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Behavior of Fatigue Crack Propagation for Grade 2 Titanium on the Hydride
Formation

W. Y. Maeng, U. C. Kim, J. M. Kim*, K. S. Lee*

Korea Atomic Energy Research Institute
*Department of metallurgical Engineering, Hanyang University

Fatigue crack growth tests were carried out to investigate the crack growth behavior of
hydridled ASTM Grade 2 Titanium plate at 25C and 300C. The hydride in the « type
titanium was formed by ingressing Hz gas(100-300mbar) at 300°C-500C. Fatigue crack growth
rates of the Ti specimens at 300°C were higher than the growth rates at room temperature. The
fatigue crack growth rates along the rolling direction were always higher than those of along the
transverse rolling direction. The fatigue crack growth rate of hydrogen charged Ti was strongly
dependent on the crack plane orientation in the rolled sheet and the arrangement of hydrides

relative to the crack growth direction.
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Table 1. Chemical compositions of ASTM Grade 2 Ti

Composition | N | C | H[Fe [ O [AI|Si|Zr| Ti
Grade2  [0.011{0.01 {0.015{ 0084002} - | - | - |Bal
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Fig. 1. Orientation of specimens and design of compact
tension specimens.
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Fig. 2. Flow chart of the experimental procedure for the
tests.
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Fig. 3. Schematic diagram of the apparatus for hydrogen
charging system.
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Fig .4. Optical micrographs of ASTM Grade 2 Ti showing hydride morphology.
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Fig. 5. X-ray diffraction pattems of the hydride formed in
ASTM Grade 2 Ti.
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Fig. 6. Optical micrographs of ASTM Grade 2 Ti showing
hydride formation around grain  boundaries{hydrogen
charging: 500°C, 2iw. hoid, 129mbar H2 gas). a) hydride
etching, b) grain boundasy etching(bright field) and c)
grain boundary etching(dark field).
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Fig. 7. Hydrogen concentration as a function of H2
pressures in ASTM Grade 2 Ti.
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Fig. 8. Pole figures of rolled ASTM Grade 2 Ti plate for
plane, a) nommal to short direction, b) nomal to
longitudinal direction and c¢) nomnal to transverse
direction.
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Fig. 9. Fatigue crack propagation rates of ASTM Grade 2
Ti at room temperature. a) tests for no hydrogen
charged specimens, b) tests for hydrogen charged
specimens(500°C, 300 mbar, Shr. hoid).
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Fig. 10. Fatigue crack propagation rates of ASTM Grade
2 Ti at 300C. a) tests for no hydrogen charged

specimens, b) tests for hydrogen charged specimens(50
0°C, 300 mbar, Shr. hoid).
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Fig. 11. SEM fractography of ASTM Grade 2 Ti showing the fatigue fracture surface tested at room temperature{ no

hydrogen charged, crack propagation: L-T direction).

e 1 2 3>

da/dN = 1.58x 107 (AKP* mm/cycle P! Fracture surface

—=  Crack propagation direction

o

2 AK=14MPam!?)  3; AK=20(MPam'?)
Fig. 12. SEM fractography of ASTM Grade 2 Ti showing the fatigue fracture surface tested at 300°C (hydrogen charged,

crack propagation: L-T direction)

‘1. AK=10(MPa m}?)

2> A5 BAAFA & Y vlAGT B
o & 59 W s wdy sAWEY
BEo] Z71¥8 £ A8 #A AYAo] 4
o £ a7 AMSE A "AE Fig. 894 AF
Axol, T Wl +A8 madlA (0002) pole
8ol Lyl +AE wdddMEry zug
T-L 4% 4433457 L-T W #9335
d wla 24 Pt

FAZUE AR FE & 300CHA T-L

32

Yool WNZFYIVEES $23URA gL
Agol v WA Zrhse v LT ggos
£ 2 Aol gtk olsh o] $2FUAUNA
T-L 9802 FYIVSEs} AA3) F7hse @
W L-T $Ho2E 2 3o)§ Holx) o= A
42, Tiol H2FYUASEL FLAALYH &
B2 Waalole A0l FPE wE Re
guigct olad@ Abdel 2A%R T-L Wyoz
A F9L, o ¢ JA FYol N 38



Grade 2 Ti®) +43%E Y4 Bg Nz FIAA AS 301

o] wrake] g8 AL Soldl s WP E o
dHo de ®¥E, L-T gz Aggsis a9
X F3tEo] 7Y 4FE W Widoe=
wgslo] gl Aoz B T-L 33 ¢ A
AA FIEL JA¥ERAY 7|49 AT W
AE 7HAY =235 FEY o IR W)
B3 g §ol3A &= WA, L-T oz AAs)
£ g daiAes F3Eel mdde 23 F9
{(secondary crack branching) & 749 Z3F
(deflection) §& #9ste] FIARAHE Z7147)
+ AAE fuste 2oz Asgc

IV AYAL 49 AR, A5 Y
23 £x F3E9 4 W] 9L @on o

T WUFEY F3BANE & 4L = o=
BEn. 53 49 1A 3ol wet £ P
FE¥ol d=rh= AMIE TidlA H2 39 A
e APEES Bl F9E JUzHY W B
X wEE9 ¥4 W Alole] JudAd atz
g3d £ ASS vt ARzFIE RE T
Ao #d AA AP F¥L vAE dEFE

< FE3 olsdy] fsME 24T P A
¥EARe] 43 A, 79 47 W} FE
34 wAlole] AzaA, IRz 38 YA
W 3 aA g 2o AIAF A7 &7
"oh

43 =

ASTM Grade 2 Ti AF 2%7} 300°C~50
0C, &49%t°] 100mbar~300mbar®} ZZ4A 4
2 NY E 3E Y ASS BFsz, -’F_-_
AAE A¥E i Hzad JA AP Yy
243 g9 A8 AU,

1) A4L2xs FAEde) 713 ) A8
o FaFRFe] F1eldh 53 500C BY 2%
ZAM 4 Az Filo] @ddle FA g
o] ¥A3 FrhslAct FAAPES 2 B
U257 2 A= dA F2 AAHAR,
Faidd AALErt FIIEFE quiel B3
FHE YAHAT

2) Ti 8 A2349 AW AL F23Y A%,

d9AAYY 9 ANYgLrd o xolg BYrh
YHEFYAAEEE T2 o & AYL B2yt
Fo Yol FAME o, g#gAH] T-L %3l 73
+7t L-T %3 ARt 279 Ad4T7h
€ A%E By AL Ti YA"A YA
T A A 71Q%, s HPE Ti AR89
7ZIAH] £F Aolo) 9% Ao g

3) FARAYE AWM, £2FAYHA G AH
o vz 54 WET-L ¥R HEadids
E7F A3 Frkske Ass Hded, o ¥
4L d93A W did 3E ¥ Yt
238A, #3859 ¥ APz Aol Fiu
A d# W2 w3t 247 WEA HOE A}
24,

References

1. D. A. Meyn, Metall Trans., 5, 2405 (1974)

2. J. C. M. Li, R. A. Oriani and L. S. Darken,
Z. Phy. Chem., 49, 271 (1966)

3. W. J. Pardee and N. E. Paton, Metall
Trans. 11A, 1301 (1980)

4. A. W, Sommer and D. Eylon, Metall. Trans.
144, 2178 (1983)

5. D. J. Lee et al, Development of Advanced
Reactor Technology, KAERI/RR-1883 (1998)

6. J. I. Kim et al., Development and Verifica-
tion Test of Integral Reactor Major Compo-
nents, KAERI/RR-1889, p. 375 (1998)

7. ASTM E 647 - 95, Annual Book of ASTM
Standards. (1995)

8. J. Liu and K. Nakasa, Hydride Formation
Behavior and Fatigue Strength of Hydrogen
Charged Titanium, J Japan Inst. Met.. 55.
1086 (1991)

9.0. T. Woo et al, The Precipitation on ¥
-Deuterides(hydrides) in Titanium, Acta
Metall, 33, No. 10, 1897 (1985)

10. D. A. Poter and K. E. Easterling, Phase
transformations in metals and alloys,
CHAPMAN & HALL 101 (1995)

11. C. F. Clarke et al., Corrosion Sci.. 36, No. 3,
487 (1994)



