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Effects of Aging Conditions and Strain Rate on Elongation of
245 kg/mm?® Grade and 210 kg/mm?* Grade Maraging Steels

Ké Soeno, Tetsurs Kuropa, and Kazuo Tacuci

Synopsis:

Tensile strength and clongation of 18% Ni-type maraging steels, the nominal strength levels of which
are 245 kg/mm? and 210 kg/mm?, have been investigated as a function of aging time. The temperature
range in aging was from 575°C to 400°C.. A cross—head speed in the tensile test was varied from 1.0 mm/min
to 0.005 mm/min. The change in electrical resistivity at liquid nitrogen temperature has also been mea—
sured.

Brittle fracture which is caused by decreasing the cross—head speed is observed in the 245 kg/mm? grade
maraging steel in the early stage of aging in the temperature range from 500°C to 400°C. The decrease
in elongation is also observed in the tensile test of the cross—head speed of 0.005 mm/min in the 210 kg/mm?
grade maraging steel in the early stage of aging from 425°C to 400°C. The brittle behavior in low strain
rates is reduced by prolonging aging time. Activation energy is calculated to be about 80 kcal/mol for
the 245 kg/mm? grade maraging steel from the relation between reciprocal absolute aging temperatures
and times giving the removal of the brittle behavior at the cross—head speed of 0.005 mm/min. It is noted

that aging temperature and time are important for the removal of the brittle behavior in low strain rates.
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Table 1. Chemical compositions of the maraging steels investigated (wt9%).

No. Ni Co l Mo

Ti ) Al

C si ‘ Mn] P s

245_F, 17.50 | 12.80 ‘ 4.00

1.70 ’ 0.08 | 0.004

0.05 ; 0.03 i 0.005 [ 0.005

210-G 18.08 952} 5.29

0.90 l 0.07 | 0.04

0.03 1 0.04 ) 0.005 | 0.006

Rolling direction

i
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Fig. 1. Tensile test specimen.

210 kg/mm? ¥ X OF 245 kg/mm? = v = — S8l
EogE, KERIE D BT D Mtk o B & Regh stk &
DEEN AR Sh Tt T, ZOBFREH L
T B EEbI, FERYLEAOZLTHE LI
W L U TR A R 1T T o

2. £ B A &

ABOFH AR Table 1 @ind. Wi bililio 245
kg/mm? &3 I 0% 210 kg/mm? fF<r=—CHTH S .
2mmeé DA 950°C ¢ 1h Ffk(k L, 2mmé— 0.5mm¢
WCRHIEE LT Fig. | R 7RABRT 2 iTH#H 1.
SlERRBR A % Ar FHESHF T Bk (245-E : 815°C-
30 min, 210-G : 825°C-30min) LTK®& L, EBFE%
JICTITE DB A 17707, FIERBIE, 7= A -~
vy FOEX%F &L L 0.005 0.01, 0.1, lm/min &
HACE 2 TiTie\, BT % 8 L TR D oftic
B0y, O ERBE L. kiR DA
—AF F4 PRER, ThoRBHCk VT ASTM
No.10.5~No.11.5 offiff cH 7.

WEHMER & LCRREfRT]C 0.6mm¢ D% (E
D, BHRLRE» LKABRIERFE TR L, BHEEXRR
BB 5 IR R EE Ui, HEEROME @R OF
AR T, 0.01Q ofEdEiRsis M -Calkhic 0.1A
DEWBRETRL, Ak LoE-TEROBEMEN LI
EiL 7R L oY

3. RERERBIURE

3.1 245kg/mm? HI N T—JHR : BT KBBI5EM
HOE(bBIUHERED
Re2halkbE 1 mm/mind @& TH 5RO 758 OHR T
LIEVE (20 & Fig. 2%, Il REEREEC

* UTFRELEWRY, A—BHRMACONT, 3 AORBF 2HIE
h, LHERRRUIL.

AR T T 1T T TITTy T T TTTITIT L LLRER
280 T 1T TT1T 24 5-E —J
260 §75°C-Aging  550%C-Aging  525T-Aging B
.
g 240 e T ; 1
57 220 & / 425°C-Agng ; B
< A » / ]
S 200 /A/T/ 475°C-Aging / """ ¢ ¢1 -

S00°C-Aging N # ..... . o .

=
=3
=
o
>
Q

.

L
-

160 450°C-Aging

Z

5 4

- b TR e B .
& 3 T Eed
< pra 425°C-Aging 4
* 12 . 5 400 °C- Agvng -
0 e 1-1 i v _?'3' P o uL

1 10 10° 10
Time(min)

o (kg/mm?) : Tensile strength
e4(%) : Total clongation

Fig. 2. Tensile propertiesfof the3245-E maraging -
steel after isothermal aging.
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Fig. 3. Resistivity change in isothermal aging of
the 245-E maraging steel.
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Fig. 4. Tensile strength vs. resistivity decrease
of the 245-E maraging steel.
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Fig. 5. Effect of the cross-head speed on the
tensile properties of the 245-E maraging
steel Jaged{at 475°C for various times.
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Fig. 6. Typical load-deformation curves of the
245-FE maraging steel aged at 450°C for
various times.
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Fig. 7. Fffect of -the cross-head speed on the
tensile elongation of the 245-E maraging
steel. ‘
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Fig. 8. Arrhenius plot of the time trans-
formed from medium fracture to
ductile fracture.
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Fig. 9. Tensile properties of the 210-G marag-
ing steel after isothermal aging.
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Fig. 10. Resistivity change in isothermal aging
of the 210-G maraging steel.
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Fig. 12. Tensile strength vs. resistivity decrease
of the 210-G maraging steel.
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Fig. 13. Effect of the cross-head speed on the
tensile properties of the 210-G marag-
ing steel aged at 400°C for wvarious
times.
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W% R L CRREE A BN T 5 & KIS [9R b CEMME
BT A8 t5.

210 kg/mm? < =— SHicE\ T, EEHF[ED T
a3 A Epsh4ethns 245 kg/mm? <= — SHRC I
B LTI ) BRI B DL, 245 kg/mm? £k L ORF)
HoET bbb E LTE¥EHEROECL L2 EEL D
hb.
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(3) 245 kg/mm? <L — D 475°C LTk
T OY 210 kg/mm? <= — 28D 500°C LI T DR
BZhC, HIEHIAE By 2 B IR T A i iR s
Bohsd. PRI EREHEY AT OEE 1 B O LIS
WADPETIRET AT, EHERHEOMRGTEHE 2
BB o LR A 2 T B RE CHUR D L IEIT 5. Tk
FIREEC b BT RIE—EDOHONELRD X 51
75 BRI 1 B o it BB g h, o
R CHFSIE R DR L B B> & 9 DT 53 1 s
TR,

I EoMsedTieswcY b, HZEER WISV HIE
PHEeIr, SR ERETRCERE L 2B YETS.
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