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Lnnotched ductility HYMROWSENILIS
Strength ratio, Hz'Ha Elongation, % Reduction of Area,
i)
Material Moiched"  Unnotche He Hz He H: NASA’ SAFETY STANDARD FOR HYDROGEN
d AND HYDROGEN SYSTEMS, Guidelines for
Extremely embritiled 3 ) Hydrogen System Design, Materials Selection,
[8N1-250 Maraging 0.12 0.65 B2 0.2 55 2.5 . .
Steel Operations, Storage, and Transportation (2005).
410 Stainless Stes) 22 i) 15 1.3 &0 12
1042 Steel (quenched 7 — —— - e
and: temperad)
17-7 pH Stainless Stee .23 Lo 17 1.7 45 2.5
Fe-A01-4Co-0.20C 24 .86 15 .3 &7 13
H-11 25 =T 5.8 0 30 0
Rend 41 2T .84 Zl 4.3 £ 11
Electro-Formed Mickel A — — — —
4140 Al 86 14 2.6 48 9
Inconsl 718 A6 83 L7 1.5 26 l
440C .al A0 - 3.z 0
Severely embrittled
TI-6ALAV (5T A) 0.58 o e
430F B4 - 22 L4 34 a7
Mickel 270 .10 ab o it} A7
ASLS 73 “ee 42 28 &7 35
HY-100 A3 - 20 L& 7h A3
A372 {class V) 74 20 Lo o3 15
1042 (nocmalized) D - e S 1! 27
ASIE-B T8 - - ---- Gh i3
Ti-6A1-4V (annealed) .79
AISD 1020 74 - “eee 68 45
s m - I = mo 6 Carbon steels and Cr-Mo steels
T1-541-2, 550 (ELI 81 5 S 45 30 . ” .
Armc L s 8w are categorized as “Extremely
Slightly embrittled 11 3y =
304 ELC Stalnless Steel  0.87 =F 78 71 or Severely embrlttled.
305 Stainless Steel .89 78 Th
Be-Cu Alloy 25 0.93 - ¥ 7l
Titanium 0.95 Gl fil

MNegligibly embrittlad

Are these materials applicable to

310 Stainless Steal 0.93 &4 f2
s A T the components used in high-
Gl 5o pressure H,?
NAR|oy-Z" 1.10 24 22
GO61-TE Aluminum 1.1d Gl i3]
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NASAT—3R—X

NASA, in 69 MPa hydrogen gas at 22

O Carbon steels
© Low alloy steels

C

O Copper alloys

< Aluminium alloys

+ Titanium alloys

NASA, in 69 MPa hydrogen gas at 22 °C

O Carbon steels
© Low alloy steels

A\ Austenitic stainless steels

V Ferritic stainless steels

B

HYMROWSENILIS

U Copper alloys

< Aluminium alloys
+ Titanium alloys
x Nickel alloys

/\ Austenitic stainless steels
V Ferritic stainless steels x Nickel alloys
15 Martensitic stainless steels 15 A Martensitic stainless steels
' | Room temperature ' | Room temperature
O
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Relative reduction of area (RRA) as

Relative tensile strength (RTS) as a
a function of TS in 69 MPa H, gas.

function of TS in 69 MPa H, gas.

For high-pressure H,, low or moderate strength steels are used (TS <1000 MPa).
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REE ITEVWT, T2 2K REREZE T MM NBIRINTINSECA. B
E2H.BEOMBELTRAEM RSN TLADIE. BEICTHKEHEREZE TS
FM2BFHDAT. WITnNELEMmTHS, TD-H. ZE2MHEEIAMEEMIL
TAHIERBIZEDNGIOLEIT T UMEDOHIRICEWVEMZERT L5568, B
NTCERAEENHH-TH. ENEBEEIL, LM ELERLTHoAM KRS
REZ AT A EFLRALLG T NI S0,

LI=A-T. BN CHEARBEDHIVOLEYTTUREORMZELAED
KRAIVFICBWTHERTESELD. FMY XEFRNE DO HEHEHFER.
FEHEAREHRM DILKICOZTHEFTL. TOHERIZCEDET—REETHRAGFREZRA
DHIREEZRET,
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SCM435 {HE# CHemadE

Table | Details of processing and related data of SCM4335,

Heat | Production process Product form Dimensions (mm)

g Hot-rolled Plate Lcngth:?::) ':m _\:‘:dlh: H 1#\: Eitjq- 0) Eai k *& E
ickness:25 mm
- 30 mm

. l,cngth:38()0mi11 Quter diameter:357 mm
K" Hot-forged Cylinder : :
Inner diameter:306.6mm  Thickness:25.2 mm

. Length:7530 mm  Quter diameter:270 mm 'kj-%)\*l"l‘i bﬁﬁﬁ 1%—636

1 - fore wli o
! e e Inner diameter:210 mm| Thickness:30 mm *}i E ' - [i ( i — ﬁ

Tabic 4 Mechanical propertics of SCM435.

Tensile Properties

. 02% ,
I'empering _ 2 , Vickers
: proof l'ensile Reduction
Material | Heat Shape Temperature Elongation Hardness
) stress Strength ‘ of Arca
(“C) ori%) (HW
Ty o (MPa) o (%)
(MPa)

Large )" Plate 600 “C 681 818 23 73 258
heat-treated | K" Cylinder 630 “C 700 828 9 72 256

material | T Cylinder 560 “C 782 947 7 66 289 g I gE gﬁF;—
Near-shape 823~1127 M Pa

K" 3 650 °C L 903 20 70 284
Small of specimen
heat-treated 5350 °C 044 1127 19 64 138
) .. | WNear-shape —

material b 600 “C 91! 1002 21 68 39

of specimen :
650 “C 172 875 24 72 276

max

Requirement”’
min T8RS 930 I5 50

$3 KYUSHU UNIVERSITY Y% KYUSHU UNIVERSITY 20




1200

Nominal stress, o [MPa]

800 —

o o SCM435 at -45°C|
1000f . HeatJ]
600 [ff
400 [f
200ff o]

.........

5 10 15

Stroke displacement [mm]

1200

Nominal stress, o [MPa]

N
o
o

o

1000
800 [

SCM435 at RT ]
"Heat J |

Stroke displacement [mm]

Nominal stress, o [MPa]

SCM435 at 120°C |
_HeatJ |

Stroke displacement [mm]

[MaF?a] RTS [?/:,] RRA [M(Ea] RTS [?/’o] l?AR [Malga] RTS [?/’.,] T
106_2"552 H, 936 098 | 25 | 0.35 115MRPTa H, 840 1.02 | 30 | 0.42 1151"'25% H, 829 096 | 42 | 0.60
O 954 72 ;ﬁ"gg%sg)z 854 | 1.04 | 37 | 051 e 864 70
;iT’ 824 72

i I—APAO—0ZE A fEE (VAAANYREZEE 0.0015 mm/sec)

%I%EE@V@EERI:I&@

~—f|-
aX @

EEKRARD TSI RBEINFER.
ATDIRM. B 4D,

nZn-l-rL;jJ(j:O'a”OW = Op | SFT kfﬁ
CCT, OyonlFe%ETIN A, ogld5IRRE, SFIXREFZE.
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SSRTEHER FICHTHREAETHREE
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'.‘ ®a ...‘ + ! |
l I w

True strain, &,

BEERES, ENNEEVT ADERFR

115MPa/kKEZHRAFTIE, EVT & ¢, 20.1 TSSRTREZHIERE
— > 115MPak&xJ A TEI5REE M FHER
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= EKFRT AP DSCMAISKEH D IEF Fan FF 14

HYDROGENILIS
SCM435 SM490B

5|]:E|-| élﬂ]l, 115|\/|Pa H I:FI : O O A v
BHEl: =R, KR H_eat/ﬁ'rx 17125 K/ 125 T/ 130 A/_m

RERLEE (C) 600 630 560

O:Air
300 T AL B L B N AL .'16\15MPaHz 1),0_8$fn(717/”~ /\_7/”\)

07| H
06|

O

05|

400 .04l

SCM435| EIEH

Heatd || = 0 o o ;GM4135
200 Lo il b b il i 0.2 LFZC i
10 10°  10* 10° 10° 10" 10° 102 10

Number of cycles to failure, N, [cycles] Number of cycles to failure, N, [cycles]

KEA (E—k J) DS-N ghie KEH (E—Fj, K, T)DE 2L S-NBREE

300}

Stress amplitude, o [MPa]

.« EB, 1M5MPakZARFTEFBERZETET > ARICLBRETDIER
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EEKEZAHRDPNDSCMA3SNDIRF =X ERFE

L materials S materials L materials S materials HYDROGENILS
op [MPa] Heat op [MPa] Heat o [MPa] Heat op [MPa] Heat
O 828 K v 890 K, (650°C T) O 828 K Vv 890 K, (650°C T)
A 838 J O 875 T, (650 CT A 838 J <& 875 T, (650 CT
O 947 T + 1002 T, (600°C T) O 947 T + 1002 T, (600°C T)
x 1127 T,(550°C T) x 1127 T,(550°C T)
10_4 B ] ] — 5 %\1 0000 B ‘
| SCM435 L8 S | scwv43s
— | In90-115 MPa H, X0 5 ] S - In90-115 MPa H,
2 10 | P E
> ] — &L
5 n90-115 MPa H, ¥ | -
£ 2?@@ ) § 1000
S =
g 7 B
S 10 5 100 0 0
= Az
gl) 8 § 8 N A 9
100 [@E=(e~))
é = In air l% 7 T
5 3 p= 10
Q &
E() 10_9 e} ,g
= 5 é
10" |
1 10 50 100 0.0001  0.001  0.01 0.1 1 10
Stress intensity factor range AK [MPa'ml/z] Frequency, f [Hz]
5 E B R EE daldN & A i 5 & B3 FR SR B (da/dN) y/(daldN) &
I DL KR BE BEAKD BEZ% A BRELREL f DR

- 0g = 900 MPaTI&, 115MPa KZRH AR DIRFEXRERIMZEIZ LRE(KKRFD30E)
PEE > LRERZTLWEFESHERBTORL.
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= EKFBHABDSCMAISDIEFEHAERFE

A§10000_

35 | SCM435 & SM490B b
3 In90-115 MPa H,

2 AK =25 MPam, > (SCM435) ©
§ AK =30 MPam "~ (SM490B)

3 10()0E

S i

S

Cl)h 6 @)
= soMa3s

=

S 100| 4 ©

S - SM490B

o A

: O ® ‘ y

Q

Y 10}

2P : Test frequency [Hz]
g | O 1H

QS | Solid symbols: L materials X 8(1)1HI?IZ
% | OPen S.ymbélszs.mat.eml,s o V' 0.001 Hz
E’ 500 600 700 800 900 1000 1100 1200

Tensile strength, o [MPa]
MR FEREREE (da/dN)/(da/dN) EBIEREE o, DERR

+ 115MPa KEH AH(ZFH+THSCM4A350 3 AEEF L 5I5REE o, = 900 MPa
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BEKEHREOKRFEESHERTRAEK,

HYDROGENILIS
SR P RIS SIS BR K (ASTM E1820) TR S DAE S EK . (K, )&
MEKBHA AR DKRFRERER TRFEK | (Koso,) 2 ERIF

60 - 1000 :
F SCM435, Heat K, L material In air  SCM435, Heat K, L material
50: In115MPa H, ) [ In115MPaH,
N | w50.8CT
: 800. :/V=2>< 107 mnvs
= 40f R
— [ NE 600‘ ]%lslusionl
-4 m—————T——— = I
A 30: I i~ [ s
b i SSY 400 L xclusion line
§ 20F P=318kN > ' e
48 (a/W=0.5)
10 In115MPa H 200
2 w50.8 CT In115 MPa H2
v=2x10" mms
0 ............................. O( .................
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5
COD [mm] Aa [mm]
P-CODHA#& J-Naf§&

- KRB ORIRMEMBKELT, (1) TY Z]ELKIE (Kin) Z#RALT-. J, (& J—AaBhfR
£0.2 mm offset liIneMX A TKREFLIZHELEDJ {E.

J= (1_,/2)%“ (1)
- 1M5MPakKZEHAFDKRFEERERTRFAEK (LT, BREAHEEERNEONGLEG

EMH--DT, ASTM E399M95% secant j%% LN TP-CODRI#E £ TR EBKIE (Kgso,)
=ERALT-.
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BEAEH R DKEFEESIER TRREK, ,

300
SM490B SCM435
In air In115MPg H,
< 250 / K. ,D v=2X10" mm/s
%'_‘ \\‘\\\\ [ — 5
JO;D :g T—__A j(fb¢ﬁ)§i§$ﬂ'|$1IEK|C
2£ 200 \.'\'\'\.\
=3 /
5 e SM490B -
§ g In 115MPa H, }?,alr[)
£ % 150F /Km, QC
g [0
S = ~_
%M 100k AN In 115MPa H,
o S Kosos, IG
Z J 115MPak &H R o
Q= s0r IKRFESHERTRAE 4
® O w50.8 CT O
A Aw263CT

] ] ] ] ] | ]
0 500 600 700 800 900 1000 1100 1200

Tensile strength, oy [MPa-m'?]

+ 05=900 MPaTIlE, K&EHTK, (Kc) = 230 MPa-m'2, 115Pak%ZH AH T
Kgso, (KI,H) = 50 MPa-m"?2.
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ERTR: KER{LAH=X LDMEH

- KEHRBTIE, SSRTRESH, FHEH, BWOMRIENME () FHERACAH=RL
TERT S.

- KRICKYZFRERTIRYUNBELRT 50, I HEFBETETHIIFLNT, HLVEE
THEGERYIZHEE 9 5 (HISCG: Hydrogen Induced Successive Crack Growth).
" FRYDBERTEITEISNSEIDNDER (SCCEH, RFEH, ché'?”)ld:ﬂfﬁliéw”

B, EEEHTHD.

1600

SUS304 (heat C)
at RT
= O
£ 12008 i
=
¢}
g 800}
£ (2
Z 400}
In 83 MPa H, gas
$=31.1%
. . Crosslhead speed: (|).002 mm/s
O0 0.2 0.4 0.6 0.8 1 e
Nominal strain, & (3
Side view P . .
e I
BRE (3 TR TR IKRA R (Ffir) T, AR RET RFv—U(CRRH)  KEFo— OkED)
ER. 115MPakFH RHBIZHIT5HSUS304 DRI RELIE -0 T A HAER HISCGETIL
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SCMA3SDREERDFELHMVICFERIGe LR EHEST SFEIR KR (12D

SSRTHMLEF FantFEDFELED RASHERBFEHLKEFTRESHERE
TRFEEK DELED
EERZEHRDESt = 30mm

-B|EEERFE 0, < 900 MPa
15MPak EH R T 3| IR E DR - 115MPask HH X Hh TR 52 24 1 Nk
D 115MPakEARPEV T H ¢, =0.1

3 g ‘ ) D EREFKS H D301
*115MPak R A AR TEHFREINMETES - 0g = 900 MPa, 115MPak& 7 X HF Tl

Ky = 60 MPa-m'2

115MPa/K R A RAPIZH1THSCMA35D fF FAte gt LExatia &t

e FRtEEt

BEE t = 30mm, 5[5EFHE 03 = 900 MPa%iif-9 SCM4351%, ;REM-45°CH i5120°C,
EAD1IEMPaLl TDKEZEH AP THERTES.

SEtiESt

KEARDEVTH ¢, 201 (FEATHOTH ey 201 )&RET e COERER
f-9&, KEHABTSCM4A35MD5|RRE FIERTES.

JRFFMBETICE, KEARAPTERFRENMETLEUVS-NERETHRE GRETI1/2, Fan
T1/20) AT 5.

JEFEHERMBTICIEL, ERDda/dN- AKERE (K& F D301E) &K,y = 60 MPa-m'?
(ERERFGEHDOLEEDAK ZFERTS.

-LBBEHI[ZI&, 05 = 900 MPa TO XK DIIREMEEK . = 230 MPa-m"2Z{ERT 5.

$3% KYUSHU UNIVERSITY
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ERTR: 27U AMO GRS SBAHES GTR-ITOVsN (ERE &3.’.-

HYMROWSENILIS

{5 AR &t
KFHRBEBUS, = 10 %FE=ITKFH XD Y@, = 10 %ZiEmf-9SUS304, SUS316, SUS316LIZ, B
FEM-45°CMi5120°C, EAM115MPabl FTDKFZEHADTHERHTES.

sxETHEE
R FRTICIE, KFEA AP TEFREANMETLEOS-NEREHRER GRET1/2, FaT1/200ZFEAT 5.
RFSERERBITICIE, LRDda/dN-AKIRE (SUS304 TR DI10f5) ZEHT 5.
-EAEIMEH ELBBEHMECE, K DHIRMIEEK ZEAT S.

BHREB | J B

2
10
A SUS304 <1 SUS316(hi-Ni,CW=0%) O XM-19(HRX19) SUS304 (heat C)
> SUS316 X SUS316(hi-Ni,CW=20%) = 100 Koomstant atRT
v SUS316L X SUS316(hi-Ni,CW=40%) 3; at RT, R=0.1 10_3 |
1.6 % (da/dN),, = 107 m/cycle g
. A etal.: Unexposedin 115 MPaH, = o .,
I A et al.: Exposed in 10 MPa or 100 MPaH, at 270 °C B ,_10-4 L In H,, upper limit, QC |
i SUS304 2
~ O o
19 . A O 3 \ In ar,
08F ~- g 10 Qs O--- E 5| upper limit, D
0.7¢ ~- In air at RT = =10
br:Q 06 ~ Probability of failure % SUS316
Bﬁ . A o ) \ % chct)esltH o
= I o = . - 7 in air
0.5 e - T S10°F O1Hzin 115 MPaH ,
3 5 ~ AP- .FCG
0.4¢ o 7 3 X Sz
: ~ - Bh SUS316L 4 Inair, F < 1Hzin 115 MPaH ,
0.3F N . 5 10 "¢ AK-constant. FCG test
: 2% ‘; 1 A 1Hzin 115 MPa H ,air
F 2 V0.1 Hzin 115 MPa H ,
O e i = ‘ ‘ | 8 £0.01 Hzin 115 MPa H ,
100 10 10° 10° 107 10 & 0001 o0l 0.1 1 o 19 100
Number of cycles to failure, Ny [cycles] Frequency, /' (Hz) AK [MPam'"?]
S-N#%1% A 5 25 30 3 FE o - TSR B D A% SUS304 M da/dNEAK D BE{%
y) 4 N = N = > _— -
KRTRFRENMETET FRRIE AR REHFTIEK,: = 200 MPa-m'?2
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ERMHEEAFADONEDOT O IR EHIREEREDRE

KRAT—VavRAERAHOMEIEKICEI SRR

(fREIL KT Ik) 2013FE~20174E JPEC, KHK, S KFEHYDROGENIUS

7

~

SCM435DEAEEHDIRE
[EEt < 30mm, 5I3RIRE o5 < 900 MPa% =9 SCM435(%, BEA

—45°CHh5120°C, E AN 115MPaL TDOKEH AR THERATES. |

BSERAERKREROEEER - BREEFENICEIT SRS
(GTR-IFOPxHk) 201445 E~20174E JARI

F—ARTFFARRATULAFOFEREEDIRE
[KFEHRBELEBUS, = 10 BEIIKFRHRARKY @, = 10 %FEiE=T
SUS304, SUS316, SUS316LIZ, iREM-45°CH5120°C, £ HHA115MPa
UTDKFHRAFTHEHETES. |

GTR IOEAAZESEL, SAES™HURAOE VEREBRORE/ER

BIEKBRTREERRASVF OB TR AR
(kTR TTOTTIR) 20155 E~2017EE JIMGA

SUH660EXM-19 (HRX19)D /K F=H X h TN 107[m] 5% 55 R E D% ]
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R e

il

B HFS KBS (CSA) D Technical Subcommittee (CHMC1 TSC) DA /N—ELT, &M HYPROWCENILIS
DKFBEEHIZEAT HEREBECHMC1IORNBDE/EIEIEIZS I (LA, ¥K)
SAK-NIMSTORBHEHRELLERS v —F L TEERERE: T =
J. Yamabe, H. Matsunaga, Y. Furuya, S. Hamada, H. ltoga, M. Yoshikawa, E. Takeuchi, S. et Vo

Matsuoka, Qualification of chromium-molybdenum steel based on the safety factor multiplier
method in CHMC1-2014, International Journal of Hydrogen Energy, Vol. 40, pp.719-728,

201 5 Yest methods fur evaluating material
compilibility in compresses] byogen
applications - Merals

B JARIKZHEESHRBREERIRITF—ADERLELT, IPHEMBIRESN-ERESVFOEY
TAMIXL, ARMDIAMEER AR, 1L, #7K)

B [EAHIAKZEREHEZ A ELT, Hydrogen Safety Task (Task 37) 12540 ($25K )
B EEMHEOKREEESLUERIEEICEAT IER R DA

* J. Yamabe, H. ltoga, T. Awane, T. Matsuo, H. Matsunaga, S. Matsuoka, Pressure cycle
testing of Cr-Mo steel pressure vessels subjected to gaseous hydrogen, Journal of
Pressure Vessel Technology, 2015.

« H. Matsunaga, M. Yoshikawa, R. Kondo, J. Yamabe, S. Matsuoka, Slow strain rate tensile International

and fatigue properties of Cr—Mo and carbon steels in a 115 MPa hydrogen gas
atmosphere, International Journal of Hydrogen Energy,2015. lea Secure

+ S. Matsuoka, J. Yamabe, H. Matsunaga, Criteria for determining hydrogen compatibility
and the mechanisms for hydrogen-assisted, surface crack growth in austenitic stainless
steels, Engineering Fracture Mechanics, Accepted.

B EERE BEV—I avTETORBFREELE
* Plenary lecture, The 12th International Conference on the Mechanical Behavior of “E
Materials (ICM12), Karlsruhe, Germany, May, 2015 (¥27k)
+ Keynote lecture, 8th International Conference on Materials Structure & Micromechanics
of Fracture (MSMF8), Brno, Czech Republic, June, 2016 % € (1L53)

. Energy Agency

Sustainable
Together

* Invited talk, MATHRYCE Final Dissemination Workshop dedicated to Hydrogen ; “ 7 N

Enhanced Fatigue, Paris, France, Sept., 2015 (1L, ¥k A& 144, st24-EE)
« Invited talk, Japan-Norway Energy Science Week 2015, Tokyo, Japan, May, 2015 (¥A7Kk )
« |EA HIA Hydrogen Safety Task 37 Meeting, Kawasaki, Japan, Oct., 2015 ¥ 3 (¥47k) —
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FAR—RERE, BFEEEICRE

LT —4% T —439~R—X1t, 121834 14121¢($m25ﬁr—u|}§_:10111¢) HYPROWCSENILIS

R bbb L L L ::‘-‘-_-‘.-‘- ........ o .‘2::“ FCV&]KiZ%_:/Ef/O)
%E%IJE EL-ERAMEHERIER e "3, EaXMME

D RAIRILE T S— BEARRERGE (% BB E A%
(JPEC) [RRFIREL] (KHK) FR&HIREL] : : KRAVITEERE
eernennamet : [KBERT—aVER- R
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Joint HYDROGENIUS and I2CNER International Workshop on Hydrogen-Materials Interactions 2016

Opening remarks (9:20 - 9:30)
Hisao Matsunaga (Kyushu University)
Oral session 1 (9:30 — 11:30)
Chair: Brian Somerday (Sandia National Laboratories, USA)
9:30 - 10:00Afrooz Barnoush (NTNU, Norway) Title: On the trail of the hydrogen embrittiement by novel critical
experiments
10:00 - 10:30Michael J. Demkowicz (MIT, USA)
Title: Grain boundary character and hydrogen-assisted intergranular fracture in Ni-base alloys
Joerg Neugebauer (Max-Planck-Institut fur Eisenforschung, Germany) Title: Understanding the
fundamental mechanisms behind H embrittlement in metals: An ab initio guided multiscale approach
11:00 - 11:30Masaki Makihara (Kyushu University) Title: Brief introduction of exhibition from industries

10:30 - 11:00

—Break—
Poster session and exhibition (11:50 — 12:50)
—Lunch—
Oral session 2 (13:50 — 15:20)
Chair: Akihide Nagao (JFE Steel corporation/I2CNER, Kyushu University)
13-50 — 14:20!-Ii§aotMatsunaqa (Kyushu University) Title: Recent activities of HYDROGENIUS and the contribution to
industry
14:20 - 14:50Masanobu Kubota (Kyushu University) Title: Fatigue limit in high-pressure hydrogen gas
14:50 - 15:20Chris San Marchi (Sandia National Laboratories, USA) Title: Pressure cycling of all steel pressure
vessels with gaseous hydrogen
—Break—
Oral session 3 (15:40 - 16:40)
Chair: Shigeru Hamada (Kyushu University)
_ .. ~dunichiro Yamabe (Kyushu University) Title: Novel criteria for determining hydrogen compatibility of
15:40 - 16:10 " ; : )
austenitic stainless steels and the mechanisms for hydrogen-assisted, surface crack growth
16:10 — 16:40Hironori Suzuki (Toyota Industries Corporation) Title: Fuel cell forklift truck development status
Closing remarks (16:40 — 16:50)
Brian Somerday (Sandia National Laboratories, USA) _
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