459

Revergse Austenite and its Effect on Mechanical Properties

Y. Zhang, Shanghai! Iron and Steel! Rescarch Institute, China

Introduction

The phase transformation of an wunequilibrfum structure during
heating has aroused increasing interests. Some results of investf{-
gations on the partial transformatjon of martensite into austenite
in Fe-N1 alloys, low carbon-low alloy steels, 18% NI maraging
steels. etc. have been reported.¢1-7) Consfdering the importance
of reverse austenite {n maraging stainless steel, the present
Work devoted to study the rule of formation, the morphology
and distribution, the substructure of reverted austenite {n
a nenly developed steel by means of TEM, X-ray diffraction tech-
nique, dilatometer and high temperature microscope, etc. The
effect of reverse austenite on mechanical properties and the
mechanism of the transformation have been also discussed.

Marterial and Experimental Methods

The steel used in this work was a OOCrjiaNigMoNb maraging stainless
steel, which was melted in a S-ton electric arc furnace and
remelted f{n a vacuum consumable electrodec furnace. After homoge-
nfzation the ingot of 360 mm diameter was forged and rolled
to desired sections. The chemical composition (wt%) of the steel
was as followus:
C Mn S P Si Cr Ni{ Mo Nb

0.02 0.061 0.004 D.01 0.21 13.89 6.60 1.10 0.39
The specimens were austenitized at 1023k for ! hour, then aged
at different temperature.
Transmission electronmicroscopy and X-ray diffraction provided
the tools for microstructural analysis.
Phase transformation temperature wWas determined in a Formaster-F
dilatometer.
A high temperature light microscope (HM-339) was used to observe
the surface change during phase transformation.

Results 3
1. Mechanical Propertles and Amount of Reverse Austenite

The yleld strength. ultimate tensile strength, elongation and
impact toughness (ak) of the specimens aged at 573K-973K for
4 hours and the amount of reverse austenite are shown In Fig.1.
It can be seen that the yield and tensile strength reach the
peak value at about 723K and then decresse with fncreasing aging
temperature to the lowest value at 893K, beyond that the
strengthes anormaly fncrecase again. The ductility and toughness
have their peak at 893 X.

Reverse austenite appears after 823K and reaches its maximun

at 883K-893K, after that the amount measurcd at room temperature
decroases.
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With increasing aging time at 853K from 0.25h to 16 h, the changes
of properties and amount of reverse austenite are shown In Fig.2.

From Fig.1 and Fi{g.2 it 18 interesting to note the correlativity
betseen mechanical properties and eamount of reverse austenite.
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Fig.1 Mechanical properties and Fig. 2 Mechanical proper-
amount of reverted austenite vs ties and amount of reverte
aging temperature austenite vgs aging time
Aging tiame; dh Aging temperature: 853K

2. Phase Transformation Temperature
As and Af temperatures of the steel are 823K and 963K respecti-
vely, 88 heating rate 18 5 K/min.. These temperatures Increase
With fncrcasing heating rate. They are 975K and 1078K at a rate
of 6000 K/min.. This variation {s very obvious and different
from that of Ms temperature, which (8 alsost undependent on
cooling rate in the steel.(8)
Isothermsal transformation curves of the specimens held at 853K,
873K, 893K, 933K and 973K, respectively, show that the reverse
austenite can form end growm {isothermally. The transformation
can be ascribed to a temperature and time dependent one. [t
i8 connected with a hot-activation process.
During subsequent air cooling, the reversc austenite of specimens
aged below 893K is stable, but fn the specieen aged above 893K
a secondary transformation of reverse austenite into martensite
occurs. It (s shown clearly also at dflatometric curve. The
emount of secondary martensite (Mg) and (Ms), temperature increase
nith aging temperature:

aging temperature (K> 853 8?23 893 933 973

(Ms); temperature (K) / / 428 498 323

3. Microstructure
After quenching. the steel consists of lath martensite¢8). TEN
observation reveals that the reverse austenjte formed during
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aging in this steel has two morphologies: strip end bulk. The
strip austenite forms at and grows along w~ith the boundaries
of lath martensite, whereas the bulk austenite generally forams
at the original austenite boundaries and martensite group boun-
daries. Stacking faults and sparse dislocation netwnorks can
be observed in reverse austenite. Fig.3 {s TEM {image of the
specimen aged et 853K for & short t{me, showing nucleation of
reverse austenite st boundaries. From Fig.d4 and Flg,5 the sub-
structure of reverse austenfte can be seen clearly and the
orientation relationship between a strip austenite and martensite
is corresponding with K-S relation as shown in Fig.5.

Some areas with dense dislocations appear in a bdulk reverse
austenite after aging at 923K for 2h as shown {n Fig.6. The
index of SAD pattern evinces (111] 2zone of martensite, which
is resulted by s secondary transformation. The simflar structure
change can be found also In strip austenite when aging temperature
ifs higher than 893K. This observetion {s {n correspondence wi{th
the result of dilatometric curve.

Hith the help of a high temperature microscope, martensitic
surface reliefs can be observed during cooling when aging tempera-
ture exceeds 893K. The transformation of martensite into austenite
during heating causes also change of surface, but it has diffe-
rent character from martensitic relief under interference phase
contrast and ft is due to volume effect.
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‘' Fig.5 Electron transmission image and seclected-area electron
diffraction pattern of 853X 4 h tempered specimen
(a) Bright field image;
(b) Selected-area diffraction pattern and dark field {meage
originated in (020); diffraction spot;
{c) Indexing of selected-area diffraction pattern

Fi1g.6 Electron transamission image ond selected-arca
diffraction pattern of 933K 2 b tempered speciamen

<a) Bright fleld fmage;

{(b) Dark fiecld image;

(c) Selected-area diffraction pattern

electron

Discussion

4. The Effect of Reverse Austenite on Bechanical Properties
Bechanical properties of the steel after aging at 523K-9723K
are influenced by a series of factors, =malnly by precipitation
and phese transformation. When aging temperature 13 Jower then
823K, the change of strength §s mainly due to dispersive preci-
pitetes and then overeging because of obsence of reverse austenite
at this stage. But strength (especialy yleld strength) decreesses
rapidly and toughness increases at temperature range 823K-893K,
that is attributable not only to overaging but also to the trams-
formation of martensite {nto austenite.
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Nechanical properties as a function of amount of reverse austenite
(or secondary weartensite) §s shown §n Fig.?. The solid line
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FIg.? Relationship betmeen waechsnical properties and amount
of reverted sustenite or secondery martensite

represents the change of properties with Iincreace of reverse
austenite from 2.5% to 25% <(correspond to aging teamperature
from 823K to 893K) end the dotted line represents that w«ith
secondary wmartensite. Every 10X {ncrement of reverae austenite
corresponds to a decrement of %50-70 MN/mZ in ultimate strength
end 100-120 MN/m2 in yield strength.

Jn some alloys amartens{te-sustenite transformation {8 beneficial
to strength because the reverse austenite Is a dispersive phase(l)
or it inherites high dense defects of martensite.¢2.9) But the
reverse austenite (n O00Cry3NigMoND steel 1is not so. It s o
soft phase, that s easier to cause the formatfon of microvoid
during streesing and lowxes strength level of the steel. However,
8 soft phase at boundartes of lath wsartensite can relax the
streas concentration caused by dislocation piling during plastic
deformation and reduce crack propagation rate, therefore, increase
toughness of steel. As aging temaperature exceeds 893K, the
atability of reverse austenite decrcases and a secondary marten-
sitic transformation occurs during sebsequent air cooling. Because
the concentration of alloy elesents in reverse austenite changed
due to diffusion. . The secondary w=sartensite egohances strength
sgain and decreascs!tonghness of the steel.

In order to obtain @ good combdination of strength and toughness,

it seems of bdDenifit to beve 10-313% reverse austenite {n this
steel.

2. Characteristics of Martensite -Austenite Transformation
Austenitization of & -equilibrium structure causes formation
of globular austenite gralns at any heating condition€¢10),  But
the transformation of martensite during heating can form globular
and strip-like austenite. The formation of strip austenite can
be carried out by elther shearing or by diffusion wmsechanise
depending on alloy systes and heating conditions.€3-?7) [n the
present work the characteristics of the transforsation can be
susmsarized as follows:
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1). Reversc austenite can grow {sothermally. Its amount fncreases
with f{sothermal temperoture and time. Phase transformation
temperaturc depends on hcating rate.

2). Reverse austenite does not f(nherit high dense defects of
martensite.

3). Strip austenite nucleates at and grows along with the marten-
sftic boundaries, where the diffusion is much enhanced.

4). Formation of reverse austenite is not accoampany by martensitic
surface rcliefs.

5>. A sccondary martcnsitic transformation takes place due to
the f{nstability of reverse austenite and ({ts tronsformation
temperature Incrcases with {sothermal temperature.

These characteristics suggest that the reverse austenite ({n
this steel 1s not formed by a shear mechanisam, but by a diffusion
controlled process.

Conclusfons:

1. Partial transformation of wmartensitc into austenite in
00Cry3NigMoNb steel takes place during aging at 823K-9723K. The
reverse austcnite has two morphologies: strip and bulk. The
strip austenlite forms at and grows along with the lath martenstite

boundarics, whereas, the bulk onc at original austenite boundaries
or martcensite group boundaries.

2. Stacking faults or sparse dislocation networks can be observed
in the rcverse austenite. The exist of austenite 4§38 benefit
to toughnecas, but decrcasecs the strength of this stcel.

3. Martensite-austenite transformation in this steel (s a dff-
fusifon controlled process.

4. As agjing temperature exceeds 893K, a secondary weartensitic
transformation occurs during sebsequent cooling, which causes
an {ncrement In strength and a decrement in toughness.

Acknowledgments

The author (s (ndebtecd to professor 0D.J.Gu for his quidance
and help.

References

1. G.Thomas, I-Lin.Cheng, J.R.Mihalisin: ASM Trans. Q.,
62 (1969) 852
G.Kkrauss: Acta Metall., 11 (1963) 499
N.K.Nagpaul, D.R.F.KWest: J.lron Steel Inst., 208 (197013276
C.A.Pampillo. H.W.Paxton: Metall. Trans., 3 (1972) 2895
. S. Matsuda: Proceedings of First JIN International Symposiun
on New Aspects of Martensitic Transformation, Ed.H.Suzuki,
et al., Publ. by Jpn Inst. Net., 1976, P.363
S.Watanabe, Y.Ohmori, T.Kurjitake: ibid., 19?76, P.369
F.Habiby, A.ul Hag, F.H. Hashmi, A.Q.Khan: Proceedings of
ICOMAT-86 P.560-565, The Japan Institute of Metals.
8. Y.Zhang, J.Jin: Trans. of Metal Ilicat Treatment Sinfica
1 <1983) 38
9. H.Smith, O.R.F.West: Met. Technol.. 1 (1974) 37.
10. S.Kinoshita, T. Ueda: Trans. of Iron and Steel Instftute
of Japan 14 (1974) 41

WL W

N



