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Abstract Grain refinement is the only strengthening mechanism that improves both strength and toughness. Con-
trolled rolling and accelerated cooling techniques have been known to be effective method to improve the mechanical
properties by controlling the recrystallization and/or grain coarsening during processing. Repeat phase transformation(y
/a) by repeat heat treating is another way of grain refinement. In this study, a combined effect of controlled rolling and
repeat heat treating was investigated. To study the effects of Mo addition and process parameters, Mo alloyed low car-
bon steels were prepared and thermomechanical controlled processes were simulated in the Gleeble system.

The Mo addition resulted in an increasement of the grain coarsening temperature and suppress austenite
recrystallization. The optimum condition for the refinement of austenite was obtained when the controlied rolling was
performed twice with the same heat treatment condition, and reduction ratio of second pass was higher than that of

first pass.
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Fig. 1. Schematic diagram of the process.

_ Element C Si Mn
Specimen

#1

0.175

0.40

1.61

0.003

0.002

0.00

0.002

0.05

#2

0.179

0.39

1.63

0.001

0.002

0.21

0.002

0.05




742 gNEEsA A9R ATE (1999

® HA 9] ubE Az Aojgtd AFE nFE7) HH
2o @ TAL wtEs, AAYEE SAsn, AL
ol ol2& AI7|E AAHES HHE Faigch 29 1
& w8 gz Aojgtade] A2E vehd Hojd)
2let xjof b ZHEha| e HA{2| Hlofded ZEe| 8l
e 71x AHoe g 7|Eo] dnbAq] A=
2] Aojgtedg 7zt AAES vl 22 7)A A
B wa}ie},
bl Q) Aleigted FAL 1100CAlA 587 2 AHY
13 2] & 1000°C e 950°C 4] ZHzt Hz X|wAe] 7
Zo ZAHYE 30% (HHFEE 1s7") o 2gdE AAls}
T 750C 700°CoAA 7 10% 9 uHtal hade Al
g F 650C7HA 738 & F 650°C oA 530°C7HA A
(3245 05C/s) 3t y/aiieizt doive s g & 34
3odel.

ukE odxja] Aojgked FAL 1100THA 5EZ 22H
o)A Ae) £ 1000°C e 950°CoAlH 22 10% (H¥E T
1s7) 2] 2/} d-& ARE T 650°C7HA] ZHgk & 650°C
A 500°C7A Al (BAEE 05C/s) 3t y/ede] A7)
thg A7kdsled 1100 CAA 587 |4 & oA 1000°C
2} 950°C el A 27 20% (HYEE 1/5) 4 Zghadg A4

[=1}

-~
>

o g

gt
Z

§ =3
b

gl

T

o

1T

>
A )

o
N

sk 7501C ek T00T A 2z 10% 9] uhFe] stelg A
AR F S YR p/adErt dER @ F 29

3ot

FEAAl o 2 o5 AW FHF Felole AAYEE B
#F % Z2Astgdon], Rockwell AE71 (B scale) 2 A=
A8-¢ AAEtgct. ABI(Automated Ball Indentation)
A5 g 2o % AlYPE HAISk UTS, YS
g vl BA3teict

AN MY Y

23 29 o] Moe] A7FEA] e Al 1100Ce)
A, Mo°] 0.2wt.% FH7FE A)HE 1150°CoAA 22 e~
giibole AR ] FA3] QA3 AAHY 2zt o
b A9 HF ZAY AVie 26meT, Toisrt dof
¢ 3o HF AAY 2= 39mede). o)y FAF &
2HYolE AAY Y 2ishs 250 B8 HEE9] &3
EAZ g AAYPA S nAEH} 299 AR A8
o, 17 33} o] 7} = HE F g AW XRDEAHA
Hofe A3t Mool 7EA @2 Al 1100TC
o]4toll 44 Nb &t 5} E9] Flo|zr} Alebal o n, Moo 37}
g A2 1100°CeoldelA Nb =&tAsEe] Fo)ast,
1150°C o)4ell 4] Mo &tR3hE-9] Fjo]=zy} Ale}iic). w2}
A, Owt.%Mo7del AAY zoish= 1100CHe, 0.
2wt.%Mo7te] AARF e 1150C Yt o)z
AREZRE A7t AAF 2dHE AT 5 de
A7k 25 1100°CE AAsedch 28 40 ebd u}
9} zro} MoAEEo] $35A e =¥ 1100C
AlA 4 30nm=7]] vjHslA] EZ9H MoNE& TEM &

45
40 - —— O wt% Mo
: e o
35 | T8 92wt% Mo

Grain size(m)
W
(=3

20 : :

950 1000 1050 1100 1150 1200
Temperautre(‘C)

Fig. 2. Austenite grain size as a function of the austenitizing
temperature.
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Fig. 3. X-ray diffraction patterns of Mo alloyed steels as a func-
tion of the austenitizing temperature.
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Fig. 4. TEM photograph showing MoN austenitized at 1100 (a) a bright field image (b) a
dark field im (¢) diffraction pattern {d) indexing of SADP(zone axis:[00021)
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Fig. 5. The austenite recrystallization fraction as a function of
rolling temperature.
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Fig. 6. Optical micrographs showing austenite recrystallization after rolling at 950°C {a) Mo 0% (b) Mo 0.2%
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Fig. 7. The diagram showing 7/ phase transformation temper-
ature of Mo alloyed steel.
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Fig. 10.0ptical micrographs showing ferrite grain size (% 400) (a) Conventional controlled rolling (b) Repeat heat

treated controlled rolling .
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