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Tensile Properties of 245 kgf/mm® Grade 18Ni Steel Maraged

after Ausaging

Ki SOENO, Kazuo TAGUCHI, and Masatoshi TSUCHIYA

Synopsis :

A study has been made on the precipitation behavior in the austenite region of an 18Ni 245kgf/mm?
grade maraging steel. Because of relatively high titanium content, considerable precipitation-hardening
is observed in ausaging. Tensile properties of the maraging steel preaged in the austenite region and
maraged have also been investigated. The considerable increase in maximum tensile strength after an

isothermal maraging is found in the maraging steel preaged in the austenite region.

The maraging

steel preaged at 550°C shows high tensile properties with good ductility after maraging. However, the
maraging steel preaged at 600°C and maraged is less ductile because of relatively coarse precipitates

formed at the austenite grain boundaries.
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Table 1. Chemical composition of 18 Ni maraging
steel investigated. (wt%5)

C Si AMn r S Ni Mo Co Al Ti Fe

0.003 0,03 0,03 0.006 0,005 17.71 3.82 12,85 0.07 1L71 Bal

7R

—
NI
~ 10— F;% <= 10—

k-5

Tickness,
4 D.Omm for snecimens ausages 1

Ier speoimens ausagea.

n
¢ - 0.5mm for specimens maraged after ausaging.
Fig. 1. Tensile test specimen.
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Fig. 2. Resistivity decrease and tensile strength
as a function of ausaging time.
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Fig. 3. Ductility versus tensile strength of the
steel ausaged.
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Fig. 4. Tensile strength as a function of
maraging time.
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Fig. 5. Ductility versus tensile strength of the
steel ausaged and maraged.
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Fig. 6. Ductility versus tensile strength of the
steel ausaged and maraged.
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Fig. 7. Peak strength obtained by ausaging and
maraging as a function of strength after ausaging.
MDD fe2bD T L, u<0.1 7o T, dP=0 235
nsey WL ZEMNTES. ok AoM AERKO
ew-op YRR Fig. 5 & Fig. 6 ol T+ 2%
b, Fig. 6 @ ey O Fp Al—HlE KHIC Tk

XA B B

550°C, 1200min, 2000 min, 4000 min ¥ X X 600°
C, 400 min, 600 min, 1500 min + — A = — <3 Fhz>
W Fig. 4 XA~ r=— 0%y, Hwr=z—o
BT 3 bk i d o — A = — D% o 5IRME
EOMFE TR LI-oM Fig. 7 THDH. 7ok 525° Xk
O 550°C < L= — v oy, 100min LI ORRTE
WM A T 50T, fassii & LT 100min B%)
REOMEY R Uie, ULh L Fig. 4 oRpzhfifE» HHf
TE LT, 525°C Rpshad B i (XAl Ev & LT X
A

Fig. 7 iz BT == — 2% 500° 35 L Or 525°C
LB O A->M ABRHOMECERT5 &, F
— A= — o THH L NiyTi OF558E%Tcb ©
HEOKENIIEC 2D 5hn. Lol 600°C, 1500
min #*— A= — K0 X 5, HEPREA (Fig. 2 £
) MR THAD Ti BESHEEHKE SERL T
HRAAOBH AL, BUR U ABIR R X 0 (S
5. Fe-Ni-Co-Mo-Ti & w1 =— 2 BizkiTs Ti
OFHEEEHEE Mo iz HE LTk E w100, FHEo Ti
BEOEM A ZL 600°C, 1500min 4 — 7 = — 2 K
Ho$f, <= kit 5 EO L FEOEMR
LHEIAZ L, Zokd A-M UK OBEN Fig.
7R Lo BRI L Y EHEEM Shhs & FEx bh

— 108 —



F— AT — PKIC

Z. A->M A RIT D < = — SERY 550°C 23
AHE, A—Ax=—ZBid s NigTi RO fEs, -«
FE 500° 3 X% 525°C oM bz LT
AN A, AU DS HE T T A LB Y O
o THESL. Tihibbilis0d — A= — 2 FHOK
Fho T Fig, 4 253 & 5 7ot % Bad U7ckl
B, —EBRECAH - A= — o LI AROS i, Rkl
i< UTHVHO Ti @i 2 M L 2ot ko < v=
— o T NI oM T T L, E ok
Ok b A TH L. — S — A= — kO LRI
EAVNZIFE Ly 550°C, 1200min £ 600°C, 400 min
3 X O 550°C, 2000min & 600°C, 600min 7g & Dk
¥HE T = — o OBEOR R LT 5 &, 600°C + —
A= — AR D N A ERED < v — O Tl B
L, zDHBOELLEETHD.

= Ax— i roay BRE LIGRRONEIC W T
IR B Lo, BB A D il L
(2 Ni ks X0 Ti OBEERESEM LT D A->M 4l
FAH O JipvhE G EHEEI NS, L L Fig. 7 T
Bt X 9, A—M QUL E MALPE X T b el
i A i) e s — SIRIETIEST S &, AoM R
ORI T DA X, o PR, DIFieEg
5 X9, AoM YU Lo TR (.o E) C 8K S AL
< N, Ti(DO,, BN o la g L, @iz X %
SHOIEIE AN TE S b E L B s, o BIE
N#2T, dEfroidic 35 Prihe-o 850 % Fp,
Pt T oV R L, -
DORNEXE D L5 PR Fp>2T o3,
BEIIHTIEC o Fh oA — 7R LTH » BT 5
P, EOEET O T = A —A - 7 AT
CAEN B AN AW ST T 1 R X H e

7“,)12)_

o — DT EE

<2 I)=—

BRI/ A NS

7”22’1‘/’}1[)
PR T- 238k 5on <, &V o) - AR X I D8 &

3 Fp<2T ¢, WM AMILT) s 1
ty=Fp/lb
Lrgh IR LGHTICE tu>ts THD.

- n LT N, Ti(DO, #l DO, #) o
PrHi s 1, X 53z NigMo (% 7\ % Fe,Mo, Fe;Mo
e ) o LAEST LT, Bzl Fig. 4 o 5007 35
T ot 525°C B BT AMAUB KK cR LRD L oI
Tetertgiik b Uiz IR E G 2 7e 5 2 =2 W) 520
XA, e — oo E s NigTi
BAA O VEE) TR BTN X duodus DO W X E 2 b
3, Wi fiz 2 L uHivy DO, R T

<= — 3 L7 245 kgf/ mm? % 18Ni @ 3I3EMH 295

291010 Fe-Ni-(Co)-Ti Zvr=— T2 NigTi
2 DO M—>DO,, iz b+ % MELTEAL T 2 Bz
AW U PTH R o S R EE A -3
515 TH%5. Fe-Ni-Co-Mo-Ti H</=— 8D X
5K,Tiwmmﬁﬁﬂ?%m4%kmwm%3%?6
Lo B e T3 A 85 i, Lidofk{baits =

Z< U,

A->M B B\TiE, A —A=—2 THH L 7=
NiyTi 23 DO, Boofiv Hith#l & LT~ = — 2Dy
LA L, o EER O Ti oE gL I
LTWADT Mo O REZI LN EEZ LiIvd
T L2 R T 553, A->M UEIC B TREE
B E I D B ) BB s DR HTHIAE (DO Bl NipTi ks X
CEEiR > Mo A &4 T AT HAH) O Buc X 5t
MH L, MAEERIC B LT BN (Y S s LHEE
Ihb.

3.3 EMOESEEHENM

FHV R, Mix D= — SO THIRERIIC M
FTEIOEE QMBI LYY, H B O Y|k
D TP WIS Y DT ELMIE AN E T4 LT
PAHUETAE I T 5 BLR 2 n TR0 b 5 & & A kil
Lz, 20X 9 EMOBLZEMEEZMEN VB, 4
LR O TR Al 23O T, BARHIEC
BPUCE U7 EE 2 0T Rk LT 2 8 3
5“>:$ﬁfmbﬁnnmm~§%®:+~7*%4%*V
fei ASTM No. 10, 5 CJLEHNMA /e 72eh, MH O
w:~yLEKM?7WD¢%fmﬂLt»#hmww
Lo\ T d, BERDAUR O T RS A e B RS R
bR, ZHUTBERDMO ORI T A

M5 L7- L 51z, 550°C, 1200min +5 X 08 2000
min 4 — A = — S FHT < = — O TLERRY I BT 7
2. T2 TARIRTIE, ThbORPTr— 2=
— i = — v LcgURRc i s\ T, IR /2

FT R EIN O EE A EGT L R b N s, s L
T — ot R 525°C & Lz oiit4a Fig. 8
WCoATEAY, BRI X BTN ETE LICENE R 1Y D 7o)
12 550°C, 1200min +4 — & = — 2 3 F o Jips I b bl

MOWE A W2 = A D

(CBZGEIL DD TEM WA T L 3, B
WY THLCHEL LTI L o, BMEEBOBIZZIRE
DI DEF IR KL LTt 20 X 237
BT L. BN G PHEARS X TR (LS e R A
Oy, WHEER OB DAy o S
HPAY DR SHTE U0 Ny SRRV IID B S SR | 72 A i RV
SO X O e T, IGMEO A GHE RS M R RRY

-~ 109 —



296 g & M

F 69 4 (1983) %2 5

~ 280 T

£ L Cross head speed; 1mm/min
€ 260 i—L f . -
S ?‘5\? 1 el

= ) \f
~ 240 | 0.005 mm / min
] 0.005 mm / min

| Ausaging ( 550°C.1200min)
- Maraging (525°C)

T T T T 17177 T T T T T T T

Ausaging ( 550°C.2000rvin
-» Maraging ( 525°C)

1 L1t aal PP | 1 Lo el
10? 10° 102 10°
Maraging time (min)  Maraging time (min)

Fig. 8. Effect of cross head speed on tensile pro-
perties of the steel ausaged and maraged.
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Fig. 9. Ductility insensitive to strain rate as a
function of tensile strength.,
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Fig. 10. Ductility insensitive to strain rate as a
function of tensile strength.
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