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Effects of Austenite Grain Size and Cold Rolling Prior to Aging
on Tensile Properties of 18 Pct Ni Maraging Steels

K§ SCENO, Tetsuré KURODA, Masatoshi TsucHrva, and Kazuo TaAcucHi

Synopsis-

The influence of austenite grain size on the tensile properties of 18 Ni maraging steels has been investigated.
The austenite grain size of these steels can be remarkably refined by annealing of the cold worked specimens

at relatively low solution temperatures.

Improvement in strength, ductility and toughness through austenite grain refinement is observed in
aged conditions. The ductility of the 175 and 210 kg/mm? grade maraging steels is relatively high even in
coarse grained matrix. The austenite grain size of the 245 kg/mm? grade maraging steel should be refined

in order to improve the mechanical properties such as tensile strength, reduction in area, notch sensitivity
and impact value because of its distinct low ductulity in coarse grained matrix.

An appreciable increase in strength is found when solution treated specimens is cold worked and then aged.
This strength increase is caused by work hardening of the martensite. Refining the austenite grain size of

solution treated specimens increases work hardening.

The 210 kg/mm? grade maraging steel can be strengthened to the strength level of 245 kg/mm? by a
g ging g g

combination of work hardening and precipitation hardening, moreover its notch sensitivity is lower than
that of the 245 kg/mm® grade maraging steel. In the 245 kg/mm? grade maraging steel, fine grained
specimens show higher strength and tend to improve the notch sensitivity compared to those obtained in
coarse grained ones when cold worked and then aged.
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Table 1. Chemical compositions of 18%,Ni maraging steels investigated.
Strength level No. Chemical composition (95)
(kg / mm?) Ni | Co|Mo | Ti | at] ¢ |si|[Ma| P | s | Othe
175 175-A 17.78] 7.20f 4.96| 0.56 | 0.142| 0.012 [ 0.044] 0.020| 0.003| 0.007
210-A 18.14 9.70| 4.98, 0.82 [ 0.12 | 0.011 | 0.04 | 0.04| 0.005| 0.006
210-B 18.41] 9.00] 4.83 0.76 | 0.12 | 0.006 | 0.02 | 0.05/ 0.004{ 0.005
910 210-C 18.36| 9.28| 5.17/0.85 | 0.10 0.004 | 0.01 0.02| 0.003| 0.004| N 0.004
210-D | 18.22) 8.95 4.76/ 0.74 | 0.09 | 0.009 | 0.01 | 0.02| 0.003| 0.006| N 0.002
210-E 18.72| 9.24{ 14.91) 0.86 | 0.11 | 0.007 | 0.01 | 0.02| 0.003| 0.004| N 0.003
210-F 17.84i 9.52| 5.08/ 0.71 | 0.13 | 0.010
225 225- A 17.40, 11.62| 3.80| 1.24 | 0.08 | 0.01 0.01} 0.02; 0.005 0.004
245- A 17.15/ 12.70| 3.71[ 1.73 | 0.12 | 0.005 | 0.06| 0.05 0.007| 0.004
245-B 18.22| 12.12| 3.88/ 1.59 { 0.12 | 0.003 |<0.01{<0.01} 0.002| 0.004
245 245-C 17.54| 12.60| 4.13( 1.66 | 0.12 | 0.006 | 0.07| 0.01] 0.004| 0.006! N 0.005
245-D 18.10| 12.42| 3.68| 1.41 | 0.10 |<0.002 | 0.01|<0.01| 0.003| 0.003
245-E 17.49| 12.00{ 4.92| 1.40 { 0.11 | 0.005 | 0.01| 0.01| 0.004| 0.006
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Fig. 1. Tensile test specimen.
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Fig. 2. Austenite grain size number vs. solution
treatment temperature of 189, Ni mara-
ging steels with and without cold rolling
of 50~759% reduction in thickness.
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Fig. 3. Effect of austenite grain size on tensile
properties.
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Fig. 4, Effects of austenite grain size on tensile
strength and notch toughness.
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Fig. 6. Charpy 2 mm V-notch impact curves.
Aging : 480°C, 5hr.

Table 2. Chargpy 2 mm U-notch impact at room

temperature.
A.G.S. Energy
No. (kgm/ cm?)

6.5 4.15

175-A 11.0 4.20
4 4.3
6 4.3

210-F 8 4.75
11 5.1

5.5 0.63
245-A 10 2.1

Aging : 480°C, 5hr.
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Fig. 7. Strength increase vs. reduction in thickness, 210 kg mm? grade maraging stecls.
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Fig. 8. Strength increase vs. reduction in thickness, 245 kg/ mm? grade maraging steels.

— 60 —

i

-

Lol P



LR

A

—

3

Sk

1894 Ni ~n =~ JSEOBEMERKSIETA - A7 74 PRHESXUCBYITICHT 28MELZOEE 225

3.3 BYHICHIEISREENTIOEZE

B2 SETE L, MIELEXAET S L LD
1w, Bphisos3EiaE HillE U TERILM R R —&4T
Bh LB st saEoEinazkdr. HIERHER
PERMTECS LT o » MLcER%E Fig. 7 (210
kg/ mm? < — 28) kX F Fig. 8 (245kg/mm?
ez — o) WRT. BRI, wWThoged
HOHUDA— AT F A MERINEL ASTM No. 10~
No. 11.5 o#iECHIMLLIcDDTHS.

Fig. 7 X0 Fig. 8 owvwThick WwTbh, I
(LR R 5 A A L CEA B SR E <, Eic 480
°C, Shr OEHLIC k) HIaEMINER WHIEEI &
ATt RICEE—FT S, TivbbyEmIgkic
Beshd % &, EMIELE MY T 550 LA S
hisaEw 5. 210 kg/ mm? #+ 245 kg/ mm? $f~
LT — DR E TR, FR—MMIEC T 5 TR LEAE
ERBET, L2 TR R T 2MEOHENE S
FBRECS. mIEbak, &<k 90% LltoinT
ST B WVWCE L CHEIT 5 2 LD STV 550
EERIZ SV TILAKEMLE S X THERT 5 L,
& EAF M ORENNE 23 X 0 TR B H
b, TNXEAFROERNE L LHEL, K
WIS TARLEREY B T HEEOPREENS/-0TH
5.

vV x— OO ERBERIC X B &, BHR(LMR &
DRI O3 I 5 T b B —HIONAS I/ X .
ThbHLEGH(0)LEE () LOMIKEDID o=
Kem i\ C, INIEB{LIEH n 25/ & v 2 &R Bk L,
L2 T b OB T 1 2L b/
SVEMIC S, WRMIEC BT 5 FEC X2 T
HE LS HSRL T ERVEIEE, wREhIITHKT 5L
BLESNIVWZEERLS S EE2LN5. ik,
Fig. 7 & X O Fig. 8 TR L7-Kizhi T 1) B8
BEDF— 45, ¥ 80% LLTOMIEOHMT, T
E1%N7-bh osaEEnE L kw5 &, JEEAMT 0.3
~0.35(kg/mm?) /%, EHFHET 0.4~0.45(kg/mm?)
/% RBETED. 9 343°C I dH—AT7 2 — 3
FOMFEDC LB E, ITE 1 %Y h OEERE NS
£ 0.2( kg/ mm?)/% LIESNTVHOT, HHEMMI
BRI T A HER A — 2T ¢ — 3 LSBT B X
DhRALR(LIEE VW2 5.

F—AFFA MEESRES ASTM No. 10~No. 12
O REME U 7o B (bt &2 BB B2 RS T 5 05
BrEib L, YIKSREHZRD T, InEFBRBRAF D
BE(TS)EH LT ey PLAEREY Fig. 9 XU

1.2¢ 210-A(50.75%,)
210‘8250;75.80"/0}
- L 210-C(50.75%)
210-D§5035,80vn
1.0} \ 210-E(75%)
b
) 5:\0
— 08 8 0_\ .‘6:\. R.D.
3 i Smee
— -
> 06" -
=z '\>§LD
i -~
0.4+
i Aging: 480°C,5hr.
A A 1 1 1 1 1 1 ]
200 250

T.S.(Kg/mm?)

Fig. 9. Notch toughness vs. tensile strength curves
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Fig. 11. Effect of austenite grain size on strength
of the 210-C maraging steel.
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Fig. 12. Effect of austenite grain size on strength
of the 245-B maraging steel.
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Fig. 13. N.T.S/T.S. vs. T.S. of the 210-C and

245-B maraging steels, cold rolled and
aged at 480°C for 5hr,
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