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Electrolytic deoxygenation devices (cells), which remove oxygen from a closed air container and release it
to the outside, are fabricated. This idea is based on the combination of cathode reaction of a hydrogen fuel cell
(removal of O) and an anode reaction in water electrolysis (generation of O,). The devices are characterized
by monitoring the electrolysis current, O, and H, contents, and humidity in the air container as a function of
electrolysis voltage. The humidity is successfully controlled by connecting two cells with anion and cation
exchange membranes in series (tandem structure). In this system, the moisture generated in the device with a
cation exchange membrane is consumed by the cell containing an anion exchange membrane, resulting in
humidity equilibration. The humidity can also be regulated by the electrolysis of water vapor in the cell
containing an anion exchange membrane using alkaline electrolytes. The rate of deoxygenation is 25mL/h of
oxygen with an electrode area of 7.2 cm?®. The performances of the devices employing various electrode
materials such as SiC, single wall carbon nanotubes (SWCNT) and conducting polymers are evaluated and
compared with those of the conventional carbon and Pt-black catalysts. Prototype devices are fabricated for
the long-term preservation of fresh foods, optical devices, artworks and crafts to protect these from putrescence,

mold, and oxidative degradation.
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Fig.1 Water splitting (electrolysis)
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Fig.5 Photographs of (a) single and (b) tandem cells
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container Deoxygenation at £, = 1.6V
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Fig.9 Time responses of deoxygenation in the cell of
NaOH/C-S/CEM (Nafion)/Pt-B*C-S/desiccant air 10mL
container at £y = 1.6V
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T APEER S AT AND Oy JRENLE 22 572D
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#K200710-1-@),3) NaOH/C-S/CEM/Pt-BAC-S/Desiccant
at 0, =0.3% and 20.8%
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Fig.10 / and H> dependences on Vypp in the
deoxygenation cell at O, = 0.3% and 20.8%
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#K200703-1-1) NaOH/SiC/AEM/Pt-BAC-5/Water bubbling
10 mL container Deoxygenation at £, = 1.6V
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30

Vi (V) @nd H, (V)
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l; é 1‘0 1‘5 20 2‘5 30
t (min)
Fig.11 Time response of deoxygenation in the cell of
NaOH/SiC/AEM/Pt-B~C-S/Water bubbling 10mL

container at £y = 1.6V
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Vapp FEME Z 777,
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#K200703-1-2),5 NaOH/SIC/AEM/Pt-BAC-S/Water
bubbling at 0,= 0.3% and 20.3 %
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<
*
H, at 0, = 0.3%
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Fig.12 I and H> dependences on Vyp in the
deoxygenation cell using SiC electrode and AEM at
0,=0.3% and 20.3%
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DERFESTIE 20.8%D 2.1mL & I1FIF5% LV, BR
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DEED 4130, G T LI, O i1 L EAERT D
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—¥%T 2,

5. K#ZHKIELEB
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1 2 #HE TRE T ORIFIK AR R = & AR
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Fig.6 DE/AVH I8y M LTc, T Y — NMilZ
JEF)CERIEQ0%) L7, 7/ — RANCHIAK A L,
71V — N O FE O I S & & JE LI R &
Fig.13 {2777, CEM, AEM 15 & U cellophane DJE &
L. N Ei 186, 195 B LT 35um Th o7z, fif
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#K200803-1 Permeation times for AEM (195um), CEM (186um)
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Fig.13 Time responses of permeated moisture through
IEM and cellophane
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(9.4x10%mol)23 & v | ZHZHEBRT D ITITE D 2
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Fig.14 Schematics of tandem type deoxygenation
systems
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10mL container, E,,=1.44V, E ;= 1.61V
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Fig.15 Characteristics of tandem type deoxygenation

device using Ni-sponge for anode electrode materials
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Fig.16 Characteristics of deoxygenation using AEM
humidified by water bubbling with the gas circulation
rate at 100mL/min

Fig16 TIIH AR S AT LDOKENRT Y T
(H AfGER & : 100mL/min) |2 X 0 NG L7203 & Bifg
R L EOFKFNRT A—ZOEFIGETH D, 1
FEHBRRD0, ke L OBBELZHO D LB L —
TEETRDMTEAL, & DM Oy JEEIXRERTIZ 3 L] L TPk
DD, O IREDE%LL NI/ 5 & BT Ltk
B, 1%L FTKOERZ L > T H BEET D, L
)L A T LI ERITKOEMREBER TH D,

EAE T DRI Oy JRFEDY 20.4% & iR L7-1%
0.3%I281F D EREEDRITEEIT-> TWAHO RH
D Vapp IAFNEZ Fig.17 1277, Fig.16, 17 226, b
(ZEBRD 2T URRE T T 2R s 5,
L2rL. O0; <03% CIRBEIZFRNELEE T Y >

(2 & 5 i i FE (100mL/min) (2 L - T 72[5/5:
ETHT LRSI, OFED | PEERY AT LANIC
DA AET %6, BRI im“ngfhé
M, Oy NIEL 722 LRI E IR 72 . REIT D
IKDOBIREDIEE D, REIOKSIE AEM %% L7
KGENTY IV SDB KT TH D,

ZIZTHELTEBMRTIE R bRV, A
TV T Ko TOKREKETEMT 208, $Mmo#E|
AITFOREOIRE L IBEORRIC L > Tk, &
FEDS 100%Z 72T 2 PA BB ITE 2 6720,

IBIT, AEIO LD BN T 2 —7 OERFR T
AT ANOWED S AGIE DR 0 AR — Tt/#a

Dt BN DH ) — K ETILES TYHRTH D,

#K200903-1-1),4-1-1) NaOH/Ni-sponge/AEM/Pt-BAC-
S/Water bubbling 10mL container

80

. I at 0,=20.4%

60

% s RH at 0,=0.3%
'E 0 4 4 ey,
NE 0 RH at 0,=20.4%
E- 20 '

10 /

1 at0,=0.3%
05 1 15 2

Ve (V)
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