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Fatigue Crack Growth Behavior and Hydrogen Penetration Properties in Austenitic Stainless Steels Exposed to
High-pressure Hydrogen Gas Environments

Yoji MINE, Chihiro NARAZAKI, Toshihiko KANEZAKI, Saburo MATSUOKA and Yukitaka MURAKAMI

Synopsis : Hydrogen penetration properties into stainless steels with and without pre-strain exposed to high-pressure hydrogen environments and effects

of hydrogen and martensite on fatigue crack growth behavior of SUS304, SUS316L and SUS310S were investigated. The hydrogen penetra-
tion behavior into the austenitic stainless steels was successfully expressed by Sieverts’ and Fick’s laws. In SUS304, the fatigue crack growth
rates in the hydrogen-exposed specimen were approximately twice as high as those in the uncharged specimen, while in SUS316L, only
slight acceleration in the crack growth rate due to hydrogen was observed only when the crack length was short. Although the hydrogen con-
tent and distribution from surface to subsurface in the fatigue specimen influenced the fatigue crack growth, the method of hydrogen charge
was not substantial. In the hydrogen-exposed SUS304 specimen, slip bands were less and more discrete and the crack morphology was
straighter and thinner. This suggests that hydrogen caused slip localization and accordingly affecting the fatigue crack growth behavior. The
estimated hydrogen penetration depths into SUS304 indicate that the presence of strain-induced martensite increases hydrogen diffusivity in
the steel. In a hydrogen-exposed stable austenitic stainless steel SUS310S, slip bands were discrete and a significant number of microcracks
were generated along the slip bands. It can be concluded that the accelerations in fatigue crack growth rates in the hydrogen-charged
austenitic stainless steels were essentially based on slip localization due to dissolved hydrogen, and that the strain-induced martensite in the

austenitic stainless steels played a role in facilitation of slip localization with hydrogen.

Key words: hydrogen; fatigue; crack growth; stainless steel; slip localization; strain-induced martensite; austenitic stability; diffusion.
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Table 1. Chemical compositions, characteristic temperatures of strain-induced martensitic transformation Mg;, and Vickers hard-

ness HV of round bar materials.

(mass%, * mass ppm)

c Si Mn P s Ni cr Al Mo H Mgol°C) | HV
sus304 | 006 | 036 | 1.09 [ 0.030 | 0.023 | 819 | 1866 22 39.7 176
sus31e | 005 [ 027 | 1.31 | 0.030 | 0.028 | 10.15 | 17.01 208 | 34 8.9 161
sus3ateL | 0.019 | 078 | 1.40 | 0.037 | 0.010 | 12.08 | 17.00 204 | 28 03 157
SUS310S | 002 | 034 | 112 | 0023 | 0.001 | 19.22 | 24.02 28 -120.1 132
susa40C | 1.02 | 025 | 031 | 0021 | 0.001 [ 0.46 | 16.18 038 | 004
sus405 | 005 | 042 [ 037 [ 0017 | 0002 | 018 | 1358 | 0.19 0.07

Table 2. Chemical compositions, characteristic temperatures of strain-induced martensitic transformation M_;, and Vickers hard-

ness HV of rolled sheet materials.

(mass%, * mass ppm}

c si Mn P s Ni cr | Mo H- Mg lCl | HY
SUS304 | 005 | 058 | 124 | 0.025 [ 0.003 | 8.09 | 18.54 22 43.7 176
sus3teL | 0.010 | 053 | 077 [ 0.023 | 0001 | 1213 | 1716 | 286 | 15 6.0 145
SUS310S | 004 | 042 | 038 | 0.019 | <0.001 | 20.31 | 24.69 47 1436 151
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Fig. 1. Schematic illustration of experimental apparatus
for the high-pressure hydrogen exposure.
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(a) Tension-compression specimen (b) Artificial hole

Fig. 2. The shape and dimensions of specimen and small
artificial hole.
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Fig. 3. Relationships between hydrogen pressure, tempera-
ture and hydrogen content in stainless steels.
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Fig. 4. Hydrogen content distributions of hydrogen-ex-
posed SUS304, SUS316L and SUS310S.
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Fig. 5. Fatigue crack growth curves for the uncharged and

hydrogen-charged specimens of SUS304, SUS316L
and SUS310S.
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M v — ¥ R T (T=50°C, r=672h)D z,,~67 um1Z t
T, REWEFERIT(T=115°C, =100h) Tl z,,~136 um &
Kkt Tns, KADXHRINVRILBIID
N, FRUIEBRR EBICER HEIR§ 5 720, ARFR AKX
NEDKZVWKEREHZMOF 2, KORVWEZICKWTE
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TREDOHENRATZ LD EHERTE S,

SUS316L (Fig. 5(b))D KK F v — V¥ (C,,=4.0~6.3 ppm)
&, £F v —IM(C,=2.6ppm) & HbRB L X AA400 um
PP &ne 20 2 8GERBSEIZHTONMENRD 55D
A, 400umE A B ERF XTI HMEEMITIZEN L
{E-TK %, FKKEZM(C,=4.0ppm) & FEMF v —
U M(Cy=6.3ppm)id E LB ANE L A E T L - T
%, SUS316L 1 DARFEDILIFEA SUS304 H & [[)%F & Ads
UCTAREBAESIAMET 5L, KBEEFEZFHM(T=110°C,
1=110h)Tz,,~128 um, [2HF v — P #4(7=80°C, 1=336h)
Tz,,=10um &), WHFIZERIETH D, =hEEI
BWUZIFLAEENEWZ L ILSHBLTWS, ZH5D
Z & HREMEFM L P2 F v — DM TOREY 2 ZHEED
MR TEARFIZAFE ST EEZZTE300, KHE
Fx = DHEITXBABEN LRI ENENE S,

7z, BEMF v — UM ERBIOKRREEM ORI, S 8 |

A —=2A7F A4 PREBED & DK SUS304 D T3 A SUS3I6L
12T, KRICK S 22LEIBONMEOE AV KRENT
ERbhr ot

SUS310SIZH W T3, Fig. SRt & 5 I2KFEUET#
(Cy=6.7ppm)D = ZLHENGHFE D J5 A A F v — ¥ M(C, =
28ppmIZ L NTE L K-> TWwW3, LH L, SUS310S THD
= SUEE XT3 SUS304 R SUS3I6L i3 Ak E S Bk > Ty
7zo SUS304 ¥ K UFSUS316L TIE N &3 E L /- & 4L
MEEICHER L 7-DIZxF LT, SUS310S Tld, #HE LIy
JIAFNC & DRESRINICER S h -t XD HH» 5 S ivh
HANFEL, Tho MNP o RE L2 HNAIRLT
AR L2 (Fig. 83 2MOZ L), M5, A —257F
4 PVREBORL S 2T VL ZAFNZ DTSR % 1T
VY, SUS304 TR S LI ZDUnfFE L b 2 22 %
ET2LD0NRLEBEIN-DIIHLT, Cr, Nid %<
MU RELS = Z T4 PRZAT VL AP CRES RN
DI 6 ZHUPRETIILEREL TS, 20
728, KFIT K B X ZHERE O NIEE A\ & SIFTR T iy
BERIZE, Tho o ZLERFEI O EFE S 2 BT
H5,

Fig. 6, 7% £ U'81Z, % Hh Z 4 SUS304, SUS3I6L,
SUS310S DN 6 FAE L -y 2D L 7 H %
L — B TR U 7= B H AR T, SUS304D % F v —
UM (Fig. 6(a))Tid, Bl 3RO HEIZHRELCEHD,
IE<FILTWd, —77, KEUEZH(Fig. 6(b)F & k2
i F v — CH(Fig. 6(c)Tid, TROFADEL, HeD
FTAROWDRENELL BT3B, FUSEPET254
b8 = T 4 R EAT T S PIRBEMOKREF v — VIS
DOTHGTRB A T, B RMICBEL L 23D
MEERENB I HIcBbZ e w2MiEL TS, MEHIRL
B0, RIFKICET 2RO FORETEIES ZhITHIB L
TW3EDEELLNS,
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100 um

 (c) Cathodically-charged {C; = 3.6 ppm) '

. S e . f“,‘;u‘;«;‘_ .
N=5500,2a%717jm = o b

Fig. 6. Fatigue crack paths in the uncharged, hydrogen-
exposed and cathodically-charged specimens of
SUS304.

FREF v —OMOEF ERIINThEAF v - OM
CIEB U THIRIIZHEIR LT, EHBMK AL S &0
SR H B, ThEMz, FLUsPEBHERLvILT v
H A MEAA T A EMEHIC B WT, EY & ZER O
HMOGED 5N B KHEF v — VM TEHDMOINEL kB
BREME LTS, KEF+—VMTIE, ZLLHTH
B4 24_DZAPHREISZ ZE12& T, WERio®%s
NEL B B7-012, FRAIIRE TR O™ R 1 0 i
Wo, ZERHCTHAZEDEEZLNS, LEAHST,
AW BT E RIS TR DORTE LG ERI L, &
MEIEET A AL X B iR e h B,

SUS316LIZ2W\WT %, Fig. 1)k LV e)lzmd & iz,
AKEF+—OMOERINMLS Ao TWB XS IZR A B8,
SUS316L D #:F v+ — ¥ M (Fig. 7(a)) Tld, SUS304 TR S H
&0 WA AT RDGATEEL THELT, §XDIGOR
MEIZIEARRF v - P EedF v - PHMTORERITHED S
Nighroiz,

FHODINETOMROTIE, KFEIZK B9E57 & 2405
JEE D N A35FE T & - 72 SUS304 DFEH7RRER 2 D BRI 121
LT V¥4 MBI A0~65% R E T W iDizxf L
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Fig. 7. Fatigue crack paths in the uncharged, hydrogen-
exposed and cathodically-charged specimens of
SUS316L.

T, HTFOMML»R 5 hEH 57 SUSII6L DB D <
AT ¥4 PRIEHNS~20%EDHELS BB ENSEREE
T3, 72, SUS3I6L % —80°CIZH° L &M 6 5IHED
TAELZLZZETPFHTILF V44 MEHEX -2 H
B KMo~ 7 V9 4 bR 26~28%) 12DV T
FkBR AT - 724558, FRRF v — UM Ty 2 Sk 0
LWIERRZBZ &, ZLTCZOWRIDILFT VH A +
AWML LFELIMML TWBZ EEMoMnIZLT
W30, ZTheDZenrs, KEFv— IO X2ERD
MEUIEAKRFZ & BT XD DRI LD, w7 V44
FHOTHENEELA RITTEE LN 5, NIHEY LT
YHAMEEDA T A PRATF VL AFHRTOK
O DONTIEI - 3MTERT S,

REF—=ZFF4 PR AF UL ZHSUS3I0S Tk
F ¥ — UM (Fig. 8@) THIE AT RO MR B TERINT
BY, TNEDOTRYGO—F» 5 3N E RDIREHEE
BoNTz, —F, KEUEFF (Fig. 8(b) TIX TN #r A
L, lADFTRYGFORE /NS, T, KEGEZHO
TIAF v = MR TE RO Hi0 6 O & Ao ¥4
BELLEL BT\, TDZEIE, YREROREY %

53

Fig. 8. Fatigue crack paths in the uncharged and hydrogen-
exposed specimens of SUS310S.

T RIETTAREDEEE MR I NT, K#E
Fr—IMTRT 274 FPRNTOTRD DTEL A8
SN, KEF v - VMO LF v — DI TRIAE
HOBEEN L BHBE LHPL T3, SUS310SIS
BOTEKRICXBTRODRIEMASLI D, TXDIED
THER TN Z WD RN EERIFL- L EZ 6N 5,
3.3 KZERAFHUCRETFOTAOHE

N E TOR/RN S, WEREF -2 T F4 FRATF VL
ZHENZBNWTH -2 FF 4 P REEDIK SUS304 Tl
TEST E LN BT BEE LIS HOARIZ X DA C AT
AT LT YA FPEBUT, ERUERICEE 5 TL 3K
NG BRI A RIFLR T ot BEZ BT
EMTEDL, —F, A= 2FF A4 bR IRE O
SUS3I6LTid, MILFFRE~YILF V44 PORB DL, -
7272812, KBEDOPMH & ZHEREDOBIEIZKIET, KFED
WEMEEAEB N A 52D TRV LHREN S,
2L, wATF YA PHEELCIZSWVSUS3IEL TS -
T, KEOPLHGRIELIZXF U T o003 The S fadi
Ml ENDB5A, KEOHENHF BN M1 5 3,
ZIT, A—Z7FA bVRAT VLV AFIZBWTIALT Y
Y4 MEADSE DR KKEOIRANE B A RIET O» %
EMITE0, TOTAEELZ 28, KIEWBH LTV,
KRFEBEAE S & WM,

Table 312 SUS304, SUS316L % & UFSUS310SHifAiZDuy
THEEIZ & D PEILOF A Te, =—092DTOFAERA
L7 EDY v 51— 2 & B LU BCCHIMDZEL AR,
SUS304 TETOTAMTHEZ BFE LS HIML , BCCHE
E39% FTHMLTWBAZ NS, FOTAEAIZLD
MIFFE~YLT VA VEELECLZEDEEZ OGRS,
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Table 3. The hydrogen penetration depths and the saturated hydrogen contents of austenitic stainless steels with and without pre-

strain exposed to high-pressure hydrogen.

The Saturated
Material | prostvan | Vekers |percentageof| (YOS | THERIEE | hycrogen
. hardness BCC phase pOSL P content
(true strain) (%) condition depth (um) (mass ppm)
0 176 6 76 MPa/ 105 46.0
SUS304
-0.92 468 39 110°C/1100h 335 431
0 145 3 117 48.2
SUS316L
-0.92 358 2 78 MPa/ 116 66.5
0 151 0 110°C/100 h 109 79.5
SUS3108
-0.92 342 0 112 106.5
> 3 - N Specimen thickness, h (mm}
SUS3I6L T TOTAEAIZ L D X 38NT 5 5, o 210806 04 0.2
BCCHEDZENIZRD bhicn i, KRR TOIELEIC Sus304
- _ . 100
B TPOFTAREATIE, MIFEVLT V44 PHAEIEL 07
N . - S o van 80
AEELCTOEWEFE L 5N D, SUS3I0S TS TO§ Al T

A KO IR % A, BCCHEIZ0% D % F41{LIE
Bz, MLFRELT V34 FPEEBIGEI > Thin
EHITES,

Fig. 9(2), (b)¥ & U(c)iZ % 4 £ 4 SUS304, SUS3I6L,
SUS310S TIE & h &% A THRR L 72112 r O PRI IR D il
¥t & 76~78 MPa, 110°C D EAFZF A S 100 hBEFE L
7oL EDKRERE CDLEERT., WThOHAETY,
RO JE & A3k & WK TILE X DM & KSR A
BfRich 2, £/ BOEE A H BT K0 &/ il
TIEKKRE AL TS L IIZR A B,

ABEXAKRERAFEXIIH L TREVBAEELD
&, AFITHBOFLETIRFEL T AW LIZE S, £
7R O KHIRIEIZIE, 3 1R L & D ITKTA, S
DELFMEKE LAAMBFETZETTHS, ZIT,
O 72 KRR IC & 0 RFRIZER O 2 FWiA» 5 FEELIS
RALTOS LIREL, B OFRIZI W TRERATIS
W% B EAOT IR T 5, £ H E, XKifidr 5K
FBRAFE 2, ETORKREZ—ETHE L L, TOK
KW E C B, TITT, 2,0 H—Co=(C,—C)2
LEBHEERECH B 72z, & 0 NlOFEK TORE
WEEAF v - VM TORKREC,ERIFLARETI L
1295, 2975 LB atkicEshak#HtRE, &Kinr
Bz, B Ao BB Eh B KEG L 2, K D ANOTE
WMItAEZh LI KRFROMTEREIND I Litks, ZORGR
FRHTEERRE/HILNTES,

11
Cy =22,5(Cs — CU)[; + 7] +Cy

—J, KEBAFEXIZH LU GRARE &A1 0w
A, AEEKICKEITEIED, 20L& EDOKIERIEIIAK
HEEE L —FT 5, Lin->T, g 2/h&< LT
Wk, HBEE &N L/ OFRETIZAKRFIRE (S A
LB RTINS, ZIT, Fig. 9 TORIFIKIER
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60

| Pre-strained (¢ yre = -0.92, %BCC = 39%)

40 ooclgte e

Hydrogen content, C 1 (mass ppm)

sl | 1o ]
20 o .- Solution-treated (¢ e = 0, %BCC = 6%) |
e Hydrogen exposure conditions
0 76 MPa/110 °C/100 h
0 1 2 3 4 5 6 7
1h
(a)
Specimen thickness, h (mm)
2 10806 0.4 0.2
120 t
3 SUS316L
& 100
8 e
E g0 H . —
x T Pre-strained (£ pre =-0.92, %BCC = 2%)
© . A
£ 60 -
2 AT
s &
o - | N
c 40 A
g” . 'y . Solution-treated (£ pre = 0, %BCC = 3%)
5 20 A
> Rt Hydrogen exposure conditions
o 78 MPa/110 °C/100 h
04
0 1 2 3 4 5 6 7
1/h
(b)
Specimen thickness, h (mm)
2 10806 04 0.2
120 t
z sus310s | I l
2 400 |~ Pre-strained (¢pe =-0.92, 4"
@ ¢7 %BCC = 0%) p
2 P |
E 80 T £}
x * a7
] . o
; 60 ,i' —.‘4?
8 e .-"'/ Sclution-treated (£ gre = 0, %BCC = 0%)
3 5 . )
e 40 ‘—EJ —
& ~1.e l
g 20 '
S L Hydrogen exposure conditions
T EJ‘ 78 MPa/110 °C/100 h
0 . R L
0 1 2 3 4 3 6 7

1/h
(c)

Fig. 9. Relationships of hydrogen content with specimen
thickness in SUS304, SUS316L and SUS310S ex-
posed to high-pressure hydrogen. g, and %BCC
indicate the amount of pre-strain and the percent-
age of BCC phase, respectively.

[E% Cok U, ClhDiE» 5R(4)DBHRERNWT, il
B AOKZERAYE 2., 2l HIRD 72,
Table 312 SUS304, SUS316L ¥ & U SUS310S DAKFH A
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120

[ sus3osa Hydrogen exposure conditions
- 76 MPa/110°C /100 h
100
80 |
60 Pre-strained (¢ pre = -0.92, %BCC = 39%)

4 b
0 Solution-treated (¢ e = 0, %BCC = 6%)

Hydrogen content, CH(mass ppm)

20
o B e
0 200 400 600 800 1000 1200
Depth from surface, z (um)
(@
120
SUS316L Hydrogen exposure conditions
78 MPa/110°C/100 h

100

80

Pre-strained (¢ pre = -0.92, %BCC = 2%)
60 P

Hydrogen content, C 1 (mass ppm)

40 b Solution-treated (¢ pe = 0, %BCC = 3%)
20
0

0 200 400 600 800 1000 1200
Depth from surface, z (um)
(b)
120
SUS3108 Hydrogen exposure conditions

78 MPa/110°C/100h
100

80 Pre-strained (¢ pe = -0.92, %BCC =0%)

Hydrogen content, Cu{mass ppm)

60 |
. Solution-treated (£ pre = 0, %BCC = 0%)
wf N
20
o N s
0 200 400 600 800 1000 1200
Depth from surface, z (um)
(c)

Fig. 10. Hydrogen content distributions in (a) SUS304, (b)

SUS316L and (c) SUS310S, estimated from the
hydrogen penetration depths and the saturated hy-
drogen contents listed in Table 3. g, and %BCC
indicate the amount of pre-strain and the percent-
age of BCC phase, respectively.

W&z, B KURIMARRBIE AR T, £ 7 Fig.10121%,
Table 3 Dt % 2 2 )DIHERIZ & TiXd THET U 7= AR K
GAiERT . KERAEL 2,3 TOFAELZ Tk n
RETIEOTRE 105~117um L EFEETH Y, 3-1/T
K& 72 110°C, 100 h DERAFT TORLEEEFE MO KK DL
FREEDO WSS (SUS304 Tz,,~122 um, SUS310 Tz,,~123
um) L k< —H LT3, FATOTAREL L TN
RIETHRIFIAR UL % ik 4 % &, SUS310S A% SUS304
BRUOSUSIILED B E<< A>T WD, 2DZ LI
SUS310S D 7K [E A 1% A3 SUS304 & SUS316LIZ HERT gty
TEEEMKL T D, SUS3I0SICZRIZETh3A4ICH
ARBFDIHMEIIIE & A E W82 RIT S FICKREOEE
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SUS316L
SUS310S
A4

Fig. 11. Schematic illustrations of hydrogen entry behav-
ior into the austenitic stainless steels with and
without pre-strain.

EAEDTWBEELLN D,
SUS304 Tid, TU§ B(e, =—0.92HAIZ K D AFIRA

W&z, 105 um A 5335 um F TR L T 5, Zhik,
Fig INSFEMISTR T & 12, TOTAZEAIZE - TERK
ENZ=v LT Y4 FHEAKED LR E 55 72
TeHEeELOND, FNKKIIHEIHL Tk, PO AL
AZ&k->ThFE LMLV, 2L, TOTAMTIZK
FEBEBEO =L T V4 4 PO & - TRERE
BDTBHZ L L, —HTEHAINZETRIGHAKHED
Ty THA MIEDKRREEGME TS Z LML
WREZELZDZENTES, —F, TOTAEAILEST
VLT VYA PEENKI S kh 5 72SUS3I6LE LU
SUS310S Tid, ARFERAFE L 110~120 umFEE & TO§
ADFIIZb oS FIELAEREMIZ A 7, 2D LI
FOF AN & BET- RGO EINI AR OILRANE IS & %
DEEAERIFE BN AT LTWS, —F, ARIKHRR
JEIXTOTADEATHN3~14{5F< k->Tb, Zh
d, POTARICK BT RIGOEMTKED 7 5 74

PAMIMULZ2Z &Itk B8DEEFEZHIENTES,
Y | FCCEBH TR T RGO & D KFED +
T T4 FHRIMLTE, KIEDIEBANDFEZEIZ N & 0
LR T A,

PEkoZenrs, MIFRYLT V44 FEREARI L
RFNA—2FF A FRATF VL ABTIE, $EI7 & 2EN
TOVLT V34 FHOERIZE D ARESBEHLL$< &
D, IRXDOBEAZETSIEDEEI IS, Tz,
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*—2AFFA FRAT VU AFATORIEIZ & 25597 & 408
BOMEGIAERZTRYDFEEIZIEIS D EELS
Nb, WEA—ATFF A4 PRAF VL AFNIZOWTIE, Ut
BEA— AT T4 bPRAT VL AEN AR TKRHEDREHIE
MENWT LR XZMEREEYARLE LI Lk EEEBIZA
N, OB BETH S5, KEREFMTOITYD
TERER B ZLERZETIZIL, TR0 DRIEALDOEMRED 5
ni,

4. ¥

il

F—=AFFA VREEDH LD —AFF A VRATF Y
L Z§iSUS304, SUS316L ¥ & U'SUS310SIZ 2 Wik
FIRE ATV, 9 E2LRERIIC RIE RO HE %W
Ml FATPOTRELATCYLT V44 MEEHRE &
HIMROARTZATHEEFR L 2. ZORK{R, LITFOF
AR B Nz,

(1) #70MPa F TORILAEN ZAFFHAKTOA — AT
FA4 FRZT VL AN ANDOKEE AL T Sieverts DL
Hij& & U Fick DRI TR TE 5, FCCMiEE D4 — 2
FF4 PRAF VL AHllE, BCCHIEAZEDZATF VL R
PN IR TARZRENAEE <, —HREOILIEIZIL O,

(2) =27+ 4 FPREZOKSUSI04 T, K%K
Wi 7% 74 (C,;=4.2 ppm) D 2 57 = FHEREHFE I3 A F v — O
(Cy=2.2ppm)IZ JE R TAREERF MO FEH N T 25 R IE M
MUz, —H, A—2AFF A4 P REEDILEGESO
SUS316L Tid, KIEEZEHM(Cy=4.0ppm)id A F v+ — U #
(Cy=2.6ppm) & JLIL L T, EADFHOHPTOALETOM
MRS, 2L, AT U4 PEEART LIZL
WSUS3I6LTH » TE, REDILHHEL IZK L TH 41
R LU THTIRBR 21T 218, AKFHC &k 5 5t
DONEDFHZIZ R W AW b 5, F/-LEAr -2 7T
4 FHRAT VL AHFSUSI0S TIE, KEMEFHHM(C,=6.7
ppm)iE AR F + — I P(C,=2.8 ppm)T AT HUN E HDFA:
ARIMU, EFZEREIIME L 7,

(3) SUS304DKFMEFZM T, KF v — VP&
LR arndtEiz i<, ELLTRD GO E /)
S Ko THY, WHEFEIML , HRICHERL 7, &
EA—ZATFAPRAT VL ZHISUSIOSIZHENT S,
KREBFBM O T ROANIERF v — DR TRAEZ D %
<, WEE/NEL B ->TWwiz, &7 SUS3I0S TIE XD 47
EDRAETEEAPNMLEZ, ZTheDZEnL, KEHN
TRODBFBELETIERZ U, 225t 2 ZEEOEE
B A RIFL - LR E N B,

(4) KIEBREM EEEBF v — DM TR & 2D
MBI RKERARSICREEZZ T L2500, KH#
F v — VEICK IR AN ECIROh A o7,

(5) POTA(E, =—0920HAIZLDYLT VYA |

pre =
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PHER R Z L 72 SUS304 12 DUV T K E R AR 2 - 4
B, TOFTAREAIZ &L B RIAKBEREDENMEEAE
VWDIZH LT, RERAEXIZWIELAL TV, Th
FPOFTAICK > TREDILFCHED TRV ILT V4 b
WML 22 enwi s, =, TOTAIZKDYLT
VA4 AP Xk A 5 72 SUS3I6L #5 & UFSUS310S
TiE, REFAFRLEZTPOTAOAMIZEHLTIEEAL
ZALL e o 72, FIRIARIREIETOTAEAIZL DN
13~14{5m K otz, ZThiX, TOFARIZL BIEKIG
OWMTARED b o TH A FHBWIML 72720 HX 5T
EMTES,

PEDZ e, XREMTOTILT V44 OB
12k 5T, MEHIIZIRA L 2KKOGRIE nE &£ 0,
EELEICKFENEZ DR T AT, SEEPHCEE -
TeARFBIZE > T & eI 2 Mk S g7 B2 52 L
T&E5, 2F0, KW THE S W AAKEDIET; & ZHERE
ICRIETRENE, AL &S FESEW T 5 &5 &
FRIESANOITISER T 2 0TI AL, KENEHL
SR IELI & R B2 RTH 5,

ARWFIED —EBILERK 18~24 - NEDO [ R mFr 3¢
RG] O—BELTiITbh7=8DTH 5,
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