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Effect of Heat Treatment on Toughness of High Manganese Cast Steel

Toshiro KoBAYASHI, Wataru Yaclt, Toshihiko KAzZINO, and Yoshisada UEDA

Synopsis :

Low carbon high manganese cast steels with various Mn contents were processed by Q , QT and QLT
treatments to examine the toughness in V-notched Charpy impact and dynamic fracture toughness tests.
For 5% Mn steel, the toughness was improved greatly by the microstructural refinement and the introduction
of stable and fine retained austenite during the QLT treatment. The retained austenite is considered to
give transformation induced plasticity. For 109%Mn and 15%Mn steels, the QLT treatment did not
improve the low temperature toughness because of a large amount of epsilon martensite contained.

The dynamic fracture toughness did not always correspond to the Charpy impact toughness owing to
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notch tip effect.
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Table 1. Chemical composition of steels (Wt%).
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c Si | Mn| P S Ni
0010 [0.31 | 1.46[0.001]|0.009| 7.95 1
0.0050.04 | 5.06{0.002]0.004
0.010/0.08 |10.14]0.0010.003
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0.006{0.11 [2057]0.002(0.003
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test (c).

‘Table 2. Transformation temperature of

steels (°C).
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Fig. 2. Heat treatment diagram.

oy OREEERB A BEBET L LW,
23 HEBELZHOTEE

BRERBRIRCI LY €2 ) VBT va— 1 LEfD
100 : 15 oBAWE AV, 720 r RAEOBH
WMEALEKi2 3% >4 2—1%, 88 B, C, D 1zi2
=F T N3 — V-HRAEE-C 2 ) VLS T BIRS
B A7, FHOERE S o> M ED &
BrBd 5.0 AR REYERTE L. a-< L 5
VA b (o M) OER L OMENEEFH LCHEW
T L Dfe. e-<AF V44 b (¢ M)t REeep
D X D XERRIHT BRI B L CER L.
2-4 S[RABR

JIRRBRIL A v A b VRIS A —30 1O
30°C Ty of. 7w A~y FEER I mm/min (0§
HHEE 8x10-4s-1 T HHY) L L 7.
2.5 e lE—HESR

Vo M- HBRHEIIAR 490] Oy e —
BRI CRrABREE) Ay, —196~100°C T
KWL 7. EEROME-B (P-6) M DRI = %
AF — (Ey) RARME (Pm) 7t & HEEE kD19,

Mn content (%)

Fig. 3. Change of volume fraction of a', ¢ and
7 phase with Mn content in steel.

& BULEM OB 28 & /.
2.6 BHAIEEHEMEOAE

BB BN PR H 2 T 7 v — 7 X oY) b R
EHBA (WO REEEML o/W=0.4) %\ ASTM
E-399 i HEHL L TR DR LEL (B~5) x 104 [a] G35 X 2y
AWML, &Y REEIHEEY 0.6 Do L7,
By v v —REHIT L OO P Hifgn b X2
e xAF —%KD, J. R. Rice O X b J#%
fE2EH U RBRCE L CiEEc it Rekoks
TRT DL O REY 49] wBE L (EERE
HE 1.7ms=1). iy ] B EL RS i X 20564
ROEERMEOHRIIES T, AKBRTI3EE
LORERDOFIRIO® 0 B,k D X 510 XBURE = 2 LF —
BRE L. ABRHDNESBIET 288t P-0 g
D Py SEFCORN=FAF—12 0.8 #F Ui b D%,
F7C P FIDARTCHEME BT 2 85 S i Mt B B oD S 4
FCOWIR=FAF —%, IR A ZAF - L LT,
F R RO SR E e & o8 T8 = &
EERTREINL Y, REBRCTREEEL LT Edo
XORE LI, ERBERD 2 v 754 7 v ARHEW
7ol LREOZEEE - RBOERI ICEERETHE
& (SEM) o X 2 HBIE 21T 0. ¥ Xff~1 2
r7F>74% (EPMA) X b#sho Mn O{RETREE
NN AN

3. RBERLIER

3.1 ZHEOER

HifE A~E off (¢, ¢ BIY 7) oz
Fig. 3 wind. #fEAIL 80% L bkor EEL b i
10% 3D o LABD e BB BRI ¥l 6-7 =
4 POFET LR b FE 2 Bhioat, Cr 24E20 %

— 96 —



B MO e RE T AR O E 863

Photo. 1.
:3 W
=5 ar
[
[
£
(o]
o L
[ =
s5- QLT 25pm

Fig. 4. EPMA result of Mn distributin in steel B.
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Fig. 5. Nominal stress-strain curve of steels in
static tensile test at RT and —30°C.
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Fig. 6. Transition curve of absorbed energy and
maximum load of steels in Charpy impact test.

Photo. 2. Strain induced a'-martensite near fracture
surface of steel B in Charpy impact test at RT.
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Fig. 8. Relation between various transition tem-
peratures and austenite content in steel B.
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Photo. 3. SEM microfractograph of steel B fractured in Charpy impact test at R'T; bottom
of notch in QT (a) and QLT (b), center of fracture surface in QT (c) and QLT (d).
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Fig.d 9. Relation between absorbed energy and

depth/width (D/W) of dimple on fracture surface

in Charpy impact test at RT.
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Fig. 10. Change of dynamic fracture toughness
(J4) with Mn content in steel.
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Fig. 12. Vector expression of relation between
absorbed energy and dynamic fracture toughness
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