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Development of the electric cell with hydrogen permeable metal membrane for
rapid hydrogenation through the electrolysis of water
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An electrolysis cell with a larger membrane surface area and shorter
electrode distance using a palladium-silver membrane as a cathode electrode was developed. Water
electrolysis with a potassium hydroxide aqueous solution revealed that hydrogen production by
electrolysis on the membrane and purification of hydrogen by hydrogen permeation through the
membrane. By improving the internal structure of the cell such as the method of supplying current to

the membrane, a water electrolysis device that operates at lower voltage and higher current
compared to the previous cell was constructed. Furthermore, the hydrogenation of toluene to
methylcyclohexane via water electrolysis was performed by placing supported metal catalysts inside
the device.



X C—19. F—19—1, Z2—19 (58)

WHEER LGS ) DY 5
ﬂKﬂﬁjl;ﬁ/Vi§““%t/\0)ﬁ%;§ M C, KBRS ERDE ) & VT KEM, ARk L7TKE
DEERERL ZOKFEERAWTIKFILIC L D AKBETREAAROKFE X v U T AN ER ST
o BNAN—ZZEIER L, Bkx 72350 CKBRIE - IF AT 9 0B = R L X —thE~ DR
%%Zék IKEEME - FERKFE DO BEE R « KFELE [A—35 TIT 5 B AX—2AADKFEL S 7 =
T AOREENPHIFF SN TN D

KEM = L KFEIC %LT KEMHOT 7 — Rl « KFALH OB v — Rl 2 )z
HELEZ7a R oME S FEERIC X AFRHE SN TND, L L, KRBT 2 R B AR
DOVEENGH Y | BRI & i U CIBE O A BRI ) 5 e ME SR ME 23+ 59 T@w@k®%
MEaT 5,

— . BRBRERMT 537 U0 AEIIKFEHERE L CHERE FIE 100%0D /K35 %18 F 4R M
AL, IR CTHHAHCTE ARSI 22 EMES &, A7/?Aﬁ%ﬁy%h$@kbf
IKEMEZITH &, R EICRAE LI AKEBRANAT VT AR O RN EZER L CEE2 %R
L. X270 AEOFBBANKEREAET D, I HIT, T OGITHREE 2B A LIKFE LY 2 6
T 5 Z & TRFEDETT S,

INHDOZENDG, A7/?AAEﬁ%ﬂ%Ltkﬁﬁmfik.mﬁMVZ?A®%%k%
NREREIFF SN TN D

2. MEOHB

ET. WEROEBNAL LY BEREAEN 55, EMEEMHAZN 1/10 & LTIV IRELETOEME
AIRE & T A KEMAFLEITO O DOEME L EZERT 5, BRICHTZD | B ONPBRERE %K
B35 LT, LORENRKERSESBIE Lz, 2 OEME L E RG> A A BRI #
Dz LT, EBRIEELELTD,

Wi, VERL U 72358 2 W COKEMKRZREE SIS IR - [E/ OB L HMEid 5, FFl2iEi
IKFEIZE L CRMi9 %,

5\, BT OKFZFZBRUICHEEESBABEEZEA L, £ 212 bl U2 4EG L7 IRBIC
TKBIREATV, B 7238 CONRBIAKFIENEITT D L 2RIETHI L LT,

3. WFgED ik

X 112, KEMEIT I 2 LVORKOIEEEZ T, Y — RiET7 Y0 A —4R (Pd-Ag) I57E
% (Pd75wt%—Ag25wt%, 20X20 mm, 0.1 mm /&) T, 7/ — RFNiZBA&WETH D, Bl 7o
Ty 7 ERHAEDOE CHEDEMEK Lz, #Y—FHOERE LTRAT L AR (ERE
0.9 mm) DA v HiF 7= b D & L, EiE ofiimig s K& < LEICEMT L b0 L L,
TR 0.5 mol/L KEALH U 7 LKL, PG5 OEMITEEFO N D052 /I HET D
Lo TNA,

BRI, BREICHTEEEIC GRET S, 2O, 7/ — F ETIEBELER o —
0,+2H,0+4e ™) 28, B — hLTi*f@ﬁ@mW%—ﬂMMm)ﬂib R KT D — N F -
ﬁkﬁ@mumﬁ%@ﬁﬁé FED BRI DR — B AL =T T ADEFRHMB L, ZiRgAE

WZHEH L7,

EZK%%%EQW%%ﬁoﬁﬁW TERAENICERE L. WIRIT HPLC AR, A —TF T A

DEFFvATZ7e—ar be—F5— 2501 cmg/mln THHS L. B I3 RIS TR

L7, PEHSURITK RiE#ZIC GC TCD IZCEME - & L7z,
[ES +5Ei£i_7k$+ KOHK:&#&
T2 —k _
7:7D> BEHR
FoOLJOvs .‘ Javyy '(~/oo1rv1pa+%r)
agco—zTco 7
FiBkE = o
o -— V7 =
+E% .-a EN
= - %//4
(2 jji;?i —_— ’V//// HPLC A T
Ii N=ER:
Pd-AgﬂE F Y EILTILF X — & —(~100 mA)

I

KOHKiE®&

KOH.aq
(0.5 or 1.5 mol/L)

X 1 L otEs X 2 FEERIEE SR



F 72, KEMKBCEROBICIL, B2 LOBRANICERINER SN L) G L, =2
(25 wth Pt/ALOs By Rfi 2 FLZE 390 um D AT > L A CTHATIRIEIC TEALEZ, Z0
G FEAOBEBIIAT L AMEE L TITOILD, 220, BREALN—THALLERT Y v
TWICED MB8T5 2 LT KEMERICEZ FE L2 KFEIZL D b= kFELERR

T,

4. WFTERRE

F9°, KEMAKFEUEEBROFERIZONT
HET 5, K312, 2.3 V, 0.5 mol/L KOH
aq., 0.15 MPa, 79 CIZ3) HEIRE - Bl
KBV « KFBHBWBORGLE(LERT, &
TIEILBRAE 6 Bl £ TIRIE—ETH o 72, LU
A7 &b 4 VOBEEZMEL Li-FiR
KEREN, LVEEEICTERTE TV

6 T T T T T T 100

80

[*X10~7 mol/s]
N W B W
T T T T T
| |
|
\RL.
h
1 n 1 n
N
[—}
B [%]

b, BAKKWR L ARBBEIL, PdAglE oo i
WCAKRBLPRIN S v, BEEICEOK Ml ER 0 2f %
TOHETICRMAZZET L2 006, BANITE -l 4120
LRV, FOBER 3 BERLIEIC CERME ]
FMAFM R, AREBESTE—ELAR 0 s s =0
D, EENLZELREL 2D Eboro

7oo LIt%, HEENLTE LTI-E COEREIT 51 [h]

>77,

417, 2.3V, 0.5 mol/L KOH aq., 0.15 X3 FEFME - Fili KR - KT RO
WPa IZ351) A EE - Bl kS - k25 WA Q.3Y, 0.5 mol/L, 0.15 WPa, 79 C,
B LIREOMRE R L, E ERIcon @ FEAKKITRE, A KREER, B :E
TEFEIIME L, 40 CTIX 77 mh Th-o  IRiH)

FOIZx LT 90 CTIEIT m 72572, Zh

1T, R LRI X BRI E R FIC LY

EIEHOMEBEEENE R LD L iy

Bz D, KEFHBBERILIHIEZTHY ., B4 o S - w ‘ w

KEDIEE A EBELZBRT S nbr & ;:;::;:;:iZE%‘AM
7o, TR L KB B BE S RE LS 5 | = — <
L OB L, CRERER R L T ) 1% %
BAFIERIKINL, RRBOKKED lgo @
T AT BRIC L bOLER D, o2p ¥

B 5(Z, 2.3V, 0.5 mol/L KOH aq., 79 °C ol g0 15
(TR B EE - BRI - AFHEE 2 ®
L EMNENOFRE T, EHICED BT gl - ! ‘ L : 20
EREIXZE—ETHoT-, WEDOEMT W 40 60 80 100

WL, BT BRI KB K akE N B TERR D
AR T < 72 DA, AZEE ClrIcyaPEH 235
PNATONTE Y Z0EEIT/ NS hoTz, K
FFWMRIL YY) TORFRETH Y, 0.1 MPa 2>
5 0.15 MPa 272 BB Ich oL, #
DEIT IBRETH - 7=, HBRKFTREIL.
IKFBFBWR L E Uo7, —#RIZ, B

BEMOKESER ERT 5 L kEFEN = [ : =
(BESN%, 0.1 WPamb0.15 Wa T & 4 1 100
DAFBHIL, ENR L fenoze L[ T ]
ICEORLIEZbDEEZS, BEXY . K L 3L 1 &
SEEIZIB W CHEMMES % 0. 15 MPa LU L& T 1so @
52 & CRAKFZZZEERBMICER Y 5 2 Tl
EThDZERRLNERST, L 2
Wi, BEAZEE LUCOKEMICES b o ]
VIRFEFERZAT -T2, 95 C, 2.3 VIT T, Ly L

X4 FEFE - FRAKRE - KBFEE LR
EOBKR2.3V, 0 0.15 :
HiEKF TR, A KEHFEE B ERE)

L L L L | L L " L
0.1 0.15 0.2

IKFEAbfiiEt e LT 5 wt% Al.O5 0.075 g &%
fRELPICEA L, ML E2REHEAATY £ 77 [MPa]

VT TX10°% mol/s I THERR L TkFEL%E
1ToT=, FORER, KFEHE LTI
DFEEFERDVKFELEINTZAT AV 7 X
P DBNERL, AT N7 a~FH Uy
RKIL 66U ThH o7, DR, FHEAKERED S

X 5 I - B AR E - KR BWELE
fRAIE ST DORR (2.3 V, 79 °C, 0.5 mol/L,
@ ZiHkERE A KEZHE MB:E
DA



B ST KRFALICHIH STV e, ZOfERIE, KB FBIBEEM 2RI U7 KEMARRLD,
HAIZHETT 52 & 2R LT D,



5 5 0 1

Sato Takafumi Makino Kotomi Tamesue Shingo Ishiura Gakuto Itoh Naotsugu 13

Preparation and Permeation Properties of a pH-Responsive Polyacrylic Acid Coated Porous Alumina 2023

Membrane

Membranes 82 82
DOl

10.3390/membranes13010082

Naotsugu lItoh, Yosuke Kikuchi, Takeshi, Furusawa, Takafumi Sato 46

Tube-wall catalytic membrane reactor for hydrogen production by low-temperature ammonia 2021

decomposition

International Journal of Hydrogen Energy

20257 20265

DOl

10.1016/j - ijhydene.2020.03.162

Takeshi Furusawa, Keita Sugiyama, Hiroki Kuribara, Masahide Sato, Noboru Suzuki, Takafumi Sato, 54

Naotsugu Itoh

Effect of alkali metal addition to a Ru/Ce02 catalyst prepared by NaBH4 reduction on the 2021

catalytic performance for H2 production via NH3 decomposition

JOURNAL OF CHEMICAL ENGINEERING OF JAPAN 77 86

DOl

10.1252/jcej .20wel30
31
2021
32 40

DOl
10.4131/jshpreview.31.32




Sato Takafumi Yamamoto Seitarou Itoh Naotsugu

168

Hydrothermal carbon dioxide fixation in magnesium hydroxide and serpentine: Effects of
temperature and pH

2021

The Journal of Supercritical Fluids

105071 105071

DOl
10.1016/j .supflu.2020.105071

8 0 1
89

2023 2024

CFD
89

2023 2024

Toshiki Yamanaka, Takafumi Sato, Naotsugu Itoh

Development of Water Electrolysis Device Using Hyrogen Permeable Palladium Membrane as an Electrode

15th International Conference on Catalysis in Membrane Reactors

2022 2023




53

2022 2023
Pd
88
2022 2023
25 JPIJS
2021
24

2021 2022




86

2020 2021

2023

463

2022

603

(Itoh Naotsugu)

(90356478)

(12201)







