REAFEEBUKNSFY

Tohoku University Repository

Sub Zero Treatment of Quenched Steel. 111 :
Effect of Aging on the Stabilization of
Retained Austenite

0

IMAI  Yunoshin, 1ZUMIYAMA Masao

journal or
publication title

Science reports of the Research Institutes,
Tohoku University. Ser. A, Physics, chemistry
and metallurgy

volume 11

page range 433-441

year 1959

URL http://hdl.handle.net/10097/26942




Sub-Zero Treatment of Quenched Steel. III
Effect of Aging on the Stabilization of Retained Austenite™

Yinoshin IMAI and Masao IZUMIYAMA
The Research Institute for Iron, Steel and Other Metals

(Received September 18, 1959)

Synopsis

The stabilization of retained austenite after partial transformation to martensite has
been investigated using 1.12 9% C, 4.98 9% Ni steel. The stabilization degree was expressed
by the temperature lag f of transformation point or the amount of the stabilized austenite,
0. It has been observed that the temperature lag f is a function of aging time. It has
been found that the recovery of martensite transformation occurred during subsequent
cooling after aging in the early stage of stabilization, but did not occur in the last stage
of it. Accordingly the correlation between § and 0 is not a linear relation. The stabili-
zation proceeded very rapidly when the previously transformed martensite increases to
more than 65 per cent.

1. Introduction

Generally, when cooling is interrupted at the martensite transformation
temperature range and after holding isothermally at that temperature or at the
higher temperature, cooling is subsequently continued, transformation occurs not
immediately at the temperature where cooling has been interrupted but at the
lower temperature where the super-cooling has a certain degree proceeded. In
the case of the interrupted temperature being fixed, the higher the holding
temperature (below critical temperature) and the longer the holding time (within
critical time), the larger the super-cooling degree is. Accompanying this, the
retained austenite becomes more stable and the transformation occurring point
falls, furthermore, the amount of austenite retained to below the temperature
where the transformation stops, so call M, temperature gradually increases. The
stabilization degree is expressed by the temperature lag of the transformation
point caused by the super-cooling, or by the increasing amount of retained auste-
nite. If there existed a linear relationship between the temperature lag and the
amount of retained austenite it would be very convenient to derive one from the
other, but it seems that there is not always such a simple relationship between
them from the results of the present authors’ previous works"~® : that is, in
the early stage of stabilization, Ms’ point fell and it seemed as if the stabilization
proceeded, but as soon as the transformation resumed a rapid recovery of mar-
tensite transformation occurred”:®, and when the sub-zero cooling temperature
reached My point the amount of martensite was similar to the case without aging

* The 952nd report of the Research Institute for Iron, Steel and Other Metals.
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The present experiment was carried out to clarify this stabilization phenomenon
more in detail.

II. Experiments

The chemical composition of the specimens used for this experiment was C
1.12 per cent, Si 0.27 per cent, Mn 0.33 per cent, Ni 498 per cent, P 0.003 per
cent and S 0.017 per cent. The size of the specimens was 5mm in diameter and
70 mm in length. The specimens were held for 20 minutes at 1000°C in vacuum
of 10 mm Hg, and water-quenched at the room temperature. The Ms point
was determined by Greninger-Troiano® method, and for the determination of
Ms’ point and the amount of retained austenite a low temperature dilatometer,
a low temperature ballistic galvanometer type apparatus for magnetic analysis
and a microscope were used. To obtain the martensite transformation curve in
continuous cooling, specimens, to avoid the interruption of cooling, were quenched
into alcohol in which preliminary dropped liquid nitrogen to hold it at the desirable
temperature, and by this method it was able to hold down to about —80°C.

III. Results

As mentioned in the introduction, for the measurement of the stabilization
degree, two methods are known, that is, by the temperature lag, ¢, of the trans-
formation point due to the super-cooling, .and the amount of the austenite, 4,
retained to below M, point. 60 is expressed as follows:

O=Tr—MS i e 1)

where T} refers to the holding temperature after the cooling was interrupted.
Consequently, 6 expresses the temperature range of the super-cooling due to the
stabilization. On the other hand, the amount of the retained austenite increased
by the stabilization, o, is expressed by Cohen™ as follows:

O0=K(05=Th) ovviriiiniiiiiiniiii e 2)

where g, refers to the uppermost critical temperature within which the stabili-
zation can occur, and K is the constant. And g, is obtained by the next equation.

s =057 (MS) +26F veeeeeeeereeeeeeeeeeeseeee e ereresnn. (3)

In the present experiment, it is necessary to measure ¢ which varies with
the progrees of aging. For this purpose it will be very convenient if a correla-
tion between § and the aging time can be obtained, and the same can be said
as for 4.
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First, as for 6, as shown in Fig. 1, it is seen that # has a functional relation-
ship to the aging time. 6 becomes large with the prolongation of the aging time,
and approaches a certain fixed value. When this critical value of 6 is put as
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Fig. 1. Effect of aging time at room temperature on Ms’ point and the
temperature lag 6 in 1.129¢ C, 4909 Ni steel, austenitized at 1000°,

Omaz, the relation between P, the ratio between ¢ and 6,.,, and the aging time
can be expressed by the following equation:

where & is the constant. The value of 0,.. was obtained by the experiment using

a specimen tempered at 80°C. In the case of tempering at 80°C for 1 hour, Ms’
point became lowest, however, in the case of further

tempering, Ms’ point rose. Thus, from the lowest
value of Ms' point, 52°C was obtained as the value
Of 04 Putting the values of this 0, ¢ and £ in
Fig. 1 into the equation (4), the correlation between
log 11 y2 and log ¢ was obtained as the line shown

in Fig. 2, from which the following was obtained.

6 =52 —48¢~0-3¢

Eq. (5) can be applied to every cases unless the
aging time is very short. Therefore this may be
enough to the present experiment.

The relationship between Ms’ point and the
aging time could be obtained from Egs. (1) and (5).

Ms' =48t~ 25

Fig. 2. Correlation between

Fig. 3 shows the martensite transformation
curves, that is, the relationship between the amount
of matensite or retained austenite and the cooling temperature. The outermost
curve in the figure is the martensite transformation curve of the specimen con-
tinuously cooled from the quenching temperature down to My point, and that is
the not stabilized normal transformation curve. The Ms point of this specimen

1
log =P and logt
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was about 84°C. When cooling was interrupted at the room temperature, about
52 per cent of austenite retained. After this, when subsequent aging at room
temperature was carried out, for 1 hour, AMs point fell and the transformation
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Fig. 3. Martensite transformation curves after quenching from 1000° to various
temperature and subsequent aging at room temperature for 1 hr,
did not occur down to —12°C. When it reached Ms’ point, transformation im-
mediately occurred and proceeded as shown by the dotted line in the figure.
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Fig. 4. Effect of sub-zero cooling temperature on the amount of stabilized
austenite 0,
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Here it should be noticed that the difference between this curve and the normal
transformation curve, 0, decreased with the fall of the temperature and at about
—120°C there was little difference between them, that is martensite transforma-
tion completely recovered.

Fig. 4 shows the effect of sub-zero cooling temperature on the amount of
stabilized austenite, 6. In the figure ¢ is zero at —120°C, this is the phenomenon
in the early stage of stabilization, that is, the phenomenon of within 1 hr’s aging,
(as will be mentioned later) with the further prolongation of aging time the
amount of stabilized austenite gradually increased. After cooling was kept down
to —90°C, aging was carried out for 1 hr at room temperature, the stabilized
austenite, 0, also retained to below My point as shown in Fig. 3. This seems to
be due to the progress of stabilization with the increase of the amount of marten-
site produced by the initial quenching. Generally it has been observed that the
larger the amount of the prior

martenste, the easier the stabili- /60 1

zation. is.®, M ~an /50" Room temperaturex/hraging| 1"’
Fig. 5 shows the relation among

the amount of the martensite pro- /401 17

duced by the initial cooling, the /130t 179

temperature lag. ¢, and the amount /201 1s

of the stabilized austenite, §. As

for 0, as seen in the figure, the rela- o 1ot 17 a

tion between the prior martensite ° ol 16 :

and 0 seems to be approximately ©

linear, being slightly change at the or 1°

point where the amount of marten- 8ot 14

site is about 65 per cent, while as 700 13

for 8, it is almost completely re-

covered up to about 65 per cent of 60 12

the prior martensite but above this so0k 11

point austenite retained to below ' 1 1

M; point immediately increases. 4040 50 60 70

Concerning this, it has been report- Prior martensite (%)

ed™® that in the case of 0.8 per cent Fig. 5 Effect of the prior martensite on the
C steel, when the amount of marten- temperature lag # and the amount of sta-
site exceeds 75 per cent, the stabili- bilized austenite 0.
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zation extremely proceeds.

Next, the-critical temperature for stabilization, ¢,, can be expressed by Eq.
(3), and the calculated value of o, from this equation is in good coincidence with
the intersecting point of the locus of Ms’ point and the normal transformation
curve,as shown in Fig 3. The value is approximately 60°C. However, it have been
reported “9~@" that in the case of isothermal holding above Ms point, stabili-
zation can occur, and the stabilization makes Ms point fall. The present authors
too reported in the previous paper® that Ms point fell caused by the isothermal
holding above Ms point. From this fact the following can be said that o, obtained
from Eq. (3) and shown in Fig. 3, may be the upper critical temperature within
which the stabilization can take place in the range below Ms point. However,
if the stabilization below Ms point occurs by the same mechanism to that above
Ms point, that is, the two are a series of a phenomenon; s, becomes to be not
so important and it is merely apparent critical temperature in the range below
Ms point. To clarify this, it is necessary to make the comparative investigation
of the stabilization mechanisms at above and below Ms point, and the detail will
be mentioned in the following paper.

Fig. 6 shows the martensite transformation curves of specimens aged for
various times at room temperature. As far as the aging time is short, the re-
covery of martensite transformation occurs and the curve coincides to the normal
transformation curve at about M, point, while with the prolongation of aging
time the amount of retained austenite ¢ increases. This tendency, as seen in Figs.
3 and 5, is the same to the case of increase of the amount of prior martensite.

Fig. 7 shows the relationship between the amount of retained austenite, &,
and aging time. As far as the aging time is 1 hr, the recovery of martensite
transformation is seen and ¢ is zero, while with the prolongation of aging time
a part of the stabilized austenite begins gradually to retain to below My point.

From the above-mentioned results it is seen that when the amount of prior
martensite is large or when the aging time is long, the stabilized austenite, 9,
retains, however, when the amount of prior martensite is small or when the
aging time is short, that is, in the early stage of stabilization, if cooling is carried
out down to M, point, martensite transformation recovers nearly completely, and
the amount of martensite becomes to be as similar to the case not stabilized.

Next, it is investigated whether there is a linear relationship between ¢ and

(18) Y. Mitani and N. Nakanishi, Nippon Kinzoku Gakkai-Si, 20 (1956), 147.

(19) S.S. Shteinberg, Arch. Eisenbiitt., 7 (1934), 537.

(20) Y. Imai, Nippon Kinzokn Gakkai, to be published.

(21) M. Okamoto and R. Odaka, Nippon Kinzoku Gakkai-Si, 16 (1952), 81.

(22) 1. Ogiwara, S. Kanazawa and A. Kumada, the Meeting of Nippon Kinzoku Gakkai,
Oct. 1957, to be published.

(23) T. Lyman and A.R. Troiano, Trans. ASM, 37 (1946), 402,

(24) A.P. Gulyaev, Metallurgy., 15 (1940), 43.

(25) T. Lyman and A.R. Troiano, AINE, 162 (1945), 196.

(26) A.R. Troiano, Trans. ASM, 41 (1949), 1093.

(27) E.R. Morgan and T. Ko, Acta Met., 1 (1953), 36.
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Fig. 6. Martensite transformation curves during cooling after quenching and
aging at room temperature for various time,
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Fig. 7. Effect of aging time at room temperature on the amount of
stabilized austenite 0.

0, if a linear relationship exists between.them, it will be very convenient to
estimate one from the other. However, from the experimental results it is likely
not to exist such a simple relationship between them. Fig. 8 shows the correla-
tion between the temperature lag, 6, and the amount of stabilized austenite, 0,
of the specimens hardened in water and aged at room temperature for various
periods of time. The relationship between ¢ and 6 at Ms’ point is nearly linear,
while that at M, point is not linear, & decreases by the occurring of the recovery
of martensite transformation, and when 6 is within about 35°C the transformation



440 Yanoshin IMAI and Masao IZUMIYAMA

completely recovers and ¢ becomes to be zero. Then. retained austenite gradually
increases. This fact indicates that the relationship between & and ¢ is not simple.
From the above results, it can be concluded that the stabilization phenomenon

is not expressed by a simple figure,
20 x

x but by a complicated figure (with

/ curved plane) as shown in Fig. 9, that

P / g is, when the stabilization temperature
At My Temperature is constant the amount of transformed

: % martensite by subsequent sub-zero cool-
< ot ing after aging is represented by the
curved plane produced by the axes

i which refer to cooling temperature,

At M, Temperature line OA, and aging time, line DO.

Lﬂ/ Consequently the curve AE indicates

05 - RS T 0 Ms’ point which varies by the differ-

6, C ence of aging time. Since point A

Fig. 8. Correlation between the temperature refers to the interrupt temperature of
lag 0 and the amount of stabilized cooling, GE, the difference of line AG

austenite d. (parallel to line OD) and curve AE,

Mavrlensite 7
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Fig. 9. Schematic illustration of martensite transformation as a function
of aging time and cooling temperature,

represents the super-cooling degree 6 occurred by stabilization. OB refers to the
amount of martensite transformed by cooling. Accordingly, curve AB is the
martensite transformation-temperature curve. Curve BC represents the relation-
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ship between aging time and the amount of martensite, and it shows that with
the prolongation of aging time the amount of martensite transformed by the
subsequent cooling decreases due to the occurring of the stabilization. The
difference between line BF, parallel to OD, and curve BC represents the increas-
ing amount of stabilized austenite, 6. Consequently, the curved plane ABCE
represents the amount of the martensite transformed by the subsequent cooling,
after aging for some time.

Summary

The stabilization phenomenon of the retained austenite of 1.12 per cent C and
498 per cent Ni steel was investigated and obtained the following results.
(1) The temperature lag, 6, of the transformation point and AMs’ point is ex-
pressed as the function of aging time.
(2) In the early stage of the stabilization, the amount of the retained austenite
decreased with the lowering of sub-zero cooling temperature and stabilization
completely recovered at about My point. However, the amount of not recovered
retained austenite increased with the increase of the stabilization.
(3) There was not a simple linear relationship between ¢ and 6. Consequently
it was impossible to derive one from the other.
(4) The larger the amount of prior martensite, the easier the stabilization was,
especially the stabilization remarkably progressed when the amount of martensite
was more than 65 per cent.



