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ROLE OF RETAINED AUSTENITE ON THE TOUGHHESS
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ABSTRACT

The presence of retained austenite suppresses the ductile-brittle
transition temperature of the 9Ni steel {containing 0.1 pct carbon) in
both impact testing and fracrure toughness testing. However, in an
interstitial~free Fe-8Ni-2Mn~0,25Ti steel, the benefit of retained
austenite is seen only in impact testing, and little improvement in
fracture toughness is observed. The stabilities of retained austenite
in both alloy s ems are compared in terms of chemical compositions and
strain rate. The implications on the role of retained austeuite are

discussed.
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INTRODUCTION

Among a series of high strength ferritic steels studied in this
laboratory, commercial 9Ni steel (1) and 8Ni (2) laboratory steels pose
a rather interesting case. The introduction of retained austenite
suppresses the ductile~brittle transition temperature (DBTT) of the
carbon-containing (0.1 wt Z) 9Ni steel to below the liquid helium
temperature (1) in both impact and fracture toughness testings. However,
in the interstitial free 8N1i steel the benefit of retained austenite
appears only in the impact testing; only a slight improvement in fracture
toughness 1s observed as will be shown in the following sections. The
available data on these two steels aad 6Ni (3) and 12Ri (4) steels lead
us to believe that the beneficial effect of the retained augtenite is
intimately connected with its mechanical stabilicy, a; least in these
intermediate nickel steels. In the following, recent experimental data
on 9Ni and 8Ni steels will be compared and the efferc of retained

austenite will be discussed.

EXPERIMENTAL PROCEDURED AND RESULTS
Chemical compositions of the commercial 9Ni1 steel and 8Ni laboratory

steel are shown in Table 1. Detailed procedures for speclmen prepara-
tion, heat treatment, cryogenic Charpy impact and fracture toughness
testing, and other techniques are described elsewhere (1,2}, A thermal
cycling technique was employed to form a microstructure of ultra-fine
grains (V1y size) in both steels befcre final tempering. For 9Ni steel,
the conventional double normalize and temper (NNT) procedure (ASTM A353})
was also used to produce typical commercial microstructure of 10y sized

grains.



2=

In Table 2 the Charpy impact euergy (cv) and frarcture toughness
(Kc) values of 9N1 stecl at resting temperature of liquid nitrogen
(I.NZT) and 1liquid helium (LReT) are listed for diffcrent hest-treating
conditione. As a measure of fracture coughnuss, the saximas atress
inteasity factor Kc values are used unless otherwise zoted, since the
valid plane-strain condition could not be fulfilied. In Fig. 1, fmpact
energy (cv) and fracturc toughness (KIC) for 8N steel under tempercd
(2BT) and uncempercd {2B) conditions are platted against the testing
temperature.

Comparison of Cv and Kc or KIC reveals ulmost an tdemtical behavior
betwecen the varfatfon of impact energy and toughness as a fupctlion of
testing temperature in 91 szeel, but not in BRI stecl. Thus 1o 88
sreel, the Km values should be usod as a fundamental measure of tough-
ness rather than cv values, In the cnse of graln-refined 9N seeol, Cv
values at LNZT and LHeT bhefore and after temparing clearly show that the
DBTT {5 lowered below LHeT in conpequence of retained austenite intyo-
duction. Thin observzeion is reinforced Yurther by the veey high fracrure

tough value ed at LyeT.

DISCuss” ..

Te has been suggested ciat the retained austenite may serve as a
siok for deleterious elements in the mactrix, that £ may acc as a shock~
absorber or crack~blunter, and chat it may refine the microstructure.
These roles arve in turn influenced by several closely rclated factors
such as volume fraction, shape, size, thermal and mechanicsl atabilicy

agalnst che iransformotion to marcensite on coeling and deferming at low
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temperatures, morphology of the smartensite after the transformation, and
chemical compositions.

The volume fraction of retained austenite in 9Ni sceel under
different heat-treating conditions is listed in Table 2. In 8Ni steel
fr is 52, The higher volume fraction in the grain-refined YNi steel
did not iead to the lower yield strenpch indicating no effect on the
toughnese. The shape and size of austenite grains observed in trans-
mission electron microscopy were essentislly the same in bozh 9N (1)
and B¥1 (2) steels.

The stahility of rectained austenite and after-~transformation mor-
phology are actually determined by the chemical composition of the
retafned austenite and strongly tnfluenced by the microatructure of the
matrix. The retafned austenite in 9Ni steel should be chermally more
stable than in BN stcel since carbon is a farmore efficient austentire
stabilizer than Nl and Mn. The rerained austen{te in 9Ni was shown to
have an estimated composition of 0.4Z ¢. 92 Ni and 3% Mn and an auste-
nitic steel of the same composition has the Ns point below LNZT (5).
The absence of carbon in 8Ni steel would lend to the Ha point highnr than
I.NZT. But when cvoled to even LHeT, the amount of retaired austenite in
these two stcels remained unchanged. This remarkable atsbility seems
duc to the stabilization effect af the grain refinement (6).

Evidences for mechanical stability are icre difficult to obtaim.

Tn maraging steels (7), fracture toughness showcd a sharp drop at a
temperature near that of which the retained .ustenite first became
mechanically unstable. Hega (8) observed in 6Ni steel that stable

austenite does not transform at LNZT even in the immediate vicinity of
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fracture surface and that some austenite islands are divided by twinned
martensite which indirates a partial tramsaformation of austenite due to
crack arrest. The awportance of the after-transformation morphology of
retained austenite depends on whether inherently brittle or rather
ductile martensite 18 produced from the austenites in front of the
moving crack. Thus the presence of carbon could be a source of coencern
in these nickel steels since a high carbon content in highly nickel-
enriched retained austenite would lead to brittle twinned plate martensite.
On the other hand, the absence of ~arbon could harm the thermal and
mechanical stability of retained gustenite, Therefore the effect of
retained austenite on toughness seems to be determined by an interplay
of stability and after-transiormation morphology.

Finally, the discrepancy in Cv and K. . of 8Ni steel may be due to

ic
strain-rate effects. The exact nature of the strain rate effect is not
clear. In case of 12Ni steel (4), a 1000 times faster cross-head speed
led to a substantially fower fracture toughness and failed to detect
the influence of retained austerite. In maraging steels, by a 100-fold
faster cross~head speed, the fracture toughness was increased in the

austenite-hearing alloys (Y > 40% by volume) while decreased in fully

martensitic alloy.
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Table 1. Chemical Compositions (wt. pet)

Steels N1 4 Mn T N 5 P 51 Fe

I 9.18 0.060 0.60 -- --—  0.002 0.010 0.2]1 Balance

8N1 8.03 90.N01 1.97 0.17 0.00) 0.006 0.006 -~ Balance

Table 2. Cryogenic impact energy and toughness of 9N{ steel.

Testing Temperatures Retained Austenite
———— Sub =-ro treated

LN, T LHeT at LNZT (vol. %)

Grain-
refined cv fr-1b 40 - 0
Grala-
refined cv fe-ib 137 128 10-157%
and » )
tempered  Yc ksi/In 183 140
tnrefined ‘:v fe-1b 125 & <57
(NNT) -

K, kstvin 180 72%

*Valid KIC value.
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Fig. 1. Temperature variation of fracture toughness and

Charpy impact energy in B8Ni steel.



