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The Effects of Structural Change during Aging and Austenite
Grain Size on the Tensile Properties of 18 Ni Maraging Steel

Yoshikuni KAWABE, Masae KANAO, and Seiichi MUNEKI

Synopsis:

A study has been made of the effects of structural change during aging, the prior austenitic grain

size and titanium addition on the tensile properties with special reference to tensile ductility of 18Ni

maraging steel.

The precipitation process from lath-martensitic structure to maraged structure of several

stages up to overaged structure has been analyzed by using Arrhenius plots of aging hardness. The
relationships between the aged structure and tensile properties have been determined.

The results are summarized as follows:

1) Uniform elongation increases markedly at an early stage of aging and also in overaged stage.
This phenomenon is attributable to the increase of work hardening caused by the change of defor-
mation made at former stage and y precipitation at later stage respectively. Uniform elongation is

almost independent on the prior austenite grain size.

2) Local elongation and reduction of area decrease monotonously with increasing aging time, and

show a marked decrease in overaged structure.

These detrimental effects are more pronounced when

the prior austenite grain size is larger and no titanium is added.
3) The detrimental effects exhibited in overaged stage are due to the increase of void nucleation
sites and increase of tendency to rupture along the prior austenite grain boundaries.
4) The improvement of local elongation and reduction of area by titanium addition is due to the
suppression of the rupture at the prior austenite grain boundaries.
(Received Feb. 10, 1973)
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Table 1. Chemical composition of steels for the
present investigation (wt9%).
G Si Mn P S
K28 | 0-004 | <0-01 | <0°001 | 0-002 | 0-004
K29 | 0°003 | <0-01 | <0°001 | 0-002 | 0-004
Ni Co Mo Al Ti
K 28 17°9 8-11 4-90 0-067 | 0-003
K 29 18-1 8-15 5-05 0-075 | 0-34
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(L2 kS % Table 1 TR L7z
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Db DEEF. FEhE 475°C TOHITE D,
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Fig. 2. Hardness change of K29 by isothermal
aging at various temperature.
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Fig. 3. Arrhenius plots of the relation between aging
time for a2 given value of Hv and aging

temperature.
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Fig. 4. Time-temperature ranges in which low
temperature and high temperature ma-
raged structures can exist respectively.
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Fig. 5. Effect of yield strength and maraged struc-
tures on uniform and local elongations.
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Fig. 6. Effect of yield strength and maraged struc-
ture on reduction of area.
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Photo. 1. Scanning electron microfractographs in normal rupture region, showing the effect

of aged conditions.
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Photo. 2. Scanning electron microfractographs in shear lip region, showing the effect of aged
conditions.
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Fig. 9. Effect of yield strength and the prior austenite grain

size on uniform elongation.
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Fig. 10. Effect of yield strength and the prior austenite grain

size on local elongation.
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Photo. 3.

c) K28 57g, d) K29 85u

Scanning electron microfractographs in normal rupture region of specimens

aged for 1000min at 475°C, showing the effect of the prior austenitec grain

size and titanium addition.

(1) BEARIETHEE MO ERFIC/AE L,

(2) EhwlcH—HmoE X CRHEHOBEXL,
(3) ARFSHRETRH—MONRFLLRELKD,
(4) EREHPKETIFRBEYE, OBV IEANES

{itd, ZELTH5.

BH—HOOBE,T S LA ETENE L, FMoX
51z, BN LEZORGMN 6=Ke? TRHINBL L E
ERCOH—MNIEIr tHE LS. bhbhlisHheE
DT VBED, BEH 109 DT TIEIHEFITSITSL
V. L AT, IMIE LR n 0RO TV S EHRWITH
FEDIRIITH LT X BT ENIF EOEE THED I TEE
LT 20 EVHZETHB. L3 oT, BHERIX
HINTRE(L & B UNAR T X AR ERET 0N T v 205 Hh
D EEEOH—EBETRL LS. L, ZTEOH—
MR RO Z oML gD, BRIGHOEE
EEFEE AFETH2LERSEZIW. Thbh, {UC
N FAE LT HERIE N OBEERFEIS K E T I,
{UNEMTOERIGCHBEML,  ChasETes, &
Kom—irffiansg.

BEANRIETH— ORI EF I/ VDolY, Lo
SHOEPICIEMEENAE L, L d g —c oA
LTWwW3 2 EBEE LTWw5b. T b bl n Bk
EXEL, LrddkilrF&BEoRE s LTRET DL
£ LTRT Wiz, IITEEARCfamLLT b L
Bbhz. &, Fe-Ni w744 FTRERIEHD
BFEEKREES NI W EBELPRR I TV 19,

EANRIETO/NX I — U DBREANEIC R T %
DV, BHERESOBVICHET S B, KR
BEAIMLER TV Mo rich zone BERINTE D, Fi
Fig. 3 D{RIERFZ) & WIRFRFZNDOERED < VIE VW 2SIRFEH)
HRIINZI VW ELLRIEINE? X 5T, HIEREID
WHRERFE I B A7 zone SR I N TV 5 "REMEL &
V. Z O HERFE TR, RS LGOI HT HiFE % UIHT
LCHEFTT 691010 L Bbin g, —7c CERALSUINT L
i _b TIAT AR ORI 23 A 5 7o, A MRETLS
Wb L, =0 PRFEOTH LI R L9 <, fHRAVIC
-V EEECT B LB, TODMITE{LH R
Wicfafnd 502 ME3 5 L#EIN 5. %/, Fig. 5

95 —



1396 & L @

59 & (1973) B10S

a) K28 103z, b) K28 80y

»

¢) K29 85z, d) K29 69y

Photo. 4. Scanning electron microfractographs in normal rupture region of specimens aged
for 10 000 min at 475°C, showing the effect of the prior austenite grain size and

titanium addition.
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Photo. 5. Optical micrographs of microstructure in as quenched condition, showing the
effect of quenching temperature on the prior austenite grain size.
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a) y grain size 10p b) 7 grain size 103

Photo. 6. Transmission electron micrographs of K28 after an aging for 1000 min at 475°C,
showing the effect of the prior austenite grain size on lath structure.
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