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Some Observations on Formation of Austenite Grains

Synopsis:

Shushi KINOSHITA and Takeshi UEDA

Some observations have been conducted on the formation of austenite grains from ferrite-pearlite and
martensite structures heated at 2°C/min and 2°Cfsec, using a low carbon chromium steel.

It is found that heating of ferrite—pearlite at either heating rate gives rise to the nucleation of austenite at
ferrite—pearlite interfaces and pearlite colony boundaries and its granular growth and finally the granular
austenite goes into an initial aystenite grain after the completion of «—y transformation. It is also indicat—
ed that heating of martensite at 2°C/sec produces small amount of acicular austenite and much amount of
granular austenite at prior austenite grain boundaries and grain interior which grows integrating acicular
one and goes into initial austenite grain after the completion of the transformation. Slow heating of
martensite at 2°C/min however, brings the different process of formation of initial austenite grains, that
is, much amount of acicular austenite is created in the prior austenite grain interior along with granular
one at the boundaries which comes to compose a lamellar structure of austenite and acicular ferrite.

Vanishing of acicular ferrite by completion of the transformation results in acicular subgrains of austenite
which are very unstable owing to the high grain boundary area and thus a subgrain acquiring enough energy
grows rapidly, sweeping the other subgrain boundaries, resulting in granular austenite grain. Migration
of austenite—ferrite interface is found to be inhibited at ferrite boundaries and thus it is proposed that growth
of granular austenite in martensite may be performed by sympathetic nucleation of austenite.

(Received Dec. 25, 1972)
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Beabii: Table 1 wWRHLEMAEHE T 5 Cr T,
100 kKVA o>/ NI M BRI AR 1o T isfiR1%, 90 kg 3L
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2-2 RBAZ%

AHEIE 7 =54 F+8— 54 FBIB VT 44
bD2EHE Ls. MBREBISRAESHITT 520 1200
°C iz 1hr E¥AhIE LTA — X7+ 4 b Sk Ak
L, BIEBVWTIFREITKRELTENRERTY =51 b
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F—R7FA4 MERKNED $hEE FA5 7201 900°C
i@ Thr in@tigkes Licdodingi. a—y ZTREX TR
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3.2.1 BHEENT =54 F+8—54 FODHDR

F—2FF4 MELIcEEDF—2FF 4
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Photo. 1 | 1200°C 7 54F# L7z fEA4 % 760~860
°C MoBREIEHERL, TOREBIGELALELRLED
WIS LTCHEEA R~ DTHh%. Photo. 1 i\ T
(a)VEkA —2FF 4 Mgk A5 7cdic BMEHER ] Em
Li-fafne s ) U E/KBRTIBRELTH Y, (b)EHE
DFA L~ VTHEFRLAZDDTHD. (a)iItsnTHL
HZBHEFET =54 bTHY, RETAXDETAIE
B S— 74 beFd -7 74 b (BRETRERASLTH
LZDOTwNTHA4 MTERRLTVWSD, LITOMAES
Bk WTA—RFF4 b EDHIDORERREI VT

Table 1. Chemical composition of steel (wt%).
G Si Mn P S Cu Ni Cr Al N
0-21 0-28 072 0-009 0:013 0-02 0-03 1-00 0-034 0-0089
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Fig. 1. a—7 transformation temperature (Ac, and Acy) as a function of heating

rate after different heat treatments.

760°C wQ

790°C wQ

830°C wQ 860C wQ

Photo. 1. Microstructures at various temperatures during and after o« —y transformation,
heated at 2°C/min after 1200°Cx1hr FC, etched by saturated picric acid
with sodium alkilbenzenesulfonate (a) and 19 nital (b).
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Photo. 2. Formation of austenite (martensite) at ’
ferrite-pearlite interfaces and pearlite 4 +7 254 MRRTRBERLLDOTIRRL, Lio
colony boundaries, heated to 760°C at WTFRPDEFRICEWTHAR LAEDORNKE LT, £

L, BREREMEVOTH —AFF 4 FOERKDD
CRCHARRRTHDLEELLNDELIAND, 7.7

2°C/min and quenched, after 1200°C

DE 3B zB5LDEERbRSE. F—2FF4 MRNDE
x 1 hr FC.

RITOWTIE, BRRBZWVIIERREZETHDDDHS
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760°C wWQ 790°% wQ 830°%C wQ 860°C WQ

Photo. 3. Microstructures at various temperatures during and after @—y transformation, heated
at 2°C/min (a) and 2°C/sec (b), after 1200°Cx [ hr WQ.
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& LsER 760~860°C iR F ¢ 2°C/min T
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CEDTRIRD A — 25 4 FHSEEIRITERL, i
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KELT=wAF 44 bELmbDE 790°C £T HREL
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PIFET D Z Lasbhsh. Photo. 5 x4 —AFF4 b
PR ENSERT %, 1200°C 5 5kyfg 2°C/min T
760°C ¥ CHREMLTAS LA BOBEFHEMETEICX
DTCHRLEDDTHS. bEDF—2FF4 RO

after 1200°Cx1hr WQ.

SR NS e e
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Photo. 4. Microstructures heated to 790°C at 2°C/min (a) and 2°C/sec (b),

e trerme e

Photo. 5. Formation of austenite (martensite), heated to 760°C at 2°C/min and quenched,

after 1200°Cx 1 hr WQ.
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Photo. 6. Transmission electron micrograph of the
sample heated to 760°C at 2°C/min and
quenched after 1200°Cx1hr WQ.

Photo. 7. Formation of granular austenite
(martensite), heated at 2°C/min
after 1200°Gx 1 hr WQ.
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Photo. 8. Microstructure heated to 830°C at 2°C/min
and quenched, after 1200°Cx1hr WQ.
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0°C at 2°C/min
and quenched, after 1200°C x 1 hr WQ.
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7 =94 MRECEREWIRDONRT, £ —25F F4
b7 =254 FREOBES RIEWIc X >THIEENS
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Photo. 10. Electron micrograph of the sample at
800°C, heated at 2°C/sec after 1200
°Cx1hr WQ.

SREPnL, S . : LE¥o
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Photo. 11. Electron micrograph of the sample at
770°C, heated at 2°C/sec and quenched,
after 1 200°Cx 1 hr WQ.
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ApiZBE (Photo. 11) Z &7 & h 6, g4k
FZONL. BB LSRR A —2F 54 DK
ERSLBELESET LABRETIEES X5 CEBhh
7o, BEALCEESCEARE LR A —2F + 4
PrroXR&ESEHL, RELTHEBER = » & 7RI
Tl 7 =54 FEEV, 7234 FOilk & FRpICH
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at 2°C/min and quenched, after
900°C x 1 hr WQ).
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FABEIRA — 27 F4 MBBEOA — X7 F1 MESRRL
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Grhoprik e g — v oEEETRT. Fig. 2056b»5 X
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NTIHE D#EMLAV. Aoy EREHLUT OMEBRIC 31)
HRRA —Z2F 74 rEHNOBDIEREEA LD THE~
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2A7F4 +THY, BRELADOTEHEHKZ =74 b
A—2RFFA NTHB. Acy TREERZF M RER TR
ST ECHB X O FEEMESEIESR, R -2 7
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Fig. 2. Fraction of granular austenite as a function
of heating temperature, heated at different
heating rates.
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Fig. 3. Change of granular austenite grain size with heating temperature
and holding time at 860°C, heated at different heating rates.
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Fig. 4. Nucleation of austenite at (a) ferrite grain
boundary and (b) austenite-ferrite interface.
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