. 
0077. The concentrated aqueous caustic soda flowing 
through first product preheater 570A has a flow rate of 
approximately 143,000 lbs/hr and enters at approximately 
215° F and exits at approximately 285 F. The final product 
aqueous caustic soda enters first product preheater 570A at an 
approximate temperature of 320° F. and exits at an approxi 
mate temperature of 260°F. The flow rate of the final product 
caustic soda is approximately 186,700 lbs/hr. 
(0078 Line L7A and line L8A are joined to create line 
L29A. Line L29A joins with line L15A to form line L16A. 
Line L16A connects to first effect heating element 500A. The 
aqueous caustic soda in line L29A has an approximate flow 
rate of 208,000 lbs/hr and approximate temperature of 286°F. 
When the aqueous caustic soda from line L29A joins with the 
aqueous caustic Soda from line L15A, which has an approxi 
mate flow rate of 119.200 lbs/hr, an approximate temperature 
of 320°F., and an approximate concentration of 50% caustic 
Soda, the resulting aqueous caustic Soda has an approximate 
flow rate of 327.200 lbs/hr, an approximate temperature of 
298 F., and an approximate concentration of 46.7% caustic 
Soda and is flowing through line L16A. 
(0079 First effect heating element 500A is connected to 
first effect vapor body 505A. Water vaporis released from the 
concentrated aqueous caustic soda thereby further concen 
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trating the aqueous caustic soda into the final concentration of 
caustic Soda to be sold or used in other processes. The final 
product aqueous caustic Soda exits first effect heating element 
500A and first effect vapor body 505A through line L14A. 
The aqueous caustic Soda flowing through line L14A has an 
approximate concentration of 50% caustic soda, an approxi 
mate flow rate of 305,900 lbs/hr, and an approximate tem 
perature of 320° F. 
0080. The water vapor released during the concentration 
of the caustic soda exits first effect vapor body 505A through 
vapor line V1A. The vapor is used as the heat source for the 
second effect heating element 490A. 
I0081. The heat source for first effect heating element 500A 
is steam and enters first effect heating element 500A through 
steam line S1A at an approximate flow rate of 35,200 lbs/hr, 
a pressure of approximately 194.7 psia and temperature of 
approximately 380° F. The condensed steam exits first effect 
heating element 500A through condensate line C1A. As pre 
viously discussed, the condensed Steam is further used to heat 
the feeds going into first effect heating element 500A and 
second effect heating element 490A. 
I0082 Line L14A is split into line L15A andline L9A. Line 
L15A is a portion of a circulation line for first effect heating 
element 500A. It is connected to line L29A to form line L16A 
which is connected to first effect heating element 500A. The 
aqueous caustic soda which flows through line L15A is 
pumped by pump 80A. 
0083. The final product aqueous caustic soda is cooled 
through first product preheater 570A and second product 
preheater 550A. However, it should still be cooled further. 
Therefore, the final product aqueous caustic Soda flows 
through product cooler 100A. Line L11A which is connected 
to exit of second product preheater 550A is also connected to 
product cooler 100A. After the final product aqueous caustic 
soda flows through product cooler 100A, it exits through line 
L12A and has a temperature of approximately 120° F. The 
cooling source for product cooler 100A is cooling water. The 
cooling water enters through cooling water line CW5A at an 
approximate flow rate of 1,000 gal/min and an approximate 
temperature of 85° F. and exits through cooling water line 
CW6A with an approximate temperature of 102°F. 
0084. The vapor released from third effect vapor body 
485A travels through vapor line V3A into surface condenser 
305A where the vapor is cooled and condensed. A barometric 
condenser could also be used for this service. The cooling 
source for surface condenser 305A is cooling water which 
enters surface condenser 305A through cooling water line 
CW1A with an approximate flow rate of 6,000 gal/minandan 
approximate temperature of 85°F. The cooled and condensed 
vapor exits surface condenser 305A through condensate line 
C7A at an approximate flow rate of 30,100 lbs/hr and an 
approximate temperature of 105 F. Condensate line C7A is 
connected to process condensate receiver 90A. 
0085. The cooling water that has been heated as it pro 
ceeded through surface condenser 305A exits through cool 
ing water line CW4A with an approximate temperature of 96° 
F. The vapor released from flash chamber 520A exits flash 
chamber 520A through vapor line V4A. Vapor line V4A con 
nects to second surface condenser 315A. A barometric con 
denser could also be used for this service. Vaporenters second 
surface condenser 315A and is condensed by cooling water 
that enters second surface condenser 315A through cooling 
water line CW2A at an approximate flow rate of 7,000 gal/ 
mm and an approximate temperature of 85 F. 
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I0086. The cooling water is heated as it proceeds through 
second surface condenser 315A exits through cooling water 
line CW3A with an approximate temperature of 95° F. 
I0087. The condensed vapor exiting second surface con 
denser 315A exits through condensate line C9A. Condensate 
line C9A is connected to process condensate receiver 90A. 
Condensate flowing through condensate line C9A has an 
approximate flow rate of 31.800 lbs/hr and an approximate 
temperature of 105° F. 
0088 Process condensate receiver 90A collects conden 
sate from the different effects and stages of the evaporation 
process. Any remaining vapor contained in condensate lines 
C5A, C9A, C7A, or C6A is released from process condensate 
receiver through vapor line V.5A and is used as a heat source 
for third effect heating element 480A. 
I0089. The condensed vapor, or water, is pumped out of 
process condensate receiver 90A by pump 30A through con 
densate line C8A at an approximate flow rate of 105,000 
lbs/hr and an approximate temperature of 126° F. The water 
can be used many different ways within the facility, including 
as the water source for the electrolytic cell. 
0090 Cooling water flowing through cooling water lines 
CW3A, CW4A and CW6A is returned to the cooling tower to 
be cooled and reused in the concentration process or other 
cooling required at other locations within the facility. 
(0091 First effect heating element 500A, first effect vapor 
body 505A, second effect heating element 490A, second 
effect vapor body 495A, second effect condensate preheater 
530A, second product preheater 550A, second steam conden 
sate preheater 540A, first steam condensate preheater 560A, 
and first product preheater 570A, and all lines in which aque 
ous caustic soda above approximately 40% NaOH flows 
should be constructed of a material resistant to corrosion by 
caustic soda, such as nickel. The flash chamber 520A, 
catholyte heat exchanger 510A, could be constructed of a 
higher nickel stainless steel or nickel. 
0092. The above example gives one embodiment which 
attempts to optimize the use and recovery of heat from dif 
ferent heat sources as part of the concentration process. How 
ever, those skilled in the art will recognize that this invention 
can be practiced without the use of second effect condensate 
preheater 530A, second steam condensate preheater 540A, 
second product preheater 550A, first steam condensate pre 
heater 560A, first product preheater 570A, and product cooler 
100A, or can incorporate any combination thereof. 
0093. Those skilled in the art will recognize that catholyte 
heat exchanger 510A can consist of two or more heat 
exchangers arranged in either series or parallel, and flash 
chamber 520A can consist of two or more flash chambers 
connected to two or more vapor bodies arranged in either 
series or parallel. 
0094 Further, those skilled in the art will recognize that 
the concentrations of caustic soda flowing through this one 
embodiment can vary in actual practice. For example, the 
concentration of the aqueous caustic soda flowing through 
line L1A can range from approximately 31.0% to approxi 
mately 33.0% caustic soda by weight. The concentration of 
the aqueous caustic Soda flowing from third effect heating 
element 480A and third effect vapor body 485A and through 
line L2A can range from approximately 34.6% to approxi 
mately 36.8% caustic soda by weight. The concentration of 
the aqueous caustic soda flowing from flash chamber 520A 
and through line L13A can range from approximately 39.4% 
to approximately 41.8% caustic soda by weight. The concen 
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tration of the aqueous caustic soda flowing from second effect 
heating element 490A and second effect vapor body 495A 
and throughline L6A can range from approximately 43.5% to 
approximately 46.3% caustic soda by weight. The concentra 
tion of the final product aqueous caustic soda flowing from 
first effect heating element 500A and first effect vapor body 
505A and through line L9A can range from approximately 
48.5% to approximately 51.5% caustic soda by weight. 
0095 Although caustic soda is most commonly sold as a 
50% concentration product, this embodiment of the invention 
may be employed as an initial step toward achieving caustic 
soda concentrations greater than 50%, including the 70% and 
100% commercial grades of caustic soda. 
0096 FIGS. 4A and 4B are a flow diagram for another 
embodiment of the invention. FIGS.5A-5D area table show 
ing mass balance and temperatures of an example of this 
embodiment for the production of 1,000 ECU a day. This 
embodiment would be the preferred embodiment when the 
electrolytic cells as discussed in FIG.1 are not located in close 
proximity to the concentration process equipment. In this 
embodiment, approximately 5 times the catholyte concentra 
tion flow is being circulated back to the electrolytic cell. 
0097. Referring to FIGS. 4A and 4B, the catholyte 
removed from cathode chamber 20 in FIG. 1 which is to be 
concentrated flows through line L1Batan approximaterate of 
291.700 lbs/hr, an approximate temperature of 190°F., and an 
approximate concentration of 32% caustic soda by weight. 
Line L1B is attached to flash chamber 520B. Catholyte flows 
through line L1B into flash chamber 520B and water vapor 
escapes from the catholyte due to the decrease in pressure 
causing the temperature of remaining aqueous caustic soda to 
be decreased and leaving a higher concentration of aqueous 
caustic soda. 
0098. The concentrated aqueous caustic soda exits flash 
chamber 520B through line L23B and is pumped by pump 
40B through line L23B. The aqueous caustic soda leaving 
flash chamber 520B has an approximate flow rate of 1,369, 
600 lbs/hr, an approximate concentration of 37.1% caustic 
soda, and an approximate temperature of 148°F. Line L23B 
splits into two lines, line L24B and line L13B. 
0099 Line L24B is connected to catholyte heat exchanger 
510B. The aqueous caustic soda flows through catholyte heat 
exchanger 510B at a flow rate of approximately 1,369,000 
lbs/hr and is heated to approximately 180°F. It exits catholyte 
heat exchanger 510B through line L22B. Line L22B is con 
nected to flash chamber 520B and allows the heated aqueous 
caustic soda to flow into flash chamber 510B. Line L22B and 
line L23B form a circulation loop for flash chamber 520B. 
0100. The heat source for catholyte heat exchanger 510B 

is the circulation line from cathode chamber 20 in FIG. 1. 
Line CATH1B is attached to catholyte heat exchanger 510B 
and the catholyte from the electrolytic cells flows throughline 
CATH1B into catholyte heat exchanger 510B. The catholyte 
s cooled and exits through line CATH2B. Line CATH2B 
brings the cooled catholyte back to the electrolytic cell. The 
catholyte flows through lines CATH1B and CATH2B at an 
approximate rate of 2,200 gal/mm. The catholyte in line 
CATH1B has an approximate temperature of 190°F. and is 
cooled to approximately 160° when it reaches line CATH2B. 
The flow rate of catholyte in CATH2B is approximately 5 
times the flow rate of catholyte in line L1B. 
0101. The water vapor released in flash chamber 520B 
exits flash chamber 520B through vapor line V.4B. Vapor line 
V4B is connected to second surface condenser 315B and the 
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vapor flowing through vapor line V.4B is condensed back to 
water in second surface condenser 315B. A barometric con 
denser could also be used for this service. The water vapor in 
vapor line V.4B has an approximate flow rate of 40,000 lbs/hr 
at an approximate temperature of 147°F. and an approximate 
pressure of 1.17 psia. 
0102 Flash chamber 520B and catholyte heat exchanger 
510B can be constructed of stainless steel due to the concen 
tration of caustic Soda in contact with these pieces of equip 
ment. 

(0103 Line L13B is connected to third effect vapor body 
485A and the aqueous caustic soda which is to be further 
concentrated flows through line L13B into third effect vapor 
body 485B at an approximate flow rate of 251,600 lbs/hr and 
an approximate temperature of 148 F. The approximate con 
centration of caustic Soda in the aqueous caustic soda in line 
L13B is 37.1%. 

0104. Third effect vapor body 485B is connected to third 
effect heating element 480B. The concentrated aqueous caus 
tic soda that flows through line L13B is heated in third effect 
heating element 480B causing water vapor to be released and 
leaving a further concentrated aqueous caustic Soda. 
0105. The vapor released from third effect vapor body 
485B exits through vapor line V3B, at an approximate rate of 
18,400 lbs/hr, an approximate pressure of 1.17 psia and an 
approximate temperature of 157° F. Vapor line V3B is con 
nected to surface condenser 305B and the vapor flowing 
through vapor line V3B is condensed back to water in surface 
condenser 305B. A barometric condenser could also be used 
for this service. 

0106 The concentrated aqueous caustic soda exits third 
effect vapor body 485B and exits from third effect heating 
element 480B through line L.20B at an approximate flow rate 
of 2,402,600 lbs/hr, an approximate temperature of 157° F., 
and an approximate concentration of 40% caustic Soda by 
weight. 
0107 Line L20B splits into lines L2B and L21B. Line 
L21B is a circulation loop for third effect heating element 
480B. The aqueous caustic soda inline L21B is pumped to the 
third effect heating element by pump 10B at an approximate 
flow rate of 2,169,300 lbs/hr. 
0108. The heating source for third effect heating element 
480B is the vapor released from second effect heating ele 
ment 495B flowing through vapor line V2B and any vapor 
released from process condensate receiver 90B flowing 
through vapor line V5B. Vapor lines V5B and V2B join to 
form vapor line V6B which is connected to third effect heat 
ing element 480B. The vapor flow through vapor line V2B is 
approximately 22,000 lbs/hr at an approximate temperature 
of 226°F. and an approximate pressure of 5.7 psia. The vapor 
from process condensate receiver 90B through vapor line 
V5B is mainly a line to bleed any vapors released into process 
condensate receiver 90B from the collection of the different 
condensate lines. The addition of any vapor through vapor 
line VSB is minimal and thus, the composition of vapor flow 
ing through vapor line V6B is substantially the same as the 
vapor flowing through vapor line V2B. 
0109 The condensed vapor that exits third effect heating 
element 480B flows through condensate line C6B. Conden 
sate line C6B connects to process condensate receiver 90B. 
The condensed vapor in condensate line C6B has a tempera 
ture of approximately 167 F. and a flow rate of approxi 
mately 22,000 lbs/hr. 
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0110 Line L2B splits into lines L25B and L26B. The 
caustic flowing through line L2B is pumped into line L25B 
and line L26B by pump 20B. The concentrated aqueous caus 
tic soda flowing in line L2B has an approximate temperature 
of 157°F., an approximate flow rate of 233.300 lbs/hr, and an 
approximate concentration of 40% caustic soda by weight. 
The aqueous caustic soda in line L2B is split approximately 
50,000 lbs/hr into line L25B and approximately 183,300 lbs/ 
hr into line L26B. 

0111 Line L25B connects to second effect condensate 
preheater 530B. Aqueous caustic soda flowing through line 
L25B is heated as it flows through second effect condensate 
preheater 530B and exits through line L3B. The temperature 
of the aqueous caustic Soda leaving second effect condensate 
preheater 530B is approximately 197°F. and has a flow rate of 
approximately 50,000 lbs/hr. 
0112 Second effect condensate preheater 530B uses the 
condensed vapor from second effect heating element 490B as 
the heat source. The condensed vapor flows from second 
effect heating element 490B through condensate line C4B 
into second effect condensate preheater 530B. The condensed 
vapor is cooled further as it proceeds through second effect 
condensate preheater 530B and exits through condensate line 
C5B into process condensate receiver 90B. The condensed 
vapor enters second effect condensate preheater 530B with a 
temperature of approximately 237 F. and exits at a temperate 
of approximately 158° F. The approximate flow rate of the 
condensed vapor through second effect condensate preheater 
530B is 24,700 lbs/hr. 
0113 Line L3B is also connected to second steam conden 
sate preheater 540B. The heated aqueous caustic soda from 
second effect condensate preheater 530B flows through line 
L3B into second steam condensate preheater 540B, is heated 
further and exits through line L4B. The exit temperature of 
the aqueous caustic Soda from the second steam condensate 
preheater 540B is approximately 231° F. 
0114. The heat source for second steam condensate pre 
heater 540B is the condensed steam from first effect heating 
element 500B after being further cooled by first steam con 
densate preheater 560B. The condensed steam enters second 
steam condensate preheater 540B through condensate line 
C2B and exits through condensate line C3B. Condensate line 
C3B transports the condensed steam back to and the boiler 
feed system to be reused as Steam. The condensed steam 
entering second steam condensate preheater 540B has a tem 
perature of approximately 250 F. and an exit temperature of 
approximately 210°F. The flow rate of the steam is approxi 
mately 36,500 lbs/hr. 
0115 Line 26B is connected to second product preheater 
550B. The aqueous caustic soda flowing through line L26B is 
heated in the second product preheater 550B before exiting 
through line L5B at an approximate temperature of 240° F. 
and an approximate flow rate of 183,300 lbs/hr. The heat 
source for second product preheater 550B is the final product 
aqueous caustic soda from first effect heating element 500B 
and first effect vapor body 505B after being cooled by first 
product preheater 570B. The final product aqueous caustic 
soda enters second product preheater 550B through line 
L10B at a temperature of approximately 260°F., is cooled and 
exits through line L11B at a temperature of approximately 
1580 F. 

0116 Line L5B and line L4B join and form line L30B. 
Line L30B joins with line L19B, which is connected to sec 
ond effect heating element 490B. The aqueous caustic soda 
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which is to be further concentrated enters second effect heat 
ing element 490B through line L19B. The aqueous caustic 
Soda flowing in line L30B has an approximate concentration 
of 40% caustic soda, an approximate temperature of 238° F., 
and an approximate flow rate of 233.300 lbs/hr. The aqueous 
caustic soda flowing through line L18B has an approximate 
concentration of 44.2% caustic soda, an approximate tem 
perature of 226°F., and an approximate flow rate of 844,700. 
The resulting aqueous caustic Soda from the joining of lines 
L18B and L30B into line L19B has an approximate tempera 
ture of 229°F., an approximate concentration of 43.3% caus 
tic soda, and an approximate flow rate of 1,078,000 lbs/hr. 
0117 The aqueous caustic soda is heated in second effect 
heating element 490B. Second effect heating element 490B is 
connected to second effect vapor body 495B. The heating of 
the aqueous caustic Soda releases water vapor and results in 
remaining aqueous caustic Soda having a higher concentra 
tion of caustic soda. 

0118. The water vapor is removed from second effect 
vapor body 495B by vapor line V2B. Vapor line V2B joins 
with vapor line VSB from process condensate receiver 90B 
and forms vapor line V6B. The water vapor removed from 
second effect vapor body 495B flowing through vapor line 
V2B and from process condensate receiver 90B flowing 
through vapor line V5B combine in vapor line V6B and acts 
as the heat source for third effect heating element 480B. 
0119 The concentrated aqueous caustic soda exits second 
effect heating element 490B and second effect vapor body 
through line L17B at an approximate flow rate of 1,056,000 
lbs/hr, an approximate temperature of 226° F., and an 
approximate concentration of 44.2% caustic soda by weight. 
I0120 Line L17B splits into lines L18B and L6B. Line 
L18B joins with line L30B to create line L19B. Line L18B is 
part of a circulation line for second effect heating element 
490B. The aqueous caustic soda in line L18B is pumped by 
pump 70B. The aqueous caustic soda in line L6B has a tem 
perature of approximately 226°F., flow rate of approximately 
211,300 lbs/hr, concentration of approximately 44.2% caus 
tic Soda and proceeds to be further concentrated. 
I0121 Line L6B splits into line L27B and line L28B. The 
aqueous caustic Soda contained in line L6B is pumped by 
pump 60B. 
0.122 Line L27B is connected to first steam condensate 
preheater 560B. The aqueous caustic soda which flows 
through line L27B at an approximate flow rate of 90,000 
lbs/hr enters first steam condensate preheater 560B, is heated, 
and exits through line L7B with a temperature of approxi 
mately 296° F. 
I0123. The heat source for first steam condensate preheater 
560B is the condensed steam from first effect heating element 
500B which flows through condensate line C1B at an 
approximate rate of 36,500 lbs/hr and an approximate tem 
perature of 362°F. The condensed steam flows through first 
steam condensate preheater 560B, is cooled and exits through 
condensate line C2B, which is connected to second steam 
condensate preheater 540B. 
0.124 Line L28B is connected to first product preheater 
570B. The aqueous caustic soda which flows through line 
L28B enters first product preheater 570B and exits through 
line L8B at a flow rate of approximately 121,300 lbs/hr. The 
aqueous caustic soda is heated as it flows through first product 
preheater 570B from approximately 226°F. to approximately 
298 F. 
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(0.125. The heat source for first product preheater 570B is 
the final product aqueous caustic soda from the first effect 
heating element 500B and first effect vapor body 505B. The 
final product aqueous caustic Soda enters first product pre 
heater 570B through line L9B at an approximate flow rate of 
186,700 lbs/hr, an approximate temperature of 320°F., and an 
approximate 50% concentration of caustic Soda and exits 
through line L10B at an approximate temperature of 260°F. 
As the final product aqueous caustic soda flows through first 
product preheater 570B, where it is cooled. 
0126 Line L7B and line L8B join and form line L29B. 
The aqueous caustic Soda in line L29B has an approximate 
temperature of 297 F. and an approximate flow rate of 211, 
300 lbs/hr. Line L29Bjoins with line L15B to form line L16B. 
The aqueous caustic soda flowing in line L15B has an 
approximate concentration of 50% caustic soda, an approxi 
mate temperature of 320° F., and an approximate flow rate of 
131,100 lbs/hr, therefore, when joined with the aqueous caus 
tic Soda in line L29B, the resulting aqueous caustic soda in 
line L16B has an approximate temperature of 306 F., an 
approximate flow rate of 342,400 lbs/hr, and an approximate 
concentration of 46.4% caustic soda by weight. Line L16B is 
connected to first effect heating element 500B. The aqueous 
caustic soda flowing through line L16B flows into first effect 
heating element 500B and is heated in order to release water 
vapor and concentrate the aqueous caustic soda further. 
0127. The heating source for first effect heating element 
500B is steam which enters first effect heating element 
through steam line S1B at a temperature of approximately 
380° F., a pressure of approximately 194.7 psia and a flow rate 
of approximately 36,500 lbs/hr. The steam after being con 
densed as it proceeds through first effect heating element 
500B, exits through condensate line C1 B. As discussed pre 
viously, the condensed steam from first effect heating element 
500B is further cooled as it flows through first steam conden 
sate preheater 570B and second steam condensate preheater 
540B before if flows back to the boiler to make additional 
Steam. 

0128. First effect heating element 500B is connected to 
first effect vapor body 505B and it is from first effect vapor 
body 505B that the vapor is released. The vapor leaves first 
effect vapor body 505B through vapor line V1Batan approxi 
mate rate of 24,700 lbs/hr, an approximate pressure of 24.1 
psia and an approximate temperature of 320°F. This vapor is 
the heat source for second effect heating element 490B. 
0129. The final product aqueous caustic soda exits first 
effect heating element 500B and first effect vapor body 505B 
through line L14B. The final product aqueous soda in line 
L14B has an approximate concentration of 50% caustic soda, 
an approximate flow rate of 317,800 lbs/hr, and an approxi 
mate temperature of 320°F. 
0130 Line L14B splits into lines L15B and L9B. Line 
L15B connects with line L29B. L15B is used to circulate a 
portion of the final product aqueous caustic Soda back to first 
effect heating element 500B. The final product aqueous caus 
tic soda which flows through line L15B is pumped through 
pump 80B. 
0131 The final product aqueous caustic soda is pumped 
by pump 50B through line L9B into first product preheater 
570B, through line L10B, into second product preheater 550, 
and through line L11B. Through both first product preheater 
570B and second product preheater 550B, final product aque 
ous caustic Soda is cooled. 
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(0132) Line L11B is connected to product cooler 100B. 
Final product caustic soda is cooled as it flows through prod 
uct cooler 100B from approximately 158°F. to approximately 
120° F. It exits product cooler 100B through line L12B. Line 
L12B takes final product aqueous caustic Soda to be stored, 
sold, or used in another process. 
I0133. The cooling source for product cooler 100B is cool 
ing water that flows in through cooling water line CW5B and 
out through cooling water line CW6B. The cooling water 
flows through product cooler 100B at a flow rate of approxi 
mately 1,000 gal/min and is heated from approximately 85 F. 
to approximately 96° F. 
0.134 Cooling water is used to condense vapors from flash 
chamber 520B and from third effect vapor body 485B. Cool 
ing water line CW2B is connected to second surface con 
denser which condenses the vapors released from flash cham 
ber 520B. Cooling water flows through second surface 
condenser 315B at an approximate flow rate of 8,000 gal/min 
and exits through cooling waterline CW3B at an approximate 
temperature of 96°F. The condensed vapor flows from second 
surface condenser 315B through condensate line C9B. 
0.135 Condensate line C9B connects to process conden 
sate receiver 90B and the condensate vapor flows into process 
condensate receiver 90B at an approximate temperature of 
105° F and an approximate flow rate of 40,000 lb/hr. 
0.136 Cooling water line CW1B is connected to surface 
condenser 305B to allow cooling water to enter surface con 
denser 305B and cool vapors released from third effect vapor 
body 485B. The condensed vapor leaves the surface con 
denser 305B through condensate line C7B, which is also 
connected to process condensate receiver 90B, at an approxi 
mate temperature of 105 F. and an approximate flow rate of 
18,400 lb/hr. The cooling water flows through the surface 
condenser 305B at an approximate rate of 8,000 gal/min and 
is heated from approximately 85° F to approximately 90°F. 
I0137 The cooling water leaves surface condenser 305B 
through cooling water line CW4B. 
0.138 Cooling Water lines CW3B, CW4B, and CW6B 
carry the cooling water back for cooling such that it can be 
reused through cooling water lines CW1B, CW2B, and 
CW5B or in other parts of the facility. 
0.139. Process condensate receiver 90B receives conden 
sate from third effect heating element 480B though conden 
sate line C6B, surface condenser 305 through condensateline 
C7B, second surface condenser 315B through condensate 
line C9B, and second effect condensate preheater 530B 
through condensate line C5B. Vapors released in process 
condensate receiver 90B, if any, are removed through vapor 
line V5B, which joins vapor line V2B as the heat source for 
third effect heating element 480B. The liquid condensate, or 
water, is pumped from process condensate receiver 90B by 
pump 30B through condensate line C8B at an approximate 
temperature of 131° F. and an approximate flow rate of 105, 
000 lb/hr. The water can be used within the plant or used as 
water source for the electrolytic cell. 
0140. The construction material of first effect heating ele 
ment 500B, first effect vapor body 505B, first steam conden 
sate preheater 560B, first product preheater 570B, second 
effect heating element 490B, second effect vapor body 495B, 
second steam condensate preheater 540B, second product 
preheater 550B and second effect condensate preheater 530B 
should be of a material that is resistant to corrosion by caustic 
soda, such as nickel. The construction material for the third 
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effect heating element 480B and third effect vapor body 485B 
can be a higher grade of stainless Steel. 
0141 Flash chamber 520A and 520B can either be a flash 
chamber or an evaporator vapor body, both of which are 
known in the art. 

0142. Product cooler 100A and 100B, second effect con 
densate preheater 530A and 530B, second product preheater 
550A and 550B, second steam condensate preheater 540A 
and 540B, first product preheater 570A and 570B, first steam 
condensate preheater 560A and 560B, and catholyte heat 
exchanger 510A and 510B are heat exchangers known in the 
art for allowing heat to transfer between two liquids or a vapor 
and a liquid, depending on the composition of the materials 
flowing through the exchangers. Surface condenser 305A and 
305B and Second Surface condenser 315A and 315B are con 
densers known in the art for condensing vapors to liquids by 
using of cooling water. 
0143 Process condensate receiver 90A and 90B is a tank 
or chamber known in the art for collecting condensate from 
several locations and bleeding offany vapors that are released 
into the receiver due to the combining of multiple condensate 
lines. 

0144 First effect heating element 500A and 500B, first 
effect vapor body 505A and 505B, second effect heating 
element 490A and 490B, second effect vapor body 495B and 
495A, third effect heating element 480A and 480B anti third 
effect vapor body 485A and 485B are evaporation systems 
known in the art. 

0145 The above example gives an embodiment which 
attempts to optimize the use and recovery of heat from dif 
ferent heat sources as part of the concentration process of 
aqueous caustic soda. However, those skilled in the art will 
recognize that this invention can be practiced without the use 
of second effect condensate preheater 530B, second stream 
condensate preheater 540B, second product preheater 550B, 
first steam condensate preheater 560B, first product preheater 
570B, and product cooler 100B, or one of more of these 
devices can be incorporated. 
0146 Those skilled in the art will recognize that catholyte 
heat exchanger 510B can consist of two or more heat 
exchangers arranged in either series or parallel, and flash 
chamber 520B can consist of two or more flash chambers 
connected to two or more vapor bodies arranged in either 
series or parallel. 
0147 Further, those skilled in the art will recognize that 
the concentrations of caustic soda flowing through this one 
embodiment can vary in actual practice. For example, the 
concentration of the aqueous caustic soda flowing through 
line L1B can range from approximately 31.0% to approxi 
mately 33.0% caustic soda by weight. The concentration of 
the aqueous caustic soda flowing from flash chamber 520B 
and through line L13B can range from approximately 36.0% 
to approximately 38.2% caustic Soda by weight. The concen 
tration of the aqueous caustic Soda flowing from third effect 
heating element 480B and third effect vapor body 485B and 
through line L2B can range from approximately 38.8% to 
approximately 41.2% caustic soda by weight. The concentra 
tion of the aqueous caustic Soda flowing from second effect 
heating element 490B and second effect vapor body 495B and 
through line L6B can range from approximately 42.9% to 
approximately 45.5% caustic soda by weight. The concentra 
tion of the final product aqueous caustic soda flowing from 
first effect heating element 500B and first effect vapor body 
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505B and through line L9B can range from approximately 
48.5% to approximately 51.5% caustic soda by weight. 
0.148 Although caustic soda is most commonly sold as a 
50% concentration product, either embodiment of the inven 
tion may be employed as an initial step toward achieving 
caustic soda concentrations greater than 50%, including the 
70% and 100% commercial grades of caustic soda. 
0149. It will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
without departing from the broad inventive concept thereof. It 
is understood, therefore, that this invention is not limited to 
the particular embodiments disclosed, but it is intended to 
cover modifications within the spirit and scope of the present 
invention as defined by the appended claims. 

1. A method of concentrating aqueous alkali comprising: 
providing an electrolytic cell with a cation membrane; 
providing a catholyte comprising aqueous alkali with an 

initial alkali concentration from the electrolytic cell; 
splitting the catholyte into a first stream and a second 

stream wherein the first stream and the second stream 
have the initial alkali concentration at a first tempera 
ture; 

providing an evaporation system including a set of effect 
evaporators and a flash evaporator, 

providing a catholyte heat recovery system; 
recovering heat from the first stream in the catholyte heat 

recovery system; 
flowing the second stream into the evaporation system; 
heating the second stream with the catholyte heat recovery 

system; 
evaporating water from the second stream to create a third 

stream at a second temperature and a final alkali concen 
tration wherein the final alkali concentration is greater 
than the initial alkali concentration; 

recovering heat from the third stream to create a final 
product at a final temperature by circulating the third 
stream through the catholyte heat recovery system; and 

adjusting the evaporation system to have the second tem 
perature greater than the first temperature. 

2. The method of concentrating an aqueous alkali of claim 
1 wherein: 

the step of evaporating water from the second stream 
includes concentrating the aqueous alkali in at least one 
effect evaporator prior to recovering heat from the first 
Stream. 

3. The method of concentrating an aqueous alkali of claim 
1 wherein: 

the step of evaporating water from the second stream 
includes concentrating the aqueous alkali in the flash 
evaporator; 

the step of recovering heat from the third stream is per 
formed after concentrating the aqueous alkali in the flash 
evaporator; and, 

further concentrating the aqueous alkali in the set of effect 
evaporators. 

4. The method of concentrating an aqueous alkali of claim 
1 wherein the step of providing an evaporation system 
includes providing a triple effect evaporator as the set of effect 
evaporators. 

5. The method of concentrating an aqueous alkali of claim 
1 wherein the step of providing an evaporation system 
includes providing a double effect evaporator as the set of 
effect evaporators. 
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6. The method of concentrating an aqueous alkali of claim 
1 wherein the step of providing an evaporation system 
includes providing a single effect evaporator as the set of 
effect evaporators. 

7. The method of concentrating an aqueous alkali of claim 
1, further comprising: 

adjusting the evaporation system to have the first tempera 
ture at about 190°F. and the second temperature at about 
320 F. 

8. The method of concentrating an aqueous alkali of claim 
1, further comprising 

adjusting the flow rates of the first stream, second stream 
and third stream to create the final product stream at a 
flow rate of about 190,000 lb/hr. 

9. The method of concentrating an aqueous alkali of claim 
1 further comprising: 

providing one or more heat exchangers, one or more flash 
evaporators and one or more evaporator bodies in the 
catholyte heat recovery system. 

10. The method of concentrating an aqueous alkali of claim 
1 further comprising: 

concentrating the aqueous alkali to between about 70% and 
100% alkali by weight. 

11. The method of concentrating an aqueous alkali of claim 
1 further comprising: 

concentrating the aqueous alkali to about 50% alkali by 
weight. 

12. A system for concentrating an aqueous alkali compris 
ing: 

an electrolytic cell with a cation membrane; 
a catholyte comprising the aqueous alkali with an initial 

alkali concentration in the electrolytic cell; 
a first effect evaporator connected by a first pipe system to 

the electrolytic cell; 
a flash evaporator connected by a second pipe system to the 

first effect evaporator; 
a plurality of effect evaporators connected by a third pipe 

system to the flash evaporator; 
aheat recovery system connected to the third pipe system; 
a first stream having the initial alkali concentration which 

flows from the electrolytic cell into the first effect evapo 
rator, 

the first effect evaporator which evaporates water from the 
first stream to create a second stream having a second 
alkali concentration; 

the second stream which flows from the first effect evapo 
rator into the flash evaporator; 

the flash evaporator which evaporates water from the sec 
ond stream to create a third stream having a third alkali 
concentration; 
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the third stream which flows from the flash evaporator into 
the plurality of effect evaporators; 

the plurality of effect evaporators which evaporates water 
from the third stream to create a fourth Stream having a 
fourth alkali concentration; 

the fourth stream which flows from the plurality of effect 
evaporators through the heat recovery system; and, 

wherein the fourth stream exchanges heat with the heat 
recovery system. 

13. The system of claim 12 further comprising: 
the plurality of effect evaporators comprising a second 

effect evaporator and a third effect evaporator connected 
by a fourth pipe system; 

the third stream which flows from the flash evaporator into 
the second effect evaporator; 

the second effect evaporator which evaporates water from 
the third stream to create a fifth stream; 

the fifth stream which flows from the second effect evapo 
rator into the third effect evaporator; and, 

the third effect evaporator which evaporates water from the 
fifth stream to create the fourth stream. 

14. The system of claim 13 further comprising: 
the heat recovery system which exchanges heat between 

the third stream and the fourth stream; and, 
the heat recovery system which exchanges heat between 

the fifth stream and the fourth stream. 
15. The system of claim 12 further comprising: 
the first stream which flows into the first effect evaporator 

at a first flow rate; and, 
a first recirculation system recirculating a sixth stream 

through the first effect evaporator at a second flow rate. 
16. The system of claim 15 wherein the second flow rate is 

about seven times the first flow rate. 
17. The system of claim 12 further comprising: 
the second stream which flows into the flash evaporator at 

a first flow rate; and, 
a second recirculating system recirculating a seventh 

stream through the flashevaporatorata second flow rate. 
18. The system of claim 17 wherein the second flow rate is 

about seven times the first flow rate. 
19. The system of claim 17 further comprising: 
a heat exchanger connected to the flash evaporator and to 

the electrolytic cell; 
an eighth stream having the initial alkali concentration 

circulating through the electrolytic cell and the heat 
exchanger, and, 

wherein the seventh stream and the eighth stream exchange 
heat in the heat exchanger. 

20. The system of claim 19 wherein the eighth stream has 
a flow rate of about seven times the first flow rate. 
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