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Effects of Microstructure on Crack Growth due to Hydrogen

Embrittlement in Mild Steels

Shigeharu HINOTANI, Yasuya OHMORI, and Fukunaga TERASAKI

Synopsis :

Since the crack growth due to hydrogen embrittlement in mild steels is accompanied with a considerable
plastic deformation, the application of the linear elastic fracture mechanics to this problem is not suitable.
Therefore J-integral/crack extention R—curve was applied, in order to examine the effects of microstructure
on crack growth due to hydrogen embrittlement in mild steels.

The results obtained are as follows;

(1) With increasing hydrogen content, critical J-integral ( /) for the initiation of crack due to hydrogen
embrittlement decreases slightly, but the marked decrease of the slope of R—curve was recognized.

(2) In ferritic—pearlitic steels, the crack extended parallel to the rolling plane is much larger than that
normal to it, but such a difference is quite small in tempered bainitic steels.

(3) These results can be explained in terms of the banded structure comprising ferrite and pearlite

layers.
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Table 1. Chemical compositions of steels (wt%).
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Fig. 1. Dimensions and orientations of COD spec-

imens.
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Photo. 1. Crack growth due to hydrogen em-
brittlement from a fatigue pre-crack.
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Fig. 2. Influence of hydrogen content on the R-
curve of steel A.

Table 2. Hydrogen contents (C,) measured by
electro-chemical permeation technique in three
charging conditions.

Electrolytic solution Current density Co (H*mol/cm?)
IN H;SO,+1.4¢g/l H 2NCSNH, 10 Am—2 4.1x10°¢
IN H,S0, " 1.2x%x10°¢
1IN H3BO,+2.5 g/l KCI ” 8.9x10°8
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Fig. 3. Influence of crosshead speed on the R-
curve of steel A.
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Fig. 4. Central part of the (100) pole figure for
steel B in as-rolled condition.
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a) as rolled

b) annealed

¢ ) quench and tempered
Photo. 2. Microstructures of steel
B, (a)as-rolled, (b)annealed, (c)
quench and tempered.

Table 3. Mechanical properties of steels in verious conditions.

As-rolled Annealed Quench and tempered
YP (MNm~) TS (MNm=) EL (%) YP (MNm-?) TS (MNm™) EL (%) YP (MNm=) TS (MNm®) EL (%)
A 262 465 36 ’ — — — — — —
B 491 524 26 281 416 26 419 544 27
C 443 490 28 — — — 408 499 27

DEENETFTREVL S THho%. 1B, CHic>
WTIRRBE OB M L OoTR Y — 7o\ E e EN
41, ST RBAOEEN LT RBRF X o/h&L, &
ZUNERER & FITRHRE T2 R hicBECRR T 5
IDBEBTHHEVIHERYBL. CORD—-TDOEE
DEHOREF AT X &1 Fig. 6 iR+ B#pE/s &
LB THEBCRD b, LrLEABEL EL
i+ &, Fig. 70X 5 LT, STRXA2RI~FD
EHEDENL b, TOEZLEEHO LT REko
EEwEL otk
3-3 ZHCERBOBRE
BERFIBEIEM © ST REh o kRHfeh: ZMOBEY
Z oW CHFEFEMRBC T B2, Photo. 3 wind.
FUNRBROA—-FA V7 =254 PORERRS L5
o NBREIh A, HFBERERE T, ToHM

A CH S, —H, LT REBH TR Eda B R -+
— 54 FABE T iR T 5 7%, Photo. 4 RT X
57— 54 P HBELLTAEECHES . ST
REEFICENT, TN —-FA POFRIVOT 254
FEOREREBRELLTHIE, BROA—-F 4 PN
IBLTHEECE L D=5 4 PABEINBIXTTH
%. Lo LF0REx Photo. 5 WiRT L33~ 5
A P ABEE LB E AR bR, £ 2 CHM
2% 45— ARCTEIFRIE, A—HEFY Bl &
L, BEOWEEE KB L. 083, Photo. 5(B)
DISTBVERIC L) -7 4 PAPFEECERL, B
ETEWHCBR -7 1 r BRI T ez BB ETR
Dfe. O XS EIEEEM ¥ X OBELE LMD ST 8
R CII KRR EAN T = FA /A= FA R EE
BRTH7 =74 bHFERRLST VWS E b D

— 125 —



424 % & S H 70 4 (1984) E3 S
8 6
—o— steel A —o— steel B
7 —o— steel B o S ——o—- c
--a-— steel C
kol d)
]
E 7/
_g‘ 3 Ao
= .
-2 ¥
J open LT
/ 1 closed :ST
/,/
2 o o | [ i |
X e 0 20 40 60 80 100
, closed: Crack Growth (um)
Fig. 7. R-curves for LT~ and ST-specimens of
0 1 1 ] ! steel B and C in quench and tempered condition.
0 20 40 60 80 100
Crack Growth (pm) crack growth
Fig. 5. R-curves for as-rolled specimens. 4 >
5
steel B
4LE (920°Cx1hr-FC)
T 37
£ LT _~°
4 o)
x 2 _
L [ Td
e N
R | -'6/ ST
0 ] l ]
0 20 40 60 80

Crack Growth (um)

Fig. 6. R-curves for LT- and ST-specimens of
steel B in annealed condition.

Photo. 3. Microscopic view of crack growth due
to hydrogen embrittlement in ST-specimen of steel
B in as-rolled condition.

Photo. 4. Pearlite cracking revealed on the frac-
ture surface due to hydrogen embrittlement of
LT-specimen of steel B in as-rolled condition.
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crack growth——

Photo. 5. Fractographs of ST-~specimen of steel
B in as-rolled condition, (A)without etching and
(B) with etching in 2% nital solution.

crack growth

Photo. 6. Crack initiation at a MnS inclusion
due to hydrogen embrittlement in ST-specimen of
steel B in as-rolled condition.
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Fig. 8. Schematic representation of a crack growth
controled by plastic strain distribution at the crack

tip.
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