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Study of Seal Structure of High-differential-pressure Water Electrolysis Cell
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ABSTRACT

A study was conducted of a method of realizing
airtightness for high-pressure hydrogen in an
electrolysis cell using high differential pressure
water electrolysis, a high-pressure (35 MPa)
hydrogen production technology. When conducting
high differential pressure water electrolysis in an
electrolysis cell using a proton exchange membrane,
the maintenance of airtightness against high-
pressure hydrogen via the membrane, an elastic part,
represents an issue. To resolve this issue, the effect
of the use conditions of the membrane on changes
in the thickness of the membrane was studied. The
results indicated that it was necessary to set the
holding loads in the cells so as to help ensure that
the surface pressure of the membranes maintaining
airtightness around the cathode space was greater than
the pressure of the high-pressure hydrogen, and to
select the hardness of the seal parts with consideration
of the gaps occurring due to the state of wetness or
dryness of the membrane. Evaluation of the durability
of a high differential pressure water electrolysis
stack applying the findings of this study verified that
airtightness was maintained over the long term.
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Fig. 6 Structure of piston type high-differential-pressure water electrolysis cells

O, exhaust <«

N, MFC
Water —&—- -

O, separator

Water pump

Fig. 7 Evaluation

m H, exhaust

H, separator

PT :Pressure transmitter
Water BPR : Back-pressure regulator
drain IE  :lon exchanger

TC : Thermocouple

FM : Flow meter

HE : Heat exchanger

MFC : Mass flow controller

system of electrolysis stack

— 134 —



EEXSEKERCIOSBEEICEHT MR

F72, A4y OISR EL VHEREL, 249 24
EBIZAKZDOR A O N & AR L 7=,

4. BREER

4.1, BB T REDEE

4.1.1. PEM OO [E#miHE

EEARBERLILPTHO SRS PEM d@EE CTHAEE 52
3 LR EEAT S, IR AROITENK K OBER
Pl 2 8 S BIRIEORE D AR DAL T B 72 D B A TRAR L C
WBEH, METZIOKPFHET2ZLICk28DTHS.
PEHSRMFIC BT PEM A IS T 2R X DK
A EAE AR CHIE L 72591 % Fig. 818 Y. A&
HEEEIZ & 635 MPafihiin 6 k&< ZEfLL, mED L

() [N OM@RT-

412 BEEIVICE BEHA

Fig. 6 T/RL 72 L % Fl o CRMRER % F2hE L 72
B RAKBIE IS T %  LVEBIEDOZ{L % Fig. 91227
Fig. 9(a) O AKZMZEHM Y D84, 15 MPa ({HE4 5 2L
BIENZ LS L0125 LT Fig. 9(b) O ¥ — L3
A 7R Y OBAIRIFIEA (2) TR S N 2 BB

Reduction rate of PEM thickness [%)]

0 5 10 15 20 25 30 35 40
Surface pressure [MPa]

Fig. 8 Reduction rate of PEM thickness to surface
pressure

1.980
1.960 |
1.940 |
1.920 |
1.900 |
1.880 | Calculated value
1.860 |
1.840 | (b)
1.820 |
1.800 |
1.780

Electrolysis cell voltage [V]

0 5 10 15 20 25 30 35 40
Hydrogen pressure [MPa]

Fig. 9 Comparison of electrolysis cell voltage change

ZLWEILVEEA/R L7 Fig. 9(a) D& 5 v LEE F5A
| R OAGFE R & Al DR E MK T 4 % 2 & TRA
+25 )

Z DHEEE FOREEIZOWTHE Y — Lo PEM T
P, 55T 5. P, 3 (1) TRLZEZ b v OfifE
EEIEARIZE AR DB LU — L EBmREE TR (4)
THERINS.

xcal (S P +Fsp_SH.PH)/Ssea1 (4)

pis

Fig. 9(a) TiZ, S,, =Sy, THH, X (4) 13X (5) TRT &
B0, Py & F, Of%EH»S 5 MPa T EE % 5.

Pxeal = Fsp / Sseal = 5 [MPa] ( 5 )

Fig. 9(b) Ti, S, =Sy + S TH 25205 (4)13X (6)
D&% D720, P, 1 3KREEISR L T—XEIZZ
t§5.

P = (Sseu 'PH+F:p)/Ssea/=PH+5[MPa] (6)

Fig. 9(a) & Fig. 9(b) DM CHEMR % &1 K FMu22 M
o & AE Y — 8T PEM #3521 A1 % Fig. 10 128
9. Fig. 9(a) O TIEAE B A AR 22 8 &
V= LSO 5. ZOBABRIBEGA K
FRRZEROBEIE Fig. 11 I2BRMIRT X5 I2EFO
U= LR M LTI 5. T 0 7= 3 g 1 oD % i i 1
ETIC& D e VBIEEA»REST S, —J, Fig. 9(b) O

TR Y — LA I F AR E R R DA L D i3 E T b B 7z
DI D& HFRITFEL 0.

50
45 |
40 | Phe
35 | -7
30 Seal part of (b)_ ~

25 | ///

20 | _“
15 | e
i0f -7

5 fplod e SRRl partol @)

Cathode space

Surface pressure of PEM [MPa]

0 5 10 15 20 25 30 35 40
Hydrogen pressure [MPa]

Fig. 10 Comparison of PEM surface pressure of
cathode space and each seal part of (a)

and (b)
Separator High pressure of
0 TS _aue
s,

Separator

Seal part

Cathode space Seal part

Fig. 11 Modification situation of PEM at time of high

pressure in electrolysis cell (a)

— 135 —



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

2O &S BWEEITFig. 121278752500 V7D
ElRerEsd, V- LURIKTORRKE L 25606
5. ZNEELNOARFEELDE0Y v 7 HHllo PEM
JEAMEWIGS, OV v 7 &M L 3 1238 < 728
Thb.

PLEDME» S E A b ViR Y — L ERIEE A AR R
UEEAh2BETHZIENPVETHS. TabLBLEZ b
VZIEIR S, &, KFEMmAERIB ORI S, &AM —
IVERTHIRE S,y DRILLETH B Z ENDBETH 5.

4.2. PEM DFZE & > — VA DEE

4.1. fiTIE PEM OIEMEE T & &2 B H A8 & HH O
V= LERTYI—IC T B A R 723, ¥ — I LERNIC B
WT PEM ORGRAENAE U B HEAIZIE 2 OIREE%BE L
T2y = AMOEE S BEE 8 5.

MRS 5 C PEM IZJEFE A O HIIE (5 MPa)
fRBFOMIE (40 MPa) &8 0 3K U A 72354 ORakERE <5t
T BEEZALE A Fig. 1318 T. ZORH» 513, @ER
5L R EEIEIRD URE 8 % 5% D28 1 Hb iRy
B2 8, B ERR PG O IEEZE S IR KIS & 5 54
UREETE 2 enbn b, ZOHE, RKTHEED 15%
DA LBBAEC TV B2, RSN mAIEALL
BRRENZO ) v A B BEE ZOMEIZL 5 Z &
Moh T, Vs — L OFFAEIZNIES 35 MPa D
&, T A 80 F4 T2 20 nm, A 90 $4TIZ 55 pm PR A
HBEXNTWD @ 21X PEMBIEA 100 1 m D4

==
=]

O-ring

Separator
Low surface

‘ pressure
\

High
pressure
of H,

PEM

Separator Unusual modification

Fig. 12 Sectional view of seal portion

1001 ]

Zg Current efficiency

70 |
60 |
50
40
30 |
20 |
10 Hydrogen sensor detection value

v e
0 2000 4000 6000 8000 10000

Current efficiency [%]
Hydrogen sensor detection value [%]

Electrolysis time [hr]
(a) Continuation electrolysis

Fi

)

Current efficiency [%]

124, 15 pm ORERICHY 2 728 A 80 M TR ATEE
TH 55, BEH 200 pm OBAEIZIE 30 «m ORI &
5728 A 90 M2 BIRT 2 TH 5 5.

4.3. 28y 7tEE TOMAHLRER

SHS2 THE L 2 KEMGEEMH 2 -DICI3EM v
NEFERGLTA L 9 VREERTER T 2 LER’H 5. Mabko
XS ICPEM OEMAITELTE R N YEBEL LU0
VY SHREEAB I A T TEMRELARMBL - X
sy 7 RdEt U, Fig. 7 OFHIERE Tl A MERERHM % 45 Z
%55 7z, M AGEER I W TREMEA R 2 CodudEHilg
ZAKFERIIEMN AL —BIEEMR T2 2 L h 6, KEHi=
ZALAGHE 5 Z & TEIEAKERZ & v 7 OKEREE DR
VEEHICE S,

B R 10000 R, FOREE AR 330 [ % TOARK
FROBETH 2BHFNRE 24 v 7 HEHISHREL TS
KFE & ¥V % Fig. 14 18§, BHRAEIIAES PEM
AW LU CERFMIE M 55 5% OBES YW & (S
507 DM AGRER 2 L T2 &ML o, 72
KFELVHFIZENTEKRRRNERAIL A0 572Z L h 5
22y 7 RREIZ BT E RO XE MRS TET0EZ
L NIFLLETE /2.

£ 20 5

E 18 I Thickness increase rate Surface pressure| 45 %

o 16 140 Z

“a o

P 14 3% W

S 12 30 5

@ 10| 125 &

© >

o 8 I 20 @

e 1

£ 6 | 15 a

a )

g 4t 10 ¢

g 2f 5 5§

Z (]

|_E L ! L O

0 60 120 180 240
Measuring time [min]

Fig. 13 Change of thickness increase rate of PEM to
surface pressure change in humidification
conditions

g‘“hu-unuutuiiiuviiiiif_

S 90f c |

= urrent efficiency

> 80}

s 70

3 60|

3 50|

@ 40 |

o 30}

(2]

S 207

2 10 Hydrogen sensor detection value

5

> P e A TP oo

I

0 50 100 150 200 250 300 350

Number of pressure cycles
(b) Pressure cycle electrolysis

. 14 Change of current efficiency and hydrogen sensor detection value at time of stack durable electrolysis

— 136 —



EEXSEKERCIOSBEEICEHT MR

5. &8

35 MPa O EEAREESLM T b % 2 RS E
L OKEREIZ DWW T T ORBENE S Iz,
(1)WUAIREETH B EZ b VI Z Ok & K E 2
MO E R & 8 Y — VS om e oM LT 5
T L CHE M IR EAE S .

(2) PEM O#ZIRIZ L B 13 AM LIRBIZIS L2201 v 7l
JERRET DI & TCREMEREFT 5 2N TE .

72, BoNFHMATERLEZZ 2 v 7 TEHOKSER
Bk gzatn ¢ % 7.

SE XM

(1) kilHEst, =2 EEAN, HOR, FiRF0E, RMA
0, SENME— KB Z > 72 KEX T —Y a3 D
##H77, Honda R&D Technical Review, Vol.15, No.2,
p.31-38

(2) MEER, HIRZER, MRER], HIHE: KBSz
ffi572KkE 27— 2~ (SHS) DFGERER, Honda
R&D Technical Review, Vol.20, No.1, p.67-73

(3) iRz, REAL, KAV, Frank MOBURG, 1l
TR, FESER EERXEEARE R Y — 7 — KR
25— 3 ¥ (SHS2) O#Hr, Honda R&D Technical
Review, Vol.22, No.2, p.28-35

(4) REAML, HHEAG, David CUN, IRk, R E
Bl EIERESEARERLY) — 7 —KEZAT -2 3 v
(SHS2) MF:FiRER, Honda R&D Technical Review,
Vol.24, No.2, p.72-78

(5) $MERWK, HiREEG, MEER], A, MEEH:
ZER R KE R L L ORE & 7 OMEREFHT, Honda
R&D Technical Review, Vol.23, No.2, p.90-97

(6) JIS B2401:2005, O ) v~ mE Enl

(7) BRALERA: B, 55 5 M, p.155(2000)

(8) HAZ L — F/37 — T2 JFPS 1003:1999, i
L) v &Sy v OHR - EE J§t

NI i 5 2 7 S/ P I1In

bl

R #h

— 137 —





