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Abstract : The gas diffusion electrodes as oxygen cathodes for the brine electrolysis process were investigated. The -
gas diffusion electrode consists of a reaction layer, a gas diffusion layer, and a current distributor. The reaction layer
was made from hydrophilic carbon black, hydrophobic carbon black, PTFE(polytetrafluoroethylene), and Ag catalyst
loaded by the silver mirror reaction or impregnation method. The gas diffusion layer was made from hydrophobic
carbon black and PTFE, and Ni mesh was used as the current distributor in the reaction layer. The result that the
gas diffusion electrode (10 wt% Ag catalyst and 20 wt% binder) manufactured by applying impregnation method to
the carbon black for reaction layer showed the better performance was obtained from experiments. From the half-cell
test, the measured overpotential of this oxygen cathode was about 700 mV. And through the electrolysis experiment
under the condition of 80°C, 32 wt% NaOH, and 300 mA/cm?, the electrolysis voltage of this electrode was about
22 V. The gas diffusion electrodes manufactured in the present research were capable of continuous operations for
three months.
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Table 1. Cell voltages of hydrogen cathode and oxygen cathode at
300 mA/cm?, 90°CY.
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Fig. 1. Electrolyzer with hydrogen cathode.
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Fig. 2. Electrolyzer with oxygen cathode.
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Fig. 3. Schematic representation of the oxygen electrode.

@ 71489 HEHo M2 4kA 83
® W= 71F HAHNA electroactive siteZ2] 831 44
o] ik
@ electroactive siteollx] £31H Abio] ¥ ZRE- @RS
® ¥k 7% W) A3 &9 OH o9 it
21e] whg- SAlolA
AT},

2.4 8

2.1. 7128 M3o| MF

) WSEreE BT Ax

7RAEE) AR EE e BT 2AE WS F
A F 7R FHE AXSA ARSIATE 2A4E vl
o3 Az e W44 FRE B (Ketjen Black, ©|3F KBE
oS HlolA] APTPAE B & e2niE SdNA
712l gREHt. o83t 2ALRkEe] Wk WSS Tt
3} g},

2Ag'+20H — 2[AgOH] > Ag,0l +H,0 @)
Ag;O +4NH; + H,0 — 2[Ag(NH;),]* + 20H" (5)

HCHO + 2[Ag(NH;),]* + 2NO5 + H,0
— HCOOH +2Ag| +2NH,NO, (6)

9o} Hhg-& ZRe folo] gRUolrE 1% W) - 2
9] okFo] FAEY, dRUokre] AdH FAR o] gl
ol o] T B3l auijold ke feko 2 ulHA|
o} o) Uy fio] Bz o] dRUold ALk 8
o] 3YiElo] Lo] MEEY KB BREHA Hr}. o] EFreld
HIQIC|(PTFE emulsion)s H7F8kd wlkg2 g B Alxs}
At

HiE SRR 93k vheE Eut AR v, A8R2-(Ag0)
Bo FAEL(AR,0,) BLE LB FEd = X, 2

AT AaeTo] LEE Fig. 30

iy

1em WDILS

Fig. 4. (a) SEM image for size and distribution of Ag particles ; X
1,000. (b) SEM image for size and distribution of Ag particles ; X
10,000.
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Fig. 5. Schematic diagram of experimental apparatus.

R 4 ook AR A Azlo) AT Fole Hahasto]
Aais], 2khe] BNkl ofd favh YRR ¥
de SR1E 4 ok olufs Fo] T ol AaeFozA
qoe o £Fe oo

0O:

fo 9

3. &3 f n#

31 HEe=

AESolxe] Bhee WhEE W] V1F o TS My
CF 30% NaOH 847} 7}~813-8 F3f w85 o] 7]
T B FF Ak, wheE W] 71Fe 2X=H] A=
Zrje] 34 AEA Ha §hgo] dojdrthFig 3 HR).
Miura 5'%]] oJ&pa 7} SRS Halr} dofd o, s3]
B 0.09 um Ve 71Tl H7IFelRt fle Aoz
A3t 2y AF Aol Bo] fEikE FF Ak
o] B YFsfof ah, Hsfde] FRaEIFo R FEE
Zojol itk mehr, Asjdde] JRT FoEAT FF Ak
TUZ e A ol Fo|Fof SHERE 0.09 um I3t 71F(
ojst FlAIZIE = -] ZSFA BEEH Slofoptt gt ]
A71Ee] Bol BxaHA HE 7kxe] Sitgo] ZrksAl H2
2, AAHcse IF A 3zt Uk gt o)zl
AT A4S FPe 38T 80) & F Jdomz AF
A Hafjdo] AR 4 e WFH FF 2] Tk
7Fsd mlAIZIEe] 87} ofFoixjolst gt webA, oleist
23S UES= A9Y A2 AR 44 2 AT A} 3
238t

Table 29| Mercury Porosimeter(Micromeritics, Autopore
IHZ 54T, PTEE F Wzle] e g R 7258 A
Eof) gt AF Ralsh 27] 2o wslE e ol d
t 7129 =718 Uepit, 9wkgos PTFEE A3 249
FREBde) BES Y717 913 BRINE AHET. KB
B¥ele PTFE &% SV we Z3Fgo]l vehtA] ghon,
71 E vA71Ee] 23] vlEe 2.7:1 AEE HISSA 74
Hez jgS AEE APTE & 5 vk KBE A9 T
7} 8ol F, t7lFe] Beo] £XHo| e e EARA,
PTFES] o] A 718 £¥ole FFE FA &1, vRicie]
ST A "ok F, 718 30 9%& FVlele PTFEY
o] HEG Holo}. of= KBY BIEHZHo] 726 m¥go 8 1
EARD PTFESH B} HA] o4& Bxg 37] ot B8
PTFES] & 3o F7R7IE 7139 =27t astn
A= 7t BFEAAE, ol A AMEEAY] g7lgw
ulA718e] 23}, A7NAEA, dalds T2 1 o v
&4 &t mebA, KB WRe-F SAdde A% FA ¢,

Table 2. Pore total volumes versus PTFE contents.
PTFE FAF% 3 d>0.09 um d<0.09 um BT 7)F

= =

T (wi%)  (mlVg)  (mlVg)  (mlg)  (um)
5 1.766 1.294 0472  0.1442
-5 10 1.664 1.196 0.468 0.1457
(KB) 15 1.842 1.343 0499  0.1464
20 1.799 1.321 0478  0.1472
10 1.394 0.825 0569  0.1877
7F=EE 20 0.749 0.279 0.470 0.0601
(DB) 30 0.489 0.155 0334 00555
40 0.285 0.062 0223 00518
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2 SRR YA Y 2HE BARBKAC A5 AES] A
< 712 £9 /9 PTFE $3l met =24 Aol YRl
o} DBE AAEH 7t2F8 AES] HIAEH0.2~0.5Q - cm)
PTFE o] 3718l we} vlas & o2 asle B
< UepSloH, KBE AR 9he-3-8 AlEQ] HIAH0.15~
02Q-cm)& W3l Awrt 78] =X Ysich PTFEY ekl o}
& olglgt A71H B4 Wal= 328N 71F BXol o
g PTFE®] &% frAlsith

Z, KB DBl Hlg| MEAo] & 209, PTFE:S A71d
24E& AsTle AA8-E & Aotk a3y, KBS Agele
HEHZo] #x DBYT} PTFES] F&E AA oA "ot =
gk, 7iegEe] HIAE 2 2= AR AEaE §
AR A3 vERia vt

0.6

0.5F

@
»
T

Specific Resistivity (Q-cm)
o o
n w

S

0.1 ¢

0 L 1 L. L I 1 1 1 1 1 1 1 A
0 10 20 30 40 50 60 70

PTFE Content (wt%)

Fig. 6. Changes in specific resistivities measured at various PTFE
contents. (A : reaction layer(Ketjen black), M : gas diffusion
layer(Denka black), @ : reference data®)
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Fig. 7. Oxygen permeabilities versus inlet oxygen pressures. (figure
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Table 3. Manufacturing conditions of gas diffusion electrodes.
(wt%/carbon weight)

AT AgEAEYH  AgEXHF AUBAHA  6pdd
1 AR 10 70 20
2 LAY 10 70 40
3 SALNLY 10 70 60
4 A 10 0 20
5 A 10 35 40
6 EER 10 0 60
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Fig. 8. Comparison of impregnation and silver mirror reaction

electrodes for overpontentials (4 : impregnation, l : silver mirror
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