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Development of Technologies of NSSC STH™?2 Thick Steel Plate for Hydrogen Use
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Abstract

In this paper, hydrogen embrittlement of a new stainless steel, STH2, has been examined with
respect to the effects of TIG welded joints, the fracture resistance and hydrogen embrittlement
resistance at low temperature technologies for liquid hydrogen use. TIG welded joints using STH2
co-metal showed a high Charpy absorption energy of 0.2% PS, about twice that of SUS316L, in
liquid hydrogen (—253°C). Prestrain at —196°C and Charpy impact tests showed high fracture
resistance due to the suppression of y—a' transformation, and fracture resistance was maintained
even when about 30 ppm hydrogen was charged. The increase of 0.2% PS at low temperatures of
STH2 is considered to be due to changes in the dislocation structure due to a decrease in y .. In
addition, it is presumed that STH2 exhibited good fracture resistance properties as a result of
suppressed localization of stress concentration due to the excessive development of planar dislocation

sequences.
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NSSC recommended material standards

NSSC standard| Main chemical Nieq 0.2%PS| TS EL
JIS standard | compositions / % 1) MPa | MPa %

NSSC STH2 | 15Cr-9Mn-Ni+N | 30.5 | =275|=550| =40

SUS316L-HiNi|18Cr-13.5Ni-2.2Mo| 30.4

SUS316L 18Cr-12Ni-2.1Mo | 28.0 | =175 =480 | = 40

SUS304L 18Cr-9Ni 245

1) Nieq =Ni+0.72Cr+0.88Mo+1.11Mn-0.27Si+12.93C+0.53Cu+7.55N
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S & 1L Cryogenic embrittiement «— .
I E E  (Hydrogen embrittlement) 3 >
B 316L, STH2, (304L) i ]
01— | I T T N NS T T M N S N
-200 -100 0 100

Temperature / °C
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Nippon Steel Stainless Steel Corporation (NSSC) recommended materials and application examples for hydrogen environments
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Ak (-253C) o IRREBRIIEHK & BT 7o
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FHERMHL72-196T & ififk He % i L 72 —253C TFro 720
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BEEFICEE & Lz HIEIE Y vV E =TI = OV F—
CHEIE L L, BRI SEM TEI% L 72,
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W —ERERER A DECRHE L 720 #EFHE 20mm
JESAR 2 B, 12 205 Smm EOMCIRG [BRRERH (57—
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Welding conditions of TIG welded joint

Current | Voltage | Speed | Heat imput |Wire feeding| Shielding gas

A \Y cm/min | kl/em rate, g/min L/min
200 11 10 13.2 7-10 Ar, 25
(@ 60° (b) “— 40°
——Vd
I =+
[Tk Bl
3~4 3~4

2 TIG BERFORENKS LUTEBREDEXE
Schematic illustration of TIG welded joint bevel shapes
and fused depositions

F&50mm) % L HIHY L7ze —196COFEIL, HifkzE
FhTr oAy FEMD 2.5~10mm O TH 5L,
FECLZMOTHEBRZIZERN L 720 FIRERE X7 1 X
A FHlfEIT 1.2mm/min & L7z, —196CTFEHM DT =5 A
M (0 @) IZ7 294 P A=F—TlIELZ. ¥ IV —
R I TFEMOFATEH 2L 7 A XD 2mmV /v F
B 2 RIL T -196C Ty ¥ VE—RER 217\, Bl
(& SEM %L 720 S 612, RRALMHARIZMAEEE 200k V D
7 AL T BEMESE JEM-F200 % WV CHIZ L 72,

i 7K e LHEPEIE, —40C @ 1MPaH, Hi SSRT (212 C,
KFEF v — I OIRIE L FFMI L 720 SSRT 1 20mm /&
D t/2 205 PATE 3mm® x 20 mm £ X OFiF AL ER
FrafRILL, —40C @ 1MPaH, 3 X 0¥ 0.1MPaN, H1lZB\»
TEEE105s THEIEL7Zo KEF¥y—I9F, 2mmE
SRR A R L CEMASMA LD S\ 30ppm ™ OKFEE
TSI —|2F v — 2T & % 300T x 10MPaH, x96h T
o7z KEEB L UKEDOHFIEIRAE L IR EEKE S
#rigs (LUF, TDA) THlE L 720 KEF v — UM OREH
PEE -196C DY v )L ¥ —EEAE TEFAfi L, #E SEM &
£2L77. S512, 300C x96h O RSABALELM & Hlscht & L
TERLL, —196C O Y v VE—RHErEHi L 7)) 5 TEM
IR ERATo 720

4. BRBLUVEE

4.1 TIG BHEMRF OSMIHMERER

TIG EHERFIE T AR R LEI N E DR FAIERED S
T, EHEESENEL SUS3I6L OYLUHEHE ZEb 5 %o 72,
F70, BEARTIIBUE R (IS Z 3106) 21T\, 7
O — R — VIZET B RIAD 7\ 2 & 2R L SR IS
ft1 720

31, HEFOMREN B 7 okt R L v
o BISHATE, WEHGMIED (a) R E (b) EHE)E
BN (o) VBRI TH Bo BAIBESIALGL 2 &L y
AHHEAHMIRZ A L, #EAE JIS G 0551) (& GSNo.6 21
Thotzo EHEEBIIRISKE LD y HOATH

3 20mm EEtR OB LIAEMRF OME I 7 D8
Optical microscope images of 20 mm thick plate base metal and welded joint

H A& # # B W #4225 (2023)



K3 NSSC STH"2 B4R O FI B HLf
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26724 MRERET, 37 ok y BAERTH
b ERHERR L 720

F 31, TIG BEHHHTFOF RFMEZRL Tnb, FliRR
Bk, 453 EBR (B8 & A2 5B h (BHEE) 7
LN 1A 5RER (BHE#T) Th b, LI (RD) 12
xF LT, BEb & 3T, TSR 1R (TD)
WCHIRRER L 720 BB D 02%PS & TS B LD b
KEL, BEBRFOWMAEIIRM CHo72. LD D
FEAEDO R E WEREEOME FAI2IE, BRI X
LEFERBIS ORI RIT SN D, Bk, B0
60% IR LT, HEHEEETH 0% %W 5EHWETH S,
LY, STH2 »3k4% 7z TIG EEMTIE, =il
BOTRMBEWT O A —/N—< v F & 7 D iR - mil: %
FEH L7

X 412, B & BB TFOWAKE (-253C), Wifks
% (—196C) BLUOEREAKLFD 02%PS & TS #7RT o %
WEICBWT, B ERERFII I 29257 ey
FLTWA, 02%PS & TS 1Z—196CLLFIZBWTRkEL E
AL, FROBEIIR L TR TIL20~32 15, BHEHT
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1ZBWVTC 1000MPa % 2 % 02%PS & 1500MPa %82 %

=3 TIG BREMFOFIRIFN
Tensile properties of TIG welded joint

Tensile test | 0.2%PS TS EL
) Fracture
piece MPa MPa %
Base metal | JIS No.4, RD 338 663 60.0
Weld metal |JIS No.A2, RD| 526 700 433
Welded joint|JIS No.1A, TD 671 Base metal
-I 1 | LELELEL | LELELEL I LILELEL I LU I LU I LELELEL
| —O—:Base metal _|
1500 R ] -3-: Welded joint |
L B-- 4
< - -
% L 4
~ 1000 —
s NN ]
= L _
72} | - ]
Ay <J~~
?\l\° e N 4
< 500 _— —-
. Solid:0.2%PS i
r Open:TS 1
-Ll l 1111 l 1111 l 1111 I 1111 I 1111 l 111 l-

-250 -200 -150 -100 -50 0
Temperature / °C

X4 B#EBFERFOBEESEFSLVUTEXRTIHD
5 |aREFIE

Tensile properties of base metals and welded joints in

cryogenic refrigerants and at room temperature

50

TS # 4 L, 02%PS (X SUS3I6L D 2 1512 TH o720 %
BT oL, —196C THRM &[S, —253C CldEH4e
J& CHEWT L CRAFOF) 90% T - 7275, SUS3I6L &R
T CERE (18 %) ZHEFREL T b, #%, SUS3I6
BAAT 2L AHD 02%PS & TS 13 0.05~0.17% D N & H
HOHE L HITKREL R EDFMSENT W59, STH2
DT B L OEEGTFOmE A%, SUS3I6 RAT VL
AGD 0.17% B L T° 0.12%N HmInsAozg) o LFPL TH
D, NEFROZEPERRTHLEEZ L, U LErb,
STH2 I M B L OEEMT & b —196~-253T 2BV T
SUS316L D#5 2 5D 02%PS A L, NHmIIC L) HEidE
ELTW5E ZEDTREE NI,
2B3CHBLP-196COY ¥y VE—INT ANV F—%2H 5
RS VvV E =R AL F— 138, SRS X
CHEBEAEOZNZEFNICB VT 2 DFHETH 5,
-196T & -253C D ¥ + )L ¥ — WL F )b F — (L i EE AR AT
BEERSTHEEETHY), B TIX200] 22 25 E
ThHol, BFHERB L OERBAHITIX 100 REE T
L7245, #Z WE-NET (World Energy Network : 7K3&
FIHERS 7)) — > TA)VF— 2 A7 LF54i) /PT CTHUSF S
72 SUS316L O A )V F =121 L [E 2 L EWETH -
Tro BREEROWMMK TR0 7294 NBLONEY
(AL, BAL) ThHAHLEZ LN TS, 316 RiEHSE
B DR TO Y v )V E =T A )VF =1 (1) RoFill
A PG ENTW5, STH2 DHEHESEIZO 7251 b
FHEREY, B ERBEORERHRERY - L2
DS, SUS3IEL & 1) &y v b ¥ =T )L F — % 3%
W L7z S RRT & %,
vE (J) = 90.6-4.56 (FN)-44.2 (%C) - 824 (%0) (i)
EN IO 7 254 bFo3— %C, %0 : k3%, ke
61X, —253CHY v IV =R AL F— L E
DERAERL TS, ¥ vV E—IRILT 3 )L F— 13 5E8
LHMOHN TV RIEELEOEME &b LA T 5 EME
219 %R 720 JIS B 8267 |ZHEHL L 72JE S ek 0 keI,

250

-253°C
200 -196°C
150 |

100 f

Charpy absorbed energy / J

50 |

Base metal ~ Welded metal ~ Fusion line

5 BMEBEMRFD-253CHLU -196TH Y v L
E-RIRT R ILF—
Charpy absorption energy of base metal and welded joints

at -253°C and -196°C
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BB L OB ORI 1R 09mm A2 TB D,
FEHLEHCEEEZ A LTV b, —253C ¥ v LV E—3tER
WZX B0 O SEMBEA R 7 (IR T . B O, It
MHIEIZ L BT TNNRY = Th b, BEEEIL T
MEB L CGERORE ZBIIEEL 2 5205, Bz ik

A==
“Z, BE
2 RS

300 T T T T I T T T T I T T T T
- L %) g
~ | pl h
>
2 200 p —
= L 4 ]
(5} /7
3 - / §
2 L 4
% 100~ 8@ —
= - -
O - -
0 i L1 1 1 I L1 1 1 I 11 1 1 ]
0 1 2 3

Lateral expansion / mm

6 -253CND Y vV E—RINI IV ¥— EHEFEHEDRR
Relationship between Charpy absorption energy at —253°C
and lateral expansion

KEBETFT A TNINT =2 %R LT, 6 7254 b
&t SUS3I6L DEHEIETIX, 6 72T 4 Mifvo 72HE
REHUDBEINTNLY 25, STH2 DBEHEEICIZZD
V%I rur Iy ZIIMER SN o7,

DLEOFERD S, STH2 D4 % 7z TIG T,
ARk (—253T) 1I2BWT SUS3I6L & ik L T 2 f5D
02%PS LBV v LE—IRIN T AL F—% 7L, B
BRETIZBWTH SUSII6L I2E Db 2 B itk & L
TSNS,

4.2 KB TOMBEIEEM & & OTHKSEIR L4 T
ER

AR KR I ORI E & L CHfEIC TR &, y R
AT v L ASOMIR CTHERT M LFRE~ VT oA b
(o) DEBEBETHHEEZON D, BFE, SUSIIEL D o
el 256CT 05 —196C D5 IRFERTE DL v, Z
ZT, —196CTOFETEL Y vV —HEAER 2 G
DT STH2 JEHMR O BENFE 2 57 L 720 135704
RER8IZRT, —196CFEMDILIIIE, 2.5~10mm D
70 ANy RZERLIZ XY 770~1120 MPa DFEFCTHEN L 720

% | (b)Welded metal

7 B EBESBOIKED SEM BERER (-253°C)
SEM observation results of fracture surface of base metal and welded metal at -253°C

1500 LI LI I I L | 15 LIURLLIL N L L N B 300 LNNLINL L R L L B I B B B
(@) ; - (b) 1 g © .
[ 120 ] 5 P ]
£ 1000 - £1of - = 200 8 -
! ] E°F 1 2™ ]
2 - 1 % F S - 8 .
- e =] L . A1 - -
2 00| +4 2 s 4 £ 100} =
= L 4 5 L ]l 2 R 4
[ 13 [ 1 5 [ ]
g S
L - R ® A L 4
0 PR [T T I | -|||@|||@||||1|- o-l NI RS R A B R I-
0 2 4 6 8 10 ? 5 10 15 0 5 10 15
Load displacement / mm EL/% EL/%

8 (REIIRIFMHICRIZT 196 CFEDTE

(a) -196°CFEMDIST - ZAIFREH

(b) 196 CFEMD o &

(c) -196CH > vILE—E={E

Effect of prestrain at —196°C on cryo-fracture properties
(a) Stress-displacement curve of a prestrain specimen at —196°C

(c) Charpy impact value at —196°C
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(b) Volume ratio of ferrite of prestrain specimens at —196°C
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O OFEHEIX 02~124%DHEHPHTH Y, TNEFEHMD
o BT 124%TH 2% LT TH o720 —196CLLTF D
A, SUS316L @ o =AU 10% LI BT 10% R F
TLEHT5W, STH2 O y—a 21X SUS3I6L £ D KR
P SN 7ze ¥ v W E —HRAEIIH O 4.0~12.4% OEEZE
AL DILT 500D, LNG % > 7 it E o :piE o
H% (EN1460-2 Hi&>601/cm?) 2 K& LAl-720 K91
124% FEM (1120MPa f§5:) O v )b ¥ — G ER#ETH % 7R
LCTWh, ¥y IV E—RERB I NI X B TEA R
HH, BT T 4 2 TVIZIRO I RER = 2 L 72,
PLEAS, STH2 IEHIMIE —196C TOFEL ¥ v )L ¥ —1f

12.4%EL at -196°C

9 -196CFEM (12.4%EL) OBED SEM BIZiER
SEM observation results of fracture surface of a prestrain
specimen at —196°C

T 111 220

. . »_
000 111
.

BABRIZLY, yoo ZREZINH L T BRI BEE %
HSBIED5rol

1013, —196CFETD y DL R BAEZ YIS H 2
T 5720, 04%FEM (770MPaff5:) OAIH#EE TEM
Lo TBIRLAMRTH Do (a) IR T BRI
<110> ASFE L, EAHHIIIIHE G TR L7z A3,
(b) (R LT IE {11} PISHEL, EAZ D0
OB L T—#AEG VAL TV D, EMRNZERAIL,
R OMRE (o) THE SN LY, AR
TR E R L Cndo SIHRTEAIN AR L 7R K
Fiid, —196C LT TORBEARIRT AV F— (yg,) OIETIC
L2 EHETE D0 pg, PVIRVEERZAT ¥ L AMTI,
EAEIZEEL L7275 — BRI F DA R & FEE I L0 FE
TRIREE & LRI T 5 L ST 517, STH2
DARIR TP 02%PS & TS D L5 1E y, DILTFIZL 2 y 4
DEAARREDZALIZIEDC EF BN D, $72, STH2 1
WBEEZ T T — RN DS X IS HET O RIE LD
Bl S 7AER, RIS L7 B2 i 2 S8 B L 72 S 4
59 5o

IR T DMK FE A AalElZ, WE-NET/PJ THEjii & 7z
—40C ® 1MPaH, H' SSRT H#PE 2 UG L 720 KFHE A,
— e A AL DOUTE? |2 FE DN TH 72 I T
LU IR L CAFli L 720 STH2 35 & UF SUS304L JE 5
D 1MPaH, ' SSRT 7 1 % B 11 12 7% 75 STH2 (4,
IMPaH, 1128 T SUS304L D 1.5 5D 0.2%PS & 60%
R LEWNIHOEA L7z 0.1MPaN, HTHARAL L 724H
# 5 HRER S (RTS) AT (REL) 13, €11 1.0 & 0.95
~1.03 Th o720 FiczbiliEiEd, KETAOREE %
F7AROPHIE R T2 LI2H Y, KRS (1), (2)
BLU Q) Rl ) AfEp L0 TE&2, 22T, HRHE
WIEEIROFIIRABRTHONETH %,

e
LI
P
s
[ L.

10 -196C, 0.4%FEMDErMiMimias%
(a) EFEITE <110> A8t (b) &AEBE R TEAREHE (o) TEE XM &/~ TERREH R
Dislocation microstructure of the specimen after 0.4% deformation at —196°C
(a) Electron diffraction pattern from <110> reflection (b) Bright-field image of dislocation configurations (c) Bright-field
image of stacking faults
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STH2-1 : 60% (B EMHTY) x 1.0 (REL) = 60%

STH2-2 : 61% (FHEMHTY) x 0.95 (REL) =58%  (2)

SUS304L : 62% (B EMHTY) x 0.59 (REL) =37% (3)
STH2 DITNIZ 60% B LU 58% TH Y, FEHE (E1) 0
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Effect of hydrogen precharging on cryo-fracture properties
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(b) Charpy impact value at -196°C

(c) SEM observation results of frac-
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(b) EDX elemental analysis of the precipitate
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