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On the Prebainitic Phenomenon in Some Alloys

M.K. KANG, Y.Q. YANG, Q.M. WEI, Q.M. YANG, and X.K. MENG

The prebainitic phenomenon in several copper alloys and ferrous alloys was investigated by
means of internal friction measurement and composition analysis. The intemnal friction peaks
of zinc or carbon atoms diffusion in B brasses or in austenite of ferrous alloys, respectively,
were related to the zinc or carbon-depleted region formation within the bainitic incubation
period observed by composition analysis. The possibility of bainite shear nucleation in solute
atoms” depleted regions, formed by diffusing of solute atoms to a certain level, was pointed

out.

I. INTRODUCTION

THE prebainitic phenomenon is one of the important
subjects of bainitic transformation which has been
greatly debated. In the 1930s, Kurjumov'"! pointed out
that carbon-depleted austenite can form during the in-
cubation period of steels holding at medium temperature
and then the austenite transforms into ferrite. In the
1940s, a similar view was suggested by Klier and
Lyman.!?! The existence of the carbon-depleted region in
austenite was confirmed indirectly by the X-ray method
by Entin'» in the 1960s and with the method of ultra-
sonics'*! and high-temperature X-ray diffraction®! in the
1970s. However, Aaronson ef al.!! thought it impossible
to decompose the austenite into carbon-depleted and rich
regions, i.e., spinodal decomposition, according to their
thermodynamic calculation. Hsu et al."”’ showed indi-
rectly by means of internal friction that it is a soft mode
nucleation process of bainite in the incubation period.
Garwood'®! and Takezawa and Sato'® proposed that the
bainite in B brasses can form in the zinc-depleted region
by shear. Feng et al.'® pointed out that many defects
exist in austenite and that, by Monte-Carlo simulation,
the carbon-depleted region appears in austenite during
the incubation period and then bainite forms by shear in
that region. Although the prebainitic phenomenon is an
important aspect of understanding the mechanism of
bainite formation, the description of solute atoms’ be-
havior in the bainitic transformation, the direct mea-
surement of the composition change during bainitic
incubation period, and direct observation of the nucle-
ation site are scarce at present. Thus, it is necessary to
study these phenomena in detail.

M.K. KANG, Professor, and X.K. MENG, Ph.D., are with the
Department of Materials Science and Engineering, Northwestern
Polytechnical University, Xi’an, 710072, People’s Repubtic of China.
Y.Q. YANG, QM. WEI, and Q.M. YANG, formerly Ph.D.
Candidates with Northwestern  Polytechnical University, are
Postdoctoral Researchers, Nanjing University, Nanjing, 21008,
Beijing University of Science and Technology, Beijing, 10085, and
Zhejiang University, Hangzhou. 310027, respectively, People's
Republic of China.

This article is based on a presentation made at the Pacific Rim
Conference on the ‘‘Roles of Shear and Diffusion in the Formation
of Plate-Shaped Transformation Products,’” held December 18-22,
1992, in Kona, Hawaii, under the auspices of ASM
INTERNATIONAL's Phase Transformations Commitiee.
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II. EXPERIMENT

The tested B brasses were prepared by melting high-
purity Cu and Zn or Cu, Zn, and Al in a graphite
crucible, respectively, and casting into ingots with di-
ameters of 80 mm, followed by homogenizing at 1073
K for 48 hours and forging into rods of 20-mm -and 10-
mm diameter, respectively. The composition is Cu-
42.85Zn (weight percent) and Cu-26.84Zn-4.22Al
(weight percent). The specimens for intemmal friction
measurement with a dimension of 1 X 1 X 60 mm and
for metallography were cut from the rods. These spec-
imens were betanized in a molten salt bath at 1063 K
for 2 minutes and then quenched into water to obtain
ordered B’ or a nitrite-nitrate salt bath holding at 523 K
for 20 minutes (Cu-Zn) or for 4 minutes (Cu-Zn-Al)
within the incubation period and, hence, also obtaining
B'. No bainite was observed by using an optical micro-
scope or a transmission electron microscope (TEM).

The composition of tested steels is shown in Table 1.
In addition to commercial 9CrSi, the steels were molten
in a vacuum arc furnace and cast into ingots. After ho-
mogenizing the steel at 1423 K for 72 hours and then
forging it into rods, specimen 2 # and 4 # for internal
friction measurement were made from the rods and heat-
treated in vacuum-packed quartz tubes at 1423 K for 10
hours and then quenched into water. The microstructure
of so-treated specimens is austenite at room temperature.
Some of the specimens austenitized in a salt bath at 1423
K for 20 minutes were then quenched in water to obtain
an austenitic structure or held at 573 K for 25 minutes,
at which the bainite incubation period is as long as 4
hours. No decomposition product in austempering was
found using an optical microscope or a TEM. The spec-
imens of 9CrSi for composition analysis were homoge-
nized at 1423 K for 84 hours, followed by austenizing
in a salt bath at 1223 K for 20 minutes, and were then
quenched in water; the microstructure is a mixture of
martensite and austenite. Other specimens were austem-
pered at 553 K for 400 seconds, at which the bainitic
incubation period is 1000 seconds,!!"! and then quenched
in water; this microstructure is also a mixture of mar-
tensite and austenite.

Internal friction measurements were carried out in an
inverted torsion pendulum controlled by computer. The
frequency range is 0.57 to 2.0 Hz. The carbon content

VOLUME 25A, SEPTEMBER 1994 — 1941
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Table I. Chemical Composition Q'x 10’
of Tested Steels (Weight Percent)

Alloy [} Mn Si Cr

2# 1.96 3.69 0.37 — 10
4# 1.75 3.69 0.37 —
5# 1.24 3.06 — —

9CrSi 0.89 0.043 1.47 1.15 l

(@) [=17H:z

Mooy .,

in steels was measured by a PHILIPS® 595 scanning o o0 750

*PHILIPS and EDAX are trademarks of Philips Electronics Temperaturs{+270), X
Instruments Corp., Mahwah, NJ.

Q'x 10

Auger Micro-Probe, and the composition change in 8 i
brasses was measured by a Hitachi H-800 TEM under b) r=063H2 I
transmission-scanning mode (STEM) and an EDAX* . |
PV9100 energy dispersion spectrometer. 1o . i
]
!
|

III. RESULTS AND ANALYSIS

A. The Experimental Results of Internal Friction 0 R
150 200 250

Figures 1 and 2 are the experimental results of internal
friction for Cu-Zn and Cu-Zn-Al, respectively. Internal Temperature(=273), K
friction peaks appear near 473 K. They are of relaxation
type, because the peak temperature increases as the fre-
quency increases and it is independent of heating rate.
The same results were obtained for specimens 2 # and
4 # of steels, as shown in Figures 3 and 4. The peak
temperature (7') and associated frequency (f) are shown

Fig. 2— The internal friction of Cu-Zn-Al alloy.

in Table II.
Q' x 10
-1 3 0
Q'x10 (@) f=19H2
20
(a) f=14Hz
st N
10 . 0T
e E e
0 i o "
. —
poes 300 100 200 300
T +273). K
Temperaturc(+273), K emperaure(+273).
0-| x lol
Q'x 10’ 10
20 T (B) r=1.11
(b) s=0.57Hz :
10} e st y
0 : L 0 x
100 200 300 100 200 100
Temperature(+273), K Temperature(+273), K
Fig. 1 —The internal friction of Cu-Zn alloy. Fig. 3—The intemal friction of steel 2#.
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B. The Calculation of Activation Energy

The activation energy, (, is calculated with the

equation!'?
RT|T.
=——21n (?) 18]
T—Ty) 1

where R is the universal gas constant, f, and £, are the
frequencies, and T, and 7, are peak temperatures. The
activation energy of Cu-Zn alloy is 115.27 KJ/mol and
that of Cu-Zn-Al alloy is 115.87 KJ/mol, which are
similar to the diffusion activation energy of zinc atoms
in ordered B brass.!'™ It is evident that the internal fric-
tion peaks are induced by the diffusion of zinc atoms in
ordered B brasses. That the activation energy of speci-
mens 2 # and 4 # of steels is 117.21 KJ/mol, similar
to the diffusion activation energy of carbon atoms in aus-
tenite,!'¥ shows that the internal friction peak is induced
by the diffusion of carbon in austenite.!”!

Q-I x 16
10
(a) f=2.0Hz
-t ’ A
st e -
- " /-
0 L
100 200 300
Temperature(+273), K
Q-| x ‘0\
10|
b)) se=tviHz
bl 2
0 2
100 200 200

Temperature(+273), K

Fig. 4—The internal friction of steel 4#.

Table II. Peak Temperature (T') of Internal
Friction and Frequency (f) of Some Tested Alloys

Alloy T (K) f (Hz)
Cu-Zn 479 1.4
465 0.57
Cu-Zn-Al 478 1.70
463 0.63
2# 508 1.9
499 1.t
4# 509 2.0
497 1.1

METALLURGICAL AND MATERIALS TRANSACTIONS A

The width of the internal friction peaks mentioned ear-
lier is larger than that of the Debye relaxation peak, and
the shape of the peaks is not symmetric. This kind of
internal friction peak is similar to that caused by seg-
regation or precipitation of solute atoms.!'!

C. Composition Measurement Results

In order to show directly the composition change
within the incubation period of bainite, the composition
measurements and comparisons of austempered speci-
mens with those of quenched specimens were
conducted.

Figures 5 and 6 show the solute distribution of
quenched and austempered specimens in Cu-Zn and Cu-
Zn-Al alloys, respectively. Obviously, solute atoms dis-
tribute homogeneously in quenched specimens
(Figures 5(a) and 6(a)), but there exist solute atoms in
the depleted and rich regions in austempered specimens
within the incubation period, as shown in Figures 5(b)
and 6(b). The carbon atomic-depleted and rich regions
are also formed in austenite in steels within the bainitic
incubation period. The distribution curves of carbon
atoms in quenched and austempered specimens are
shown in Figures 7 and 8. The results indicate that there
is (1) a very small fluctuation of the carbon content in
quenched specimens and (2) a large fluctuation of the
carbon content in austempered specimens because of the
formation of the carbon-depleted region and rich region.

The results mentioned earlier show that the phenom-
ena of solute atom depletion and richness appear because
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Fig. 5— The distribution of Zn content in Cu-Zn alloy: (@) quenched
and (b) austempered at 523 K for 20 min.
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