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Relation between Hydrogen Embrittlement and Strain Rate
Sensitivity in the Tensile Properties of 245 kg/mm? Grade
and 280 kg/mm? Grade Maraging Steels

Ké SoENO and Kazuo TAacucHI

Synopsis:

Tensile properties and their strain rate sensitivity have been investigated on 245 kg/mm? grade and
280 kg /mm? grade maraging steels as a function of testing temperature. Tensile test was carried out
at temperatures ranging from —76° to 150°C, and a crosshead travel speed was varied from 0.005 to
30 mm/min. The strain rate sensitivity in the maraging steels was produced by selecting aging tem-
perature and time.

It was found that temperature range where the tensile properties were very sensitive to strain rate
was from about —40° to about 75°C. As the strain rate decreased, tensile elongation decreased.
Tensile elongation at a decreased strain rate was increased in tensile tests at temperatures where no

strain rate sensitivity was observed. It was also found that tensile elongation at room temperature was
increased by increasing the strain rate. Accordingly, hydrogen embrittlement is vitally concerned with

the strain rate sensitivity of the tensile properties.
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Table 1. Chemical compositions of the maraging steels investigated (wt%).
Grade Ni Co Mo Ti Al C Si Mn P S
245 kg / mm? 17.50 12.80 4.00 1.70 0.08 0.004 | 0.05 0.03 0.005 | 0.005
280 kg / mm? 12.96 | 15.15 10.26 | 0.16 0.01 0.003 | 0.01 — 0.006 | 0.005
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Fig. 4. Effect of testing temperature on the
tensile properties of the 245 kg /mm? grade
maraging steel aged at 475°C for 25 min.
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Fig. 5. Effect of testing temperature on the
tensile properties of the 245 kg /mm? grade
maraging steel aged at 475°C for 100 min.
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Fig. 6. Effect of testing temperature on the
tensile properties of the 245 kg /mm? grade
maraging steel aged at 475°C for 250 min.

Fig. 4~Fig. 6 OFERIX, Wb RERKOPF T
I N TWAHKERMECEEYY ZRLTWS. Thob
BIRRF R D B W TEAERER X b EWIES: 1 E
bhn ok, KEOCIEGEENSEA L TARERR CERA
LAeBREE O QG HEFEIRTD 2 5 » 7 DR
R EERENELG L b kcdeEzbhb. ¥k

79 __



680 % & W

% 66 4 (1980) 6 =

HEHECRE O HE D © L IEE OBLEERFEEIME
W H0BONIEETED X 5w b DL, KEOEM
FEREINF L O BEE) 7 e X v IR TR IR~ DK EE
EPERII BT L E 2 bhb.

FEHRDY TH R0, Al X0 Cu ZRoWTHEEL
&S 2RI LIS B OPFE? B L ORI E
1% Fe RGSITBETARY " Dicnb, KEEES
U 7T AR TR & h % LB 913 D B sh BB D FR
P B\, BEZATHEZ AR U GEENT5 2 &
NTE, OFTRYFEORMIANE—EFE LTI,
I LI FIHARSHER I DR T,

c=Ke”
ZH1T 5 n OENBMEEA T ILE UM% 2 L2038

DO EIRT VLB, $TiabhbiE & BE& UM H
FPEE LTER I T SR ORE CI1iss X3
NYPMBZ IR, ZODNRCEEMDOERZTL S
JGTIEF R LT\ & HEE S, Fe-18Ni-2A19 %
X Ot Fe-18Ni-5Si® 7 & ¢ AT Bl bt S hie
Bld &5, 245kg/mm? <= — S8R0 475°C, 25~
250 min WY, BEERY CHEILEBZE LIS KHEEL
BAE L HTHMEDLNS S BRI FTHER ©h 505,
Fig. 4~Fig. 6 OfER»L WLl X 5, HH51EE
h TR Ih 5 IENEDOL CIREEREEET, Hh
ERERICEB KRN BB LTS v 70RERE
BT sz ENEERSILORERCE S EHE 2 5 DOREY
ThbH. TeBRFC BT BIENEF ORI DT,
P BBk 2hERE OB B DL TR T, K%
d L35 EEMOERC LY VvVd CHAT S X5 h
NEFRBRCIERIND Z ExEE LTl bl
. T 475°C, 25~250 min BERHRRE O B G [5E
DB BERICOWTOL EORIY, A —ATFF 1
rRIE% No. 10.5~11.5 OFIFICHHEE U oA KSR
CBT5bDTHS.

Fig. 7 % X 0% Fig. 8 1© 400°, 425° % X0t 450°C
TR Lcilbb e 20 CTERE % 2 T [RRBR & fT o
HERERT. Fig. 7 (2) @ 400°C B EET5 &,
500 min BEEIEFENT 20, 30 min/min DOF[FE D TEHWE
M RT2, 1000min iR el oBE, 5IREE X
U HEMEOMIMERIVNE L, 30mm/min DF[5E
DT TCEED WAL FEDLRS. 7ok 5000
min BEZIEREHC DL CHRET Lchd, BlRERE (1~30
mm/min) i BT, Wihd KEIHEY R L
o, B OEENBEEINS L 51T, 400°C, 500~
5000 min [ ORRICIIEE & BA& UM HE O
BT Lo T Sk T HREILDS 1T 35 & B2 DR BH,

200

190
180 250
[ (b)
10 20}
% 160 & 230
£ 150 E 20
o
= 10 2o
5 130 & 200
120 190 £ 425°C~500min,
10 .
7 180 L Aging
4OF L0 F
30| 30 b
500 min —s
= 20t ocormn s a0t
@ b w
10 | FA 10 |
- 0
1 10 100 1 10 100

Crosshead speed ( mm/min)

Fig. 7. Effect of crosshead speed on the tensile
properties of the 245 kg/mm?2 grade
maraging steel aged at 400°C (a) and
at 425°C (b).
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Fig. 8. Effect of crosshead speed on the tensile
properties of the 245 kg/mm? grade
maraging steel aged at 425°C (a) and
at 450°C (b).
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Fig. 9. Effect of testing temperature on the
tensile strength of the 245 kg /mm?2 grade
maraging steel aged at 475°C for various
times.
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12. Effect of crosshead speed on the tensile
properties of the 280 kg/mm?2 grade
maraging steel aged at 450°C for 500
min.
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13. Effect of crosshead speed on the tensile
properties of the 280 kg/mm?2 grade
maraging steel aged at 475°C for 500
min.
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Fig. 14. Effect of crosshead speed on the tensile
properties of the 280 kg/mm? grade
maraging steel aged at 475°C for 1000
min.
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