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ABSTRACT

Tokuyama Soda kas heen undertaking a vival role i the mod-
ernized yalt meprufacturing industry in Japan, that 5. supphing
ion-exchange membrianes catled NEQSEPTA and establishing
the seawitier concentration tecitnology which was granted ta two
other membrane producers in Jupan. Now Tokuyama Sodu,
which initiated this process. continues o pioneer throughout the
wirld.

Recently Tokuyama Sodu signed @ consultant congraci with a
Kuwaiti government compiny for mstallation of o salt manu-
Jacturing plant thar will supply ion-exchange membranes and
elecirodinlyzer bused on the Tokuyama Soda sift manufacturing

process foflowing its successful export ro that countiy of superior
techuolugy for an ion-exchange membrane provess chlor-olkali
Plani. It has been a long-lasting dream 6 produce industrial salt
Srom seawater and then electralyze it v produce chforine and
canstic sodv i commercial operution by means of lon-exchunge
membranes. This dream fs going 1o be realized in Kuwatt for the
Jirst time anywhere i the world,
In conaection with this consistanr membrone fevhnefogy,
Tokuvama Soda's ivn-exchange membrane provess is presented
in this paper in the light of its experiencey and background.

INTRGDUCTION

Tokuyama Soda Co,, Lrd. has aimed to produce salf
from seawater industrially and to seif-supply it for the
soda industry, For this purpese, research and develop-
ment have becn carried oul since 1950 and during this pe-
ricd ion exchange membranes ("NEOSEPTA"} and an
electrodialysis process using “NEOSEPTA” have been
successfully established. These technologies have advanced
to the extent that the fwo Japanese salt manufacturers—
Kinkai Salt Manufacturing Co., Lid. and Sanuki Saly
Manufactuting Co., Ltd.—have been producing 360,000
tons per vear of edible salt for over 10 years.

In an attempt to produce salt more ceconomically by this
process, Tokuyama Soda further continues ifs efforts for
the development and improverment of the iechaelogies.

With the ample expericnce of this salt manufacruring
process using “NEOQSEPTA”, Tokuyama Soda made the
contract (o supply its process engincering and consuliing
services for construction of a salt manufacturing plant by
the membrane process in Kuwait with Petrochemieal In-
dustries Co. {June 1982).

Petrochemical Industries Co, is proceeding with the
construction project of an integrated complex for salt and

chior-alkali production in Kuwait, where salt is to be pro-
duced from seawater by the membrane process, and then
further processed into caustic soda and chiorine by the
ion-exchange membrane electrolytic process of Toku-
vama Soda,

This paper introduces this Kuwaif project angd reports
the present circumstances and firture prospect of the fon-
exchange membrane and electrodialysis technology of
Tokuyama Soda, for commercial operation,

SEAWATER CONCENTRATION BY ION
EXCHANGE MEMBRANE PROCESS

Ior-exchange Membranes

lon exchange membranes NEOSEPTA produced by
Tokuyama Soda is basically classified into two categories,
cation exchange mwembranes furnished with sulfonic acid
type functional groups, and anion exchange membranes
furnished with quarternary amine type functiona groups,
both of which are based on styrenc-divinylbenzene co-
polymer. Table 1 gives NEOSEPTA membranes presently
avaitable for commercial use,

NEOSEPTA membranes are reinforced with backing
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TABLE I
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First Salt Plant in Middle East Using Flactrodialysis

cloth and are synthesized by a paste method, provided
with the following characteristics;

1. High ionic permselectivity

2. Low electric resistance, less salt diffusion and less
water osmosis

3. High dimensional stability and mechanical strength

4. Good chemical stabiiity and long durability.

The ion-exchange membranes used for the salt
manufacturing process require, in addition to gencral reg-
uisites, special performance such as high permselectivity
ts monavalent ion, low clectric resistance, high NaCl con-
ceptration of preduced brine, ete.

For improvement of the salt manufacturing process, ef-
forts were focused on the improvement of NEQSEPTA’s
properties and the ¢lectrodialyzer's performance, as will
be referred to later, as well as the process design under op-
timum economic conditions.
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Thus, NEOSEPTA membranes applied to the salt man-
ufacturing proecess have changed in their grades in the
past, as shown in Table 2,

CLS-25T. CHS-45T and Co66S-5T are models corre-
sponding to CL-35T, CH-45T and C66-5T, respectively,
as given in Table 1, and specifically provided with permse-
lectivity to moenovalent cations 0 as to be applicable o the
salt manufacturing process. Comparative data of cation
permselectivity between C66-57 and C665-5T are given in
Table 3. Anion exchange membranes with a high permse-
lectivity to monovalent anions are also applied o the salt
manufacturing process.

By use of membranes with high permselectivity to ¢a-
tions and anions, respectively, the salt manafacturing pro-
cess i able to produce Nalll brine in high concentration
and high purily without causing scaling in a long contin-
ued operalion.

The electrical resistance of the membranes has been

TABLE 2
Membranes in Sait Manufacturing Process
1
Pericd of Cation Exchange| Anion Exchange Type of
Service Membrane Membraneg Electrnpdialyzer
Deqinning of CLI=-257T AUE=4T j Unit Cell Type
1970s :
End of 1970s CHE-45T AFPS-4T Unit Cell Type
Bzginning of C6635-5T ACS Filter Press
1580s Type
Present CIM AT0KS Filter Press
Type
TABLE3

Comparison of Cation Permselecriviry

Membrane Grade C66~5T CE65-57
Electric Resistence 1.1~ 1.7 1.1 ~ 1.4
(0 em? )
Tranceport Number (-~}
Total cation 4.98 ¢ 3.58 <
Nav+ ®F - 6.70 9.331¢
Cad++ Mg 0.28 0.95 > ]

Electric Resistence;

Transport Number ;

Egquilibrated with 3.5M-NaCl
solution,at 2%°C

Measured by electrophoresis
with geawater

Current density;2A/dm2,at25°C

H
B
?
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i
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reduced gradually over the last decade and has served to
lower consumption of electricity significantly, as shown in
Table 1.

Pretreatment of Seawater

The ion-exchange membrane process uses scawater as
feedstock; the presence of suspended solids in seawater
stch as microorganismis, algae, shells, plankton and mud,
ete., is not advisable for operation of the clectrodialyzes.
The clectrodialyzer constitutes 2 narrow seawater flow
path of 0.5 to 0.75 mm clearance in which suspended
solids may accumulate in the electrodialyzer and block the
flow of seawater. At times a blockage causes a scale deposit
of calcium carbonate or magnesivm hydroxide. These
scale particles may deposit on the surface of membranes
and damage them, Therefore, it is required rhat scawater
must be purified by two stages, vsing a sand filter and then
a secondary filter, to be sufficiently clean for safe and con-
tinued operation of the clectrodialyzer.

However, the internal structures of clectrodialyzers
tend to be fouled after prolonged operation so that it is
necessary to disassemnble and clean the eguipment and
memhbranes periodically (generally 3- te 4-month inter-
vals) to maintain a reasonable service life. For simple

Sixth imternational Sympogium on Salf, 1583—Vval i

maintenance of an electrodialyzer, Tokuyama Soda is try-
ing to develop a nondisassembly cleaning method, al
though some difficulties are stifl involved because of the
different properties of seawater due to different locations
and seasonal variation.

NEQOSEPTA, however, is stable in both chemical and
mechanical properties so that # can operate without
changing the performance after repeated disassembly and
cleaning,

Unit Cell Type Electrodialyzer

A unit cell type of electrodialvzer is composed of plural
stacks and a palr of electrode chambers at both ends in a
water tight vessel. Each stack is composed of 17 ro 25 pairs
of [Init Cells (a cation-exchange membrane and an anion-
exchange membrane scaled together to form a bag) and
spacer {a diagonally crosscd plastic net) installed alter-
nately. Seawater flows upward from the botiom of the
vessel through the spacers between membrane bags at a
constant flow rate and overflows from the top. When
direct current is applied to the pair of clectrodes ar both
ends, Nai and Cl™ in seawater are selectively electra-
dialyzed into each Unit Cell and conecentrated brine is ac-
cumulated. This brine is taken out through a siphon tubhe
under vacuum pressure (Figure 1)

HEAT TANK
FILTER
J.'
P I ELECTRODIALYZER
{ SEAWATER L : HEAD TANEK
| UNIT CELL
et PILTER
]
-

“a TLECTRODIALYZER

UNIT CELL

Figare 1, Flow of seawater and bring in unit cell process,
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First Salt Plant in Middie East Using Flectradialysis

This type of ckectrodialyzer has been in servies for more
than 10 vears since Kinkai Salt Manufacturing Co., Ltd,
and Sanuki Salt Manufeciuring Co., Lid. first empioyed
this process in place of the conventional salt field process
of solar evaporation. This type of electrodialyzer is simple
in its mechanism and has the [ollowing features,

1. Low electricity consumption

2. Almost no current leakage at the concentrated brine
side

3. Easy operation and maintenance due to simple
mechanism

4, Easy deiection of defective membranes and casy re-

placement, disassembly and cleaning because of

apen type of design

Less susceptibility to fouling by suspended sclids

during operation because air cleaning is jointly used,

and good durability for a long time service operation.

L

Filter Press Type Electrodialyzer

Tokueyama Soda has applied the filter press type of elec-
trodialvser o the production of potable water or industrial
water from seawater and groundwater, separation and
purification of foods, and waste waler treatment, etc., as
another use of on-exchange membranes. Tokuyarmna Soda
has also supplied more than 20 units of package-type elec-
trodialysis desalination equipment, ealled UX type, for
the Middle East area which were intended for the produc-
tion of drinking water at a construction site or for villagers,

To meet the reyuirement in the 1980s, when energy
saving and high productivity are of utmoest importance,
Tekuyama Soda is shiffing the tvpe of clectrodialyzer for
saft manufacturing from the Unit Cell type to the filter
press type,

A flow sheet and the internal structurce and external view
af an efectrodialyzer are shown in Figures 2, 3 and 4, re-
spectively.

Raw seawaier is filtered by sand filter and secondary
filter in series so s to provide 0.05 ppm or less turbidity
hefore it is fed to the clectrodialyzer. An electrodialyzer
(type TSW-200} is arranged with plural stacks and a pair
of electrode chambers at both ends. Fach siack is com-
posed of 130 to 260 pairs of membranes, Each comparz-
ment is to holid two sheets of membrane with an cffective
area of 1 m?, and gaskets with a partition at the center are
to be installed alternately.

Each compartment actuatly has two independent com-
partments because of the partition in the center provided
by a gasket. Therefore, brine feed is provided to all com-
partments separately, and thus uniforn flow distribution
is accomplished and reduction of electric current leakage
i well maintained.

One unit of electrodialyzer is of a double type, com-
posed of twelve stacks with anode chamber in the center
and cathode chamber at both ends.
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When direct eleetric current is applied, Na™ and Cl™ in
seawater are clectrodialyzed into the recirculating brine
stream and accumyjated as concentrated brine. Then the
accumulated brine s successively franferred to the
evaporating crystailization and salt separating seetion.

MANUFACTURE OF EDIBLE SALY

The manufacture of edible salt in lapan (approx.
1.200,0(0-ton-a-year production) was entirely converted
from the sait field process to the jon-exchange membrane
process under the direction of The Japan Tobacco and Salt
Public Corporation. At present, Tokuyama Soda supplies
the ion-exchange membrane electrodialysis process to two
salt manufacturers of Kinkai and Sanuki, which manu-
fecrure 300,000 tons of edible salt yeatly.

The membrane process calfs for energy saving and high
production performance. Under such circnmstances,
Tokuyama Soda has changed the type of elecodialyzer
from Unit Cell type to Filter Press tvpe, aimed at meeting
the following woals:

1. Structure of electrodialyzer that can be cleaned
without disassembly
Object: Reduction of man-hours required for main-
tenence

2. Reduction of the consumption unit of cleetricity
Object: Energy saving

3. Production of brine with high concentration and
putity
Obgect: Energy saving

4. Large capacity of an elecirodialyzer
Object: High productivity,

Table 4 gives a list of electrodialyzers for salt manufac-
tering which are abways supplied for users by Tokuyama
Soda, As listed. the filter press type of electrodialvzers
have been furnished to the aforesaid fwo manufacturers
te meet their goal of medernization of the salk manufac-
turing process started during the latter part of the 1970s,

A comparative description of the specification and
operation performance of each unit clectrodialyzer be-
tween filter press type and Unit Cell type is provided in
Table 5.

An clectrodialyzer of type TSW-200 supplied to Sanuki
in 1982 is improved on the following points as compared
with the conventional type:

1. NEOSEPTA CIM and AWKS of low elecirie
resistance are used

2. One compariment consists of two sheets of mem-
branes for the purpose of easy handling

3. Spacer used in this electrodialyzer has a perfor-
mance for low stream pressure drop and high limit-
ing current density

4. The structure and seawater feed method are well de-
signed
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First Sait Plant in Middie East Using Efectradialysis

SPACER _

Figure 3.

GASKETS AND MEMBRANES

FASTENIPQG FRAME
Y

CATHODE CATHODE PRESS

Figure 4. External view of filter press tyvpe ¢lectrodialyzer.

3. The conttols of electric current, voltage and PH are
well designed for simple malntenance.

With these improvements, the operation performance
of the electrodialyzer {type TSW-200), based on Hs recent
performance records, is demonstrated as follows:

1. The productivity of unit clectrodialyzer increased
due to higher operation current density and an in-
creased number of membrane pairs installed
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“SEA WATER COMPARTMENT

GASKET

. CATION EXCHANGE MENBRANE
“BRINE COMPARTMENT
GASKET

ANION EXCHANGE MEMBRANE

Internal serueture of electrodialyzer.

2. Handling of ion exchange membrane becomes eas-
ier, resuiting in less damage through handling

3. Acid consumption for PH adjustment is reduced to
one-fenth

4. The eleciric power consumption is reduced to a con-
siderable extent

3. Concentration of NaCl in produced brine is increased.

MANUFACTURE OF INDUSTRIAL SALY

Indestrial Salt

As mentioned ahave, this membrane process is able to
produce edible salt from seawater economicatly. In the
field of industriaf salt production that Tokuyama Soda has
been aiming at, the technical and economical position of
the membrane process is studied in comparison with other
production processes.

Qualiiy of Salt

The comparative contents of main components between
the field salt imported to Japan from Mexico and Australia
and the wet salt produced by this membrane process in
Japan are shown in Table 6.
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TABLE 4

Sult Plants by Tokeyama Soda’s Seawater
Concentration Techuolagy

Construction Capacity Type of
Name of company date (Salt. t7y} Electrodialyzar
Kinkai Salt Manufacturing Go,, Ltd 1965 3,000 WE - 32
Ajing Sait Manufacturing Co., L.td 1867 3,000 51-32
Kinkai Salt Marufacturing Ca.. L.td 1957 22,600 Si-32
” : 1569 35,000 Wil - 84
“ 187 44,000 Will - 64
“ 1372 B3,000 Wi -76
> 1973 26,000 WIV - 76
Sanuki Salt Manufacturing Co.. Ltd. 1873 156,000 WIN-76
Takuyama Soda Co., Ltd 1973 5,500 TS~ 150
Sanuki Salt Manufacturing Co., Ltd. 1974 26,000 W -78
Kinkai Sait Menufacturing Co.. Ltd. 1877 6,000 TS - 160
- 1978 12,500 TSW - 200
Sanuk: Satt Manufacturing C., Ltd. 1980 26,000 TS5W - 200
” 1581 26,000 TSW - 200
- 1982 26,000 TSW - 260
TABLES
Specification and Performance of an Electradiaivzer
Newest Filter [ Filter Press onit Cell
Type of Blectrodialyzer Press in 1981 nd e
TSW-200 TSW-200
Specification
Torn-exchange membrane {(Cation/Anion) CIM/ATOKS C665-5T/ACS CH8-45T/AFS-4T
NGQs. of membrane (Pairs) 3200 2088 1874
Effective area { m2) 2 2 1.15
. Thickness between membranes { mm ) 6.75 L.753 1.2
Operation Conditicn
Current density ¢ A/dm? ) 3.5 3.5 2.3
4 Flow rate of seawater { cm/szec ) 6 ) ]
pH ¢f seawater (-3 7o 8 7 to 8 5 to s
Temperature of seawater | °C ) 25 25 25
| Performance
¢ Production capacity {(T-NaCl/Year) 26000 17408 6500
, Concentration of brine
i oL { equ./iiter } 3. a 1.56 3.2
304 { equ./liter ) G.0028 0.0026 .002¢
NaCl { g/liter |} 205 163 170
Current efficiency of Ci~ | % ) BG.G 86.0 84.0
Power consumption for 205 227 3G0
gelectredialyzer (DC~KWH/T-NaCl) I

[
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The quality of wet salt is compared with thatof imported
fieid sait as Tollows;

1. The content of NaClis nearly the same
3. The content of K* is several times higher
3. The content of SO is less than a hatf,

This comparison indicates that the wet salt is usable in
place of field salt for industrial use.

Differences of Quality Reguirements for Edible Salt
and Industrial Salt

Ini Japan, the Japan Tobacco and Salt Pubkce Corpora-
fion regulates the quatity of edible salt in three tems: 1)
contenls of MaCl, 2} the kind and quantity of additives and
3) the granule sire and distribotion. I the meantime, the
guality required for indastrial salt varies in accordance
with the purpose. The salt for seda-atkali industries,
which consume a predominant part of indusirial salt, is re-
quited from their economical viewpoint to be low in impu-
rities, and field sait suppiiers in each country are decreas-
ing the contents of impurily fo meef such requirement,

Produciion Cost

Assuming that the saft produced hy the lon-exchange
membrane process is applied to the soda-alkall industries,
we have studied the differences in salt production costs
and brinc purification costs between the membrane pro-
cess salt and the imported industrial salt. Because plant
cost varies broadly according to the conditions of the plans
site and economical circumstances, we have excluded the
comparison of installation cost and deprecistion and com-
pared the energy consamgptions that are the major opera-
tion cost under the following assumptions;

1. The kind of salt to be compared is wet salt

2. For evaporating crystallization, a triple effect evapo-
rator using 1.0 kg/em?G steam §s assumed to be used

3. The facilities of the membrane process are composed
of brine proditetion and evaporating facilities

4, The working efficiency of botler and turbine is 90%
and 40% , respectively.

The energy consumption cost at the present iechnical
leve! of the membrane process and the theoretical values
for the membrane process are indicated against the unit
cost of energy in Figure 3,

At the present siatus, the energy consumption cost
seems to be a little higher than for the field sali, with the
exception of some arcas where energy cost is significantly
lower than elsewhere.

We have made great efforts to decrease the energy con-
sumption for seli-supply of indusiral salt. The present situa-
tion of energy consumption is summarized in Table 7, com-
paring former, near future and theoretical consumption.

The theoretical energy consumption needed for this
membrane process is approximately 40% of the present

Sixth International Symposium on Sait, 1983 Vol I

CNIT PRICE PEMIE®BTU FOH FUEL
(USS1e*BTU)

Figure 5. Encrgy consumption cost.

one, and we are continuing efforts o bring the energy con-
sumption closer to the theoretical value,

The comparative chemical consamption for brine puri-
fication between the salt praduced by the membrane pro-
cess and the field salt is shown in Table 8, based on the
components indicated in Table 6,

The chemical consumption of the membrane salt s con-
sidered to be less than that of ficld salt. The development
of electrodialysis technology aims at the improvement of
Na{l purity in salt, so that the chemical consumption will
be decreased in the future together with the deerease of salt
production cost.

There are two directions for reduction of the cost of salt
production; 1) the expansion of plant capacity and 2) the
technical improvemant of the production process.

For the technical improvement, both the brine prodoe-
tion process and evaporating crystailization process
shouid be raken into consideration.

The current deasity to the electrodialyzer is an impor-
tant factor, besides the improvement of efficiency of each
piece of equipmetit in the beine production process. The
relationship between the current density and salt produc-
tion cost is shown in Figure 6.

As shown in Figure 6, there % an optimum current den-
sity at the point of “D.”

In case the operation current density does not reach the
optimum point, performanee of the electrodialysis system
can be improved by increasing the current density tobe ap-
plied to the electrodialyzer. In case the operation current
density is higher than the optimum point, the total econ-
omies will be improved by reducing the instaflation cost
and operation cost.

The evaporating crystallization process requires mini-
i heat loss and brine of higher concentration and purity
to reduce total steam consumption.
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TABLE 7

Comparison of Energy Consumption

Moreover, in case borh electric power and steam are
supplied from an associated power plant, the optinuem
procduction cost can be regulated by using electric power
that corresponds 1o necessary quantity of steam in the

Original Present Near Future.‘l‘heoretical
- !
1.3 1.0 .85 0.4 j
W PR
TABLE 8 evaporating crystallization process.

Comparison of Chemicals Consumpiion

Chemicals

-

I
NaOH CaCly | NapCojz !

Field s5alt

Membrane Salt

2.0+ 0.4 3.9+

0.7+& 2.7 :;2.24—]3

¢ Differencies

+1.13 ~2.3 -1.3

Note: The unit is Kg/T-NaCl.
The word of """ and "#" means
NeCcesSAYY eXCess guantity
respactively.

SALT MANUFACTURING CO87T

SALT AND CHLOR-ALKALI COMPLEX OF
PETROCHEMICAL INDUSTRIES CO.

Petrochemicat Industrics Company (PIC) in Kuwait has

proposed a project for the construction of a salt and chlor-
atkali plant using seawater as raw material in Shuaiba,
Kuwait. This project is worth noling in two respects: 1)
production of salt, chlovine and caustic soda is to be made
in an integraied complex by the fon-exchange membrane
process, and 2) the salt manufacturing process originated
in Iapan for edible salt is now te be utilized for manufac-
ture of industrial salt.

PIC held an interpational tender for its “Chlorine
Plant™ in August 1981 and suecessively in April £982 for
the “Salt Plani.” In both cases, Tokuyama Soda made the
sticcessful bid for the contracts,

Under the contract, with regard to the Salt Plang,
Tokuyama Soda will supply PIC with license, basic sngi-

N .. TOTAL COST

\ T P

N B .- RUNNING COST
1 ,//
1 ,/
. -
' ,'/

N

LT TIXED COCST

OPERATION CURRENT BENSITY

Figure 6. Salt manufacturing cost vs operation current dengity.

i T T

L g g
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neering, detailed engineering, proprietary equipment and
material for salt production and tender specifications
for the plant consiruction as well as relevant consulting
services,

As of Octoher 1982, PIC called for an international bid
for the contract of construction of the satd plants in accor-

Sixth Internationat Symaposivm an Sail, 19853 — Vol i

Table 9 gives an outlined construction schedule for this
project,

Biock disyrams for the Saft Plant and Chiorine Plant,
respectively, are shown in Figures 7 & 8. The Sait Plant
preduces from scawater wet salt, dry salt and waler as a by-
product. Wet salt is directly supplied to the Chiorine Plant

dance with hid specifications prepared by Tokuyama 10 be used for lon-exchange membrane salt electrolysis.
Soda, Pry salt is packaged in a 750 g plastie boitle, 1 Kg bag and

TABLE S

Construction Schedule

Calendar Year 18821 1984 1985

T il T T

N

linder-Ground Work [::::

Civil and Foundation Work

Construction Work
installation Work

Piping Work

Precommissioning and
Operation

TABLE &
Planned Specification of Salt Plant

Production Capacity

1 Salt 150 MTPD as Dry Basis
2 Packing of Badible 3alt
1} 23 Kg Bag Packing 25 MTPD in Day Time
2) 1Kg Bag Packing 530 MTPD in Day Time
3} 7509 Plastic Bottle 10 MTPD in Day Time

Filling

Spacificatinn Of Main Equipment

1 Pretreatment Facilities  Gravity sand filter with
automat ic back-washing system
Two sktages of continuous
treatment system

TEW-200 Type '
Triple effects with four

2 Electrodialyzer
3 Evaporating Crystalli

zation Facilities evaporators
Counter flow type
4 Dryer Fluidized-bed type with steam
heating

% Packers

6 BAnilers Water-tubeg boiler
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First Salf Piant in Middle East Using Elscirodiatysis
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First Saft Plant in Middie East Using Elfectrodialysis

25 Kg bag as edible sali for sale on the market. A surplusof
dry salt is stored in the sait warehouse and kept for
cmergency use in the Chlorine Plant.

Condensate generated in the evaporating crystallization
facilities is utilized in the Salt Plant and Chlorine Plant as
industrial water and further surplus is appropriated for
other plants. Also, a part of the industrial water is
desalinated to be used as make-up watert for the boiler, For
Kuwait, where availability of fresh water for industrial use
is fimited, the water condensate obtained in the Salt Plant
would be a significant advantage. The Chlorine Plant
makes chlorine and caustic soda by the ion-exchange
miembrane electrolytic process using wet salt or dry salt
made in the Salt Plant, or imporied salt as the case may be.

In this sakt-electyolysis process, chiorine gas, hydrogen
gas and caustic liquor are produced, znd sodium hype-
chlorite and hydrochioric acid are synthesized as by-
products, Caustic liquor is processed into three kinds of
products-sohution, solid and flake caustic soda.

Chlorine gas and sodinm hyvpochlotite are wsed for
sterilization of seawater in Shuaiba and other districts,
and hydrochioric acid and caustic products are partly
directed for internal use,

The plan specification of the Sait Plant is provided in
Table H). Specifications for the Chiorine Plant are not pro-
vided, since 1t is not the object of this report.

555

CONCLUSION

The ion-exchange membrane process developed by
Tokuyama Soda has been applicd in fapan for (he manu-
facture of 360,000 tons of edible salt per year, Tokeyama
Soda further aims to apply this membrane process to the
production of industrial sait for soda-alkali indusiries.
Econemics does not vet justify industrial salt production in
relation to the cost of imported salt in Japan., However, the
project of PIC for a salt and chiorine complex in Kuwait in-
dicates that the salt production for industrial use should
be viable and justified under certain circumstances. There-
fore, shmilar projects may be justifiable in other Middle
East areas, for example.

Therefore, Tokuyama Soda recommends that countries
and users needing industrial salt study the membrane salt
manufacturing process wnder the consideration of thelr
circumstances and economy.
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