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The Effects of Microstructure and Texture on Toughness of
Control-rolled Steel Bars
Yasuhiro MAEHARA, Fukukazu NAKASATO, Yasuya OHMORI, and Fukunaga TERASAKI
Synopsis:

Texture and mechanical properties of low carbon microalloyed steel bars control-rolled in an oval/round
process have been studied. Strength can be increased by decreasing rolling temperature without any duc-
tility loss. This can be explained in terms of the refinement of ferrite grains as well as the work hardening
by rolling in the y/x duplex phase region. Ductile /brittle transition temperature (yT's) in Charpy impact
test is also remarkably decreased by lowering rolling temperature, e. g, v T's {(—196°C for the material with
the finishing rolling temperature of 644°C. Such a marked improvement of toughness mostly arises from
the refinement of microstructure although a significantly strong texture development promotes the occur-
rence of separations as well. The main and sub-orientations of texture developed are an unusual {100}

<{001% and a {111} ~{211}<011), respectively. Fractographic examinations revealed that cleavage
cracks either perpendicular to rolling direction or parallel to the rolling plane initiate within relatively
coarse grains of the cube orientation elongated to rolling direction and that the propagation of such cracks
is arrested by the surrounding extremely fine grained area of different orientations such as {111} ~{211}
{011>. The initiation of separations cannot be explained by the CHa0’s model considering the plastic ani-

sotropy due to the above textures.

1. %

TEEMOTEFCE T, WILKRF A2 v ik
CHERAIhLEREBSGO X 5, WMo CHRNE
KRENB LD DTETWS. FLTEIKTHbRT
WA O &R HIEEED 19 A T5 2 it X oT
LM CHREDO BN MR OR 2 #D LRIV, B
Lo & OBBRIEBE RO SR 7 M CEERY#T
U7 B3l EREANIC S TR R TV 5 & X 235 &
*L"C\‘\Z)”)“ID).

LasL, % OmBHEEERE O FANC W TR 7 s
%<, FERELEC X o THBEOMMILE & beEL
CHET D EEZL DN LEARBR L OB STk +
IR IR TS LIRS V. SR IS FEER X
DT I N HEGEBL, F1EHE T2 L FIHE
FEGHH 2D ~29 DFE LITFE L BB L TFHIA,
APFIE CIRESHER & EESA & OBFRYHAN, Lok
W%ﬁﬁk@%ﬁuouf&ﬂbt

i

2. = E&

P DLy % Table 1 Rd. A—AFF A
b (7)) BMEEC X > CH7 160mms ov,y, + &
950°C in##gg, +—-/5w v F (Oval/round) 5
R 16 B#fEFIEC > THERE 36mm O H§ & L
fo. EEREOHEL T, HWT, EEREEL AL V
FRISHC Lo UE EFRELXFEL, A, B,C#TL
nrh 787°C(r %), 725°C(Ar; FHET), 644°C(Ar,
MRUT) &Lz

Thbiont, MR, £4akkoRE, EE~
—196°C T v 4 v & —EBRE & 7 RABRL T oM.
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Table 1. Chemical compositions of steel used.

(wt%)
Steel C Si Mn P S Nb Al
A 0.08 0.24 1.69 0.013 0.008 0.026 0.047
B 0.09 0. 51 1. 67 0.012 0.008 0.033 0.059
C 0.12 0.42 1. 82 0.016 0.008 0.032 0.070
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Photo. 1.
(Transverse section)

Microstructure of Steels A, B and C showing morphology of pearlite or cementite.

(p : pearlite, c : cementite particle)
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Fig. 1. {200} pole figures for Steels B and C.
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Fig. 2. Variation of axis intensities with
finishing temperature of hot rolling.
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Photo. 5 * 611, #hFhBs C% —196°C ¢
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Photo. 2. 'Transmission electron micrographs of steel B (a) and Steel C (b, ¢). (Transverse section)

Photo. 3. Transmission electron micrograph of Steel
C. Diffraction pattern obtained from the grain (a)
shows ~ {100}<001) orientation, and those from
(b)~ (e) showed also ~ {100}<001).

Photo. 4. Transmission electron micrographs of
Steel C; (a) bright field image and (b) dark fi-
eld image. Bright area in (b) shows {111} <011>
orientation.
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Fig. 3. Tensile properties of Steels A, B, and C.

Photo. 5. Scanning electron micrographs of the
longitudinal section in Steel B fractured at —196
°C.

1, 2 : cracks perpendicular to RD and ND, respec-
tively.
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Photo. 6. Cracks formed at —196°C in the long1
tudinal section of Steel C in the vicinity of the
fractured surface; (a) initial stage and (b) final

stage.
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Fig. 4. Impact transition temperatures
of Steels A, B, and C.
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Phots. 7. Fractureci surfaces of Steel ruptured at
(a) ~100°C and (b) —140°C.

Arrow : river pattern

Photo. 8. Fractured appearance of Steel C ruptu-
red at —150°C; (a) lower magnification, (b) and
(c) higher magnification of (b) and (c) in (a).
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