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Development of 70 MPa Differential-pressure Water Electrolysis Stack

ZENIII . S E G O S

Hiroyuki ISHIKAWA Eiji HARYU

i e g 27 P i )

Nobuyuki KAWASAKI Hayato DAIMON
= =] ABSTRACT

BORFE M A B OBk 2 v 2 B IE 70 MPa fbizfkun,
Honda it H 21 A K B i Fe i & -V 72 KR 2 7 —
VavOEElbRIicEB Z k572, 70 MPafbIZEEL T
X, BITAKRREFE 2 L ORI i 2 5EREIZT 5 2
&T, REHRNICHT 2 5 2R A L Uz, 72, ke
5y FREIREIEOWEM A 1 = X 4 % WIREIC U, 2205 4 (4%
DAk ERE L. o OMRERE 2 72 SEAE 2
A7 B, WX Y Ty 3 E RO ERRFEOKEK
xf~vayamﬁbf,mnumrf%utﬂ?&i&
T 5 30% (KI% T X 7=, , KFEHRIZEEND
m“%&%huwmffﬁfkm«fm%Mﬁb Rk

B E B OAFZRE L UTHHT 5 720 DBIET 3L
F—m/hs L.

In order to accommodate the increased fuel tank
storage pressure of fuel cell vehicles to 70 MPa,
measures were taken to enable hydrogen stations
that use Honda’s proprietary differential-pressure
water electrolysis technology to support higher
pressures. Specifications capable of enduring long-
time operation at 70 MPa were established by using
a sealing structure with a high-pressure hydrogen
channel in the center of the cell. In addition, the
break mechanism of the proton exchange membrane
was clarified, and specifications capable of sustaining
the differential pressure were set. A high-pressure
water electrolysis stack based on this know-how was
manufactured and compared with existing hydrogen
stations that use a mechanical compressor, and it was
confirmed that the electric power needed to produce
hydrogen compressed to 70 MPa was reduced by
approximately 30%. Moreover, the water content of
the hydrogen was reduced by 60% compared to that of
hydrogen compressed to 35 MPa, which reduced the
dehumidification energy needed for use as hydrogen
fuel for fuel cell vehicles.
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Fig. 1 Concept of Honda original smart hydrogen station
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Fig. 2 Overview of high differential pressure water
electrolysis
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(a) Conventional structure

Hydrogen channel

(b) 70 MPa structure

1: Separator 2: PEM
3: O-ring 4: Anode current collector
5: Frame 6: Water passage plate

7: Cathode continuous hole part  8: Anode continuous hole part
9: Pressure-resistant body

Fig. 3 Schematic of conventional and 70 MPa sealing
structures

O-ring

PEM W///;/A////%

Hydrogen channel Separator

Fig. 4 Enlarged view of PEM dry-wet area in
conventional sealing structure
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Fig. 5 Relation between surface pressure and difference
in dry-wet PEM thickness (50°C, 100 pm)
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Fig. 6 Structure of 70 MPa pressure-resistant cell
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Fig. 7 Evaluation system of hydraulic durability test
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Fig. 8 Pressure sustaining characteristic by PEM
thickness difference (80°C, N2)
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Table 1 N permeation amount before and after

hydraulic durability test (25°C, N2)

PEM permeation amount

Measurement point of N, (cm¥/min/cm?)*

Before durability test 0.046

After 1000 cycles 0.046

* Average value of 3 times
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Fig. 10 Water pressure and temperature profile in
hydraulic durability test
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Evaluation system of electrolysis stack
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Fig. 12 Photograph of 70 MPa differential-pressure
water electrolysis stack
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Fig. 18 Hydrogen compression curve of 70 MPa
stack and conventional 35 MPa stack
(60°C, 1.2 A/cm?)

Table 2  Electrolysis voltage for 70 MPa compression

Electrolysis voltage for
70 MPa compression (mV)

Calculated value 78

Measured value 120

Table 3 Comparison of energy consumption for
hydrogen compression

Manufacturer Energy consumption ‘for
: Hydrogen compression
(Location) (kWh/kg-H,)
Honda
70 MPa stack 8.
JHFC
(Asahi, Yokohama) 6.44
JHFC
(Daikoku, Yokohama) 4.54
JHFC
(Senju, Tokyo) 4.82
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Fig. 14 Effect of Hz pressure on I-V curve (60°C)
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