e 4|

YV — S HEEEINFERORG LRE

Historical Development of Soda Technologies

*EJ I | 3¥EH Hiroaki Aikawa

BEs

V—STEI, EREZERERELTHHY -4, BRIV - SFREECEETIERRMEETESL
T BEORBLEEDHICKRREL. BERRRLEREETH D,

BUEMICAB E. BILF MU LBREBTAMBL THEY -4, EREELEET S [EFE] ERBHX.
TOoEZTHREREBEE TV —SFREERBIINTIUEHE POoEZT7 - V—4EEED [FEEREE] (KA
Eha, Y¥d, EELT [FERE| ICKYY—FR, PHY—FE2HBTVEDS, EROFEOHEMEEICE
WREIC [EfFE] PERZHEDDEDICHEY, MAETIE., BEAEY [EfFE] ICKUEEIhTWS,

COEBRMEETH DV —FTEDXRELDD [BRFE] 2P OICENHTTHBIEUTOELIICE D,

HAEDY — 4T, BHARRICHEES, YBEY -4k, PV —4EEOT7IHIVEHEF ETEHNY
THoORHI, PIVHAVHEYDESBERICEETZIRESERELOTHY ., EREHET IEMETOLERE
I3EHTdH > 1=,

BRI TIVTHY ., EREHET IERENEE SIS, YBEEERNI & <. B LS OFEITE
APRSNBHPHRHET. BARMTERICHODAEICESVTHEICKBEIMAShAKRED [KXEX| BLUR
BEED [FHRX] ORRICLY .. RYOEHIIENS KEMRICHREIL 7=,

ZO%. kiEE TKER] OICHEA,S VLT AR PEMTEASh, ZO2HRH HH EKIREDFIM
HEREE- T,

¥k1%. 1958 (BBFN33) FEICIBE > HhAEDOEHIEZTEI., L2TEIFICE T IEEBEEAZC(EAT
Wol, RROL—I>, - NIVTEEEHETIHPMY —FFEROLS, BIEEZI - ERREHEEE
FETIEFFERODANEED> TV o7, BERRBICA SO, V-4 THESBIIKAL, piE
Y-S DOEREEPEFBEORBULE ED S KIBEDLERIEE Y . KBEOEMEARIBA L KT,

BERBRKRICREL /- [KIRR] (3. KBEKEENCRBL. KBEME> TOAKREFBCRKT 2, TR
EBICK V) KEREE [FEKERE] THD [REE] ICBEEEGRT 20, BEERNILE EA EBI LS FiTE
Adhi,

BUAGRIIF0ERICH A > TiThbhiz, B1RBUERERMR TS KRIEREDOHI2/3H FRIE AR ICE R S h,
FORBEEGIRI1975FELP SMRERIAL /-1 A > THMEEDTEL 1 > TR Y KBEDOEGREITV., b
Eh 5 KIENF REH L DIZ1986ETH > 7=

HHAETERILE N A F > THMEEBHENIE. KFEFEORARE, FRAEHNEOKELRIEE. 20
FEMOBMAMICE > T, BERTEREEODEERD»1TAbh L, BATHESERAS I, HROEHMNEZY —
FLTW3, bPEIF1999FICTNTDY — A BRERED 1 4 > THREEICE - 71

HAETIE. 1985EED SMBBMNEIBTH 3 [HAGREE | #%B L TEEEHEECAV I HEERES
mIohTsl, ERLERETETVD, ChATELEIhD EREDA A XBEEOI XN —FRAER.
BICA0%ERFIBEE £ D, COEMIIBHTHITEDHNTVBEDN ., CORPFTEHLIPEIEEEZY>TVS,



B Abstract

The soda industry is a basic material industry, which uses salt as the main raw material, and produces caustic soda, chlorine, soda
ash, etc. It has a long history and grew with the economic growth, eventually becoming an indispensable key industry in daily life.

Its manufacturing process can be roughly classified into the "Electrolytic method", which electrolyzes a sodium chloride solution and
produces caustic soda, chlorine, etc, and the "Non-electrolytic method" such as the Leblanc process, ammonia soda process, etc.,, which
reacts carbon dioxide and ammonia gas with the sodium chloride solution to produce soda ash, etc. Initially, though the soda ash and
the caustic soda were mainly obtained by the "Non-electrolytic method", the "Electrolytic method" gradually became the main process
because of an increase in the demand for chlorine, etc, and more recently, most of them are produced by the "Electrolytic method".

In the following sections, the "Electrolytic method", which is the mainstream of the soda industry, a basic material industry, will be
described.

The soda industry of our country started in the Meiji era. Because alkaline materials such as soda ash and caustic soda were in high
demand in those days, the manufacturing process that was able to produce alkaline materials alone was the mainstream process, but
the amount of production by the electrolytic process, which produces chlorine as a by-product, was low.

The electrolytic process, which produces chlorine as a by-product, was the focus of attention due to its simplicity in equipment
design. However, there was no homegrown technology, and an attempt to import foreign technology could not be accomplished. The
first electrolysis plant was operated at the beginning of the Taisho era by developing the "Nakano type" diaphragm process and the
"Daiso type" mercury process, which were developed by independently making improvements in our country to overseas processes.

Afterwards, as for the mercury process, the "Krebs type" was licensed from Germany along with the "Daiso type", and these two
processes became the technical bases of the mercury process in our country.

In 1958, after World War II, the petrochemical industry of our country started, and it significantly changed the industrial structure in
the chemical industry field. The main demand for the soda industry changed from caustic soda, which is mainly used for manufactur-
ing rayon, paper, pulp, etc, to chlorine, which is mainly used for manufacturing vinyl chloride, chlorinated solvents, etc. The soda indus-
try rapidly expanded during this period of rapid industrial growth. The ratio of the mercury process increased due to the enlargement
of the electrolytic cell, etc., and making high-quality products, then the technological advances in the mercury process became active.

The "Minamata disease", which occurred in Minamata, Kumamoto Prefecture, developed into mercury purge campaigns, and spilled
over into the mercury process plant in which mercury was used. Following the administrative guidance, the mercury process was
converted to the "diaphragm process’, which is a "mercury-free process'. However, almost all of the diaphragm process technologies
were licensed from foreign countries.

The conversion of the manufacturing process was carried out for about ten years. During the first conversion of the manufacturing
process, 2/3 of the mercury process plants were converted to diaphragm process plants. During the second conversion of the manufac-
turing process, the remaining mercury process plants were converted to the ion exchange membrane process after industrialization of
the new process, which started around 1975. It was in 1986 when the mercury process completely disappeared from our country.

In our country, reconversion of the diaphragm process to the ion exchange membrane process, which came into practical use in our
country, was carried out due to its technological advantages, such as high quality products equivalent to the mercury process, a signifi-
cant reduction in electric energy consumption, etc. It has also been widely adopted abroad, and is the leading electrolytic technology
around the world. In our country, all soda electrolysis plants had adopted the ion exchange membrane process by 1999.

In our country, research and development regarding applications of the "gas diffusion electrode", which is an electrode for the fuel
cell, to the brine electrolytic cell has been continuing since about 1985. It is just now coming into practical use. When this new technol-
ogy is industrialized, it will be possible to decrease the energy consumption of the current ion exchange membrane process by 40%.
Though these kinds of R&D are also being carried out abroad, our country is at the leading edge of the technology in this field.
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®5.1 7 -/ FHKREBHEEICSLZEES T

R i
HOH :
4 )& B (2mm) TV HENE M (3mm)

Ry A FE 1 (V) 1.37 1.47
R A AL (V) 1.85 1.85
Pt o X A BIERT (V) 0.15 0.15
IR X B BIERET (V) 0.40 0.60
LI (V) 0.13 0.90
HEHEE (V) 3.90 4.97
BRI (%) 97 96

B R (kWh/t-Cl12) 3,040 3,910

Wi D HARY = TEEER (HAY =¥ TERFAT)

D) WRIHIME E2) WL DIC10kA/m’

SIAPLIC K E %2 H 505 Hid Lz &k 5254
L7Z3ERAF A2 RE RAJUICRE S 3120 Ry H R
MPICEBD LS ED LT, SR EBAREE L
NTW37:0TH5b,

C DR EARIL 19704 12 IR D TRERIE A 12255 &
. 19814E I3 D A3 D K S B 134 T A3 lm T
(DSE) &% olze — Tk, DSEH O TEMMF 5 ~
BAIM OKREEIRT O N5, 1970FEEHD bAEF &
VERIZE 5 Tid. ASEEHDSA L ZhICH X ki b
IR HDSAICLEE ShdF 7 v EEHUCREOET
HY. DSAIZHIBEGT E LTRRADF & B EES
Ll o7ze K53 1219705 12D 3 ETHIO TRMPE
RIS L2 b DL 5 4 TOKPEEDSATD %o

5.3 KIEEFALBESEHE (~NJL ALy 7 EHEEM)

PRBLE R BV TE, BIREERIREE T,
FRBEDSAD 7 — %, ERAZ Lo 7. BB L
LCIEEBEDO Y4 712X )7 28 PR, Ky 7
AB, 75 ) —NVHRIOME D B, H5457 I A
23y PRI HDSAZ /R L7z,

X556 (&, WE AT CTORETEM & RuOHH
HEHMOWEHERBIEEZRL72DDOTH S,

- SLERTE M & DSA DT Ak iR
BEEMOMHFEE, KB G. 15~25kg/t-Cl:

5.4 RREREZREEEE (~NIVXA Ly 7EEREG)

1.3 GRAPHITE ANODE
(50°C)

OVERVOLTAGE(V)

RuOx-TYPE ANODE (60°C) i
SLOPE 40mV/DECADE

POTENTIAL(V vs SCE)
I

1.0 1 | 1 0
0,1 1 m 100
CURRENT DENSITY (A/dm®)

5.5 FINEEERUOAEBERNDIEFBETE

BETH Y. BELEOYE3.0~4.0kg/t-CLEETH %,
—J. EREHTHLDSEOYE. I—F 41 Y I
TdHHRuO:2% LIXHFET 25, HHETHEHI—F
4y r7FThE L, ZoBa—7 1 v 7k F104EE
BELEIRLTVWS,
3) TDK#®EA
RuO:0 BMIIBEN/-BEMTDH 525, WE— DR R
WEANAPTOBHERENH N ETHS, TDKHE
XD BEREORCEME BT LIz, ZOEMIT. B
185 Vo AiHnTwns,

v — S EERITRRORMLAE
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DT, Z O SR DR 35\ THE D T2 5 1 L
BONTz, ZO0. bYPEBMEHEME 2D IIHEY
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WhbW b, KFUNY —DLRDOFEAEIHT 5720 K
Ny —Lid. KEBEEIREEDE NS —IR T 72 13kR
L&Y, WEET R, GO FR Y 7 ZHICH
FoTLE) BOTHELREMEI DL DD TH %,
B T 25 L 7o KGUERMR T O RHN T — 1
FETDH. T FEBEOLEOKRFNS -3
NEWRZRLZLDTH oo RRIIHARIENIBOIRK
RHEANLZENR= v X VD EINTEBY, ThR
HTNHNY —PRELIZDDTH -7
@ &R B DO BEHR

DSA (Dimensionally Stable Anode) 1&. #D%Hi
PRTENCTHERENOBBTH Y . WL
TR BbhBHTHSH05, L L., EEHIAKMR
fild. KOS F —DF4, R AKRDOES) %% & THIE
HMEXEICEB L CTwdo 720 KEINT =29k 1
W E 5720, BIROWMKAIHE S ) DSAHS BICHEH
FTHMTTNUDPREAELZ20, BENEIS DL
AREZ 5 Tz

7 7M. PR EAPD (Anode
Protection Device) A%#%iE ST TW7zA%, fREEED
PEREE LTIE L WD DTh Do 72, T D720 B S B,
SRR, B X ORI 03tk LFEZET
W77 B R ERE Z L TWD, KEITHL <
FHHT B,

|5.4 KSR AR D ISR S E DRI

G IE T & B fi LT KSR, A A
C 5 EBMEAKROWIRICO LA D DT, Kkl e
ILELEETH S,

1970 (HRF145) AEITHHED S HAMEA S N7z B P
L. ER O, FEEROBED WV
WEEZWNELTBWT, ZoMMEEEMIL RIZ
ELORERELZEHEELDDOTH 72,

CONETH D E -BHRZZTOMBEETH D720
PR & R R S EICXT A L TE
T, L72oNT, HEHREOREZHAET S L HIT5
BT DM FRRUEYRICREMCERET 2000
FTNNTHo 7.

ZFO0, EBEOERIT. SREBOBIET L L
AHEITREI ), KHEEE -7,

SHHE R, RILALEE. B X OB E M o L FAF
FICED, BRMEEEEMHEZ AR L TESIELHL
W BRERE Z PR L, RIB7T®IIZZFDT VT
HERL7z,



il 7 A -TD
WeEHT v b

X o
X - AMP EifeBs T
E &‘f,’ Q Fraqor
@ EBH WIS
® BEMDH

© MeEHEA v b OBBS

® W
X5.7 7 T4

BMEREHEUETE L, BEEREE2ET L L.
PN LA SR RS 2 EES 2 1E, B2
RBazf, REES2IEE T/ FEBRICBNT, &
NSOESZHMAGDLETREMITMEL, Fo5hk
BozmAERT L. ZORESLFEDOREME L
L., WAGBTOKRE IR EMEBZ L 1T, #
EE %25 L., BHARKELZEHI TS, o8
. Y =y IS SR S e,

|5.5 YUY 1—H—[C & BB

SR A B A L7ORGUEEM . O IERE
D722, 7Ut R TV 2 & —% HvC s
HEDTREE 2 %0

1977 (HRFI52) ARIC=HHEEAT 25 —%
i U 72 B bt - B At o0 462 [ 3 R D A8 2 AT BRZELC
WL TWD, Fiz. Z3EA ALED kLR BRI
WLTwb,

5.8V ICEMHOM S Z R L7, Bz RIFL
TWAHEIL—AII220DFE—F—%HKBEL, ZOE—
Y—%aEa—F—ICXVHlHTEIOTHL. B
W E s B2 72 —o— gl (X5.9) @ o
BIERE Tz e U CHEIRICER L, "R/ Mir Ly
W2 b X)Wl s, av oy —Hlcky
FOIV/ R REL 22 0 . BIEAR DKL T3
(145.10) ©,

BB, T OFMIIAKPE O BPEIEHRIC X Y KA
B o2l 2 RFALEZ T ORI TH - 72,

e
CURRENT

’
I’, (D
4.2 ; @
4.1r
=
4.0
)
i
H: #z’
Cryiel
’ ) PEATE =N
- @ avya—r—
3.817 avie—nlzka
HEHEA
34T
3.6 ; - ; .
60 70 30 90 100 110 120

s (A/dm*)

B5.10 fERARE T 5 —HIEIC LB
THEEO L
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ARIA04EARIC 2 o THIICH E > CE M SO RBEA
T T BB, BEBLAKRBFDOA X —=TITL 5T
BCTKRSR] Bk e 72 01973 (HEFI48) AE5H22H 453K
R DO HE % FBE L LB L 72,

K. 7 b7V Te FIGBEKICE iz 2
FUIKRTH B PEBKREZMEH L Ty —F 1%
WCHRK L7zo Zhas, MSEBMRE % & OIARR A5
#E, A OB BRI X 2 ERAN & Lo
Mo, KREGMAM A=y 7 &I L7

BUFF X SE3RBIRAGE D H DT 220HH F Y T, [k
BTG G R AR ] &, DAEOLFTHET
b HAA MROEEL LICHBIOL [KHHEH
SIEASE: (BB ~o®piii | 23uE Lk,

|6.2 3K IR

1973 (WAF148) 4E5H 22 H O 81 H 3 BI9IF — miid 3+
Wy TA ARG | oM LT, BEARKIFZEE
DRI o 72,

1973 (IFI38) 4E3H DREAM I O A MR A 5 b
25 H#DO5H \CREA RS O KGRI FEHE T REA L
AFTH LT [ AR THE3KRRMAA] Lo
WEEERIN L.

[EESAREBR ] 12D W TR IEHRD1974 (KIF149) 4
6 HICBREET O K GUG YR A RGT R R &A% [BI T
EAREE & 3wz v ] RO T 1IEEE Lz,

LU, 1973 (WiF148) 45022 H O H ¥ o #t
WL, COHZBICLTYA2 I - TAIGERK
DRF ¥ Y R=U PR IETFEN TV o7z, HHOR
L7200 C, a2 20, KRB X OER
BORGDHIPIND L) Tk oT2,

CORATIPEEBIZY —F THIL. HROLED
WHRERY, REHBX 2 SMIIX, Ko KE. #
e, EILHX & RK LT EEICIER L T 72,

|6.3 KR TR E 2
BUfF . PCBiEHe. X F VKRG X % K%, B

Y — ¥ OPHRRPTE R &~ OBBEH R & 245
M ERE) & IR OMAIIN T 2 AL 2 HHLT 57200
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BAEEL L 5720121973 (KF148) 46 H ICBIER12
BIT O 7% % [T Rext el 233k ] 2 3%HE L7z,
* S5 LIl K SRAG G G S dfi e 233k

A5 1100 7K S AE 5 Heokd e A 23 3R 1E, 1973 (H3AI48)
HEOHICHM S Nz, v —¥ T¥., 1975 (KFI150)
ERMS) . BEEICERZN S L VW) DDOTH 72,
- 1973 (BEAI48) 4E11H ICBAME X - 43Il K &5
Yol R AR ER I, RIEEA DRI OV TIE, 1975
(IFA150) 4E9H F TI22/30E 2 #b v, 1977 (IR
f52) £ FCTHEAIE LCaminiz1r) & Shiz.

- SRR SR R ORMEEREE & LTy — & TR
Hnddf e R R A R L. B2 0 51247
> THEARWPHEZ PE L 720

|6.4 RS E DR

1) BREEAOHIRCHBEE 2> 720
- BEAF DR GUERE I VLS B il & Healr 2 b b
A TARE: | i e F 3
- BRIBEEEAR R, WAMSRD KB 2B o T
- BRI SE ISR T AN T RAL Wiz
KA T —DOWBUDPLEE T o 72 (AEILRE)
Y = ORMEIKTRESD Y . HEER~NONF
ISALBETH > 720
L7243 T\ MEFETORE - A F & OFEERA,
FERE UTIIIRARE LORE & Y By —
FaEA. BRTEELCEA LT, H 50 LoMEs
DB EAT 5 720
2) WIS A
LRI Y 72 5 Tld, EMiE TOR DD
THRERTH 57272012, 1 TEAEHMOME T 5K
Bd %<, KED S REROBIEMRMEISEA Sz,
HA SN RIE A O % &% 6.1 \TR L7z,
A SN-WRBE D EMAY L. Diamond Shamrock
Chemical Co.®DS-45%! ([X16.1) ., DS-85%, Hooker
Chemical and Plastic ®H-2%! ([X16.2) ®, H-A%I, 75
UNIZPPG Industries Incorp.?®Glanor1144%! ([%16.3) ¢
RETHo7



+z6.1 B D OB SN RELEHEE

2tt4 Diamond Shamrock PPG
LIk MDC55 MDC29 MDC8 H-2A H-4A GLANOR V-1144
Wi (kA) 75~150 35~80 10~25 80 150 792(72kA < 11)
e 5 (kA 1) 1.37~2.74 1.21~2.76 1.30~3.26 2.217 2.325 1.975
BWHEEEW) 3.00~3.62 2.90~3.62 2.92~3.84 3.67~3.72 3.65~3.70 3.55%11
(%) 95 95 95 96.5~97.5 96.5~97.5 96~97
B i ¥ 7 S B oL 2,120~2,550 | 2,050~2,550 | 2,060~2,710 2,550 2,535 2,452~2,478

(kWh/t NaOH)

6.1

Diamond Shamrock !
DS-45%! kg A E R AE

X6.2 Hookerf! H-2R EiZE

T )
g e

4

6.3 PPG Glanor&fizis

- Diamond Shamrocktl: ®DSEI I B 1X. B

Fi. BEHG. BNy FO3D0EEIR D SR
ERTWVDB, EFIZT YR MIHEHER TV S,
R g 1 O B M LS il 2 8531, A TR ag T
L, ZNoPMECTEDbNTREHE L&D X
I o> TWh,

- Hooker#l: o> H & ff Al
- PPG#L/De noratlk @ Glanor FE A

By A 7 ORBEEERETH 5. DSHEMA & IH
U< el < R b v filt i 2 Py IR 14 C R 48
ToOL b, ZIETARX MREBECHESL, B
e LT &) ICEkEF ST b, Bkl o Wi
FyrTIL = rENTw 5,

F72. 7TV FORIIS RS b E O BRI

SR B IEA L TR Lok E A (£6.2)®
%.) Ho72

£6.2 HIERMOMRIREERE

&4 A 2 (k) AE Fo e T.(FR) 8 L (k) SR THR
iEEY DM-50 SD-8 TSBM-6 SK-330
Eift(kA) 250(50kA % 5) 80 30 330(5.07kA X 65)
T EE (kA /) 2.0 1.85 2.0 2.34
EREEV) 18(3.6 X 5) 3.3 3.42 3.25~3.45
Ei (%) 96 96 96.5 96.5
[ERjiTR= Al S 2,515 2,305 2,375 2,260~2,400

(kWh/t NaOH)
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H o B s X R I R A (IX16.4) © (2 & )s FE A
M AAA TRERAL U7 B 2 T3 HEE ()
TRERHL TS, BEEE (W) 308k 5 R
IR 2 B L C & 7205, KRAERALD 72012 AL
W2 EREME RN LRy 7 ZHVERR (X65) ™
ZHIEL 720

6.4 HEABREEIREEREE

[SBM-6% miAEHE

3 (L, M AGH a7
Hee ; 774 7 T RE AT
i QR A-n=70-4r

& il
5 €

ok B W —— 117

6.5 #BREZETSBM-6TLEH#E
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Brs I 302 T A R A 705 DR L 2 S BT A S 7= B4R T
MEY — F b H 05 ED RE»HLEA Sz, X
Ty VR FLon—=R, BLo7e—-/ v 7 AKX
Thbo

F6.3IT A IR BIER I TR U 7 BB EN 2 7337

6.3 H1RBIEEGRIFERA R

oM T | HPERE) (NaOH-t)
Diamond Shamrock| 13 63,025 (27%)
Hooker 10 56,991 (25%)
De nora/PPG 4 56,302 (24%)
] Al 12 54,141 (25%)
39 230,458 (100%)

I 6.5 SLAREAEIRDE & A £ 23T
~ EDIEEL

BIRB P, R 0B, 2MEY -7 iEo
AL &2 RBERIRIE, BT oA F R
BEEMOERE R > TIT D L) IH TRk L7z, 20
72, T4 4 Y RBEEARGEHT R R ] O%E T %
b, AET2Z LI

A+ P ERBEEM R E 20 5 THAL0EGE D B
TR 2 A USSR, RSB o Biali 13 T3 bl gk
BAKMEELTVEH, L¥ET T ¥ b TOMIRERDS
Pinizd, TELRTEREEVI Z2DIE, Iv—Ty
V75 v bOREER. DR L D22EMBEDIKEIET
— oS EFTHEOLEND S| L oG
Iz, L7zds-> T B2RBEHIRICHET 50
ERIEMBICH BRI L L o7,

1) A F ¥ LD

1979 (BAFI54) 4E6H. [ A A ¥ sk i fili % [ 2%
&) 3 A 4 U R BE 0B T b & LT
S, L72KMEWCH B LR L7z LAL. BRY =%
TEA [HE2RB BRI 2 B | £RIC
ML, V—FITEBIUOREEROREZ /PRIZT
B2z, A L1984 (HFI59) 4 F THEM D
B ZRDOENZVEVIBDTH -7,

1979 (F154) AE9H I BIfE S 7= 4550 K ARG e
SRR TR, KRB TGO A 4+ ¥ WP~
TR, 1984 (FI59) AERZ HEIZE T 5 L
L7,



[ A RSB E BRR O Bl

| 7.1 A4 imE

A AR < ERENTIC X Bk
R HHTH S

LU, BRER~OBH. Bk, B
MATHIRE T VA VIS N B 720, EEMHHT 5 S
EWRTELRPHoT,

19724EDuPontid. 7 v ZBIER D A + ik
BRFLE (B4 Nafion)s TOR, /=7 V%
TANK VBBIR» S5, CORBICEY., BEE
RCOMMAMIEELE 257225, LA L, =7Vt u
ANE VBIEO AR TIE, BRI . FEH LS
WdHolze TD2D, A+ VRMEBORTL 52)8H)
L DEPHFE SN, BIETIE, X—AFKY3—%
R=TNF a2k VBIRE L. BRI S—7 vt
OHIVA VIR E R LA F YRR EARTH S,

BUE, S3REMH A o+ ¥ ZBEAAEG T & 2 21,
HA TR S LW TH Y s TIORE D
TRYDODHRTH 5D,

JBALK TiE. 1973 (K3AI48) fEC st ay VS5
b & B, 1975 (BAI50) FEicaxs—Tvx v 75 v
FOBBIZA > TR 2B 5, BHMH L7z A 4 s
BFEEVABONA—T NV F T Rk VR A F U AE R
WA L2720V EBRMNFEEZHL LB TE LD
o720 TDWH. BN Z N—T7 Vv VR VERIR
LT ERHVERDEIHEONL Z L &R L7225
MEEE A NVR VRO BEOBE DL L TWih o
7otz ANk VBIEEALFEOR TEL S ETH VK
VEERICTAIEERRALTWS, F0%, BN
WCEBANK VBR) =L ANVERVBRY) < —% )5
FrE LT, 2R YRR A 4 > S8 HIBL o> A2 (28 D)
LTwa,

JBASFIE. 1974 (BIRI49) EIXH VKV BEA + ¥
RWILE T D7 v FERAF VRPEER ) <~ —DHKI
HRTHD T L TWD, 1975 (BFI50) 4E12/54
Oy b5y EEMETY B, & 5121978 (KAl
53) EICAR—Y A VTSV EVDL EFTWD, i
WA+ BRI, 4+ Y RMBERORL S
ANVKYBREO2BIETH S, WKV HERA T ¥
SHBLL, SRR Z R THAERLBEISH LD
ENRD 5720 TDD BN A+ v RIS
RELBFAIEOBMNRY) =T 4 VA%, BN

A+ VRBBERIVNELBOBRIRIGEONE R
Ve —7 4NV ARG L7228 HE A F v AR % B
L7

b, K714 F VB O RN A 2 R

L7z
Perfluorinated lonomers
(Chemical Stability)
Sulfonate Carboxylate
(Low Resistance) (High Ion Transport Selectivity)
Surface Modification—» <—Surface Modification
(Cl, Gas Release) (H. Gas Release)
—Reinforcement
(Tear Resistance)
Anode Side Cathode Side

7.1 A F > BOEFNLIEE

|72 £ S

7 v FBIRRA A VY RBBEORRIC I D A F UK
Wk AR AR O BB AR & 7 5 720 DASEDE
Wiz & o CHBICHY MA, FRICEIL TS, H
TR A+ P RBLERRE BN & 45 2 2tk
HATE. LK. BT, B 7ey) rrvy=
7T ATH Y. s, ICT GEE), AF A b - v —
7 () RETH b,

1) bk

JUALI B A A o SR IRBL BRI, T4 Vv F—T L
ARBRBNEREZ RN LT b, BREORMSE L
Tid, KA - ER - B O SRR B ) X 2 5%
HLTwbZLTHb, ZDOH%. HIE - HRIEERRO
BERMELHEE LTV,

B7.2™ 2, 1975 (HEFI50) 4RI HESECled) O R %
75 v b & LTHB L22ML32FCH A F ¥ 58 ik
M2 R L7ze 1782 (BAIS7) AERARIE. SRR KO
AR AL 2 FFOML60FCHY (X17.3)™ % B3 L 72,
Z0H%. 1991 CER3) FEICHRIERMO £ F ¥ 33
g A (K7.4) ™ ZBELTWD, KA DEMF
WOk &k, £7.1% 1R T A, ML32, ML601E
K4 2.69m?, 5.1m>D A BB %2 AT 2 B E

v — SEERATRRORGLAE
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fEtlc. AL S T 5 B TR D KO ER
WiTdh b, M75™ ICHAREZRTH, ZHOZL
A CE—EE) 2 WMERER TR T Tw
%o i (Tig). Btz (Ni#) &, k%

ALUTHRSN TV 2, Bl - BT E b IR
REATO, WP ZAOREM L, BHOW bzl : ll

%1?&Ofl/\éo

7.4 FBERAML32NCE 1 F > R R E B RFE

cell hanging hook

arm

bipolar cell

- terminal cell

fixed head

louse head

catholyte
outlet
aub- header

rear head

eatholyte
nlet
suby-header

hydraulic

cylinder anolyte inlet sub header

lock nuts

X7.5 mEIERRML32. 60EVEREIEDIEE

7.3 MBIERMLE0FCE! 1 7+ > X s B EAE

®7.1 BREEA 4 TREASHEEOARN L A

(Mt V=¥ Ry BARY—FTHEZHET 1998

b2 P A Hifir HEL b ML {kni R {brk ML {keni hEL - ML & hEL - yul - W—tzray [ ged W —
wii=T X YRV T X

FEFRA ML32FC | MLGOFC | MLA2NC | MLGONC | AZEC-M3 | AZEC-F2 | AZEC-B1 | DCM416x<2 BITAC873 TES-DN-270 | TMB-B-325

R 1 T [k i 2T [k UL o TR ik T ] U] (] o

i WA kA 10.8 20.3 10.8 20,3 331.2 342 14.4 170 16.40 10.56 16.40

I KA kA 13.5 25.4 16.2 30.5 1441.6 384.75 17.28 194 19.68 13.20 16.40

Hifir -t 8% 81 86 81 86 552 50 80 162 73 110 25

i L kA/m2 4.0 4.0 4.0 4.0 3.0 1.0 5.0 3.5 5.0 4.0 5.0

e kA/m2 5.0 5.0 6.0 6.0 4.0 4.5 6.0 4.0 6.0 5.0 5.0

WINAIEGEREY) v 3.00 3.00 3.00 3.00 2.93 3.18 3.08 3.06~3.15 | 3.08~3.15 2.95 3.22~3.32

Wiz % 96.0 96.0 96.0 96.0 96.0 96.0 96.0 96~-96.5 96~-96.5 96.0 94.5~95.5

AR A D UG | kWhit 2,005 2,095 2,005 2,095 2,046 2,220 2,150 2,136~ 2,150~2,187 2,060 2,283~

fir « NaOH 2,187 2,329
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