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Construction of a guiding principle for developing high-strength steels with
excellent resistance to hydrogen embrittlement
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Effect of hydrogen on tensile properties of two precipitation-hardened
martensitic stainless steels with different heat-treatment conditions (H900 and H1150) was
investigated. H900 was peak-aged and its tensile strength was 1354 MPa, while H1150 was over-aged
and its tensile strength was 1013 MPa. The hydrogen-induced ductility loss was more enhanced with
higher hydrogen contents. The detailed observations of fracture surfaces and longitudinal
cross-sections revealed that in the case of H1150, the HELP mechanism was dominant at lower hydrogen

content and the HEDE was activated at higher hydrogen content. On the other hand, it was expected
that the HEDE mechanism dominantly contributed to the ductility loss of H900, irrespective of
hydrogen content. These imply that even in the same material, it is difficult to explain the
mechanism of its hydrogen embrittlement by the sole mechanism.
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ARFZE TN HIER ~ LT o RSB AT > L A8 JIS-SUS630 (17-4PH) D/KFEMafb A 77
ZALERBNITLZEEAMLE L.

3. MEDFIE

RARMEALER (ST) M % 572 2 5/ TRV LS 19RIR X 2 2L S8 7= 2 FEOME (5]9E5R
S 1,354 MPa, 1,013 MPa) % &l « mEKFEF v —2 L, iR - KK Colakalin g FEhi L7
I B, TN OMEBIOKFILERMEZ IS5 & &b, EARE FIEKEEE AV 72 i %
JFHGELIEIT (SEM-EBSD) & A=A Ad i & 7 BRIMEE 2 F Vo = 0oL X — 43 BUR X # 40 % (STEM-
EDX) % M\ T 7 aflfOMENT 2170, KB EIEMEIR T 2 /K E OFTERERS I 7 v ik & B
AT TRE L.

4. HFERE

(1) STEM-EDX 75, H900 (Z X F¥IRIEE 11 nm @ Cu AT HY) & FEIRIEE 199 nm D Nb fRIEH A
BINIZ L Tz, —J5, HI1150 123 ERIAR 19n0m @ Cu HrH#) & SRR 166 nm D Nb
PRAL ORI AT EIZINZ T, REFAFITIZ Cr AT ORAT & Ni DEALAZ80 iz,

(2) H900 #4 & HI1150 #4 DKFEILHAREITIZIER UC, ST MUK LT 1 A—F —FRE/N S0 >
7=, F7z, fAFIKFREIZHOWVTIE, H00 2% ST 44D 4 ZFLE, HI150 #4723 ST M D 6 (55 E
To-oTz. ST MITK LT H900 # DKFILBARE /N & < BIFIKFE BN L o T DIE, #t
HfL 238892 CutT DO KFZE LT v AL Db D ENW2 5. 512, HI150 # OfLFn
RFERED HI00 M LV &2V ik, KFRAHED Cr irEB O & Ni O ki L0, KRS
WZAKFEN N T v T ENT=HEEZLBND.

(3) BIFRIRBRIC X HHXHE Y 1%, H900 #4123\ T, RRA=0.42 (35MPa /KFEF ¥ —°), RRA=
0.11 (100 MPa 7/kFEF v+ —°), HI1150 #1281 T, RRA=0.43 (35MPa 7KkFEF +—3), RRA
=0.31 (100 MPa KFEF ¥ —) THY, KEBETAENEL RDIEFEEMENMET L (K 1).
35MPa & 100MPa D/KFEH AR TF ¥ — L7 HI00 ¥ Ofkim D ERIZ~Z Bk T h
S7=. —J5, HI150 BIiZoWTIE, 35 MPa /KHEF ¥ — PO O ERITHEE~ZBTH Y,
100 MPa /K& F v — ¥ O ClasE~Z BRI A DNRE L Tz (X2).

(4) MEWrEBREND, KEBEF ¥ —Y LEELAIZIE, A RBFIEF IS EE S AICER LT
7o, WA RITIEmny v —7 7RIk L LT BIRO b DR b -7 (K 3). #ifk L7ZE
RORA NITELE L TRASEBMHEICHE L, A RN SKEBIZL > TRIFIER N
FENTMHEELTAELELD LRI, — SRR R TR A Ui Flm 2 Rk L
TEV, KBIZLDRAEFEOE L RAEEDOIRTOEEDEINREI N, —F, %
— T RIBRORA RO OEIZ~ERREICEITTHY, KRBIZX > THADBE T LT
L ATREMED R SN2 (K 4).

(5) H900 1 & HI150 #1 & 12, KR « ¥ v /L B —FRRERICE T 2 Flilo = RLF—0, K
FTF ¥ —VICE o TR L. KB EEMNOBEAEFERLRAE T RWERBREETORETHY,
KB Lo TAEHESCHRAOBMENMET L& WD, 20X I RABICLLHEES IO
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(b) Microscopic fracture surface morphologies (normal-stress fracture region)

2 SUS630 DR e s 5



Loading direction

Loading direction

Loading direction

Wt
PRI S n IR R AT
Almost all voids were sharp-shaped. @ Non-Ch.arged (H1150)

——

A
Shm shape
——
i
50 pm g 20 pm
(b-1) Low magnification (b-2) Magnification of A
(b) H-charged at 100 MPa-H, (H900)
Tl .
7, = .L\.ﬂn’ i
-~ :
) * — . . !
: 20 um = 20 um
(c-1) Notch-like damage (c-2) Crack-like damage

(c) H-charged at 100 MPa-H, (H1150)

3 HEWTHE O LB T

Normal
Direction Piankire
(ND) along GB
Loading
Direction g
(LD)

001 101 3Sum A pm o R
(a-1-1) ND (a-1-2) LD (a-2-1) ND (a-2-2) LD
orientation orientation orientation orientation

(a-1) Example | (a-2) Example 2

(a) Notch-like damage in H-charged at 100 MPa H, (H1150)

Normal
Direction
(ND) Plane close
§ ¥ to (100)
Loading
Direction
(LD)
Plane close
to (100)
111
001 101 35um 2
(b-1-1) ND (b-1-2) LD (b-2-1)ND (b-2-2) LD
orientation orientation orientation orientation
(b-1) Example 1 (b-2) Example 2

(b) Crack-like damage in H-charged at 100 MPa H, (H1150)
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