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ABSTRACT
Asahi Chemical Industry has carried out research and development on ion-exchange
membrane technology as well as on the applicd process sinece 1950, As a result of
these efforts, Asahi Chemical Industry established the process of manufacturing salt
from seawater by electrodialysis using the ion-exchange membrane. The company
has the world’s largest produciion capacity by this method and produced 685 .000

metric tons a year in {977,

The paper presents a summary of the general method of electrodialysis and a
detailed explanation of the performance of plants which are in operation. In addi-
tion, data on the economics and conditions for application of the process are de-
scribed in detail. The process is appliied 1o both the desalination of seawater and the

demineralization of brackish water,

MODERNIZATION OF SALT MANUFACTURING
PROCESS IN JAPAN HISTORY

in the past, salt for food use in Japan was mainly pro-
duced by solar processes at a salt ficld. All the salt manufac-
furing osing salt fields were converted to the ion-exchange
membrane process and there are no more salt fields in Ja-
pan. By the adoption of this process, the Japanese salt in-
dustry emerged from a traditional salt producing methodol-
ogy similar to agriculture into a modern chemical industry.
The current salt consumption in Japan is tabulated in
Table | which shows individual consumption by usage.

In 1960 a1 the salt produced in Japan was produced by
the salt field method. Abour 6,000 workers were working in
salt fields, totalling about 3,000 hectares, to produce about
800,000 metric tons of salt par annum. The Japanese Gov-
emment and the Japan Tobacco and Sak Public Corporation
since [961 have been studying salt manufacturing policy in
Japan., With our establishment of the ion-exchange mem-

brane process. the government in 1971 enacted a law pnder
which salt fields were 1o be totatly abolished. The salt man-
ufacturing process using fon-exchange membranes was de-
clared as the only process for the sait manufacture. As a
result, in 1972, the salt manufacturing business in Japan
was unified into seven producers and there was a total
switchover (o the ien exchange membrane process. Because
the area of a modern plant is only 1/100—1/600 of that of
solar process plant, the vast lands which formerly were salt
fields arc being converted into industrial sites, fish nur-
series, agricultural lands and other social purposes, Further-
more, the number of workers has been reduced to 3- H0% of
that required for the solar processing plants, Table 2 shows
the present salt manufacluring plants using electrodialysis i
Japan.

Asahi Chemical’s role in the salt modernization.
Asahi Chemical has worked assiduously since around 1950
on the development of ten-exchange membranes, These are
mainly for seawater concentration as well as for the elec-
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TABLE !

Anpcal Salt Copsumption in Japan (as of 19783

Pure Comran Crash or
Relined Grade Salt Raw Saht Total
Sakt {Refined} from Ahroad
MT MT MT MT
For homes 34,592 435 976 EL.402 4R1.950
For food industries 20,205 596,060 $11.275 1,127,540
For industries
besides food 1,176 150,382 158,334 309 842
industries
For others 8201 137,770 7628 145,868
Total 56.473 1,320,138 H38,619 2065250
TABLE 2

Sulr Manufacrurieg Plants Using Elecirndialysis in Japan

Name of the Compuny

Shia Nihon Chemical
Ind. Co.

Ake Sea Water
Chemical Ind. Co.

Naruto Sakt Mg, Co.
Nazikai Salt Works

Sakito Salt Works

Kinkai Salt Mfg. Co.

Sanuki Salt Mfe, Co.
Tatal

Production Capacity
{Metric Ton-Salt,Y)

Technology

186,000 Asaht Chemical
F75 000 Asighi Chemical
§84, ) Asaht Chemical
142,000 Asahi Chemical

Asshi Glass
17900} Asahil Gluss
173,000 Tokuvama Sodg
172,700 Tokuyarma Soda

1,262,000 e

trodialyzers in which the membranes are used. Asaki Chem-
ical also has carried on developmental work on the evaporat-
ing crystallization of concentrated brine. [n 1958, Asahi
Chemical installed a pilot plant for the manufacture of salt
by the ion-exchange membrane process in Nobeoka,
Kyushu. Here tests and experiments were conducted prior
to the commercialization of the technology. With approval
of the Japan Tobacco and Salt Public Corporation, Asahi
Chemical in 1961 built a commercial salt plant by the ion-
exchange membrane process at Onahama, Fukushima Pre-
fecture. Tt has a capacity of 50,000 metric tons per year.
This pioneering Onahama plant is still in smooth operation
as the oldest salt manufacturing plant by elecirodialysis.
The capaeity of the electrodialyzers installed at that time has
since increased by more than 20% by the improvement of
technology.

A number of technical improvements were achieved at
this plant with the result that Asahi Chemical's salt man-
ufscturing process using ion-exchange membranes is now
known as an industrially established technology. The his-
tory of the development of the ion-exchange membrane pro-

cess and its application by Asahi Chemical i chronologi-
cally tabulated in the Appendix at the end of this paper.

At present, the quantity of salt produced by the Asahi
Chemical’s salt manufacturing process accounts for nearly
50 percent of the total salt production of Japan. [n addition
w the plants abroad, including a plant under construction,
Asahi has nearly 60 percent of the total salt product by use
of ion-exchange mambrane in the world. Asahi Chemical’s
iechnology, which has been accumulated over the vears
stnce 1930, covers the whole field of the salt manufacturing
plant system, from intake of seawater as raw matertal w the
packaging of finished product salt, o addition, the technol-
agy covers the wtility facilities including supply of steam
and power.

Prisciple of salt manufaciuring process from seawa-
ter. In order to obtain salt from seawater, there are threc
possible processes, The salt field method (Case 1) produces
salt from seawater only using solar energy. The modified
salt field method (Case 2) concentrales seawater up to a cer-
tain level by solar energy and later crystailizes salt by
evaporating the concentraed seawater using another
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energy, such 2s steam, The lon exchange membrane process
{Case 3} produces NaCl rich brine from seawater by means
of electrodialysis using ion exchange membranes and crys-
tallizes sale hy evaporating the bring using steam.

Figure | illustrates the difference between these 3 cases,
With Case 1. sult production costs will be low depending on

A L

Figure 1. Salt manufacturing systcm from seawater, A, Scawe-
ter. B, Electradialyzer. C, Bring, I, Bvaporating crystallizer. E,
Sale. F, Salt fieid. G, Sait field. Triangie a, Electrics] energy.
Triangle b, Thermal energy, Triangle ¢, Solar energy.

319

the site and weather conditions. However one cannot expect
a high quality salt product and the production rate is subject
to the weather corditions. With Case 2, the production rate
s not constant because it depends on the weather, as with
Case 1. A herter guality will be expected than with the for-
iner case, hut there will be difficulty in evaporating crystal-
fization because scaling components in seawater are almost
proportionally concenirated. The process in Case 3 is a
uique fechnigue developed by Asahi Chemical which en-
ables one w industrially produce salt from seawater, regard-
fess of the weather conditions,

lon-exchange membrane process, The ton-exchange
membrane process is also cailed the clecodialysis process
when the process is used o concentrate or dilute salts in the
solution. The principle of the process is as shown in Fig-
ure 2,

There are two kinds of ion exchange membranes, anion
exchange and cation cxchange membranes. In Figure 2, A
and C stand for these membranes respectively. The anion
exchange membrane permits the passage of only amons
such as 17, The cavion exchange membrane permits the
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Figure 2, Principle of electrodiaiysis. I, Infet of dilution strrearn. 2, Indet of conventration stream.
1, Anode compartment stream. 4, Cathode comgpartment stream. 3, Oudet of dilution stream. 6,

Qutlet of copcentration strcam.
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passage of only cations such &8 Na®. The equipment con-
sists of (wo kinds of membranes aliernately arranged as
shown in the figure with a set of efectrodes at both ends.

When the compartments partitioned by the membranes
are filled with seawater and a direct electric current is
passed bebween the electrodes, anions {C) and cations (Na)
muove toward the anode and the cathode respecrively. Due o
the existence of ion exchange membranes, anion and cation
are concentrated or diluted as shown in the figure. As a
result the equipment can be used either as a concentrator or
as a diloter. Asahi Chemical not only developed ion-
excliange membranes but also the equipment, i.e, the
eleciredialy zer. Both are suiable w the seawater concentra-
fion sysles,

A unigue feature of the system is the use of monovalent
selective ion-exchange membranes which have better perm-
selectivities tor monovalent ions such as Na* and CI™ than
those of divalent tons such as Ca™, Mg= and SO, By
using these membranes. the efficiency of the electrodialyzer
i increased and the scaling trouble 1s decreased in the pro-
cess of evaporating crystallization. This is because the brine
proctuced by electrodialysis contains less scaling compon-
ents than that produced at a salt tield.

Figure 3 shows a picture of electrodialyzers in a salt
manufacturing plant. Each unit contains a5 many as 3,600
sheets of lon-exchange membranes between a set of elec-
trodes and 18 capable of producing brine which is aquivatent
wr 11,000 metric tons of salt per year.

Figure 3. 35-O model clectrodialyrzers.

Bescription of Aszhi Chemical’s process. Salt man-
ufacturing processes by electrodialysis are divided into four
main parts: electrodialysis, evaporating crystathization, dry-
ing and pucking and power and steam generation. The

clectrodialysis section includes seawater intake and its pre-
treatment. A typical flowsheet of the process is shown in
Figuse 4 (except drying and packing).

Elecirodiatysis. Seawater taken in is partly used for the
baromertric condenser in evuporating crystatlization and the
rastis sant to pretreatment. As shown in the figure, after the
harometric condenser, warmed seawater may be used to feed
the electrodialysis. In actual operation, warmed seawater is
wilized in winter o minimize ‘he change of the seawater
temperature all yeur round because the operating conditions
af clecirodialysis are affected by the change of scawater
temperature.,

Sand fiftration is typical and sufficient as the pretreat-
ment for electrodialysis. Sand filters of valveless type with
automatic backwash are generally used and have been work-
ing satisfactority for vears. Filtered scawater is fed to the
ditution pit and is fed to the electrodialyzer. The effluemt
from the electrodialyzer is partially desalted seawater and is
discharged from the dilurion pit while its portion is recy-
cled.

Another strean to the electrodialyzer is the concentration
stream where salt from seawater i« collected during elec-
trodialysis. As ions or salt permeates with a simall amount of
water, sall is collected in the form of brine in the stream and
the brine is overflowed 1o the brine pit. The praduced brine
in the electrodialysis section is then fed to the evaporating
crystaltization section.

Evaporating crystallization. Salt in the brine from rhe
electrodialysis scetion is crystathized by evaporating erystal-
lizers. Triple effect evaporation is shown in the figure and
the amount of the etfecl depends on the plant capacity. The
evaporating crystallizer is of the external heating with re-
verse forced circulation type and spectal design is intro-
duced to separate salt from impurities such as CuSQO,. Bit-
rern and impurities are continuously discharged out of the
system.

Salt is drawn from the evaporating crystatlizer as slurry
and is separaied by the centrifuge. Salt from the centrifuge
ordinarily contains 1.5 to 2.5% of moisture und may be used
as & product o may be sent to the drying section, Figure 5 is
the triple effect evaporating crystallizer at a salt manufactur-
ing plaat.

Drying and packing. There are two types of drying
metheds: the fluidized bed and the paeumatic conveying
types. The preumatic conveving type developed by Asahi
Chemical is cost and space saving and has been in smooth
operation.

The awthors omit an explanation of the packing svstem
because i s well known and depends on the style of the
product. Table 3 shows a typical analysis of product sale.
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Figure 4. Salt manufacturing by electrodialysis.
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Figure 5. Triple effect evaporating crystallizer.

TABLE 3
Typical Analysis of Product Salt

Chemical Analysia Commen Grade Sait  High Grode Salt

KaCi 96.55%: 490 32%:
Moisture 2.40% 0.22%
Others 1.02% J.46%
CaSO, 0, 14% 0.06%
MgCl -6H,O 0.47% 0.,22%
CaCl, -6, 0 0.12% 0.07%

KCt 0.29% 01l%

Steam and power generation. The salt manufacturing
procesa by electrodialysis uiilizes two types of energy. Hlec-
tricity is used mainly for electrodialysis and steam is used
mainly for evaporating crystallization. Therefore, a combi-
nation of steam and power gencration is effective for the
process. High pressure steam produced by s boiler gener-
ates electric power in a turbine and exhausted steam from
the generator is otilized in evaporating crystallization.

Performance of the process, Based on the actual per-
formance in salt manufacturing plants, the expected perfor-
mance of salt manufacturing plants using electrodialysis is
sununarized in the following figure and tables, Three dif-
ferant capacilies are chosen at 50,000, 100,000 and 150,000
metric tons per year. Figure 6 and Table 4 show the mate-
rial and utility balance of the process and Table 5 shows its
unit consumption of seawater, electricity, steam and chemi-
cals.

Other applications. The elecrodialysis process is a
unigue technology 10 produce salt from seawater. The

technology completely modemized the salt manufacturing
process in Japan. At present. the jon-exchange membrane
technology developed by Asahi Chemical covers not only
the salt manufacturing but also various following applica-
tions: 1} Brackish or scawater desalipation, 2) City sewage
desalination {water reuse), 3) Whey desalination, 4) Nickel
recovery in plating process, 5) Caustic soda production,
&) Adiponitrile (Nvion 6.6 intermediate) production, and
7y Uranium reduction,

The details of these applications are not described in this
paper. They are well-established technologies. The authors
believe that the jon-gxchange membrane technology will be
utifized in different fields as well as in salt manofacturing.

5
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7

Figure 6. Material and utility balance. 1, For whele plant, 2,
Filtered seawater. 3, Backwash disposal. 4, Desalinated seawalter.
5, Produced concentrated brine. 6, Electric power. 7, Live
strearn. B, Condensale water. 9, Bitern. 10, MaCl (dry hase).
A, Seawater intake. B, Seawater filter. €, Elecrrodialyzers.
D, Evaporating crystatlizers.
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TABLE 4
Material and Unility Balence List
MTA MTA MTA
50,008 100,600 150,090
1 Seawater for whole plant
(C1 = 05N 1,106 e%H 2,000 mU%H 3000 m¥H
2 Filtered scawater 960 m%5H 1,730 m¥H 2,500 meiH
3 Backwush dizposal 140 m¥H 2 m*H 560G m¥H
4 Desalinated seawater
{CF = 0.37 N) 918 mYH 1,654 m%H 2,382 m¥H
5 Produced concentrated .
brine 42 m'%H 73.9 m¥H 1B m*H-
6 Electric power 2640 KW 4,760 KW 6,950 KW
7 Live steam 21 TH 26.3F/H - 385 TH
8 Condensate water 19.5 T/H 46,7 TH 721 TH
9 Bittern 1.8 TH 3.3 TVH . 61DH
10 NaCl (Dry base) JTOTH . 1R2ITH. . 18STH
TABLE §
B The List of Unit Consumption’
Annual Production. Capacity a MTA MTA . MTA
. S . 50,008 1_&0,090 158,040
Seawater (m*/T-Salt) : '
for Electrodiahyzer 137 137 17
Electric powst -
(KWHT-8alt)
for Elecoodizlyzer 280 2810 230
for Pumps - §2 50 47
for Evaporating
Crystallization 48 45 42
for Packing 10 10 10
Average cap.
for whoie plant- 2.640K% 4,7 60R¥ 6, 950EW
Steam-  (T/T-Salt) - 3.0 2.1 2.1
Maximum boiler cap. 2 Tid 30.8 T/'H 43,5 Tid
Chemicais :
15% HCL for cathode 2.5 kg/T-Salt 2.5 kg!/T-Salt 2.5 kgiT-Salt
rinse siream of (430 kg/D {760 kg!/D) (1,134 kgiD)
electrodialyzer
Artifarm agent for 0.07 L4T-8alt 0.06 L/iT-Salt 0.06 L/T-Salt
evaporating crystallizer {12 L/En (18 LiDY 27 L'D
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1954

1933

1956

1657

1960

i961

1964

1967

1969

19740

1573

1975
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APPENDIX

History of the Development of
Ion-Exchange Memhrane and its
Applications by Asahi Chemical

Industry Co., Ltd.

SALY
Sturt of the fundamental study of ion exchunge membrane
and its applications
Establishment of the prodection technalogy of homogene-
ous ion exchange membrang {CK-1 and CA-1 type)
Start of the zest electrodiaivzer operation (Membrane size:
60 cn ¥ 60 cm Swart of the membrane producton at
Mobeoka pHor plant {Membrane size: Tm X | m)

Start of the test operation of the commercial size elec-
wodialyzer {Membrane size: t m » 1 m). 5wt of the pilos
plant operation of vapor compression type crystailizer with
enternal heater and fuoecing recirculation

Start of the commercial membrane production at Kawasaki
plant

Sturt of the commaercial operation of Onahama Salt Factory
(Table sali: 50,000 T/Y)

Swrr of the production of the new type anion exchange
membrane (CA-2 typ2)

Stant of the production of uni-valeat permselective ion ex-
change membrane (CK-2 type: Cation exchange, CA-3
fype: Anion gxchange)

Start of the commercial operatiop of Akoh Salt Factory {Ta-
ble sait: 33,000 T/Y). Start of the commereial operation of
Maruto Salt Factory (Table salt 13,000 T/Y)

Start of the commercial operation of Naruto Salt Factory
{Table sait: 20,0600 T/Y)

Start of the production of reinforced membrane (¥.101,
A-101, K-102 and A-102 type)

Towl capacity of the sall factories using Asabi Chemical's
technology after the expansion

Onahama Salt Factory 190,000 TFY
Akoh Salt Factory 134,000 T/Y
Naruto Salt Factary 181,000 T/Y
Mauikai Salt Factory 20,660 TIY

Total 575,000 TIY
This capacity is nearly haif of the wowl capacity of the salt
production in Japan.

Start of the commercial operation of TESF {Table salt:
FI0,000 T/

1977

1961

1907
1968

1978

1971

1872

1972

1973

1974

1975

1976

1977

Conclusion of the contract with Petrochemical Service
Center Cu., Lid. in Korea concerning the export of sak
manufacturing plant by use of ion exchange membrane. It is
now under construction as of Feb., 1978, (Table sal:
150,000 T/Y)

OTHERS
Start of the operation of the bruckish water desalination plant
at Webster, .8, A, (Tap water: 350 M¥D). Stant of the
operation of the uranium reduction unit a1 Japan Atomic
Fuel Corporution {4.2 kg/Hh

Start of the test operation of the Adipontirile pilot plam

Stwert of the developmental study of the chloralkali process
using ion exchunge membrane. Siant of the commercial op-
eration of Central Glass plunt (Salt: 10,000 TrY)

Start of the aperation of the Shikine-jima brackish waler
desulination plant {Tap water: 20 M% D)

Start of the commercial operation of Adiponitrile production
plant (25000 T/Y)

Starl of the praduction of the anion exchange membrane
which is resistani to organic fouling (A-201 type). Start of
the operation of the targer commercial size electrodialyzer
{Mcmbrane size; 1.3 m % .3 m)

Start of the vperation of the 1st Ostima brackish water de-
salinarion plant (Tap waier: §.000 MY/D). Start of the opera-
tion of the brackish warer desalination plant at Brindist, ltaly
(1,260 ME'D). Stan of the operation of the Minamisuna
pilot plant. (Feed: Treated city sewage, Cupacity: 250
M1y, Start of the operition of the pilor urapium reduction
plaimt ai Ningyo-toge (100 T/Y)

Srart of the pilot plamt operation of the chluralkuli process
using ion cichange membrane {4,400 T/Y)

Start of the operation of the 2nd Oshima hrackish water
desalination plant (Tap water; 1,000 M¥D) Start of the
aperation of the Noshima seawater desaliration plant (Tap
water; 120 MYD). Start of the operation of the Ni recovery
urit {2 unies, 450 kg/M zach)

Stant of the commercial plant opermion of the chior-alkadi
process using lon ekchange membrane (Caustic soda 40,000
THY). Start of the operation of the whey desalination plant
Start of the commercial operation of the Denki Kagaku Plam
using ion exchange membrane {(Caustic soda; 60 000 T/Y ).
Start of the operation of the whey desalinution plant in West
Germany

Conctusion of the contrset with Prince Albert Pulp Com-
pany, Lid. in Canada concerning the export of jon exchange
membrane chlor-alkali plant. {Caustiv soda; 30,000 T7Y)
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