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Retained Austenite and Its Role in the Improvement of Mechanical Properties of Steels
Tadashi Maki

Synopsis : Retained austenite significantly influences the hardness and mechanical properties in martensitic
steels,especially in high carbon steels and in carburized steels. This article describes the nature of retained
austenite, factors controlling the amount of retained austenite (alloying elements,austenitizing temperature and
cooling rate), various treatments for a decrease in the amount of retained austenite (subzero cooling,tempering
and shot peening) and various treatments for an increase in the amount of retained austenite (intercritical heat
treatment and austempering). Finally, some examples of the enhancement of ductility and toughness due to

retained austenite are briefly reviewed.
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Fig.1 Schematic drawing of CCT diagram for eutectoid steel.
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Fig.2 Schematic drawing of martensite transformation curve.
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Fig.3 Martensite transformation curve for 1.1%C steel (quenched
from 843°C).
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Fig.4 Ms and Mf temperatures as a function of carbon content in
Fe-C alloys.
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Fig.5 Retained austenite as a function of carbon content in Fe-C
alloys.
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Table 1 Relation between the effects of elements on Ms and on propensity for retained austenite.

Element C Mn

Cr Ni Mo W Si Co Al

Change of Ms
per 1% of element (C) -300 -33

22 17 11 11 11 +6  +17

Change of retained austenite 1ty 4199 +11 +10 +9 +8 +6 -3 -4

per 1% of element (%)*

*In presence of 1% carbon
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Fig.6 Schematic drawing showing the effect of austenitizing
temperature on the amount of retained austenite, Ms,
carbon content in austenite and the amount of
cementite in hypereutectoid steel.
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Fig.7 Effect of austenitizing temperature on martensite
transformation curve for 1.1%C-2.8%Cr steel.
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Fig.8 Effect of cooling rate on the amount of retained austenite
for various carbon steels.
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Fig.9 Martensite transformation curve in 1.1%C-1.5%Cr Steel,
austenitized at 1038°C, during continuous cooling and
after holding for 0.5h at Th =65, 54, 43, 21°C.
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Fig.10 Relation between the amount of retained austenite at
-78°C of 18%Ni-0.3%C steel and aging time (Heat
treatment; 900°C — 0°C (Q) — 50, 75, 100°C (A) —
-78°C).
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Fig.11 Effect of holding time at room temperature on decrease in
the amount of retained austenite by subzero cooling in
1.0%C-1.5%Cr-0.4%V steel.

3:2:2 BEERL
BRBYEESURANRRBZRERT &, RRLUS 2 B
(#9230~300C) THEBYH DL, BRERVILTHA
hEERMEMIZED, ENIPR, BRLUSF 2 REULDE
EBTORRLULEBLZE Y DEWEERECHD, LIL
BEDBREINDMTIIREL TLIODTIDFHAEITH
BATERLN, RBITEWEENDLDII550~600CHHET
BRLCRBEZLISEDMTIE, BEY DORIIE
Vo DREMDIBEICIFEO0~600CHIICHELUKERL
$BDZEICKDT, BHABFICEZ, B3IDVILTHAb
TREEHZL, RBYIIRPT D, TNz, 2~3E#
BUBRLETO>ONEBETHD, ZORTTEONEZ
HATNIIIWUNRHDE O THD,

Sanyo Technical Report Vol.2 (1995) No.1



SEOZREA — T4 b EXZDBIUEICH T B1%E]

3:2:3 vayhkeE—=-27
23y NE—ZUTBFDSZEICEUBEBAMOREEE
DEBYZEROSITZENTED, ZNF a3y -2
TICLDEMOTHTHBYMNMIFEYILT o HA RE
RRIDIHOTHD, BR, RRECIEM DR Y EDRE
WMIBWEHETHD,
3-3 BBA-RTFHMAMEEDHE
3:3 1 BERRBIURRDZERM
BETRPRREZEICRNT DE, Tabe 1 ITRLIEK
SIMsENREETL, ZEDERBYHEOND, CP
Ni, MZED Y ERTREDFIMNNRNTH D, Bzl
YR18—8XF L2 (18%Cr, 8%N) IIEETEDZ
SRNCEOTY D LEEICHEIMSEAERBUATICKEDIZH
DTHD,

Temperature

M Tempered M
+
M Retained y

M Tempered M
+

Fig.12 Schematic drawing of intercritical heat treatment in Fe-Ni
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Fig.14 Schematic drawing showing the transformation process of
upper bainite in Si containing steels.
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Fig.15 Variation of fraction of constituents at room temperature
with isothermal holding time at 440°C for SUP 6 steel.
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Fig.16 Effect of microstructures on the transition temperature in
Fe-8%Ni-2%Mn-0.25%Ti alloy (dy : prior austenite grain
size).
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3000 =T
== Ausform steels
=171 Dynamically
E% strain-aged
2500 - = ausform steels
«
CEL 2000 F “TRIP" steels
. ~
= =
o NS
& S
= 1500 F ©O o ~
:g o D& 8]
o .
> B a0
2 1000 O a0
N Low-alloy
o high-strength A A
i steels A
500
0 1 | L 1 1 | A 1 1 1
0 10 20 30 40 50

Total elongation, %

Fig.18 Strength and ductility balance for various classes of high-
strength steels and thermomechanical treatments.

SICLTEEZEBYICLDTRPIRZ THRE —EM/NZ R
ICEABWBEREY CMIAEER rBEEINnT
AT

5. HhWIC

WODZE Y DEMZEFPHRE Y BORBE AT LICDNT
Mo, BFPTIBREEDNDSDICHESZBBELE T DIHEIC
(3, HERDEIVILT A PEESTDIEHICKEED
ZMENMERE NS, LNL, RRENZLLLEDIEE, |
SHNEBYNBATLE ORI LVVEETHD, =
SIFEAMZR LS EDOICEETRERIT DERR
HRBYENBATLE D, BEYBRBOMR (DFUE
THEM) ICKDOTREDDT, BSAEBZRRET DICII,
BMANE T 70BN 3y NE-—Z VTR EDZRREY
EEBETUENDLITRETHD, —F, IUNBELEDE
BAMTIIVILT A MR Y Z8BRICENSE
DEALIE (ZARZEALIE) AEHBRIONTIVD, &5
IZ, 1§ - PRABTELIMOEMZE LS B D HITFEE
YERBRICFHBLELDEWDDNREDEEDU EDT
Hdo

BE, RFBEICRIZIZREYDEEICONTIZIT
3nEh ol ZORICBELTIIMREBTLI LE—
L TR, BBYDEFEIIRFEEICT L CHEE
ERIZFTENDREDHN, BEEZRIZT LN DHRESL
DEZWKDOTHD, INDICDNTIINE | X U18%
SBLUTIEE0,

p-4 ik

) B —  BXEBZESI, 14 (1975), p68l

) M. Cohen: Trans. ASM, 41 (1949), p.35

) A.R. Troiano and A. B. Greninger: Metal Progress, 50 (1946), p.303

) A R.Marder and G. Krauss: Trans. ASM, 60 (1967), p.651

) BARE=, J\BR¥ :: BEEBZRE, 16 (1952), p8l

) B —, WWFEESB . BEEBZESS, 34 (1970), po6s

) S, G. Fletcher, B. L. Averbach and M.Cohen: Trans. ASM, 40 (1948), p.703

) B EE BREBFESI, 27 (1988), p623

) RIBRE, ¥ EE B0, 32 (1992), p.70

) FEEM—, LUEFER : B0, 29 (1980), p.326

) ‘BRRE— . BB, 32 (1992), p33

) S.Jin, S. K. Hwang and J. W. Morris,Jr.: Met. Trans,, 6A (1975), p.1721

) R, EM—Z, R B, KIFERX : #&, 78 (1992), p.1824
) BRSE  #%&, 56 (1970), p4d29

) |. Tamura: Metal Sci., 16 (1982), p.245

) V.F. Zackay, E. R. Parker, D. Fahr and R. Bush: ASM Trans. Quart,, 60 (1967),
p.252

17) K& s5h W B 8%E, 37 (1987), p563

18) WHEEZ, AIHEASE B, 32 (1992), p43

Sanyo Technical Report Vol.2 (1995) No.1





