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Effects of Manganese and Nickel Increase on Mechanical
Properties of TRIP Steel
Synopsis:

The mechanical properties such as strength, ductility, and toughness were examined in static— and dy-
namic-tensile tests, V-notched Charpy impact test, and dynamic fracture toughness (J—integral) test for
three sorts of steels with the ausform of 25%, rolling: (steel A) Fe-0.3C-9Cr-8Ni-4Mo-2Mn, (steel B) Fe—
0.3C-9Cr-8Ni-4Mo-10Mn, and (steel C) Fe-0.3C-9Cr-12Ni-4Mo—10Mn.

For steel A, besides the usual TRIP in a narrow sense caused by the deformation induced a’~martensite,
a different type of TRIP in a wide sense was observed in the static tensile test, which was due to the sub—

structure such as stacking fault and mechanical twin.

steel A, TRIP slightly occurred.

In dynamic tensile test and Charpy impact test for

For steels B and C, TRIP in a wide sense alone occurred in the tests because of stabilization and low stack-

ing fault energy of austenite matrix by high Mn content.

dynamic fracture toughness.
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Table 1. Chemical compositions of steels (wWt%).

Steel| C Si Mn P S Ni | Cr | Mo | Al
A 10.274] 2.00| 202 ]0.007|0.002] 8.04] 8.93 ] 393 [0.019
B ]0.274] 1.04 ]10.14 10.007|0.004] 8.07 | 8.87] 3.94 ]0.035
C 10.2721 1.04 | 10.05 [0.007]0.004{12.23| 8.85{ 3.91 ]0.050
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450~300°C, 25°
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Fig. 1. Schematic diagram of heat treatment
and thermo-mechanical process.
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Fig. 2. Geometries of specimens.
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material, dy(gm), HV (490N)

a) AI, 25, 330 b) AL, 27, 390

c) BI, 56, 303 d) B, 57, 330

e) CI, 65, 303 f) CII, 73, 330
Photo. 1. Microstructures of mate-
rials with austenite grain size (dy)
and Vickers hardness (HV).

Table 2. Static tensile properties of materials 3.2.2 REREE - O TAR@EEORE
at 27 WX, BIEEERBCO TRIP i X %M (EL) o
Steel A B c =271k M~My BEITROR, ZORDMHI (0.2)
Process ! I ! I ! I BFE—ETHHHIEERE (op) ZERCEGEHET
Db TwWa®,. Zolk 5 7t TRIP SoE#ET
002 (MPa) 813 1019 744 804 794 | 833 ] N
Fig. 3 WERLIMARSWTOEPNS|ESEEOREK
o5 (MPa) 1068 1225 | 93 0 862 7 -
’ S M o0 LABMEHRIC DD D, A KOLTIRS bIC
EL (%) 39 22 40 31 34 | 28 :
RA (%) 39 26 64 64 67 | 63 _F—N\\\_ .0p/1  property / process
1 0.2% £ : tensi ‘ ogm 4
09.2: 0.2% proof stress,or: tensile s!reng_th
EL : total elongation,RA: reduction of area Tl;
o
e .
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B . _ . Fig. 3. Temperature dependence of 0.29, proof
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INns. gation (EL) for steel A in static tensile test.

— 122 —



TRIPROBBHIBEBEZRET v A VvE LIV =, r L ORBEOBE 1181

N

Nominal stress (GPa)

o

Fig. 4. Nominal stress-strain curves for materials
AIL, BII and CII in static tensile test at 25°C
and low temperature.
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Fig. 5. Temperature dependence of strain
induced a'-martensite for steel A in static and
dynamic tensile test.

TRIP wB#T 2 BEBE -0 TR L & B R
e (Fig. 4). T7cbb, # —10°C LI T B/
BHenRobhi., Zhii—Bi bee $BIITRORS
2 fee TIREZ BigWL b, r—a' FEAMILHELS
Ric LB L TS, FMIFHR o =45 v
A+ OEBCHEGCINTEARSA L, MERLENET
5ETOHE—-MOESRKRELER, {ThiiZz Ll
R EDOF#D Fig. 4 OMADIE-OTHEBCED
LBV THD. FlFRABREORRE OB—MOERIC
DOWTXPEFIC IS TCRIE LM THERE o =157 v
+1 P EORERC X AE% Fig. 5 wird. #O5IE
ks o Jp —100°C LIFCEA Licolk, ERT
OB EOEEL D ) BEREN TSRS
LI BT 2o L Bboh s, D e R 5wl
ARDWTIIIMTFRER o =7 vy A4 b E K
L, Fhic#el+ % TRIP 2% Fig. 3 ofophg Lo
# —100°C ToOVEV— 7RI TWEEELTI W
2, AR AT oo 0°0C B /R D 5
DEopE—sp@Enbh5. Fig. b whlbekn 0
°C LETn AT #D a' =A5F vHA b+ BTk
{, ¢ BNEERED Al #TRcD £—7 2341
TWhWERZE2 GRS E, ZOE—-273E KD o
25 v L rickd TRIP CikicwvEvz s, AT
HEA—A7 4 —£2DHTH Y MTEOBED Al

ol TE G fedd, a' = A5 v 1 F DRI LD
TN AR TCOBRBRIBUAEERBORENBRS LE
zZHhAH. T BRI SEMES A MET 508, %
DA TOFRIF TR ELETOTN) BRI LA
HELHOCIFELLIHATS. RBEBRIE - BRI ED
HAET T, FhbEEMOZEMI o =17 v v

FOBERNSREIDEVERTEDY, Z0k35 LT
U7 a' & TRIP F5H5334, 2 COBERND
v YRR X 5T fE 5 k& i aecko
a = AT UL XSO (FED TRIP) Li2f
w, BEXK - BV ECERTLORH D, LUFT
ohwhzED TRIP LIRS 5.

WS BERER DRI Do\ CIL A E- AL 58 A
REPEIZ X v K& FLhESEEOFTBEE ThH D
DT, REBH ETRD AL MO & BiEIUERC>W T
BRI X 5 B e #iysstk & 3k Fig. 6 @ Lo T
AT MAOBEOUL, 0°CLlETo AT Ho#ER
MO AR, L LABRHRO LY $E —100°C DL
FTh{ETF LTV eV, —JF Fig. 5 w3 X 5 B
BEEDIC LD o =AF vy A EOBBIIENLD
CHANERMABITL TR D, CAIEEOTL T T
B SREEFC LT r-a BRI IIIHI NS
HEEZ LY, BINHEOOEENERKD TRIP
I ErELCLV. LEA2TIRREEROTATT
DOEHRGEOFE LTV e { [KFED TRIP

2]
o

n
o

n
o

static
-/ mmmee- dynamic

&
o

20

Total elongation, EL(°%%) Reduction of area, RA (%)

-100 0 100
Temperature (°C)

Fig. 6. Temperature dependence of total clonga-
tion and reduction of area for materials in static
and dynamic tensile test.
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Fig. 7. Temperature dependence of maximum
load (P,,), total absorbed energy (E;) and en-
ergy to maximum load (E;) for materials in
Charpy impact test.
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Fig. 8. Formation of strain induced a'-martensite
nearby fracture surface for material AT in
Charpy impact test and fracture surface profiles
at —196 (a) and 20°C (b).
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Photo. 2. SEM |micro-fractographs
of material AT in Charpy impact

1 50pm |
B e

-196°C  Peak temp

Fig. 9. Load-deflection curves for materials in
Charpy impact test at several temperatures.
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Photo. 3. TEM microstructures of
material BT in Charpy impact
test at 20 (a) and —70°C (b).
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Fig. 10. Relation between crack extension and
load point deflection in low blow test using stop
block.
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Fig. 11. Relation between dynamic fracture
toughness and Charpy absorbed energy for

materials.
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